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This work 1 have not adorned or amplified with rounded petiods,
sielling and high-flowon language, or any of thuse extrinsic attractions
and allurements weherewith many authors ave wont to set off and grace
their toritings; since it 13 my desire that it should etther pass wholly
unhonoured. or that the truth of its matter and the importance of its

subject should alone recommend 1t

Niccolo Machiavelli—The Prince.
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PREFACE

E.Hu.\' this veunr, when etrolments Tor our Sminmier School first heoan to
rench s, we decided that the leetures ought to be published as soon as

pirssibile for at least three good reasons.

Firstly, we could not hope to peeommodite more than shout half the munber
of applicants for enrolment,  Secondly the philiention of leetures gvoids mich
veditm i note-taking and is helphul to overseas visitors who ure confronted wit h
diffienlties of langunge. Nearly one third of sur niemibers came from cleven

Furapean countries.

Thindly, it seemal to us that the lectires: were of sufcient wterest to be
axsembled in oa permancat form and made available to a wider pubiic, Wi
believe that o sehool of the Lind has been held bofore m this pountry. arl the
great interest alrendy shown hus suggested worendy aceeptance Tor thie book of
the lectures,  Structuval Adhesives: covers ull aspeets of the subjeet that coull
be bronght within the scope of n werks talks and we hope that it may take its
place; ws w work of practical valie, in the larger dowain of ltorsture on svnithetic

resiny il hesives.
N: Ao ale BEUYNE
Dievemiber, 1051 b
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SOME BASIC IDEAS

N. A. de Bruyne

INTRODUCTION

t this fiest leeture | want to tabk about some basio

ddeas o adhesion aml their practioal significanae,
To some of yvou what | will have to say will bse
elementary but 1 huope nevertlivless not dull.

Matter eonsists of atons amd or muleoules Leld
together by jnterstomic or fntermolecular  forees,
These forees are mesponsibily for the cohesion of
matter and we helieve that they are also responsibile
for the adhesion of one solid to snother.  Although
all these forees are of an electrieal ki it is conveni-
et to olass them ns

(1) primary foreos
aml (2) seeqndury forees,

PRIMARY FORCES

Primary forees are those forves responsible for the
formation and existence of delinite chemionl vom-
pounds.  Primary forces are distingmshed  from
secondary forees [which we will discuss |ater) by
their strength and by their property of saturation.
Thus whyn ptoms are helid Logethor by primary forees
the atoms belinve just as thimgh each Lad one {or
sometitnes twis, three or four) ooks, aml onee e
hook is linked up no further combination is possitile
Thus ooe atom of chlorne cambines with ane atom
of sodim to form: one molesnle of sedium chiloride
and never 2 or 2| or 8.4 chlonne atoms with ane
itom of sodium,.  The number of hooks on the wtom
e vcalled it valenev.  Sodium aml ohlorine are
univilept, eacly Jins one hook aml never more or
less ; only dne sodiim atom can lnk with one
ehloriive ntoni. S in brief primuey forees aley the
laws of valeney.

PRIMARY BETWEEN CARBOXN

ATOMS

Of all the eloments earbon is the one of greatest
significanes to ns beeause it forms the backbone of
Lhe piterinls —wooid, rubiber, plastics, adlesives—ini
which we ure interested.  Carbon Twe Foure hoolks,
It is quadrivalent il for our purposes we can think
of & earbom atom ws & sphere I . in dianeter
with four srmis sticking out of ity el are represent-
ing one of tho valeneies e directod pramary forees.
If you put a hyvdrogen atom (nwmvalenty on the end
of each stick vou have methune which the chemist
writes UIL . A more eomplicated molerule is fornied
by linking two earbon atoms together and putting
hydrogen atoms pn the femaining hooks. This i<
ethnne, U 11,

FITHUES

H H
I
H—-tl:—-c—ﬂ
H H

It Is even possible oo get two direet inter-carbon
Lasrid<. as m ethylene

H ‘H
C—=C

H H

This i i unsatumtesd coampound,  Suoh i double
bond {5 6 souree of weakiness oot of strength,  The
arms have to b severely steained and are longing
to fly apart.  Sueh unsatumited compounds are
therefore very resctive and ure ready to link up to
form saturatod or less unsaturated compounds. 1
is iy the Bursting of douhle bonds and the formation
of longe cluins of molecules thit plasties sire formmed



Thus ethylene produces polvethviens (polythene)

Palyethylene i formed by the process of polymieri-
sation of monomers (the ethylene molecules) and is
a typical example of 4 long chain compound.

As the length of the chain increases its properties
change.  The melting point dses, erystallinity gives
way o aorplions behaviour.

MONOMERS AND POLYMERS

The development of knowlalge of wodd. rubber
il plastics hegan with the renll<ation that they all
consist of suelt long chainlike molpeules muule by the
repreated liniking by privsey Forees ol simall mleeiles
calledd momomers,. just as n rniiwn}' frain may Fie
mide up by the conpling together of oonchis
gl as in s rmiway tean, the first and list units
gonerally diller Trom the others.

If e chiodn moleenles e rignd sl more or
liss porsllel to oue unotbier and subject to farerad
attrnetions then we live i anisatropie materil
sl s wood withy geoodd strengbl in ene didection D
linble to clenve spart at vight sngles to twe chabres
I the chmms wre mgid bat woa middle amd ted
together ab odid pliees wa get an nmorphons it
materind fike ** Bakelite . [0 the chains are Hexible,
are ina mudidle: are pob tied togother or subject to
“trang side ittractions, then we have p collection of
sleepy goas moleerles whicl hehaves like n drogged
goes Ll is nibilwer,

SECONDARY FORCES

T he soenionpreric geonipec iee Ly g i palvirere
mclpenles by strong pringey chewicnl bonds, Hul
the farees between oo polyieric mdleedle il
anotherare secotdiry forees of o Kl far b< definite
than that of the primury finks, and theugh mueh
wesker they are often in o sriise sty iniprortun
than the primary fores, sipee it = the weakest links
which dechle the strength of the chain Whien
ripture fakes place faibuee opeurs Hirough dismapdion

of the secondiry forees ; and the existence of matter
ina liquid or solid form is only made possihle beesuse
af these secondary forees,

Ly o ligquid these seeandary forees make themselves
appatent by producing what i called ™ surface
tension . The molecules at the surface are subject
tis an inwand attraction, exerted by e moleenles
instide the lignid, which is not eounterbaluneed by
uny wutward attraction, The surface hehaves as
though it were niler tension, For this reason the
Thepuid will gather jnto drops unless it rests on a solid
whieh attracts the molerules of the ligud more
<trongly than they do ench other. 1M the sttraction
of the moleenles of the salid is grent enough to do
lais theay tlae Jiguid s said to * wet ™ the solid.

Roughly speaking seeotiliney farees between atome
and  moleenles are of  two dintinet kineds enlled
“ polar forees " and “ non-pular forees . These
forces are electrionl, although the stomns or moleeules
are themselves electrcally peatenl,  Thusamolecutle
ean Do oleetrieally tentril. considered as & whole,
although there iy e w eoncentration of pesitive
electricity at one emd and o corresponding concentra-
Hon af negative elesteicity ot the obher el of the
woleenle,  Sels msleenle s saiil to huve o pera-
et “dipole miement ' owd it b the electrieal
equivalent of p permunent magnet with o north pole
at one end and a south pole at the other. A polar
pdecule s an asymmettion] strootore ;o benzene,
for instance. with its symimetrical ring strueture. is
ot o polir snolecule.  Polar solotions are ihnre
terived by higgh dielevtvie con<tant athl o big puwer
faitor st freguencies ot swlieh e dipolés can
resonate in tune withoan appliced alternating electrie
tiehil.

But even |F o miolecule hins s premnnent dipole
i ocnn exert attroetive forees dither by indocing
dipole moments on oeighbwanog molecules or be-
cawse [like an alternating eurrent supply) though
clevtriondly nentrnl over s finite perod of time it s
Wi seat of eapul perasdic choanges in density ol
b whith can nlernet G pmﬂ_um_- nHrpctive
fortes on weighbouring  moleculor systems,  The
dttrnetion betwosn combuetors carrving alternating
eurrents iroviiles an snnlogy.  Nowpolar materials
v e low dlicleetric constants niml s low poser factor,

The existenne of 1wo kbuls of sceondary forees
bovames apparent when one roviews the mles of



solution. The chemist has long recogmised that like
myixes wilh Tike, sl that thero are bwao maio Erous
aof " like ™ solutions, Owe gooap (the polar group)
contains suely liguids s water, alechol, glveerine.
The other gravep (the son-polir group) contains such
|i1|llir1-\ s bengene ol |mm||it'|. Palur I't-'{'uilln mix
with polar |i1|||i|i- L r1|l||-|th|r lrids with wom-
podar ligpuds. bt polar and non-palar Bguids will not
mix together.  Ofl amd water will not mux: thoueh
it is possible to disperse ol in water i the form of
mipute droplets to prodoce the = solobile il 7 sed

in machining operafions,

Both peiar and pon-polar molecules are held
together by attractive forees but because the polar
foress dve usinlly muel stronger thino the unn-}m]:lr
forees, the two kimds of molecule will pot mix.  IF
we add non-polar moleenles b pesdar Biguild - the
attruction between the polir mslevieles s suificient
b sepiteese the The
differenes between the behavieonr of materinds o
which the molecules are hell toget her by polor forces
ani] which the pon-polar s
illustrated v the sunple experiment shown in Fig. |
Two tubes of gliss atul polvihede espéctively are
The water (polur)

ik imtepolar  moleciiles,

forees  are

those m

IMTed withh wuter el tediesne,
will not mix with the toluene (non-polar) anid the

Thi

Fig 1.
todwene dn (left) @ bite of peilypthone anad (right) o Dabe of glies.

inberface  bofoowrn goafer (ofark  ewlowred)  anid

twa liguids separate into two imnnsetble layvers,
At the interdie T
of the meniscus shows ot the polythene (non.
in  preferentially  wetted by the toluene
while the pliss (polar) prefers the  water.  [See

et Wi lipidd=  the  shups

pular|

Fig. 1k

Experments of this kind, ot vore refined, oode
b Dr, Frank Moser (1050) of the Pittsburgh Plate
Glass Co, have shown how contact angles studied
itmel Lor correlating Phie
surfiee with s wolliesion Debavioe,

T Y polarity. 7 of a

Here s o olgssifioation of matorials into polar anid
THERTA I'H'ltﬂr ontegaries ;

Pl DN prosliny

Celliulese {woid, ol- 13 iiksbigy
Lo, peapier)

PF amd 1TF

hefore sething tnkis

gy b PPolvstyrene

Paolvethy lene

place
Anvthong  with  (3H * Pallon "
o
Wiiler B
Mieanhol

Vetnl Oxiilis Mineral mls

THE TWO BASIC RULES OF ADHESION

IT you want tosbok e matezind make sure that von
et an willwsive Hhat " wets ™ Hie surfaee, o obher
witpiths lips n <imilar polarity,  That i< the et pule
of milliesion, 14 dlods nob gaarotee o good  §oing
Decnuse while 10 s 0 oeeessary eondition it js
a stlliewent g YWe must tnke aeeount slsa of the
sbress in s 'II'IIII.

The secomd milic 1 thait on solidifiention the adhe-
sivee st ot develop woresidual stress sufficient to
disrupt the bond, not shonid the adhesive be much
iore and than the adlierends otherwise an external
Lol weall grive Fisie ko premnbire fallire berause of the
vupweptratiog of stpew that will deeur,

These pre the basic peeesities fop gonil adlesion,
T ke good joints ang bas of course to take care
iof o host of other things.  These are dealt with by
1L A, Hubhard in his Jecture beginnngg on page 27

of this ook,



Fip. 2, The puiwimed geoper tige showos il aobesdon fe o ieds
wirrfoice (mprpier privtues) fod abicka mell b gl

ATPPLICATIONS OF THE TW0O BASIC RULES

A simple expéranent can be maile to illostroti
the importance of welting { . 2). \-plnss p|||.h' I
wonted on one side with peeallin wax = the other side
i ribbed elenn i manning water. A maasbened gam
tape is now spplied and o steip prissed on to enih
sidde of the plote, bt oo Pew mndnieti< ofter it lhos bl
time todry an attempt is made to pull the tape off,
The tnpe sticks to 1lie b bl

parailin surface.  Water and hxdrophilic materials

el olss ! ot

liko pam spread ont eastly inca continuoes [l oyer
i clenn glass surfuee bt gather up to |1!n]n 0 &
wine sirrfnee ¢ derording o Thomss Youmy = equatm
{silmittedly only wn approxonation), wetting takes
(Hhnee whon the intedoctul forces betwenn adhesive
sl milhereml eopuol oF exceod Hhe coliesive forces of
t e

dhrops sigamifies thal the iterfucial forpes on

loration «of
smnller

Thus i poo] adliesion IS

mlih"\“‘ I -II!'|'1'-rlll'I|l.|.I:ll‘,.'|'n Ll

than the voliesivie Torees,

the dhipeet resttlt  of  strorig fivbertnotnd | pnpeslienla
forees we shoold expeel G8 b e wssntinted with
wotting ed, vonyersey, oo wlhesion with strop

lopimal i
Probalily, howeyer v cosomnert bean Bt it st ronie

inﬂ-r:l'au-:.-.l jrialecnlir forees mul »trong nodliesion i

-1 AIGID ADHMEREND
i . e
\ .i‘:aHE SIVE. f
Ay X
RIGID ADREREND =

Fiz, & I fap jomi wwder fensile sirexs.
greatly cragderabed by shisy e eriticol angle.

The glue hoger s
less diveet than this arpoment sogpests.  Strong
interfamal Torces canse wetting amgd give o contin-
ois film : less strong interfacial forces eause drop

Formation and result in s discontineous  adbesive

| liver with considesabile <tress copecenteation ander

an external lodad ab Lhe rime of excli solldified droj.
The decisive ffect of the angle made by u solidified
adhesive & demonsteated In sonwe beantiful plhioto.
lastie wark don by D, L, .\I}'Immv at Aers Researeh
Ltd,  Among other types of joint he investigated
the kind shown in Fig. 3. He used ndherends which
If the
angle is less than about 50° there is no apprecinble

shress coneentration {as one woulil expeet from the

were nigid 1ncomparison with the adhesive.

el [|oxible poture of the adlipsive) and e position of

maximtm stress is o the glue an the meniseus away
from the eorners,  As the angle s inereased the
magniticle of the stees concentration inereases anid

its Flu.\-Hiilh moves tn the cofhers

ruptun— 3

Fie, i
palfer s i o
Tevipir af giline

baloreem Felial

b

sbidlyere sils




therefore be expected to oeeur at the adhesive
adherend interfaee ot o low load.  Fig 1 shows Cofe
of his photographs (see also puge 21 of this hook),

Resins saluble in water, such as ures formaldehyde
resing, nho wet glass It unfortundtelsy they do not
make goml ndhesives for glass beesuse  among
other things they disobey the second mle

If you want ta stick rubber, which is a non-polar
material, to wooel, the Lest ¢ourse is to oalter the
polarity of the rubber which chn easily i done by
a Tew minuies immersion o sulpburie agid,  You
will then find that the rubbier is wetted by water and
by, say, wrea formaldehyde resins and enn be
strongly glued. [Polystyvrene can be treated with
fuming sulphurie acid. and polyethvlene can be
halogenated (B P, #33020) to ensble them fto b
glued with poliy ddhesives

How are metals to be glaed ?
is almost impossible to get a elean metal suefoce ol
in effect a * tuetal surface is nearly always
an oxide surfave,  Any material that will wet 4
metal surface and at the same time is strong enowgh
or flexible enough to be unaffected by residual
stresses will do.  Tnothe =~ Hedux ™ process we use i
polyvinyl formal resin as the adhesive but beeanse
of its high melting point it never beeomes suflicient]y
liquid to sun and wet the metal surfave,  To obtain
wetting we fist cout the metal with a phenol
formnldehyde resin in which the polyvinyl formal
will dissolve as soon as the melting point of the IF.
résin ks attamed.  The following is a desceiption of
n simnple experinent carried out to demonstrate the
pranciple.

Two moulded Furmvar evlinders each 0.3 in. high
by § ine dism,. were staod sile by side on'a sheet of
alwminium, part of which lad been  previously
conted with PF resin ;o oone exlimler (A) was stood
un bhi coated surfaee and the other (18) on/the Lare
alomimnmy, surnee. A of - alwmininm
was then placed on top of the eylimlers and the

In evervilay lifie 1t

clean

elent shieet
whole nssembly pressed at 13070, for % min, Aty
pressure on the Formvar eylinders of about 550 pnd.
The press was then cooled and the top sheet of
wlumninivm lifted off,  The evlinders were found to
liave heen Mattened b6 disdks of 1,828 in. diam
Disk (A) acdhered fairly tenueiously to the shieat
wherons () was ensily picked off.  Foch disk wis
then sectioned along & dinmeter amd photograplied

i ihr ﬂ'fl’ wr whoren (o wection disk A (o alieirie freen
canped with o pikemolio seaind and on the right divk B {on an
wndrended ol swrfeer )

Fig. 3.

at n smoll magoifieation, The  resulting - ploto-
graphs. Fig. 3. show that the PF eonsiderbly
redduees the contact angle,  These contaet angles pre
not. of course, comparahle with those of u liguid
under equiibrium. conditions;  the effect the
pressure applieil will be to inorease the contact angle
corwiderably.  Nevertholess, the photographs show
bevomd dispute that the PF produces wetting which

fil’

atherwise ooulil nel tuke place wea ibike Hme,

It is yuite possible to ke vertiin metals ndhere
togetler by their own surfaes forees i we take care
to whyvinte high rosidunl stresses, This we can by hy
using a soft metal suoh as soft aliminiti o indiom.
Liead shonid also be suitable but it oxidises so very
raptdly that it s diffienlt to get it to stick. However,
aluminion cnn be joined to itself at room bempera-
ture by (1) removing the original surfuce by sernteh
hrushing, (2) bringing the vew <irfaees Hhos made
into intimante contaot by sepneezing Heen toget e,
SPECIFIC AND MECHANICAL ADHESION
In ull that T have said albove | have dsoribd the
It
i albso possibile that blae adlesion e be Assistedd by

existenoe. of adbesion too interminlerulir foress,

mechomen! mterfocking with the JL‘[II'ritil'\ present
even onon smooth sutfuce and moa peorons materuil
suedt as wood - sueh mechamion] pdhesion moay make
o significant contribaition to the strength of & jomt,
However, L fact thatl roughennnge o surface. as for
examnple by sandblasting, often lesaiks tiv i (e ase
i podnt strength b= oot a decisive appuent in favounr
il the importance of meclanivdl Interlocking because
the arem of the sirfies s sy by inereased bwenly

tines by such o process,

POROUS AXD NON-PHOROES ADHERENDS
Apart from the possibility of providing tiechnnieal

iterlocking the eastence of porosity 1 ane or bath

ailherends ean be of dert=ive sinilivapes in olitaimeg
o =onined joant.



Porosity (s benelicial in that it allows solvents to
esoape. It |s impossible to make o good jeint
hetwren pon-porons solids with o wrea furmahléh}’ﬂu
squeons solution ;¥ Valeamsed fibre © sheet, for
istance, has o smooth won-porous surface which
makes thie seape of water very dilfieult.  TF this
smonth skin is removed, however, exeellent jolnts
will be abtained with an agueous UF resin, To
mike good joints hetween impermeshle adherends
one must use sdliesives that do not give off valatiles.

On the other hand porosity ean be detrmmental if
it sllows the glie to mun out of the joint. This
* rheological ” aspeet of gluing 15 dealt with m other
papers in this book.

CONCLUSION

Adherends can conveniently be classified s polar
or noti-polar, porois of impermenble amnd the type
of adhestve must e chosen to snit the conditions;
Use polar adhesives for polar adherends,  If possible,
convert the surfiuces of non-polar adherends to w
polur state : alternatively, use & non-polar solvent.
I Lot by sl hevenids are impenmenhle avoid an allsive
contiining volutiles, or which splits off volatiles, an
setting.

BIBLIOGRAPHY

de Wy, N A The physes of s,

dmerdunt., B4
Fobittiry, 1T

Mauwpn, ., ST, Balloble X A0b Diobyy PRS0, jop) G204
TR 24n—T, = 258,



CELLULOSE AND WOOD

N. A de Bmyng

POLAR ANT XON.POLAL ADHERENDS

Iu the preceding leeture b was shown that the
frhysieal buhaviour of an organic mnterial sucl as
windd or rubber is governed by (1) the natwre of the
forees (primary or secondary ; paolar or non-polar)
lolding the molecules together wad (2) by the
wagnitude of the seeondary forees.  YWhenever the
seeondary forces are wenk the kinetic energy [or
energy of thermal agitation) of the moleoules begins
to make itsell felt and the ootecial tokes on o
rubliery charneter.

A physicist sees & solil as an sssembly of station-
wry ping-pong balls vibrating with a stinll amplitude
about fixed positions. A gas on the other hand
consists of moteeules with such weak attractions thint
they wre rushing about colliding with one another :
the kinetie energy prepondertes over the potential
duergy. | Demonstration),

Poslar forpes ure <o strong that wol] polir materiale
re alwavs rigid unless they are swollon by o suitable
lijuid when they become softensd. Muterials which
exert o swelling action and ate themsehes involatile
(or nearly =o) are called plasticisers.  Polar materials,
when heavily plasticived, have a rubbery charneter
though they lack tensile stremgth.  Matenmils
which non-polar forees predominute alwayvs beeone
rubbery or elustomerie within o certam tempernture
runge, which may or may pot fall within room
temperature.  Rubber ibelf s mubbery at roon
tempemmture bt is o brittle salod at the teniperatiee
of liguid am.  (Demomstrution]

It 1s extremely interesting to compare the proper
ties of cellulose (a polar material) with rubber (n
non-polar material) as in Table 1 :

TARLE 1

Cellnfoss
Held  together  with
strotg polkiar forees,
Rigal
Swollen, dissolved or
cemented by polar
ligguends.

Upallgeted Ly o

prealine Figuidds,

The molecules eonsti-
tute o sysbem laving
high potentinl onergy
hke w  compressed
Spring

Little change in (ol ropy
un swelling.

CELLULOSE

Cellulime js Natyure's strong msterinl.

Rubiber
Helldl together by dlis
persion furee,
Higlhily ilistensilile
{strain 5004}

swollen, dissolved or
cettented by nons
pralar Hgjuicds,
Unuflected by pralar
Vispusinls,

The melerales  hove

high  kinetie  energy
like & gax,

Rig change in et
o swellip,

main constituent  of eotbon, (%, mvon  woesd,

(L e

The cellalese molevule 1+ a polymer.

b strength bs shown in Tahile 1L

We cnnnot

bnld 3t np from it monemer bl we can break o

down or depolymerive it

Horses amnl cows are nble

I = thie



TABLE 11

* Breaking length "=
Tensile strength/S.G,
(kmy)
Flux {fihre T
Auminium  alloey. (30
Lonsin ) 17
Stainless  <leel (80
tans/in'} 16
Sprace (55 tons in) 11

to break down the cellulose in grass fnbo sugers
before digesting it. Wood can be turned into
sugars by trentment with HC| (Bergins'  process).
The celinlose polvmer is, m fact, built up of what
are practically moleenles of B Glueose (Barley
Sugar). Why then is cellulose so strong under
tonsion when supur Is so weik ?  The answer lies
i the length of thie ehnins,  The strength of cellulose
i due to the multiplyving effect of polynierisalion.

Each 8 glucose wmt i twisted about ats axis
through 1807, the combination of two such wmits
minkes up what is enlled o cellobiose unit wiich has
the structure shown in'Fig, 1, The cellulise polyviner
is.a lomg, straight chain made up from these cello-
biose units, aml cach chain prolsbly contains sbout
T0 sueh nnits.

Fig. 2 shows n model of purt of o eellulose molecule.
Surh models ent be made quite easily ind cheaply, as

De, L. Hartshoen, (19858) of the Natiopal Plivsieal
Labomtory hus shown from the stauland " Lall
feet * muule by Messrs, Hobbies, Ltd. The im-

portant fentures o grasp ore ;
(1)
(2)
(3]

That the moterule s much longer than it s wide.
That it is straight.
Tt wll the big *branches™ end in O groups,

ki il

—

R "/—u—\ﬂ-_/l]T

GLUCTSE ﬂrnul.
wid gf avilafose,

I” L omn

-Lc

Fig. 1. Cellubinse, the panninting nf oo

ghicose rroiibies,

Fia. 2.

Lot of ihe eeltufow chin shown eomtentlonally om
e h-{: {Phe chutted ajgs. regrrescnd the sepunrdary foreesy and ln

winefel form am the eight (e R groups showe while in the
jubisrieigera ek )

Micellar Struciuve of Cellulie

The eelhilise polyvmers are bunched together into
bigger units  ealled micelles.  Just how  many
polymiers there are in g micelle and just how they
pre arranged s onot knowie Xeroy diffraction
stuilies supnrest that the mucelles can be thought of
as bricks contaiming 30 or @0 polvmene molecules
{see Fuz. 3) amd that these brcks are interleaved to
preiluee o streture Hke o brick wall,  The bonds
between tlieseé bricks are supposed to be due to
secotlary forees,  Such a picture givies o peady
explanation, of why, for example; wood (8 material
ehicfly tmde of celluluse] swells (ar more across than
altng its genine  The water ereeps all ool the
birieks or micelles bt since there are many more gaps



The = briek-wall ™
e
widecnfon of which dc A comtposed.

Fig. .

,{u'rr-rnr af enlfwlaee.  deaek brick
repiresents o el

g beens aeetioned o i e

Fie A Cellulose wiomeslien (uppier pucirr) siied STkl Benily
mioteeilid bebwees fhe wideetlen (fomer pictuse). T Tuteood
capansion is grealer (ko The gt tinbinml expoius i i of
e abigpe of Bhe wideetlea,  TW.F. Asthery, [V

A el wof the wicellor slructare el g fima ewandfe
The platg mpalerilis forim i fenegnilir
sedimark - buiched Tapether i covaitin taonlined pegiomy atit are

Fig 5.
tharey Mo Brackewnd! foy

shireers dliieel.  These bopalised vpginns --rrrrqlrrllrf o tha ieeilea
ehetee el By X-roy ofiffraciion sthds

it aun ineh aeross the gemin than along it. the amound
af swelling per ineh mist be greater across han nlong
the grom,  This process of swelling ean be v oalized
by the denwine shown o Pz b

But the brickewill protuee of the migellar stime-
bure of Lhe cellidove s anoverssomplification. 1t s
profuibily betbes to suppose Lhe collulose chims
extend Provn one tieelle Tato tee next and that a
mibeelle i 4 foed o region tn s net-like stenet e where
there is a loesl roneentention of purallel chaing,

Fig. 5 shows a net-like structire in whicly there are
gaps nt drregular mtervals so that the tadileeni lar
clmitis are corresponcdimgly bunehes| togother,. A1 s
probahly these regions that |rl'ﬁ||ll1“l' ey dilfroe
tow pattetins,

Cellilar Stractivre of Ceffofos

The micellnr steavture 15 oo small to e detestid
Iy s ieroseapie of pven the lughest resolving power,
Micedles are only bt sivesmillimt s of s millouetre
widdee  The tphrelles are thopiselves grooiped  inlo
mierollbirils whiclh wree sbont ane fensEluimsmonldth ol
|.J||
fibmids that wre e in lesors 1o form walls
al single woediibres (wleeh are hollis tubnlur
structures clwcly pocked together »o thmt their
externil e (0]
Besagonnl sliipue) i Ulivse inreraliberds are the eclis
ET]
el ETTUURTIL BLITL I (YRR IT il

wo millimtre wide  Thow vrolibivils  forn

jrerinetors oL appoxnnnie.y

Ut wiwhe T apes appsiles L o

S, H, Ularke [ 10638) sivs
micellis, mieralibgils. poc (lipily re dlistiaet ik

I R ] II"

and their apparent nile pemletns is ilgsery T
that  wllel
1t seviines Trhthihlt {1l
the spnees Tetween the eolluboe nndts, soeh as might

e arramgen il

pertain by pe=ol olsrvabon

piv pesmborties o

eontnin waters auiseclloloste wall eonstitwents o
r|t1-1n:||.l|}-.1.- ab cortnin stiges i the life of the cell,
atee o g vond ooy peadidosives gl may bz
rt'i:nlll“ll i Al = peveadive modidiead i ol 0 sangrie

\_'L'ntl"ni £

WMDY AS EXPANDED CELLULO=E

Thee (orm of evblilose with whierh eogineers &
niest Gibnillar |s Wil whileld Iy gt callinioss
pnpregmated Wikl o resiniis TV ks L T ER R ST LT
I = I"“‘""I"I' to bl ol the lienin, limv bing it



pantinuons ceflufose stracture s doserthed by K,

Freudenberg (10321, Az cnginedérs  wo oare ool
interestid 1o Uhe hotaien) strockure of seoorl. and
for most  purposes G0 e sufelent too pdgunl to

dilferent species by bebng imnele of thie same Tl
mental  mntedin) expandid o different extent=
Thu~ the -||r‘L'|h|' !_"]'II."-'I‘_'\ o wilith ol stibistatier i
ahout 136 (or 974 hyewdt) amd this figoe vanes
little dhifferent The
dppntvenl specille gravitios

VT AMONE types of wood,

of differemt fepes,

coursi, vary eobisidisen iy If *a ™ is the feaction
1 IJ||' !urlll '||||_||:||||_ nr|'||||i||[ liv winlid  womwd =il
UETITR e TS

T P

wliiste) v s Py lprparent sqiee e gravity wl P partis

iyt ‘uul:rl,_ UCopveraelv, the Proction of Hhe total

velume weeypisd by air s

[1 v L3361 or (1 0.5y

The dhiowe eeliutions dre rojresented graphieally an
It sedll N omronn ¥ Diiat

apprareat speeili -_lru‘.ﬂ_‘. I LT [ 8 T PR Il £l

Vi, 6, i Dl whiely lins man

e el GF the Lotal dadumu whierens 1" |.Jl,gl1t:a

stome 7 [ prevesseil wood ), which huas o specille

gravity of 132, the pore velumme &oonly 150 cenld

Fio, 7 =hiws opmrss soctions o haksa el of hggpnen
i the wnmnt of

vt Nusteating the differone
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SRECIFIC CRAVITY G.Ic'-"-.r.‘
Fig. 6, Nebation  belorel  pinddsily il el apen i
prapahy af o e | whapted fro 8. Rallfimn e

o

Fip, T, The wjiprerrsed sbysssilif of bapfars (1St} 54 Leas  fheisn wnees

deaille wof Moot oxff dTganiinm wileen (raghty Bt 0 o essenglodfy ol e

winiawd piederanl  Poingh eeesiidifiveahidy o T Jivdd

RELATION OF DEXNSITY OF wWoOOL TO
STREXGTI

This eoieept of  wll swooike L g jusk o Lygrit

b ilTerent

dillerent sprenies bsosb vers dselal aine i surveving the

muderinl  * hilewn pgl

extents I

r1|1:- sl ﬂlhlf'u-i'h: war] Winnl, Hut this topin s b1
Hulletin No, 47
LI nnd for the present purpose Fig, 5 will serve
Ty demonstrate the Illll'll'i]j]l‘.

enbirged apon elsewhere (AL

1t shiows the relation
bitween the shear strength of o gloed joint and
ibivtisily
The Steeilivie g N et

Che ol the unplessank aloricterdisties of wiod s
It PR ] s ||i||-_: ainl -\.h[tt|L1|1|rl i ':'l'll-lllf_!' Fiw s
waoler coplent.  These olinnees in -\-hnru e onpsed
iy st et of Pl waber el weeds thie ioeelles ol
l|_-. the :I.I‘i-‘--"-F"lrII-u] ol water in tha TCTUsC e varlls
Nediinldly b swallen woaad the rafv ol pavry v ol b
total volome is smuller than i drey wood..  Swelling

i Twet s whiefly emesed by " bowoud ™ water s thist

15 T osny. by woter absorbed oo the surfaces of th
MNeriie diTenet o |I||||I|n wliisw’ sk the
v fafd (M

miee Hes

wialoer il o iid Erile I,!“ I||i|':'l|| [

A Th et T} P||||.|.||,|1_\l_|||.L ‘-l'.lr"-Ilr;_!_*rr] Wwinnl e
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also " free  water present in the mieroseopie eells,
but roughly speaking sach * free ™ water = not
eespribisible Tor swelling o slicbikimgs.

Bewring o mbndl that frond dn eiddeineering  pobnd
ol vl thae diffeeent speries ol woml represent only
ilifterent degrees of expansiin ol the savie anlid
wnterial, it e possible to represent the belinvions of
all woods on s sioghe disgram of the kind <hown in
Fig. 5. Tv will bo seen that the il percentoge
merense i volume, produced whon dry wood takes
np water, i ircetly proportional o the speciic
grovity of thn ey wiwnld s thee greater thic povosity
the snolller is tlie pefrentige dlinige W Valbe
This i b neeondpiee witli the Gt et swollloge i-
at Anterbecller #opellnlar prsess
The trorwe woon) substatier thene 35 i eibie el of
a woud], the groater will b the nember of ankers
mieellar spoeess Honvy wonds amd - conpressend
woinls are, thoeators, ore suhjeot 1o chamres in
iltiienstons Hian lighter wosils.

Thiut watery shiveilil eane swallingg ol wiood i ot
g el wlbly wligit be Lo Db l:'\'.lll'l'h’i] T Hlie Tt
thit the cellilose pwldorule b spubded ull over with
O groupes (see Fig. 81, 10 will be renembured thnt
ity leetne Soid Basie Pebecte sy shistinetion wis
ilensen botweon polar nnd pongobat selenles, anil
it wosstaded that polie ok sl slissolse vasily in
other Diepredse Now the (L gronp s, extrenwdy
pofar o that it is nat at el sorposing the eotlulose

T

G OF VOLUME.

lis sueh an afffuity for water maolecules, wineh of
corrse, are anly OH groups attachiod too hvdrogen
mons,  The swellinge of wood s, i fact, o process
of restriined solution,  The micelles try to separate
i uhll try 1o go into solution, but do ot apuite
sueceed in gutting free from their own intermicellur
attractions. By using solutions. of cortain salt~
insteal of water, howevor, 9t s possible to cleaye
them mnght wpart and got s solution of collulose
merlles. T0 the micelles are repreetpitated, they
link wp unce more to give * regonimted collidose ™
often eulled * ravon "™ or * Art Silk ",

I it o] of bosmersing wossd Jn waler we gse other
liepics then we fined that the masimonm swelling
incteases with the sgquure oot of the diclectric
constant of the hqpid;  for further details see
“Nnture " Vol 142,

some such welation mught he expected if the
mmeelles are indeod helil tigother by eleotrenl forecs:
Hie steengt e ol an olisctre el s weskened by the
presunee o a dieleetriv, i thot Hhe sejurmntion of Hhe
fibiedles shonbd fnerepae. O8] samen sulwtanees,
water lns the highet dielevtrie comstant amd, is, in
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ok, Hie st olleetive swelling ogent.  We shall
we liter thot rilibier L ponspolie substoneo] s
swetllens et elleotively b just Hhose Tipinds which
e the it effective swelllng agenbs Tor wiowl,
antither brataanie ol allsbimerthos | Detween | padine
ardd rim- gl salistaners

The conviilermbde thanpe in e jous eausesl by
wamabivtis dn Ditmdding okes 10 ppresir ti gl
wamsd tor Hher pretieniline s e sintanl shilbil lh_-
pelutiyoomir Birmidity Stewhioh 0wl b saleseiquent by
wserd, bctory the woowel b= Bimbly g and Haed i
preatmn, Fur 1 shie to the Fonst Prosdioets
Hesonreh Labssentonies of oo “nlm‘l‘lumh. =hivoes
fwvw the pwmslume contenl of woesd vames ity i
pefntiwn oemndite of the ame when eqpuihbrmm s
Bt it B0 abwnibid b wotesd that ok s the
rielative il non Thi afsolite mr kmndiny thit s the
erpmiiing Uetve, The el ol indonres 1
psppee)  (uessTiee okl whini 1o woust shoalil
e e b jole
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I we cool pulibior 65 enerey F therpnl pgeibation
Bevoties stupdl jil i eeverts tooa brittle solid. Thus
n pieve of rubber tube snmersed in lguid nir can be
smashed with a biemoer {denponst fition ).

I we streteh rubber sulficiently it avgoires a0 new
strength beeanse the cham molecules heeome onen:
tated. The rubber moleoules enn sl bie cross-
linked with s constderilile gain in rigidity by salphie
aloties 5 bis preoeess bs eanlled ™ valewnisabion ™,

Oither Elustiomees

Natural rublier s one example oF an o vlastic
polymer, o pame  oonveniently  cantractel o
“glstomer . Balota and mittaperehn are o Xangpile
ol other naturn] elastomers ot i addition there ane
many synthatie elastomers of which the synthetie
* rubbers © have a special signitioance as they are
eapaibile of valennisation.  Hut nibber-like behaviour
ix shown ot sone temperntiore, ligh or low, by n lange
s ber of ot hiee silbstiunees nob oo palile of voleaniso-
Fiom i) this i it surprising i we remeniber tling the
sbhery state porpsponds to n condition where the
rlmzjy of thermul sgitation exceeds that due b
intermolecular forces. Thus o material soch o
* Polystyrene ™ which s brittle st oo temperatnre
beeomes rubbery. i the tomperature o raised (o
RPC,  Altesmutively, if we " plasticise © w matertal,
s awell the mnterind with o nonssoslatile solvent. wie
wan olitain mubber-like belwviour ut lower tempeti-
tires.  Plastivinesd  polyving] ehloeide (12V.00 s
atith o msterinl,

Aymthetie Bobbers

There sre only e synthetie suliliors of eo
mervinl significenes ot the present B —

(1 Bum 5. GRS Hyvear 05
Amvrpol FoChemigim 5.
Nubun, Bataprene 5

|~ Frit tyres

Lt ione <=ty reny

—CH —CH=CH-CH —CH —CH—

®

(2) Perbunan, GR-A, Hyear, | Resistant  fu
butadiene | acylie nitrile oil beeause of
-CH -CH=CH-CH ~CH -CH- | pmlarcharacter

| of
C=N | ;
(8) Neopmne. GIM, Sowpren, 'F.=:\ ad
- side groups.

—CH:J:CH—CH_-—

Uliloruprens pedlvinner

(4} Thickel. Pertlurn

—CH —5—5— i .‘ipuma]iﬁﬂi
él 15': NS,
piedvimer

Thoese ure signs it polvester prodacts (suel as
Parncon) muy be gseful synthetie mibsbeps,

PLASTIOS : THERMOPLASTIC AND THERMO
SETTING

It b convenlent Lo distinguishi betwesn thermo-
setting aned  thermoplastic plastics. Both tepes
possess the churneteristie feature of a plastie, that of
bemng abiont to pass through s plastic flail or moukl-
uble stute to a solid state.  Hut i thermosetting
plastis the change < oarreversible while in thermo-
plastie plasties the process ean be repented as often us
lesired.

The Haeetosetbing preaperty B due b Hlie formas
tian of eros lnkings Letwesy the polemerie mole-
el otk ey wee jolned bogethor i o solil
snfisibile thrasdimensinnl netwark,. This s the
satie proeess sy i the voleaiisation of mliber,

In the themmoplistion thete are o mignd cross
limkages thomgh there may be strong attractive
torees. However, on heating the energy of thermal
ptaton s suflicient to overcome e attractive
forves, and  softenmge takes  plice. There
delinite melting point boeme the moleenles ire uf
ilifforonl <y,

b i

Thevwaplastic Mulesfils

Vinvl puibvmiers somt itnes knowie e ™ Fthenoll ™
plivstics are e it impartant clus OF syndlivtiv



1i-n-.rmup]a..~'.tlm. They wre ull ilerived P b
mers of the type o

&
s

Bl B ostand for any gronp we mig choose to
put an. The donble bond i s usanl esgerto burst
asunder and  form long chnite of the fullowing
o -

_LELELL;“

|
F
A
Thus if ik

| B0 benzene ving aml R & hydrogen atom

we have polystyrene, TC R bsoa UH, grovgp and B

a COMH groyp we have ™ Plexiglos ™ or " Porspex”,

IT all khe Lvdregen pboms b polyethylene are

replived by Huorine atoms we obitaim = Teflon ™, o

remurkable sterinl in whicl the lorge fluworine
stanis sereen off the sarhon atoms,

TABLE © The Viayl feiiily of Plasthes.
It H | (F1 1! " (N1 1
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My g | &)
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I 0| mn
Folvsivrone ety Newbide
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Posliir,  swoallemi or sl
by wmter, sl comgatile

delthi plinr il livaives.

Nk Pobir. Mot water solulibe
Foowul Uwnilitoms, € anmnnt b
gl withe liyeiropbidl =
alyps

Pligsiwcal Charaeteristios of Vingl Plasteos

The vinyl group joined together without I
lrasiehes fortos the aterial hatadiene (U =CT1—
CH =CH"), whicliis o svnithetic rubberlike material
that has alrosdy heen mentioned in the seetion on
rwbber.  Roughly speaking, the vinyl polymers
abways eetam this pnderlving hvdrocarbon nadure
even I0 we attach strongly polar B ogroups to the
ehidus, Tt will be retnembered that the swelling of
tubber is 4 process pecoprpanied by an inetease in
entropy, while the swelling of celluline s purely W
change in potentinl eneegy. and that the properties
of rabber in muny other respeets suggest the
existence of a prepondemting amoint of Ainetic
energy i the molecules in comparison with the
prepondernting amount of potentinl energy stored
upy in mutual atteaction hetween the eelhilose chains,
Tis thie vyl palsanees The energy o thermial agitation
s nlso Bige & sulliciently s ox b give Texible or
nibber-like maderiale in the absenee of polar R
pronipes, dnl sillivient to confer thermuplasticity on
preolsaness with pelar B geogs.

There are an strong secondary forces, as there are
in collilose, bhetween the choin moleendies,  Though
it b possible to crosclink these chain moleenles (ns
(i possille too vuleanmse rubber), the eross:hink (as
with ruhligrl < o o dn-jilar wharneter. such ns
prermliviny] Beweene. Whoen evess-linked, the vinyl
mulerials b their thermoplastie clarmeter sl
bility to swell b organie Boguads, As we shall see
later, nne of the iest potent cross-linking agenits for
podne moleendes = forpalidebiyde, bt iffrrlmnhlc-lt}ﬂr
s slfowed to eset with polyviny! nlecohol we obtam
resings (ko s Formvars) whieh though of high
softinimg point . feinmm soluble in steh ligquuds as
echlofifrmin, ~umoestige Tlint the rl:irumhlnh}-dn lns
ey odnwed sy OFT geowgpee danl Ehe saane e, with-
ot parvslieeinge sny linking hetwoen dillerent ahnins,

The vinvl elustomers cannat be suleanisel  as
mibbor cun anil lack the tensilie strength of natuml
or Teinforend syuthetic mbbers;  they show cop-
siderable permanent set under load and wsually
respuire plastioisers.

Pulvisobutviene. polvethelene aml PV wnd ats
coeplvinirs aee exbnipilos of viovl elastomers,

The vinyl non:palyr  pulymers are  specinlly
st for eleotrion]l work  Polvstyrene amd poly-

Ly



cthivlene have outstandingly  low  power factors
undd water absorption.

It & interesting to eompare polyethylene with
isoprene where the methyl groups keep the chains
Just for ppart enungh to give the freedom of motion
essentinl for rubber-like elastioty,

Thermisetting Plastics

The thermosetting plastics differ from the therme-
plastic materials in that on heating or under the
influence of entalysts (hardeners) eross hnking takes
place so that the whole structure hecomes rigid and
vt it woften agim.

The muin  thermosetting  plasties  are  phenol
farmuldehvde, resorcinagl formaldehyile, uren furnull-
dehyde wnd melnnine formuldehyide. all of which
are eundensation products. .

Their chomistry is still obsenre sl nesd not detain
ws here, Wherens the vinyl polymers are produeed
by opemng of double bomds and linking up of
monamors the thormosetting produets mentionm
above are mude from moleentes which jomn together
by i process of " eondensation ™ rather than of
<simple chain  Fomoation and  the linking up s
nﬁ-umlmninl I-_q.‘r i splitting afl of some of the
canstitiients of the purent moloenles,

{0thive Plastics
Other types of arlhesives wmd plasties are diseussal
in Mr. Ravner's feeture “An ontline of the chemntry

of some synthetic adhesvs . beginmmg on pege 4
ol Hhis book. and need not thercfore e desenbied

T
S1ZES OF POLYMERS

The fgires gueited b Talile 11 give an bles of Hie
shiae ol somme Ir_ulz.'ml'r.s.

TABLE 11*

Moleenlar Degreor wf
Sulint i wolght potvinerisation
Cellinli e SR SHOHIO ZAMHD SN
{w-«ull
Ruhiber TEAN QOO SO0
Palystyrene FL OO SO ] Sl )
Nvlon 16,000 320000 130 Hoo

STRENGTID OF PRIMARY AND sSECONDARY
ROXI¥

We lave spoken of prinaey forees sinl of secotulary
firees ol Table 1T gives some numerienl yalues of
grreat interest,

TAHLE T11*

Prrimuey Diils secomilary Tl

Ehusies

- TaT i -
Bood R s G 5'_*;1'_'1 el
buab ek =5
1§ iy NI} 3 I3
(= 1.35 1 ‘i, B TRLT
fuhyprhiantio)
=L LS 1 O L | T
traterrrih b}
L] & [ 185 LR M | bE7
Lo b Sy

Note that the prmary bonds ore noeh stronger
than  the seeondary  bonds.  Nevertholess inooa
prelvier Hie nomibier of sesomdary honds per iolecile
will 1 o ool mony boiltipls of the secoanlary
fofees fromt w shgele grionp. That b= why adhesives
wee polvniess s amall maleenles wonld it have
aiffielnt  wdhesive  foree, Nobe the ligh ol
enetgy of The hydrsad grong, .

UOAULUSTION

The playsien] Bebvion e o niy partionlne elistinor.
OF pilasbe s i nreessi ey eapseggioein of jtssfroetiiee,

* Phiivee fgtiies b given b M P Mk
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THE STRENGTH OF GLUED JOINTS

N. A. de Bruyne

SUME IFACTS

Fowithow givon gl and given adhierends we iiake

up a serics of lags joints i swhich (1) usitig ad-

hesends ol constunt thickniss we vary the overlap,

atel (2) vsing aeomstant overlap we vary the thick-

e of the adherends; we shall find on piithinge these
Jomts fo destroction that -

fi) The breaking: load s not proportional o the
overlap.

(1) The breaking loml ineregses with thicknes of
thi nadbieremds,

Ty The Breaking ludd b= obwavs poopuartiomal to bl
width of the jont.

Aternatively i we niake up o sethe of batt joints
with a given glie and grven adlicronds 1o the form
of. =y, rodss d we vory the dinmeter of the ol
we shall find that the Faling tensile lomid s oot
proportionnl to the aren of the joint.  Morcover.
Hie strength ol the joint will Inerease as Ui bickniss
il e g!lu- Iu,,'r;r ia poddeod,

Tl extent bo whieh Phese appagenty anommlons
effeets wee cherved will depend on the eelative
extidmibilitiiess of alliesive aml adbesenls W the
sclhwerendd boareh more rigiel than the ailliesive thies
are fof =0 evident bt in o noral albiessy coaalbopesnd
vombinatives they wre very mmeh i evidence;

Insaving that the tailme foad does not morewso
proportion to the overlip we aro wlso saving tiat e
pparent [iling stress [wihiel & the Tl Lol
ilividiesd ||‘!.' the sl weea) js wob o cdocfgub, I
fact thé apparent  Giillng  stres decreanas withy
increasing overlag,

—f
0000 -
AREAKING
COAD IN LB. EXPECTATION
8000 -
5000 -
4000 - REALITY
2000-
OVERLAP IMN INCHES
i _—
(3] i 5 3

Figo b Mreabing Jeoidd il o Jepe-fotind

Results ul dests we nuwle mimny vears ago o)
" Heilnx ™ Jribpts Ptweaan b stewl rlh‘q'f‘- I v, wikle
andd §ang thick aee sutmniried o Fig, 1 Tnstead of
tllowitge the strateht Hoe labollisd * Expectation ™
ther faiiosg bosul o rosdity 3 prroporbionnd to the aver-
Inpr omdy Tor values wp toogbont | oo For longer
overtaps F fends booo conetmnd valo.

VOV ANTAGES OF BEVELLED Ot st AUFED
JOINTS

The stifferentinl strumng can b el sedliiecd il
Ve TabTotge Bosiil dnoreasedd v Doy ellsge of T Ele gl lies-
il s Ut thiee Dosnagi b LEbind = pess g 4 liean fesiniie
aprpreoxiidely’ consbit,  The beneticinl Teet of
this bs shwsn i Fige 2 A amire pesed beal constriie-
bty stk funnilisr senrd jotnt,

i



1 L]
SAE AKING LOAD

IN LB BEVELLED LAP JOINT
i:lode v}  —
e rea——— T

| Gelsle]
PLAIN LAP JOINT

COVERLAP IN INCHES:

T ' 2 3
Fig. 2. The teneficiil effece mn afvongth aff hemabling aff the

wildlierenils,

EXPLANATION OF RESULTS

Tl fnotimlous resiille leseriliod see e to non-
uniformity of stress. In the lap joint these s a
eomtentrabion of steess ab ench el of the mint
ootnes] partly by differentiol straining and par v hy
temmng forres..

The bending or * teanng © or = pesfior ™ forees
muifest thomselves dlearly. when n Inp joint s
testedd inoa tensile testing machine beeanse 1 s
ﬁﬂhjt‘.t'll‘tl ot ks enude tO0 edipples il oo peevidrie
lowuding even when e plone of the appdicd ol |-
initindly b the plane of Lie joint. { Fig, ),

The eoncentration of stres due to diffesentinl
steaining s perhaps less abivions and to make clenr
what ks meant 1ot 1 muke nine equidistant arrow

K_ —_—
\"""G- LR LT T .ﬂ.«rrr.l [T ﬁui-l-u'rl! T ) lﬂﬂ‘nruh"ul

fomefeng,

UMSTRESSED
4 & & b 4 i 4
t & §F £ 8§ 1+

THE DIFFERENTIAL STRAINS IN
A LAP JOINT UNDER LOAD CAN
BE MADE EVIDENT BY DRAWING
REFERENCE MARKS ON THE MEMBERS

STRESSED

Fig. b Chveenteations of stoees dhan b deffrrenteat foredimg:
murks oy the vdge of o lap jomnt (Fig. 1), Asswming
that Hooke's law holds good. and that e Leding
effects aee disregarded. theo when we Lol the Juind
thie uerows will move as showo in the lowep it of
the preture.  The end of egaeh mgmiber lags hehimd
the pedfreent mesnbicor, whievens in e mddedle there
b= s pelotive palion

The wdhesive layer in lxdween the two members
bins bis Jonsk st these tifferonees i steaim ol 10 5o
doing tmismits the sheaming forees from one membir
to the other. This s shown in Fig. & wiere the

THE GLUE LAYER SHOWN HERE
EXAGGERATED IN THICKMESS
HAS TO ACCOMMODATE ITSELF TO

THE DIFFEREMTIAL STRAINMING
IN THE JOINT WEMBERS

Fig b Py brevamcwivan of shearing furr W R R
INTbce AAreacl ThF mhes f whepring fuvees frown one sisiled T

1=



ADHERING REDUX FILM

Hitekness of thie rloe baver las been exaggermted Tor
cloarness, AL U denbee Thne Pl ds e vedative
mintion o differentiol <trodning and Chedefore 1L
lisi] bratialvr betwern thie wilhiesive winl Hhie semlives
ol the joint,

1t can by <hown that in a single lip joint ander g
gradually incressing load, the giue transfers foud
almost entively at the ends: =0 thot the strength of
the joint s natorally not much altered by varying
the Overlup.

Dhie b boarniiy Torees wind Lo diTerenbind strdins 4
prehbest chreds bin the ploe Bl e interfave Detween
the plue prel the membwr wlhere the jont begis,
Fig. 6 sbows sinne bepion] fractured ** Iedix = joints
Betsesiy 100G durslimin ant 18 will be seen that the
tliw o aedbesive hies eomn away 1 each specrmen ot
the more highly stressed ol of the interinee.

The mare duitile the adberenil the greater wll
the differcatinl strnuumge and swath psaifieont overdap
thie mmaximum brealking oal of o mwetal to it
Lot risew willli tlue vielil 'mlﬂl O e e bd gs<biowy
i Tuhile 1.

THE J1OINT FACTon
W hnwve senn that Bl apparent failing <tre=s ol

lips josinnt s ok a0 comstant aod therefore it bs mesning-
less tov stite (rhouel i bs stll frequently done) that

Fig. 0. Mok “ Riddws ™ Sup-posnin, shicing hae the film wf
el i eome il ol the wanne highly stvessed it ol the
feitee frae. '

TARLE |

Adbierenids 1 in. wiile, 20 SWG thick. L-n. overlap

Apparvnt Yiehl proint
Adlerend fatling stress  of sdhiereml
(i) froms ")
AL half hard e 38
0l DLy B4 i 13
IFrLs Gin iy z1
YT 6s7 Sy 2

sueth id soele & ghite gaves i lireaking strenigth of so
iy psl ce Rgiem

In uniler to compute the <troprth of 4 ksp joint it
iy convenient to linve & graply of Wikprarent Pailing
stress agiimet the sipinte-roat-of thickness dlivided
by the overliap, This quantity s callind the jot
fuctur boeviase, for o given bvpe ond  thickness of
adhesyve and for s given silberend. it s the guitity
determunig the degree of stress concentration.

Fig. 7 (ALLL Bualletin Xoo 8 | 103]) shows b
sueh purves Top Deesh o bneb god i ookl oo
Units,  Some eximples showing how, with e il
of Figo 7,00 s pusssible to wstimate the strengths of
Vit Juitirs, are diven overlienl,

"



Fig. T, duind fardoad varee fur Leeed Do dued) wisdle (s | el
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What b the strengihof o joint with §inoovetdap () Wiat s the strength of a joint of § in: overlap

hotwien two preces of birch enoh ¢ in. thick by
Uin, wide 2 The squuer root of | »025; the
Jomnt fuetor s therefore 25 divided by §, 1o, .5
The ehart shows that at a joint factor of .5 the
wenn Fuiling stress s 1000 psi. The Tailing load
copaatbs thee mean faillng steess mnltiplied b thie
i e il i A lere e 500 Jrinkieids

What §s the strevgedliof o joint 1 i, overligs wml
b, width iu-'h'i‘c_g.-n pheves of birch ench of 305
in, thickoess 2 The joint fartor b+ 501 ad thy
mhenty failing <tress is therefore 1560 s, The
filing load vm a sagomre yedy of gioed wres sl
b B8R poinds:

VWhiat is e stpengih of u Jutht of 228 g overlap
betwesn two pleees ol sproee | i thick by i,
wide ¥ The joint Teetor b= 240:  the mean
fniling <dress (per anit width) s seon Frome the
chiart to be 108G psie Tl ffing losd will be
2oz pinids,

hetween two pleces of hirch 1.5 o wide by
S thack B The joint feetoris 1,51 the mean
failing stress s therefore 1320 i oamnd e
fuitiong lowd will he 11680 paoniis,

l-‘ig. & shisws o similur typm of graph for petal b
ikl joints mmde with “ Bedies ™ (0GR Balletin

:\.".
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Mig. I da) Steese preellerns in
a deger of phee befeeen B
vigid beres aulgeed (o shearing
Tsaaal, | The wdiihd Ko srctbsrrendd
tx poeahed wpscariy, e otker
afesirrativorddn i

(b The plur s
o w  worsad fanee dur n
SO PR i Feienidle  nlbresy
rr||rlr|1'Jr|-' to i8¢ mithrrwicds o A0
il el peiimld

Neve subijected

OF GLUELD

EXAMINATION

PHOTOELASTIU
JOIN'S

B, Msdonns working i the Bnbomtories of Aeps
Research Ltil, hos investigaled (hie stress distrilm.
tiom o gthoed  joints amder eomlitions in which thi
ncdhesive w very flexable compared wath the awdloer-
onds, We shonld expeet a
ider twese conditions buat thes -

shear sbress

RN ERIR T ]

only trae ot

il oo thie faiiil

Tl (b=t r:iu:tu sl < piras ]ul”r rois bt livier of
Aralidite stuck botwpen bwo pigid Lare subijeoted to
sledring lomd, such that the sieht haned bar is posdied
fngrwciakl il Phe Jeft band dliswnwanl Thiv eilges of
Hiese

phutogrnphs:

T T e '|'|||||1'|'||-|1b tlie hilnck Tt AT 1 he
In Fipe of
wilhesive s sempeiroular and the photegraph slows

B i) the boondars

that the irreonlnre stressadistnimbon oeears oniy near

Tore rece poasds trpm T ekl Cupis

O cup by braltnd B
this membir

= which

[ emgago with
P o leww

I
Lewer: hou

Aty iy Ao ug

p'l'f1|il|.{ .'||:|]JrII1j hl'lln
r fem picet
Loweh b

.'\J"'Fﬂj'l rigj b

i-q waermbled
(cadly BdY DLy

ik _,'!.“..,J ELIELT

Fie, THL Ljpwiraetien  Jiod agepdiping o sipltiin iy derigfarm
whar alivres
this by (Le, nenr U edge of Lhe overip),

ol Pisaow B

wlhirreas Turther i tivwenrl< the venitre Lhe
unifarms, O the semb-cirenlar binpdary Hie stess
s zero b the micdidle 1 oon the right Linlf 10 4s Tensile
ared on the left half ot = ecmptessive with maximiam
bt

targential foothe Donodary.

it nhout kS fhe stress s of coup nlwnys

j"i:_:_ O fhY <hww= o luvier of Aralidite sthrk hwbween
rlgil mdherende subijectol Lo nepul forvee (Lension
OF daiaresssiing ) 1|-||'u--]lu|-uh|l[: by n butd '3”'!“!--
\.Inru: P he ey |||:-1:l|-||.".r:\ thi sirees s lenst dn qm
midid e amd risees o YTy, Jil.l’._fh cilves ot the coriers
fromn which failure wnder load will eventually 3o

propagated



APPRONIMATING A
STHEsS

UNIFORM  SHEAI

Haviog seen how nov-aniforn 3= the strss in o
Lips Joint aoel s butt joint (the two commonest txpes
usedd i ghue testing 1) one is paturally led to ask
whisther it is possibile to desive any test which gives
o stubstantially  oniform and  calenlable  stress,
Provided the strun is small o farrly uniform shear
stress pan be imposed by twisting two similar nings
glued one on top of the other. T " Redux ™ s

testind between steel rings dhoar strengtis of dbont

i

SO i nre obtained,  Fig. 10 shows a deviee dup
to the Division of Mechunien] Engineering of the
National Research Counneil (Canwda) for applying
a substuntinlly pure shear shres,
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SOME TESTS ON
SYNTHETIC RESIN ADHESIVES

N. A, de Bruyne

STHENGTH TESTS

HE glue msker ests representiative gl
T joitts bioth as o tenbine contral tests of e
ipustity of his production aml oo to asess the
petformmnee of mew oducts. The gloe user minkes
tests of specimens taken from his product (.2
phvwood ). The speetlieations of muin interest to
Hhue glue minker nte therelore those thint seel to test
the glue, while the gaet™ main idorest is o bests on
His Bindshed proctoet.  To Faglaod, Reitish Stamdards
Lot wned 1200 (obitamnbde fram the British Stand-
ey Instibube, 2428 Vielorn Strec!, S W L) ooor
the test l:.lg i 1-_l|."'llﬂ!|.|‘1ir pesties Tor both AR _H.N.‘ sl
wssemibly work wlile the tesbing of plywoeod (melad-
g the strength of the hond | i covered by 1.5, 145335

In the TS0 ANGGes and FAN B30T cover colil
setting svnthetie wilissivies Tor winnl, while MTL-A-
353 vovers hot sctting svnthetic allesives (abtuin-
while From Nie Teeliniral Serviee Commpnml, Wrght
Fiekl, Baxton, Ohioe U505

For metal-to-niebal adbesives we hoave DTHTT5 0
England qand MTL-Aa000  (Stpemseding  Ge86) m
154,

The testing of glues toc S, 1208 wond 1200 i folly
desoribod an AL, Bulletin Noo 25 auld 1 will not
ropat the details given in that lalletin exeift to
suimimarise {he pegquivémenls below,
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This rengures e et fdbing lowd of @t loast 25001,
on six ey bevel Tup joints: Ind testing for awet
'«Tﬂ'llgﬂ'l finir ililferent  dlingses ol prlrl'nj'umnm e
pergrispd] s Tulliwes -
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AN L TR (2 et W i

f I T

S, 120k enlls for womenn failing Jomd of At least
G b, o st iy pressure joints af the Ly pe shown
in Fig, Vand of 130 1h, on dev gap joints of the type
=hown m Fip. 2. Jomts ageld for 12 months at 2570
mnst also fullil these requiremonts for drev strength.
In testing for wet strength considerntion s given 1o
s dlixerent tvpes of adhesive. Three are deseribed
Froaalll | B Ly mlhesivis wnel nre tested (il u=a4l) in
LeobBy greagy 1T ] preessiaee, or elise conlact juints,
The otlier theee aee desiribied] an O " type adhesives
sl sre only tested Gand nised) where suflifend
pressire cnn be applied to bring the surfaces into
clomi- contact,  The requimomonts for these six fypes
are as Tollows :
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lruw ubténtiog to the upulesisability of <irangly acil
exuhit o froan the ghae Tin,
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ghue sl hardener gontained o o small paper e
Kepit at ponstunt temparature b waler biatli, "The
pot life s the time ot swhich the misture goes
CSrubbery ™ as imbieatial by repeatedly pulling oul
n gh;n ral,  BF hiowever the it Tile ¢= loanngr wor fiend
it saves troubile toows w gelation timer of the Kiod
<liown i Fige, 3,

Setting Lrng

The setfing time s the B taken sl a speeificd
temperature for o glied joint booreseh ibs opstinmm
-Ir1*1lﬂ|h. For must LR LA hivwvever  ohe s
mterosted in the thme taken Tor o jnind te e o
strompgHi ot whieh it s pessible oo do fottler work

(=hoyiing s planng) on iv: this s aboat holl tla
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strength af & joint does ot asymplotically approsch
a limiting value ns time passes, but a5 shown in Fig.
}, passes through o mexmmum valie after which
there s a shgnt decline 1o a stationary vatne:  This
tnaxiimun value corresponds o the point at wlich
the glue still lhas enough pliability to disteibute the
stress Dnikly evenly over the glued area,

Till recently we have detemiined sebting time of
assembly ghus by making np o mimber of joints aod
hreaking them suvcessively after known intervals of
time. Hot setting glues are tested by using two ply
samples of thin veneer supplemented by inspection
of the behaviour of the glue on a hot plate.  Recent-
Iy, hnwever, we have devised the setting indicator
shows o Fig. 3 nml this hes been wseful particularly
in giving objective compurisons of the setting time
of different hasdeners. A weighted  gramophone
needle 1= deagged at constun! veloeity through the
mised ghie amd bardener contalned o6 naermw s
shallow trowgh maintained ot o cowstant tempoem-
ture.  The pressure on the needle o suel that it §s
only lifted when the gluo has acquired considerable
strength ; the time at which the needle 1ifts is shown
by the trace made by o ball poind pen on & paper
strip.

Tliere is sometimes mnfusion about the coneapt ol
“ hasie sething time ™ Thasic setting time " = ot
the actual setting tome_ of the gle ot & @iven tem.
perature bur a hypothetieal settimg time chosen to
fit the rule which states thot setbing time of & Joit
is equal Lo i basic setting bime plus one minute for
eaech millimetre fron press platen to the most remote
glue line,

I iscosity

Adhesives are rather viseous mnterials and oftey
opngue.  Their  viscosity changes mpidly  with
temperatire nud they wre inclined to skin. Measure-
mants of viscosity are therefore somewhat trouhle-
sime.  Instruments of the * Brookficld " type arc
useful though expensive. We ourselves use the
instrument shown in Fig. & which has been fuily
deseribed in Bulletin No. p1.

SNolids content

It s impiesible to olitain an absolute value of
sulidds wontent by evaporation of o guwid syonthetie
adhesive,. The result will depenid greatly on the
temperature and conditions of evapoeation,  The
Brtish Plasties  Federation in publication Mo, 21
(1047) gives threc temperatures [TO0F, 7207 aml
185C) at which heatmg can be earried ot

Frpected Shelf Life

The life of iyoid synthetio adhesives is lmited wul
it is important to be able to anticipate what shelf
lifie may e expected of o bateh 4t room temperature,
For this purpose o samnple (withont hardener) s
heated at 80°C amtil gelition takes place ; it is
prssible from experience to correlate the life ot 80°¢
with the life to he expected at 15°C,
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AN INTRODUCTION TO THE PROPERTIES
OF SYNTHETIC RESIN ADHESIVES

D. A Hubbard

INTHODECTION

N thas lecturg ke peviewed <ome of Bhe onoee
practical aspects of adhesion, the properties of
milhesives used commuercially, the munner in which
they are userd, and how the right sdbesive is selected
for a partioular job.

The leeture i confined to o what owmy be called
“eatructural U adhbesives, e, adbesives which e
mitially in o figuid state but subsequently solidify or
aek L There ire also of vourse permanently tacky
adhesives ; these never saludify, and while they have
geent vilue for certpin basks they are of no use for
utrpetural T purposes,

METHODS OF SKITING

There pre many wavs by o moans matuadly
exclusivel mowhich we maoy classify adbesives.:
practice one ol the most useful s to groap them
mectrding to thewr melhds of setting.  As will be
seenn liber, sl of the covimon adhesives will tlien
Fiell peaadBly bnbe fore mimin grenps amd niosy of Hwgr
other propertios can guickly be estabiishad onoe this
liest miain elassification has been mnile,

Methols of setting ean by elasdblal as follows

(o) Settig by Loww of Salvent

A great many of the common gines such as sodnm)
sthente, starel, dextrin. eellulose esters. vinyl esters
undd ko on set by losing theirsolvents.  [n this group

thit netual adhesive imaterinl is tsell o awlid wnd Lo

il frabis i osolution of syrupy glue by Alie uldition

of water or occnsionally of other solvents, This
liguid svrap ts applied to the joint which s then
elomel,  The solvent Begins to beave be glae line at
the eddgees aed By 0iMTusion bt e ponims strueture
ol the athereid. - Wl all the solbvisa bas et the
il of ghyie in the foint ieasimiim steargt s rescherl
nied the gliae Whin itself has heenmie a ity soliil

The main point of mterest e that the provess s
purely a physieal one and o complotely reversible.
The addition of water or the appropriate solvent to
the finished joimt will seafissolve the gloe and allow
the menileis B sifririte,

I <lwoglil Le poted Pt Bl speed of sobting of el
ailliesives bs governesd by o imonbive of variabiles aver
which the wer iy hive no vontrol. For instanee
when water, the most vonmmon solvetit, s msal the
haemidity: aml tempemitire of the sornonnding wr,
the poresity and wwmisture content of the members
beang Jomned, and even the geacel dimensions of the
Joant itsell amd the method of applving pressuve will
all play n largi prt o determining the speed of
wobting,

Adbeives whiose sotbing processes are conpletels
reversible are wisiitohle for use where s biond o
greal pevimatence be required and conditions of
STVIOE IfE sevTTe,

(b SNettong by Cooling from the Maolien Seate

Gelatin and  Intuméen belong o this group of
adhiesivies.  Both of these lguefy  wlies heated
sillficiently aml are applic] to the surfiices B be
jrinedd when molten. The joint then wouls until at



room tempernture the adhesive forms a hard solid
film and the bomd attains its masiniin strength,  1f
gelatin s the sdbesive the mixtore will contain water
as & solvent to reduce viscosity and to lower the
tempernture at which melting takes place : thus
gelutin glies set by a dinible process @ by cooling and
by losing added water,
*This process of melting and subsequent setting is
again completely reversible abdl suele adl=ives e
not suited for extreme conditions of serviee,

(0)  Setting by Pevwanent Chemieal Change

The important point eoncerning most ol the
wihesives which set msinly by ehemieal el i
that the provess s permanent ad irreversible.  Surh
adhesives will thus give permanent bonds of high
strength under the most severe conditions of sTVice,

I reality the gronps are not of course yuite fs
clearly defined ws the brief outline above sugrests.
There ure adlicsives, for example, which set muinly
by # reversible physion] change gecompanied by
wittior permanent chemienl elunges and there ave
somne which set msinly by & permanent dhemienl
change aceompunbed by o slight, reversible, phasicsl
change. Thus the properties of such sithiesives are
spread over the whole e from the extrene of
reversible physieal chiange to thet of irreversible
chiemivul change.

Cheien] ehaige 1 adliesives mny. be bronght
whont fn Lo ik wiys ¢
1) iy the aibdithons of i = e ™ Leca elonnenl
coniprmtnl which pramotes chemieal chisiige tHie
syripy Bpeii) sdlsive iaelll This privess goes ol
renilily af prilimary roon) tenspesitarn, bt 35 speedel
up Al the benperatiere ol the nilliesive s rdund.  *The
amonnt anl strength of the hardener added govern
thie spueid of seting (nt conmtnt tempernture), Ia
wenk Tanlener only o usil, the sttmg proees at
roamn tetiperature may by so slow that heat oot
lways e upplicd s an mlditonaf necelerator, Suvh
ailhsit ps e Lubielled *f hitesetting ondy:

q"'ii; Wy simple heating auly. Melimiine  formni-
dehyde kil '|I|H"IIHI formalilehyde feshil adhesives
harden rreversibly oy beigg heatend, Tliey iy bo
wpphied to the joint ss lglids of e sailishs Dre bl Tisran
uf tilm glaes.  IF film ghies nre daed the lirst pesult
ol heating v to canse the ghie 10 melt sl Tlow -

continged heating brings about the chemical change
in the aidhesive which leads to solidifieation.

Tuble 1 gives the grouping of all the adlesjves
under cotstderation acearding to the manner in which
soliditication s brought ahont,

TABLE 1

CLASSIFICATION OF ADHESIVES
ACCORDING TO METHODS OF SETTING

'I..:.ﬂ'ﬂ‘.l,ll

Nitare of vhinnge Ty of glue

(Y] __Hﬂthlhﬁl_\"'iirﬂl il Sockinm - silicniy,  storch,
jeverailibe (ool bees of dextein, Tltammn, ||I.i1:|:|.|
wiilvedts, ot ;0 wllibose. estims, iyl

osters,

i e —
(b} Sore oo, Cosain, sovm, boan, Dol
Notleihly peversible, RTINS
Ln)  Malnly P ——" Uiesi rt.vrmuhlt:ll__\'tlt'ﬂ'FL
wottie alight phivab=al
stightly, reversibin,

I

Mebomine formidilichyile
MV, westirciiond  Formiul-.
debide  (HEFE  phieonl
(o T do {499,
Etfixytine .  praims, P
il resiie,

ihi At enlaneiy
ghemiliral.  Drreversilili.

UATERIALS TO BE JOINED

Hoving consichired sobels thie setting propartivs of
all these adhosives, wo now comw to Hw genieml
properties which must be surveyed before one ean
choose Hie rght idlwsive Tor s partienlar duty,

The next uiost impottant property. required is that
of speeitle alfinity for the mlherend.  As Dro e
By has expluinee fn the st Jecture Wi this boak,
Nwite  fhisie Bleas, one st wse i poliny uldliesive
for juining I"'i“.’ miatertnls anek wopm-podar ailhosive
for ot st pbine saateeiinds, anless b sauthie 1ieniis
o other e snrfave of the non-polne ninterial can be
troated B bromgg o ynfo o palar o mditior, In 'Eabils
1 the athesives are elpssalipd  necording too the
materials they aee used to jomn together, Tt will also
bie notice] that thiose alhesives depending partinlly
o eltirely on loss of solveit For solicd L et can
iy Lo yssl for juilllu,u‘ jurtringa bl

=



TABLE 11

ADHESIVES CLASSIFIED ACCORDING  TO
THE MATERIALS THEY ARE USED TO JOIN

o _| Eibet ety

" : W T
Pt Wead  Temib | ool Ry SO
antthrm-sars, B
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Sodbhiun (Gelatin Vioyt Vinyl estires
Silicate eateTs | tintex oy fhuss
Hitomen §asein M (Bthoxs- aeetal  Filosiline

[ Jinm ETH
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estery | IF

WATER RESISTANCE

Having selected u group of adbesives which are
known to have pspecille allinity for the matenials to
b joined, it is then necessary to jisess Lhe severity
of the conditions of service the joint s expeeted fo
survive.  Where comlitions of servies ure likely to be
extremely severe, it is clear thit the adhesive must
possess a high degree of inhereint water resistance and
from Tabie I, m which the adhesives are elassified
according to their methods of setting. it s quiekly
estahllshed thiat those whicl set entivaly or almost
eitieely by reversilile plivsieal olinnge mre unsuitable.

Adbesives elossifled gs Grongl 2 (1) op 2 (b} <Bonld
tierefore be considersd s 1 d= thon neeesary o
determine the precise digrer of swater resistanee
regquired,  Same of the slhestyes in Groups 2 (1) mnl
2 (b pessess andefinite reastanee to inmersion i
water af room temperature, some of them have good
resistance o bholding water and others again are
reslstant indetinitely to boiling water.

Clearly high water resistance s rtoquired Tor all
exterir work :  for bost  Luilding, for sirceaf?
manufucture, sl for the manufocture of plywood
arel other containers haoliding dnmp substanpes or
liquids, sueh as food-stuffs, beer, ete,  For normal
work of this charmceter an pdbesive reststant ta colil
o warm water js sullicient

an

It s even mare neeessary for dry joints, which niny
encounter high or variable lnmidities, to possess 4
high degreef water resistance, for the most severe
vonditions of exposure are those which couple o high
humidity with a high ambient temperature—condit -
wns sueh as are met with in the tropies.  For this
tvpe of work resistance to warm water or even bo
Lolling water ix un phsoliito beeessity,

It is unlikely, of conrse, that & plited wooden article
will ever he immersed in boiling water for any
considernble period of time. but conditions frequently
arise, for cxample inside wooden sivernft wings in the
fropies, where the temperture may be as high ne
s00°Coand the hwdity approsching 1004, For
work of this character an oadhesive  possessing
fidletinite resstanee to bolling water must be used.

When wodon joints are subjected to hugh and low
Fnntidities alternptely. severe <train bs impuosed on
the mdhesive bonad 3 wider Uiese conditions again,
irrespeetive of the nmbient temperature, it s good
privctice to use an adlisive possessing idefinite
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resistinee to boiling  water. Table IT1 elassities
undir 5 headings the adhesives we have been
disenssing acearding to their resistanve to water at
varions temperature.,

TABLE 111
WATER RESISTANCE OF GLUES

3 - Pasawiesrt b6 | Gl tummamee |  [nilefisiita
e el bl iwl.l: wrE, Cwter, Femilengy
W e we s MG | e bl
Sanliiom silioate Bitumoen I'F VF4 MF ME
Starchi/doxtrin  Cellulose U'F+RF R
- e=lers

Caghutin Vvl Fxyline I'F
1 pimering extrrs trsins
Sovi Bean UFalarch 1'F dweeinl
Blowwl  sllmatimen

It will b seen that, s we meitioned  earlier,
acthesives ingroups | (g and 1 (L) generally aeo listed
as nob tesitant to waler,  Unsein, soya bean and
hlood albomen do possess some shight resistunce o
witer, but oot peardy sutiment to reach o lugher
elassihention,  Mitamen and the eellifose esters and
vinyvl esters all possess ressonnble resistanee to eold
walkier.

Uren formaldehyee when extendel with consider-
ahle additions of starel or rye four remains resistant
to cold water: alone it js completely resistant to
winter at all terperntires up 1o 7070,

I'nder the heading Good Resisbinee do Boiling
Water, it will be notieed that UV appears again
when in combination with MF or with BF.  Smnll
additions: of these fortifving resins. miprove fhe
witersresistant groperties of UF markedly. s0 05 to
biring the combined resin mto this lugher category.,
Unmditbes]l MEF, BF wiul PF oare. of conrse, ol
resistant indeflinitely to Lolllng waley,

Anither point of interest s that invrease Iy witer
pesisbanee menns wn fheredse o e eost of the
aclhussive, st only the H T prermissible tegree of
witer pesistanee shonlid be aimcd at where the cost
of the finished artiele is the pooe consideration, It
will be seen that i the case of 1F resin, the water
resistant properties and inewlentally its eot cun he
eotsiderably modifivd overa wide range. 11 Hitle or
n6 wister resistanee 5 reguireds i 1S cormmon practice
to acld large quuiitities of starch or rve llour to the
UF pesing 1 moderte walter pesistance s tedguiral,

the U'F §s used in ity wnmodified form, I high
water resistance is tequired and a higher cost s
permissible, the UF can be up-graded with smnll
additions of melamine formaldchyde or resorvinn
formaldelivde. These  additions are  commonly
carried out m the works where the goods utilising the
giue are produced. Plan area fornaldehyde s
purchosctd from e glue moaoifdturer and  the
modifving agents ndded by the buver according to
the production on hand.

RESISTANCE TO MYUOLOGICAL ATTACK

If gloed joiuts ore wtemled to survive in o hurmnd
atmosphere ar m a situation where they may be
alternately wetted amd dried. it 5 neeessare to ke
note of the iwetunl ehemienl niture of the ndhvsive
b be ysed, A good many of the early. aidhesives
were pekdieed from proteins und carbo-hydrates,
both of which eliemical gronps are foodstiulls anml
therefore provide o good breeding gronnd for monlis
and  haeterin ;. thus the ghae will eventually be
destroyed,.

Heguirements for the snecesstul growth of most of
the lower forms of life are the presence of moisture.
the presence of suitalile food-stulfs, aml lustly o
moddernte unibient tempernture,  Inmnny situations
wl thewe copditions aee fulfilled, so that if eeally
permanent joints are reguived. it b essentinl not b
wse o fiwwdstullns the adhesive, bot instend either an
imorganic binder or o symthetic msine Neither of
these roterals s suitable for supparting the growth
of hacterm, and i fact some of the synthetie resins,
partienlnrly those contimiming traces of free formal-
debiveliz ure even toxie to low forms of life, Tt will
be remenibered thiat Nifmulldelivde s w wile e
s o ilisanfevtank, I

TARLE IV

CEASSIFICATION ACCORDING TO CHEMICAL
NATURE
Eo—
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In certain cases the adhesives with & protein and
carbo-hydrate base are protected against bacterial
attack by the addition of sterilising agents, but most
of Lhise agents are aol really permanent, so that the
protection given s nob lasting,

RESISTANCE TO DRY HEAT

()

&

A st norber of adliesives are not suitable for 3
permanent bonding o conditions where the avernge =
temperature is likely 1o be high.  These are of coume
the adhesives included in the fist of those setting by
reversibile phivsienl ehnnge: and wparticular, joints
e with bituteen or gelntim will soften aid sepmrite
il exposel] to s high tempetabure,

FAILING LOAD 1N V'O

GAP-FILLING PROPERT HES

Svithetiv gloes wore osed for the st tie for e
manufacture of wireraft i the enrly et of the
recent war, and o VO weThonds |H'I'|h1ﬂ"| NTOST SO
after their introduetion.  Uren formaldehyde resms
werr olivsén Tor the work. on wevotnt of their high
propertivs of water pesistanee, but thern are vory
iy @luing  operations o the Lodlding of s
aeroplane where it is impossibile teoapply sulficient
pressuee to the Joint during setting too hring the
surfaces into intinaete eotitact,  In goany places i
wiis foumd neeessury to make joimts with glioo lines
having a thickness of 25 10060 to S/ 0000 of i ineh
o it was soon (diseoverod Fhat sueh Jomes f mate
with an unmadified TF adhesove el toopioses after
a fow mooths s the rison wos that the sheinkageo
s posaes el ups Juring the setbing of the besin wWord so
great that the Wik eesin Inver disiotegeated Gola
inmrnerable tiny fragments, mateh b the same way
s i baelly annealed pieee of glvs miny shistter for ne
apprrent reasons,

Tt wns Ahos fownd neeessary to * pomenl ™ the ¥
resin duning setting, so as to prevent the baolding wp
of lovked up stresses i the ghie moss: this wis
achieved by the use of specinl hamloning  agents.
{ Meevention nf l_"l‘l,l_l_lkilu_f G PRI i il b el
ol foow Besier pxtent by the fneospirnbion ol winl
flour ur starch into the adhesive mixtuee,)

Such modified sulhesives are ealled  gap-lilling
withesiv s, beentise they will give sbeotge prermanesd
jnints bhetween membyrs which may he spreod sami
thstance apart, Tt s olear thot the s of w gap-filling
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aclleesive s off the abmest impertanee 10 is diflionlt
or impossible te apply adequite pressure to i joint
dirmg manifacture,

Non gapefilling wbhesives will provide goml joints
providing the thickness of the glue Bl does ot
exeeed 1071000 of an inch. I the gloe #im for any
reasal i likely to be thicker than this in the finished
Joint, o gap-tilling adbesave oot be used

Ceanprefilling melhiesives ure often reguived whese the
prresenee of gaps ul the ek o wdequite préssure is
tot st first slght obwions o on goid example of this
v dn the maofactury of Jaminated bends, Very
eonsidernble pressares are often required to fores
the straight lnnunae mto the curyed made wnd female
mouids, but these moulds pre rarely so aceurately
machined that the pressure s distributed uniformly
ovie thie entire @arfice of the bend.  Thoually most
uf the pressure is applial ot the éontre or enids of Hhe
b, svid Bittle opopone o thy intervenipg sections
With varinble pressurs of this <ort a gap-filling
alhesive st be dsed,

The fist, hemded = Table V", gives the names of



TABLE V¥

GAPFILLING ADHESIVES

Uinsiein

Musditied vren formuldehyde
Resorcinol formnldehyde
Cold-setting plienal formmldelyde
Certain ethoxyling resin

all the gap-liling adhieives. It will be seen that

they nre few in maniber,

AGEING UHARACTERISTIUS

A small number of the pdhesives we e enmsilering
o not mive joints of great permanence, even whon
these jomnt=are mmmtained at normsl eoom: femper
atures 0 8 dry clmate, and this can perhaps be
nttributed to the gradual falling off i real chewenl
allinity bwtween the adhesive and the adherend.

Sodiin slliegte ool sbaréh destrin willissices by
themselves suler frony his defect, arnd it is for this
ressan thut they are classilial only a5 adhesives for
paper, where the strength vequirements are, of course,
ow.  Blood slhomen ghine has been estonvively issd
for the manufacture of plywood.  As mentioned
earlter, 1t possesses some shght degree of water
respstames. atul initindly 1t provides an extremely high
strength Bond.  After several months’  ageing,
however, the dev strength of the bomd flls off
cansiderably, <o thut plywood  ghied  with Lilowesid
alburnen is of interest ouly s o <hort berm minkerinl
and shoulil pot be wsedd e permmnent work,

It should peehaps also be mentionsd that Wlood
albummen i often used we an extender for PFoglus
for the manufacture of plywosl,  The strength and
permanence of the PF resm more than connter-
balunces the tendency to fall off m streogth
charactenstic of the blood albwmen, so that w
plywod glued with this combined adhesive isa high
griule product.

Gap joints glaed with uninedifled UF pesin. s
previously mentioned, wre ko got permanent,
disintegration taking place aftey w fow months,

DEGHEE OF FLEXIBILITY

I joints are to be made hetween very elastio
materinls, the choice of adhesives s guite limited.
Gelatin glues are of course extremely Plexible, and
they ean be made even more so by the ineorporation
af glveerin into the mix. Such glveerin/gelatin
alhesives are offen used for the wanufacture of
wonhiled eork products mnde with eork granules aml
designed for jise s ol sealing gaskets and so on,

The vellulose and vinyl esters alse possess o litgh
degree of (lexihility, _

A noticeahle degree of flexibality i the adhesive
bomid s required  when dissimilar metals having
different co-eMioients of exprnsion are gloed togetior
or whizre metial I to e ghived by wonl,

Fur the gloing of mebal Boowond, i, For exaoiple,
e mewfaetute o metal-faced  plywiosl,  large
yuintitios of casein ghie hivve been used o ghie mixes
sprecially nodilled to give fierensed flexibilits: Iy the
incorporation of miblecditex emilson. In recent
vears, however, a mambvr of very: special syothetio
resins have been developed, both for metal to wond
and for metal to metal bonding, These are the
cthoxyline resins amd IPF oocotal vesins : an both
Pliese pesins the oremost peablion whieh s hod o
bt papppsicloree] wlem Vhey were pevadieed was Phat of
ipurting =utlivient flexibility to the hanlened ghie
L 1o L_ml.'i'lmlumlﬂh the violeat strssses sl np
between the dissimilar mctals or between the mictal
anil Hhie wood, Dy il H'I'll}‘ht' bis ﬂl'ﬂmﬂ} 1ﬁu‘u.~ml.-|1.
thir problems mvolved inoensuaring that the sdhesive
mnterial wets the metal surfaces adequatelv, 1 also
has to he remembered, of course: that the greater the
degree of Mexibility in the adhesive. the fower will be
the ultimate joint streogthe <o that the girodinetion of
Hie metal baoding adlsives his involves] ~trking
Bovery delieate Didogee Detweesy b apssing neels,

COLOUR AND STAIN

Mimt sdhesives prodiee eolmirless glie lines aml o
barely visible joint, A few adhesives. however, are
highly coloured, notably the resorcinol resins, the
phenol resims, blood albamen and bitumen, so that
if o colonrless glue Tine is required. these adhesives
cannal be ised.

A more important poitit s that same of the
aillissives discussed are strongly wlkaline in character,
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applicution and ko durnng setting, and 1n <ome
b i

exajli ul thiis lios eweevpreee] do thie guannfaetiee of

caxes  Hiese volatiles may 'l]r]rl.hlﬂlll!.l]i'.

ek aners.

los

I.Jl_'..lhn.---ll. birer  Liirrels it L fomoil

1

e

e afe n ||.1r?ll 'Jl.ll’h -urluhh' this



Fip. d

purposi, beeanse durihg and after setting they g
off traces of free Tomilidehvde, which hos a pronoon
cetl tadte pol simell even in mioute gquantities. and
shiehy o manberial is nob G be tolernted oo foodstall.
thher examples nie the cellilose wml vingl edters,
whivh grwe off valatil influimnble solvents during
cetting (here their nse mmy be pfeended by o dugh e
hozard) wod the PF resios which give off bees of

free phienol  Jdunong setfing which has @ strong

fasbi il simedl ovien o tiny quantitues
'S K

METHOND 0F

With somne sclbiesives Ligh bondipg présares are
nrcessary whiln ot e, a8 mentioned earlier, will only

set of hamlen at high temprrabires - b using ties

andhenves ther s themlomne & r"-'1'\-1l1|i!I!'\| that thi
githerends moav suller dong for exnmjle Pk
fit gloes reguire bonding pressames of nion | banin
sy i per st o and sueh pressures willoernsl g

lipre wiirihlier of sl T wionsds,
Again, the PF resimd are eured or sel ot temper

atures i Lhe eelon of TMPC whieh temiperturs

if el dn benpding wood, wlll entise seveee drving and

shrankams -« e wwomsl ; ple Bl s it
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content buck to n normal figure, and so reduce the
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brittleness prrodiieedd by Bhe exeessive retival ol
numsture,

The ethoxy hne resins used formetal binding requin
Iugh temperatures of the order of 20070 Tor prodoayged
preiods, but do not need excessively hogh pressures,
whilst

pressiires ps well usoa Bosuding temperature of 100,

e 1'Fonevtal fesing reguire relatively tagh

Melnminge farmalidehvile resin sets most

fallv: swhien hented o hetween SO-100°C nmd is thus

L L A

fnt |uarl1r'1||||r|_'-. suitalite for constrietionsnl work
Minl
will

vutside the hot press far Tpl_\ worend, with
1k

pithesives setting at pmch lower temperstures anid

rosing,  however, melomine  reaims g1V
espedilly suitable for the manufacture of the ourvedd

plywods] Donalisd i rubiber-bag moulding presses

EASE F
T

st ol the sewer avnbhetie resins,

HANDLING

peressary hore toosay oo waord op bwao il
Flhie lre luvzard
in canprebon with eellalive aid vyl esters lins

i '.“I:; Ve maenbisimieed iti the ease of the nres

resins; mielimne resines andd tHir |J|I|'l'.-l|ll resilis
some care st be buken by the gperator in handling

It should alwavs be borne momind that the mimjorty

kin

af these pesinsstick as well to human s w5 they do

to wonnl, sy they should never be dllowed to lnrden

e l_||r- LLE!I._ e ”ll\ winnilel I:'.I.!m”'. Tenil e =anrd |Jt.‘l1'1."
wriving riwe perhaps ol sorts of secondary infections
Ae mirtitioned earlier. vrei resins contiin triees of

frive  formalidehsde, and  this ean give e Lo

dormmatitis, particulsels inpersols W ith sepsitive skin.



PF rosins contain traces of free phenol, and phenol
is & solvent for skin Hssue.

Theimportant point to remsember, therefore. is that
all these resins should be handled with care, and
possible the hands should always be proteeted with
gloves. If this 15 out of the question and contam-
ination of the skin s unavoilable the next best
remedy i frequent washing, Work people who
repeatedly elogn their hasuds free front trucies ol resin
with soap and water very earely get dermatitis,
Melamine resing are extremely dillioult te wash off
as they are practieally insoluble in witer but they
van be removed by first cleaning the hands with soft
sawdust:  UF resins used m hot presses for plywoid
manufacture often give off large guantities of hof
formuldehyde gas which is irritating to the eyes,
1t is therefore always good proctice to instull a fame
lunnd over every hot press on work of this sort.

TRACES OF OTHER ADHESIVES

In repair work and also when bailding wp sub-
nssemblies into p complete struetare it s important
to note whieh kmd or adbeave has been used
previously on the surfaces to be Jomed ps braees of
the old glie mayv retnaim to intertere with the reaction
by which the resiisets. It woulil, for exanple. be
useless to apply ik UF pesin which reguins to be
mudde aeid by o hardener before it will set, where
rumsilderable enseln glie remnined ; the very high
degree of alkalinity of the vasein might fentralise
the whole of thi- avidity of the UF resin sndd setting
would very likely be nuduly  prolonged or even
prevented altogether.

COsT

Lo all the foregoing remarks little has leen said on
the subject of the avtunl cost of the adhesive but an
attempt hus been made to <hinw how o seleet the
right adhesive for a partimilar applieation strietls
om the basis of s techmieal qualifieations {or the
work m hamd.  In some enses; however, oot mny
be the overnding consderation, and &1 5 perhagy

interesting. in this context. to recall the gronpings in
Tahte TIT,

i

Generally speaking the cost of Lhe alliesive rises
a4 the degree of waler rexistanee incredses, although
there ure some exeeptions, notably the eellulose nd
vinvl esters and ethoxyline resins, 1t should always
he horme in mind, however, that it is futile to try 1o
pssess the vost of the glinng operation purely by
fincling the cost per ponnd or per kilogram of the
pillicsives A great mmny other varables pst be
given the most serous considerntion.  The spreading
cupaeity in terms of pounids peee T souure Teet of
glue line cun wary enofmonsdy, and dn gdbesive
costing very little per pound may lave only u low
~preadd and thus masy prove T be mueh more eostly
in oo than another silhesive which has s highee ot
per poumd bt @ far greater covimge.

Anothor pomt whieh s often svcorlinkel, | partic-
ularly i plywood mantacture. v the value of the
umformuty in the eesulls obtained. The cheap
allesive will generally give more vierinbile resufts aml
this say Jemd to the produetion of ligge quantitios
ol plywoid which are sulmegquontly rejected,  To
arrive ab e assessnent of the meladive imeeits
of the chienper adbesivie s compared with oo
R PUEy e one; the wust of such rﬂti"} wirk shimilil
he taken into considorntion

A thind point s that for some special applicntwne.
for example. metal bonding, there = only one
williesive too vxe w0 thet there s ooo guestion of
Hhaessing relitive oosds

Th s alten foawtmigtive Lo estinuile the total sl
o momnemfoctured artiele and thiem to detrmine te
ot of Lhie nelbiesive shone s (i s e egst of the
arlbesive will nsnnlly be fonad o be s sirprisingly
maiEmilicant froeton ul the total overnll cost,
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iarpose, beeatise duriig and after setting they mve
ulf traces of lree fovinaldehyde, which has apronounn
ood tiste peul smel]l evem Dot quantities, and
sineh onitesind is ok Lo e tolerabed ns Fonbadstundl.
Mher examiples dre the vellulose wul vinyl eaters,
whirh give off valutile fillammable solvents during
setting {here their use may be sbtonded by o higeh fire
I’

hnrimnge

hazand] and the restrs which give off traees of
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Willy some sddbesives liaph Lopdinge preésanres gr
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o000 1l per s e and sueh pressures will ernshow
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Virain, Wi PF resibs are cured or sol ol Jempwr
s i P soglon of PA0°C swhilch templeratures,

I.qu.r{“,:__q wisstl, will cause severs Jdrving il
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i sl in

shinnkage ol wonpl | oalas ligh pressure ston

bilisters may be preglneesd sl precesiitions have
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brittleness produeet] by Hhe excessive pesivival i
mostorre,

The ethoxy hne resms used formctal Bindimg seguin
gl temperatures of the order of 20000 for prolonged
periods: but do ot need excessively high pressures,
Lhis T'F
prresstires ps well os o Boendinge temperatire of 11070,

wilpibat acetnl resins require relatively igh

“1-],-"""“ formuildelivide resin =ets most sieeess-

1'||.||_\' when hested 1o between 2020007 wul 45 Lhus

ety suitable for vonstrietionsl work
Minel
will

not  partic
omtside the hot press for r'-l_'.. waseul, with
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acthestves settimg at much lower temperatures and
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plewois] bonded o mibber-bag moniding presses
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PF resins contain traces of free phenol, aud phenol
iv o solvent for skin tissue,

Theimportant point to remember, therefore, i that
all these resins should be handled wath care, and if
possible the hands should always be protected with
gloves, I this is out of the question and contam-
mation of the skin s unavoidable, the next: besi
remedy B8 frequent woshing, Work people  who
repedtedly elean their luuuls Pree fronn traces of resin
with soap and water very rarcly get dermatitis,
Melamine resing are extremely diffienlt to wash off
ns they are practically insoliuble in water but they
van be removed by fiest cleaning the baods with soft
sawdust.  UF resins nsed in hot presses for plywoud
mamafncture often give off large quantities of hot
lormaldehyde gas which is irritating to the eyves.
It i therefore alway< good proctice to pestall o Paos
hiowsd aver every hot priss on work of this sort,

TRACES OF OTHEI ADIESIVES

In cepuir work wind abso when building ap ~ub-
assemblies inta p eomplete structure 1t s important
to note which kuul of adhesive hoy been used
previousiy on the sorfaces to be joined ws fraees of
thie ol grlue inny reviain bo interfere avrtli thee peadt o
by which the resin sets It wouold, for eximple. e
useless Lo upply o UF pesin whiell requires to bie
male acid by w hardener before it will set, wher
vonsiderabile vnsein glue remainnd . the very high
degree of alkalmity of the cascin might neutradise
the whole of the acidity of the UF resin and settmg
would very hikely be unduly prolomged or even
prevented altagether.

COST

Lol the foregoing remarks little lias heen said on
the subjeet of the actunl oot of the sdhesive but an
attempt has been mmde to show how to seleet the
right adhesive for a partionlar applieation strietly
un the basis of its techmieal qualifications for the
work in hand. In some enses. however, cost may
be the overnding comaderation, and it s pechops
interesting, in this context, o recall the [ TR TTUR T
Tuhle IT)

Generally spoaking the cost of the adliesive rives
fis the degree of witer resistance inereises, althongh
there are sotie exeeptions, totably the cellulose ainl
vinyl esters and ethoxyline rosins, 1t shonkl always
be borne in mind, boweser, that at is fotile to try Lo
assess the ecost of the glung operstion purely by
fnding the cost per pound or per lalogeam of $he
milbesive. A preat mony other varnables mostk be
given the most serions coteideration,  The sprending
capaweity in terms of pounils pee 100 spueee feet of
glue line ean vary enomiously, and an sdhesive
rosting very little per pound miny hase anly o low
spremd and tlhas may rove to be el more sostly
i wse thoo oot her adhesive which Bias o higher cost
per pound but o far greater eoversge.

Anathee poant which s often overlooked,  partee-
wlnrly in plywood mnnafactaee. o the yalie of the
unifarmity the pesildbs abbiboed,  The e
adhesive will generndly give soee varialile pesiltssml
this may Jead to the production of large quantities
ol plywood which are subseprently rejected. To
arrive ot o proper assesstacnt of the elative tieeits
of the elieaper adbsive s eappored with o meore
expensive one, the eost of such fanlty work showhl
e tuken 1nto conspicration,

A thind point is that for some speoial npplications,
for oxmup!r. ekl 'lmmlm;_r, ity s unl:.' e
llipsive b ouse o Hhd Bere Is oo guestion of
thivemssing relative vunle

It ks often instroctive fo estimatye the total gt
of o roaifactired arbicle ane thon W detesmime the
eomt of the adbiesive alime aseil i it o the cont ol the
nilhesive will usually be found to be o sorprsigly
wsignifiennt froetion o the fotal overnll cost,

BIBLIODGRAPHY
Pimsosaen, J. Treaodmdakipy of | [l
Vgl Ko Vorel,
Fimv, K. Bewlbetle wdbissiies Tar o], Xtz
T30 ihkial mlues | Eredniaky Jflandios L@, o2iL Qi fuas
Guivager, K & Rosioelia]
Poailoe, L8 (2100, Nuigune (R4S
Muwmamd. 10 A Muwlioh sdlosiaea Wesl, 13- 1145 daittinr
Al JEAA
Raneuiond abiiioen slnn  espmne
Vammy, T 1
Sew YVork
P, BN

MWedubbrekel  Poitdbdlime
LR THN &
Hrirasds

ULTTTTTTet B LI R L | TR

Frarink Muislioe, 1O |ZIN] Adigniel, T0IET

Mobnen womad miflmees i Fuififiatoog Vo,

W millirserrs . & F, wpan, i






AN OUTLINE OF THE CHEMISTRY
OF SOME SYNTHETIC RESIN ADHESIVES

C. A. A. Rayner

INTRODUCTION

N pmportant applieation of the gronp of sub-
A_ stapees known ns synthetie resis 13 Hieie
st as gilhesives, s w stady of the cliemistry. of
spnthitio adbesives is I elleet w study of the
chemistry of synthetic msins,

By synthetie tesin bs mesol i nesinous substiaine
prepared by ehiemicnl reacting from simpler come
pominds,  None, so faras b known, his o comterpart
e pnlure,

Many synthetie resims o be prodiced in fonre
suitable for wse ns mdhesives,  An aillusive moy
consist entieehy of ane parfonlar resin or it mmy be
a mixture of seversl different resins.  In thos tulk |
shiall evnfine mvsell 1o those synthetio resins ol
whdelt 1 by e Busid Heskshunil exprerienir,

1 alisll begeiny Biv alodlpang siviin ol thé Lers whach
are w10 thibe Bkl =0 Aliat we ruay hiase them vlear
b anar drindds,  Sate of tese expreasiine arn teil
rthier foowely i disetssiing the chenriedl aml toch-
ologhvsl wsprerts of mlliesises: some okl only be
vaplabned thomaghily by oocupying the whole thane
phlocatod tie thas talk o D miind wek Lhe Trbentsge
of vou whiy wee welb-mformed 3 ms debinitions are
not evimprelomsive:

T here in o signifieant differency botwernosnletapees
wlilell wresasy toilistil or covstallive amd Ahose with
whinh these processes wre diffienlt or mpossible,
The formier ared mnile up of inceleeales contaoneg few

3T

whowas 1 Hie oopdevnle= of the lattor cnnlain o bargy
mumbier,  Thie essentinl prouirement of & chemical
Feition l‘“l]ﬂhi’ﬂ of l}nulul'um I eSO mditerial 4s
ihe abifits 1o form farge molerules.  Thes voygoires
il verkin reactivity of the compuomant snhstunees
tlie imoleeales sk contan a minimum pomber of
yenidive chemedl gronpe Xl tlas beings us to the
st detioit o

FUNCTIONALITY

Prohintily the twat fimdamentil coneeption in the
chimmastry of sy nthictie resins is that af funetiondlity.
W hithiop op oot moeleeulat growth bs poesihle sbepels
on the ponbwr of Tanotionad grops i the minleenles
of the startimg mmterals,

A funetional groug iy acwlecule i w groap whach
e renctive anders the eonditions of the experment.
For example. neetie acud 111 reacts with methyl
alimabicil {ir) o girodduer micthvl aectate (1.

EHATCS . EHSH —= CHE - canprreredl]
' T i
Here e Pungtivnial groips iee hvilroxyl ¢ OH),

of whivh methyl alisehin leow wine, ol viehoxyl
(0 Oy, of whieh weetie oeil The
procduet. methyl aeetate (1) pussessees gotie of the=e
funationil grovips and consejiently orees e rriet.

Som ovmstides the penetion Detween aeetie ueid sl
s abeahnd with two furetionnl graps, say otlivlens
glvenl {17} & dihsdne alealml,

TTES T



CHLOOH « HOCHLHOH —== CHEOTTHIHOH « HO
iy il

EHEOOCHEHON - ACO0H > CHEOOCHENDCOH, | W

The first renction leads to the glveol nonoacetate
(¥) which, as youcnn see, still contairs one functional
hydroxyl group., It ean, therefore, remet with
anothor molecule of acetic - aeid o mve  glyeaol
diacetate (vi) and here the reaction ceases.

Similarly, the reaction between oxalic acid  (vir)
(with two functional groups) and methyl aleohol
(with one) will stop when It readhes the stage of
dimethyl oxalate (vin),

- AT — THOOC. CO00H,
) VLI

- 1 D
vin

However, il we take oxalic mewl sl ethylene
glyeol (1w). the first product of the reaction {ix]
contains two functionil groups, — COOH and —OFL
aned ennpenet ot emeh end of e molecile with
aleohiol or ackl respectively,

RO CO0H. « ﬁucuﬁu.cm -—-Huo::uﬁﬂtc'-'.ﬁﬂ
¥y 1%

The products (<) and  (x1) <tll poses twae
functionnl groups, ether COOH nsin (%) or 811]
as o (xr) aned  can therefore continue too react
indefinitely.

“QOCG.Q-DCHFWQCCGOH l-lOCH,I:i-l,DD&EDOEH.Cﬂ'D-I
(k] L

Thie linnd result will bie o lndit moléeale 5 =suel o
stibstanee will e usilile,

When s teifunetional sturting iterinl is wsed, Toy
example, glyceml (xi) with oxalie achl, the jnter
mediate product (x610) hus four finctionn] byvdroxyl
ETOUN wl us o restilt cnn grow: in more: than two
directions, The final product (x15) = therelore
tri-dimenswonnl and substantmlty anfisible,
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I order tooobtuin i synthetie resin the molecules
ol the stirting msterinks st ench contain a wini-
monm of two fanctionsl groups,  With two each o
tusible resin s formed wherens when one ur both
molecnles have more than two functional gronps an
mfosible resin may be formed.,

It 15 possibile o distinguish four different ways in
which eomplex resiv-molecules gan be built up fron
siniple starting walerinls, o general process whivli
magy be terined poly-integration, Three of theswe
wiys involye processes of direct addition without
the elimination of any by-produets and can he,
thercfore,  broadly  deseribed  as polymerisation
reaetions.  The fourth type results i the elinona-
ton of by-products, for esample water. and
properly eulled poly-comdensation.  Their relation-
ship can b seen in the table beliw,

Py AR Y

il vl s il o cutilarseg
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TRUE POLYMERISATION

True polymerisation is 4 proeces of cumbination
of like molecules which is purely additive and there.
fore does not result in the evolution of any by

products & an example is the formation of polymeric
vinyl ehloride (xv) from vinyl chloride fxvij 13

c cl =i 'ﬂ

il I 1

CH=CH, ——a —CH—CH el HCH e T T —
[ sl B -=dijli

(R H N

Just asreudily assone will polymerise, so will they
de-polymerise and revert to the monumerie form.
A higher temperature than the motorials nurrnnlly
enconnter will often effect such o reversion.  From
this we muy dedmee that the degree of instability.
normially  wssoviated  with the double-bond. i to
s extent dn]mlldmit on - temparature,

CO-POLYMERISATION

Certain substisnees capable of indepesident poly-
merisation te form resinons substances are also able
to polymierise together. This process of eo-poly-

merisation is extremely important ; it often resnits.

i products with properties which are superior to
those of mixtures of the mdividual polviners.  An
important  example bs the cospolvinerisation of
viny! ehionide and vinvl asetate.

POLY METATHES]S

The thind type of uddition polymerisation 1 <hall
e polymietuthesis,  This type of  molecular
growth is exemplified by the resins known as the
polyurethnnes (p, 18). T prepare these u dic (or
poly-) isocyanate (xvi) s pescted with o i (or
poly-1 hyidre aloohol (xvii)

Qulmpl 8 _MN=(C=0 . w0 Qe —f ==

eyl (XY
(S S S
L}
- t_—u-—q!-}—l,—-n —-C'—-N—I{-N—-C—O—R.—D-C—H-- i
LYY

This reaction resenibiles poly-condensution in that
the two different molecules link up alternntely to
lorm Jong chaios ;b differs, bowever, (rmm trie

#h

eoncdensation in that ne by-products are formed.
Also, 1t resembles polymerisation in that the process
i aehiditive, but it differs iy that the separate starting
matenals will not polyvmerise independentiy.

A somewhot simifar reaction. which is really o
hybrid of poly-metathesis and co-polynierisation is
that between maleie anhydride (xx) and styrene
(xxr), to vidld a pedinous product (xxn),  This
reaction is sometimes referred to oas s hetero-
polymerisation,

\ I

CH=CH#CH = CH —-H-L:, -u.':i-l-cn;cm el
i L]

0 COo CO £o
o 3o Y
fxx) {xx1) (%%

Eriler the conditions of the reaction styrene alone
o polymerise per ar, so the stracture might nit
consist of alternating molecules but  mught, Tor
example, be ol the forny anammnaimna,

POLY-UONDENSATION

In vertain ehemiea! senttions between bwo of more
arganic molecules, water or s similar simple sab-
stinee of low moleoular woight s split off ; tus v
condesation reaction and Egquation A is an example,
Where this results i the formation of a macro-
molecular structure it s enlled poly-condensation.

Poly-condensation may produee two-dimensional
structures as in the fusilile Alkyds nod the poly-
anides [Nvlon), ar threeadimensional, s in ﬁl"}'
cured phenolic aml aren resins,

Aol these processes invalving molenilar growth
muay e indueal by heat, Jight, pressure or by
entalysis —frequently by bwo or more,

CURING OR SETTING

In the prepamation of synthetio adhesives the
resction i frequently ~topped at ang intermediste
stage, This is elewrly necessary i the ense of the
infusible resins 1 such reactions sre eompleted dirring
the process of gliaing snd the chemionl change im-
parts eertain physical properties,

Sime wlhisivies are applied as solutions il
b salvents durmg ghing ;. some are applied m



the form of i emitlsion and thus lose the equivalent
of i solvent ; others are applied in the forni of a iry
Film. '

These are the chief examples oF sobting ur curing :
wsually it means the conversion ol the pesin from the
Tguid 1o the solid state.

THERMOSETTING

A thermosetting resin is one which hardens under
the influence of hent as the result of ai irreversibie
chemical change; therenfter the rexin ssually
remnins substantially miusihle

THERMOPLASTIC

A thermoplastie substance is one which, within
limits, softens on heating and hardens on vooling
without deleteriows effect on the materal.  Usually,
the limits are set by the temperiture ul whiich there
i cither incipient decomposition or the onset al @
revetsible chemical renction, .. de-polymerisution.

The dividing fine between thermosetting  aml
thermoplastic is Fairly sharp, bt there nre simne
borderling vases, lor example  certain Fesitie - Py
noed hest 10 sot them but nevertheless soften when
heated to higher temprerutures, so they are heat-
hardennble but nist Infusible.  These, however, are
sot asunlly softemed by hest to s sullicipnt extent fo
rerler them eapable of being moulided ur T
ailhesives by merely applying hent,

CATALYST

‘This T the mame given 1o something which infl-
enees the rate of 4 chemical reaction. It may
acevlerute: v retand @ renction: hut the word is
genemlly nsed to menn an pecelesutar. Not very
much is understood about Hie mechanism ol entalysis
anil the wonl catalyst & wsel pather Joosely in
connectinn with synthetic resin wethesives o for
exnmple, asu hardener or ouTIng agent,

pH VALUE

I few wornds, it L=
value indicates.  Substhnces which
piay be acud, allcline ar bl ;

pursatble only to spy what pi
dissolve i wator
ewefly. pH value

is & oumerical assesment of the degree of this
weidity: or alkalinity n indieatod by electrieal
measurements,

The pH sealo ranges froi abont 1 feg. @ stron
solution of mitrie acid) to a pll of about 15 ey W
strong solution of sodium hydroxide), tapering ofl
fran el extreme towands nentrality in the midille,

COLLUIDAL SOLUTION

Thiere 15 no really adegquate dutinition of & eolloidal
lutivn,  Saft dissplves in water to form o trae
solutlon ; the dissolved particles of salt are of ex-
fremely small size. 1L however, the particli size of
o substanes |s large, s collowdal solution ps formed. :
it is 0 state whicl is determined by the particle size
of the substance which is dispersed in the “solvent™:
it lies between trae solution aud physicul suspens
sion.  For example. o dispursion of vlay i water
maty be eollodal or it moy b o suspretision, depending
om the particle stze.

There is n ernde method of distinguishing colloids
from brue solution<and suspersions o trae sohition
will pass through parchiment paper.a eolloid will ot
a collotidal solution will pas through filter paper, o
physioal suspunsion will not. Colloids can frequently
be recognised by an  increasing visoosity with
jnereasing conventration insteasd 4f the preripitation
which oreurs when erystalline sulstunees reeh e
Tt of sohubility.

The particle size of many synthetic resiny =
relatively large. <0 they form vollaiidal solitinns.
Al the wsefu] ailhesives are eollonls, imdend  the
worl vommes fram the Greek ™ kolla ™ meaning ghae.
A mubile calluidal solution i called n * w0l ™; an
elastic or rigid ang 4 gel 7,

i



EMULSION

An exmulsion is o loguid ) figuid svstem of imuiseible
sibstances, By vigorous agitution, water and
parafiin can be made to * mix ™ beeause one of the
liquids, eulled the dispersed phase, is broken up into
droplets sod  distnbuted throughout the other,

called the continuous phase.  Such un enndsion is:

not stable, separation into two layers taking place
rapidly on standing. If, however, an emulsifving
agent s added, having the ability to reduce the

interfacial surface tension, nd provided the droplets

are sulliciently small, there is no tendeney for them
to conlesce.  Kither the water or the parallin may
be made the dispersed phase, according to the nature
of the molecule of the emulsifying agent,

PLASTICISER

A plasticiser is usually an organie higuid with s low
vapour pressure : certain solids, however, can have
a plasticising effect.

The addition ol 4 plasticiser is o somewhat mferior
way of providing properties which cannot be induced
by better means | its incorporation is an admission
of inherent deliciencies, Plastivisers, however, do
tmpurt valusble properties soch as softness nod
ductility : the saftness may often be undesimble but
it is not usually possible to obtam extensibility with-
out it Sometimes, plasticisers are not permanently
retained by the resin and that is one of the dbjections
to their wse, '

The ¢o-polymerisation of vinyl ehloride with vinyl
seetute hus the effect of plasticlsing the poly-vingl
chlaride which, if of high molecular weight, is harl
and hiorny,  The effect of this type of co-polymerisa-
fion 15 known as “internal plasticisation ™

¥, will now proceed to cansider the individnal
resing,  Where no unanimity of opinion exists
#s to the chemicnl structures to be assigned to the
poly-meric forms of the resing, the strietures have
been vmitted ;  and this in general applies to Lhe
fully-hardened products  of  poly-condenszation

reactions,
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UREA-FORMALDEHYDE GLUES

The urca-farmaldehyde resins are rapidly beeom-
ing the most widely used wood-glues in all industrial
pountries.  The startig materials, urea and formal-
dehyide. are prepared svnthetically : urea. a colour
less eryvstalline solid, from ammonis’ il carbon
dioxide ;  awd formaldehyde, a pas, from methyl
alechol,  Formaldehyde is generally used in the form
ol &an agqueows solution. but sometinies in the solid
peilymeric form,

Urea (xxim) and formaldehyde (350v) react
together under wvarious  conditions™  to  mve
products which may be either crystalline or amor-
phous, Torming either true or colloidal solutions. Tt
I5 the Intter whiclh wre ol the greater interest as
nilhesives,

Under neutral or weakly slkoling vonditions the
initinl reaction-prodiets are principally the methy-
lol nreas, (xxv) amd (xxvi), the resction bemng
reversible

'I;I H
|
NH. Ni—fﬂ.ﬂH MN—CH O
cum.cﬂ 'F' LHED === gy
H
N, HH, H
) Xy, Ty P
w RN M
IRXVT)
i T L

In thepresence of dilute acid the methyiol ureas
combine together with the elimitation of waker,
atwother example of o condensation eeaction,

I S - Mo
H-GH.OH H{H!?_Hf N-CH.CI»H
] i ]

L0 + €O 4+ O

i ! 1 .
NCHOH NCHOM NCHOM
H’ [ H [ H 3

oo
H-CHOH
i 5
o+
L]
NeCH,OH
L

b The renction nof urea with formaldehyde has been
mvestygated by n muuber of workers, and different
structures have been sugeested for the resulting
poly-condensate. It has been concluded, however.
that no wnilorm  molecular arcangement can be
assigned to Jt, anid it is quite certain thot the strue-
tire varies with the renotion conditions, for example
the pH, temperntire, ete.

The best UF gluis are obtained by heating wne
molecular proportion of nrea with about  two



peaportions of formuldehyde under weakly acid
conditions,  Using an agqueous solution of formalde-
hiyde & mobile liquid s produced, which is then
voncentrated to s viscows syrap hy evaporation of
some of the water present, If the evaporation is
carrieil further a substantially anhydrous. resin is
abtainsl, which is supphed to users as a powder.

During the reaction between ures and formalde-
bvde the moleenlar growth is indicated by a progres-
sive merease n the viscosity of the reaction-mixtute
anil solidifoation resuits if the reaction 1= not
rrested i this mayv be done by cooling the product
and rising the pil to 7-8; the resin solution then
hus sufficient stubility for it to remain usable over
period of time known as ite storuge-life or shell-life,
The shelf-life may be s period of days or monthe; )
ean be made as long @ a year or two but there are
techmen) rensons which make this undesirable in o
liquid UF glue having n high solids-content. Powder
resins, however, are inherently more stable and mny
Bave o shelflife of more than a vear.

The water-taleration of UF glues may vary {romn
slmost zero ta infinity and in gencral it may be sabl
that it increnses with mmerease in temperature.

At the time of application of the glue the molecular
“growth is onee mare seb inomotion by the addition of
an acd— the catslyst, accelerntor or hardener.
Under these aeid condition the glhie procesds to jts
finul solid state.

Like somg other infusible resins, UF ploes are
extremely sensitive to pll conditions, parcticularly
below about pH 6. This vecessitates rigid control
during manafacture in order to produce n consistent
material s bt this sensitivity = very valudble in
that individual requirements can be met by the
supply of « prenge of handeners, some of which this not
reqpuire the aid of heat to cure the resin

some diserimination in the ehoice of noids
desitible, but the hroad effeet is thnt the speed of
setting = o function of the pH—the lower the pll,
the quicker the setting.

It is frequently ndvantiageous to e os hardeners,
ivateal of aciils, substunees which split off an neid
when mixed willh the glue, lor exumple the i
moninm salts.  These dombine with tlier Frese and
losely oo formmldehyde to lietnte the mgquiva-

lenit acid = for example, anmonimm whloride et

livilrowhlore acid, together with the formation of
water ol hexamethvione bebraniine [xxviit).

WG b BCHD ——= SHT) f =MD
EXRAIN)

T'his liberation of aciud can be observed by adding
an anmoninm salf to a glue containing an mdieator.
With the average UF resin there is an mmmediate
drop in pIl owing to combination of the salt with free
formaldehyde, This b then [ollowed by o gradual
further (el in pd as the loosely-bownd Tormaldehyde
reavts with the sult.  Iny general, hardeners made of
ammeoninm salts of strong scids give the hest ratio
of pot-life to setting-time,

b the wse of smmoninm salt hardeners, o basie
mininmam amonnt {depending on the properties of the
glue) is reguired Lo cffect a satisiactory enre.  This
may result b pot-lifo whieh is meonveniently short,
heeause the pI s lowered too tupidly oF too muel ¢
t prevent this it i necessiery to wbd A retanding
substaner wnd snonia or hesamethy lene tetramine
wre commenly wserl.

Uepending on the composition of the hawlener,
the amount aidded to the resin may hove a marked
infleence on itx pot-life and settimg-time.

Within eectnin  limits. the pot-life. with an
gunnonium solt hvdenor alobe, s inversely propor-
tional to the amount wlded, The addition of an
seid hurdener oy produce o similur effect up to
the puint when diliition becomes exeessive,

The properties of a enred urea-formaklehsde ghoe
melude  ealubilits in all the common organic
solvents It has excellent resstance to seids and
alkilis wnd although it s attacked by cortam strong
oies in W'ght concenteation, it may be said that any
suilritiher which attacks the gl woulil certainly
attack timber alsn,  The leat-tesistaten ol reis
fupmadidehvde glyes B oot gs high as that of some
pther infusible pesins s it is, however, groater than
that of eelluline,  Modern UF glues have extremely
goud Tesistance to water up to about 30°C; thereafter
the resstumee falls shampdy and at 100°C an anforti-
fied glue has little or no strength i a wood joint.

UF ghios wre freqoently  fortiied with cither
inedamine or resoromol indrder o lmpart reststance
to bollime witer:  Thore s experimental evidence
thal eomeomlimegtion tukes ploee o Hiese reaction.



MELAMINE-FORMALDEHYDE GLUES

Another example of polymerisation s the prepmra-
tion of melnming from evanamido

S = 3]

el lard s .ﬁ .
] L] M -
NH, — HN-CNH-CeN = <
rramitnids i Ri-

'-'E'Tw. Zmtecile, o

§ |

wvatmmde ).

There 1= evidenee that melamine may also exist in
the form of a secondary amime with 8NH groups.

Although melamme may  be produced  from
evauantide via the Tevtiliser enleium evananide, it i,
neviertheliss, an expeusive faw juiterinl ;. this &
Birgrely dhue to high conversion vosts,  Conneseially
it is made by heating evanuniide or dieyundianile
under high pressure in the presence ol liguid am-
mamiin IF can he made similardy in the prosenee of
vertain other mert poses.  Also n process hins been
patented for its production from wrea under ex-
tremely lugh pressure: even in this resetion it i
guite comeeivalile that ths mielamine is prodaesd via
eyvannmide ool dieyavidiamide,

Melamine rencts with formoldebyde to (ur o
resin winder similir conditions to those employed for
making o urea-formublehwde glue ™. Here again,
vanious anthors have proposed different stretures
for the poly-condensate,  Axn the vase of urea. the
formation  of & methylol compound [(xxvin s
probably the fisst stage in Hie reaction

webemy  momcreie oo
MM tacHo— ""'

L
H, EHEH’OH

(xxvai)

As with the UF ghies the methylol melunines
react with fresh melomine, eliminating wiler wid
producing s highly eros-linkesl striotum,

A typicsl melsmine formnldelivde glie vinploys o
molecular mtio of 1130 The MF nisine are mither
less semsitive to pH than the UF resins, it mote
sensitive to high tempernture: they can thorefore
be more easily cured by heat wathont the sddition of
aend hardeners.

LI

Narmally, the melomine glues are physieally
ptabile i agueons solutions, henee it is usual for
theni ta be supplied in powder form,

They differ from the UF glues in two. main
respects = the fint i that they do not make satis-
Mctory cold=setting adlesives —they are best usid
ul i terperabute above abooat 007 and in eansi-
Huenee are chielly wsed B hob-press gluing.  The
seoonid i thist they e completely pesistant b the
elfect of bolling water, being equal to the phinolic
ghies,  Undur emphasis s frequently given to this
property. There s, however: o beliel supportel
b a hittle evidence— that bailing water resistanee 1=
a measure of durshility when the ghie s used o
externally exposed plywood @ certainly the cise is
By i e oyl

MF veésius hove o grentor Tieat ve<isbinee U the
UF resins, but this is o property of mon importane:
i their sse ns plistic monldings than o the ghiing
of womd,  In hoth chemical and phivsten) prroperties
thes are supenor to the UF resins i ther drs
athesive steength 1« however, no better,

PHENOL-FOIRMALDEHYDE GLUES

B bhe growgs ol componiids Knowo s the phenole,
phenol itself (xx1x) or cushalie weid, s both the
simplest and the most importunt.  In s resetion
with formaldehydc™ ™, phonal s trifbnetiorm| and
s renotive st ol the positions mncked =,

E 3

o}

(=x1x)

The reaoctwon of phenol with ormaldehyvde e
result in the lormation ol two distinet kinds of fesing
both of which aree nitially Fisible apd soloabile by oo
i ber of Gegnosie =olvents,  They diTer in that ane
(n Novalak) may be peemsnvntly fusilde, while the
other (0 Resal) b lieat-hardenanble tooan inbsible
state {n Hesite),

The tiest resction betweon phienol widd formaddie-
hivde w the formation of & monemethyiol phenol. for
example sahpoon (xXxx) which under appropriate
conditions ooy be wolateld.
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{xxx)
Saligenin still has two reactive positions (=) and
can react with more formuldehyde to yield a di-

methylol phenol (xxx6) or even u trimethylol
phenol, although neither has been isolated from the

reaction,
e (5
CHOH

{xxx)

il

Subsequent reactions may he of two types.  First,
o mothylol phenal [xxx) ean react with free phenol,
‘eliminnting water and forming a dilydroxydiphenyi-
methane (xxxn):

oW O ! JM
PG~

(xxx) (sxxi1)

Seeondly, two muleeules of wethylol phenol ean
reat to form an ether-linked compound (xxxim).
with the elimination of water ©

2, B o s
["JJ HOH + M}Cné__GHFCH'LJ """P. 1Fi
{xxxin)

Now the ixtent tu which the shove reactions, B,
¢, ) and F are favoured depends npon the rewction
eonditions, vie, pH,  femperniure anil i, of
rencinnts,

Effect uf ptl

Under nod eonditions the formastion of methylol-
campounds {reactions B oaml (1) b tather slow while
the conversion of methylol-vompownds to dipheny)
methanes [reaction D) aod dibeozyl ethers [ renotion
Ky i fast.  This means that methyiol-eomponmls
pever acemnulite (o the reaction mixture el the
resulting resin s latgely of the forms (xXxx11) anil

(xxxiv), although the linkages are not necessarily
arthe to the hvdroxyl groups. This type of resin is
permanently fusible and is called a Novolak,

Sod5S

Under alkaline condifions the formation of
methylol-componnds (reactions B and C) is rapid,
bt their dehiydration to diphenyl methanes (D) is
eomparatively slow. Thus, mono-. di- and  tri-
methylol-componnds tend to accumulate in the
reactlon-mixture with only an cecasional methylene
bridge present’ in the noleenles.  The resin is of the
yorm (xxxv), This i o thermoplustic resin called
# Resol and s eapable of heing bardencd to form sn
wfusible resin, » Resite,

oM oM
HM}()— CH'.O-!:HPH
CHOH
{xxxv)

Femporature

Tneresse m temperature has the general effect of
weeelirating all of these ronetions.  However, it will
hie seet that the Novolak (xxxmv) does pot contom
resctive nethylol-groups and conseguently s not
chemieally  changed by heat, whereas the Resol
fxxxv) cun renet vither with uther Resol spoleciiles
ar with free pheool to eliminate water and yiell «
highly cross-linked, infusible resin, the Resite.

Hatio of Keactants

Frem a constlerntion of the formulae for o
Novolik and for a Resol it will be seen that the
Resol eonfaing o ligher ratio of formaldehivde
systemns;,  {ie,  methvlobgroups  and  methylene-
hiridges) to phesa) systems than does the Novolak.
Aceordingly the formation of # Resol is Gvoured by
the presence of an excess of formuldelyde, shile an
exeess. of phenol tends to produce & Novalak.
There is still considerable doubt about the structure
of the fuily hardened resin.

i



The choice of aldehyide has some elfect upan the
bepet of résin produeed ; acetaldehvee terds to form
Novolaks mwgre thay formaldebydie.

A Novolak can be converted to o Resol by the
addition of more formaldehyde, and o Resol to a
Novolak by addition of more phenol,

For use as hot-setting adhesives the PF resins are
usually made under weakiy alkaline conditions and
the resulting resin formation may case a separation
into two lavers—an ajueous laver st the top and the
water insoluble resin ol the bottom,  Ino moee
strongly alkaline salutions, however, the resin i
“water soluble "—it s really alkalisoluble. The
separated resin layer referred to s soluble in certain
organic solvents such m aloeohol and seetone ; it may,
in some coses, be soluble in certain newds.

A solution of appropriate viscosity 15 used a5 a
ligmd glue or it may be used in the form of a dry
resin tilin, gsing paper as o srvier,
these fesins pormully require s tempermture i exeess
of J00°C for ecuring sl alkaline hardenerss are
genernlly added.  Acid hardeners may he nsed bt
i low pH Is regnired to effeot sutislanctory sebting
without the nse of heat, and therefore emtivism s
uften brought against their use beeause of the
possibility of dumage to the wood,  But it should
not be overlooked that many timbers withstawd the
action of some strong aeids remarkabily welll indeed
wood is generally Jess sensitive to aeids than alkalies.

Phenal formaldehyde adhesives are eompletely
resistant o boiling water but, unlike the melaming
resing, they are of o durk volonr,

CRESOL-FORMALDEHYDE RESINS

Resins sinular to the plenol-formaldelivde resnis
s be prepared From thie oresals, Cresal is Lhe
general nume given o the three methyiphenols
(xxxvi), (xxxvi) aml (xxxvp), e differsnee
butween thent being the selative positions of the
hydrosyl and methy] groups in the bengdne ring.
The tmethy| group moy have the efeet of blocking o
resctive position i the phenol moleenle, thus wtho-
vresol i difunctional, mefa-cresol s trifunctional and
guaraseresol i difunctionn).  Thas means that artho-
cresol and para-cresol tenil to produce fusible resins
INoviolicks), wlille wieta-eresal vields an tnlisible

Ax mlhesives

resii,  For this reason  meta-cresol i generally
preferred by makers of phenolic ghies.  Since,
however, it is tnol véry etsy to isolite pune ot
cresol from  the mixture of somers which are
obtained from coul tar the price of the product s
higher: as a resalt. vmxed eresols containing -a
certomn nummurn proportion of meta-cresol are wsed
for the preparation of ghies,

oW
o O, O
“‘l
(x3xv1) (msxvn) (xxxvim)
avchi-nyesi et el v el
The reaction of the vresols with formaldehyde is

similar to that of phenol; for example, it s sunilarly
influenced by pH and by the ratio of reactants..

HESORCINOL-FORMALDEHYDE NESINS

Hesoreinol  (sxx1%) s metedilivdroxvbengene
andd, having two hvdrosy ! grougs, s oalled a diliydrie
phenol. It has theee reactive positions and sesemblis
thets-cresal (xxxvin) except that, hoaving a hydroxyl-
gronp instead of the methyl, it is wuch more
reactive. As a pesult of this ceactivity it will
prodduee with formaldehyde & resin which can be
converted mto the fusible state without the aid of
vither i eatalyst or heat. bhut meeely by addition ol
i farther (uantity of formaldehyde,

(E AN {xxxvit)

It was stated thet as & rule formaldehyde and
ordinnry  phenol,  wnder  identical  somditlons  of
temperature anil patio of rooctunts, enty produce
resing Which viay be either thermoplastio ar thermin-
setting, nnd one can b aasily sonverted to the ather
H o the reavtion i intersupted at the right stage.
Similarly with resorvinod, it is possible to produce o
virtnnlly won-hardenable resin und then wld formml-
|]eh_ﬁi¢ to vonvert, it to 5 tlr)lnpirlrl}' ininsible
wintorinl which 15 resistant to boiling wauter,  This v
the mothod wdopted in the use of the coldsctting
resorcingl  wlhesives, henee the hardoner wsed &5
formuklehyvile and ss sl is o oo way s enfalyst



POLYVINYL ACETATE

Polyvinyl acetate 15 a true thermoplastic resin,
As vou have already heard from a previons talk there
s o chemical areangement CH =CH—  which s

culled u vinyl grodp, Compounds containing this

group are wsed Lo propare o pumber of thiermoplaste
resing, many of which are uwsed as pdhesives, The
chemistry of the thermopliestic resing is more dlearly
wnderstood than that of the thermosetting ones,

The monomernic form of vinyl acctate (x44) s 0
liguic with a boilmg poimt of T3 5 1t can bee ohitained
by rencting nectylone (x1) with acctie avid (1) in the
presenee of @ eatalyst.

g
MERCH - CHOO0H —e CHaCH,
5Ly i LXLT)

The polymersation of vinyl acetate nay be
catalysed by hght, bol commercially  bont and
peroxide  eatalysts are wsed.  As polymernsation
proceeds the individual molecules join up aud the
viseosity peagressively inereases o the solid state.
the soltening point depending on the length of the
chain.  The averags molienlnr weight of the poly-
et (X)) may exevsd 20,000 the wnnlier of
resnrnng oo jinits Ix.':lllng i thal cuse more
thay 210,

GEOCH, OCOCH,
ey B —
[xul

In eertam textibo sl udhesive applicatione i s
an advantage to have the resm finely disprrsed §
this is frequently obtamed by emulsion polymetisa-
tion, 0 process which involves emubsitication of the
Heguisl mmonomet wml its subsogquent polymerisation,
The product of enwulsion palyimeriation tway wot ba
o tree ennulsion, that B w Jeguid Figuid systenn:
onn b, and freguently bs, o dispersion of small solid
particles,

Polyvinyl acetati is the sk of many * wlliesive
cements ; ats availability wsoa dey Bl pemits
solventless ghang ;  ibs svlition has good = tack
and aidhesives sre available 0 o vamety of organic
sulvents; but solvents are expensive o winle amld
their recovery from adhesives s noither casy nor

nhrnp.

Polyvinyl acetate has good mlhesion o many
porous and non-porous materinls, 1o most applica-
tiors it s sufficiently flexibile to render the nse of
plasticisers womecessary,  Although it has. fairly
good water resistance its water absorption is high.

FOLYVINYL CHLORIDE

This i= o senthetic polymer of which 1 have had
niv fivst-hund expenienee, bui 1 am introducing it
Ieenuse T mentioned it as o important companent
im oo pealy ierisa tion,

Many of the viny! monomers ean he prepared from
different substances.  Commeraally, vinyl chloride
{ ko) = made from acotylene and hydrochlonie acid
or by removing hvdrogen cliloride from ethylene
ifebdaride (xeevd,  The ofner rendbion = sioilar to
that in the prepanition of the seetate ; the lntter s
shawn below

<)
I
CHC—THL — CH= = HCI
IRV t:ﬁu?t':

Vinyl ehloride s 4 gas at onlinaey temperatures
and  polymerives  eaphily  and  violently, It s
predymerised eithor as an emulsion or insolution, 1
both micthols it = pn‘-::i.pitutrll ns " ]:Id.“\'l’tl"]"‘: i Lhe
former from water and in the latter from o liguid m
winch only the monomer is soluble:

g S A
CH =H, —- —:u_m._c&.ﬂ._cn_m_

The average molecular weght of  polyvinyd
chloeude [xev] may be ns hieh s S00.0000 (over
A0 inonomer wnits ] and such s polviner 5 a0 hared
ol seiiewliot horny material,

Polyvinvl ehloride & pot wsed s oo adbedvie
itiless co-polvmerised (F) with vinyl acetate, as
eonried ko earller.

o SCoTH, [ = ocotH, © ?C-‘.'PCH.

i | i t i

CH=OM;, » CHECH, —a —CE _CH —CH—CH, —ChaTH, _-.'L‘MH‘{—H
ETAS] ‘

In many applieatios il b esential to plasticise
polsvingd ehloride, bt co-polymerisation with the
acctate may often make this unnevessary. Uar
polymerisation has very grest wmportanee in the



vinyl resins; previously it was stated that simple
mixtures of polymers froquently fuil e produce
properties representing the avernge to be expeeted,
wherens cu-pulymerisation wsually mparts superior
s, Another adeantage of co-polymensation is
i the preparation of solations s polyvinyl elitoride
s soluble m fewer solvents than polyvingl ncetate,
bence in dissolving a misture, onre s pecessary o
the selection of solvents,  The eo-palvimer, however,
i soluble iy o wider frige of solvents thay polyvingl
chloride alone.. The eo-polvimerisation of monamers
in emulsion-form is 8 process of eonsiderable
industrisl importance.

PYA PYVC copolymers (xi71) lave fairly good
adbesion to wood, paper nnid textiles. They have
consilernbic e mosurface contings, but thot s
outside adhesives in the sense o which we are
thinking of them, They o ool give the best
aelliesion op pir-dryving alome, bub by applcating of
heat wnel pressure.,

POLYVINYL ALDEHYDE RESINS

Thise are sometimes. Kown as: the Polvvinyl
Acetals, although this name i more specifionlly
applied to one partieniar ropresentative.  They are
prepured by reacting polyvinyl aecetate with an
aldehyde, such as formaldehvde, aectalidehyvile or
Butyralilelyvde, amld they afe known pespectively as
predvviny] formal (Formvar, o, peidysing] aeetal
(Alsnr) und potyvingd hutyeal (Batvarl, The reaction
really takes plisce Detween: the aleahl miel the
alidehyde, the alookol heing lihernted by hydmolssns
of the acetate under the aowd rescbion-conditwmns.
Batyvmy! aleohol s itsell an adhesive it s water
soluble but lias exeellent resistance to ois. Monos
mivtic: vinyl aleohal has, so fir, ot Deen olated,
The pesction betweer forpgbilelvde (xovind o aiul
vinyl wleoliol (xevin) ks

LU

IAMC=CH o W TG —an -J'r-é—é—;- w A H LY
' &;I REVIE fl.'r . -L .
Ly i W
i i N
cH
]
(2]
[RLVN

This s another condensat bon Tosebion and:a similar
structure results from rengtion with other uhil!hpltﬂ-,

AT

The polymerie product of the renction is precipi-
tuted from acid solution by the addition of water,
which produces sponge-like particles of low apparent
density.  Formvar and Buatvar are used as adhesives
m the form of i ey fibmy, ws previpitated parbieles or
in solution. The high moleenlar weight polymers
are tough, horny materads bat o rubbery nature can
be mmparted by the addition of plasticisers.

Formvar i the thermoplastie eomponent wsed in
the metal metal  sdbheive ' Redus ™ ml  the
particular polymier used has o molerular weight of
about #,000,

Bubvar s widely aesed in msking  lonimated
safety-gliss, wherr one of its foremost advantiges
15 its complete stability to light, Glass = not an
ensy material to ghae, A relatively fogh proportion
of Hvideaxyl grotps s comsidered by somie swriters to
b ome of Wi recquirebents ol w gliss aulbiesive ; this
i s aeprparent copbemdiction of D ddealised strpeture
af polyvinyt avetul shown, It s, however, probable
that hoth hsdroxyl and nectate groups are present
heeause complete hydmilysis of polysing] peetate &
unfikely wnder the conditions of mumilacture,

THE ALKY DS

Thera bs an extremely mportant clisss ol sviithetic
praitis Kaoown i tlie 'i_l]r.}'ds-r.. w i, anu_gh st sl
puehe by bhepselves, bre eorporabed o modifless
in o large number ol sdlissive prepurations, By
stilficient stretehing of the miagmatbon onhe van see
thnt the word can be eotned from = aleabel ™ Al
“ogoid U — atedd, them Alkwad,

Tho alkyds wre polvesters aml there s poother
type. known as the nnsatorated  polvesters, which
come into a sopurate chemieal subedivision,

Ain elemsentnry. esterillestion  renction = sl
Bust wett eblov] ilealiol (o) mol aeetic acid (1) =

CH, —C = 0+ CHe=0M == CH-Cs04HD
| i
=1 hpitri o -,

Frua
e il

i

Viinder agrpropeetate comditions this svaetion pro-
ceeds to the right to fen ethyl aectats (L1) | 10
polveandessation fallows beesise, as stated eardier,
only monodunctiom] groups are  prosent @ one
hwidbroxyl groap i the alichol rnnllji'uh' ahd G
eprhoxvlhareup m the aeld, 1, however, the



aleohol s polyhydrie and the acid polycarboxylic,
polyv-condensation takes pluce. The browd proper-
ties of the resulting resin (lepend very largely on the
unmber of funetional groups. A dihydrie aleohol,
e.g. ethylene glyeol, rencted with s difunetional acid
produces fusible resins and a trihydric aleohol, e
glycerol, produces resins which wre substantially.
but not entirely, infusible ; they will soften slightly
ir heated to w sullieently high temperature,

One of the origingd Alkyds ix stll one of the most
fmportant ; it i the reaction product of glycerol
(t41) and phthalic seid, polyglyceryl phthulate
but it is more colmon ty se the anhydride (L)
of the acid.  Alkyd resins result from pely-condens
sation reactions ; water isspiit off and it &s shown in
the following reaction how this probably tuke place.

[}3‘3“‘ SO EHOHEH OH— Oégcu.waacu,m
e MoRe

fuo) i

L) GLICESOL

COOCH, CHTRLLH M
o b RO CHDH

The lvdraxy] groups which remmm an react with
further phthalle auhydnde moleenles. splitting off
more water, il b sone wiich tanner pl‘lK‘!.'l.‘(I b
il aape into lurge muleeular aggregntes @ the phiysic
cal and ehemien] propertivs being inlnenced by th
imitml molecilar ratio.

The lorgest we of the alkyvid resing s s the
preparation of surface eoatings, which nre not, of
course, adhestves i the seose we have in mind.

THE POLYURETHANES

Thest nre representative of the form of poly-
arerisation which 1 rofermed do s polynetatls .
With the extremely tesolive mocyanate group
(—N=U=0) ns the bz, nonew typo of resin was
heimg Iuvestigated in both England and Lexmnny
befure 1. During the war Germuny woiieved
considerable measure ol suscess ™ and trarkoated
isovynnates undder the peme of the D isadioms. s
s twoe-component  adhesive under the
= Palystal .

nome  of

The history of the reaction dates back » hundred
vears when it was found that ethyl isocyanate (1iv)
rescted with ethyl aleohol (1) to give a produet with
the generic name of & * urethane ", without elimina-
ting any by-products.

C,J-:fl]l?c-ﬂ:l v EMHON —
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AL oa Ditep date this reaection was conliomed with
aromatic  ocvanutes, An  ocvanate group is
particularly reactive towards replacesble hydrogen
atoms, it therefore comhines readily with OH,
COCH and NH_ groups, but its reuction with the
former only will be dealt with here.  Polymensation
resulbs from the use of reacting-substances which are
poly-functional. It R i a radieal with two
N =C =0 groups and R i odieal with two OH
groups, linear polymerisatian takes place resulting in
a thermoplastic resin,

D=l a3 NetalfH0—8 —0H < Dal bl =N C e OOk —OM e

W a a M H O oOH
b & i [ L
e e e e s et el L

In n similar manner to the Alkyds. of one of the
reacting moleeules s tn-functional, for exemple
giveerol  Then  three  dimmensdonil polymers  are
pumsibile und brosdly speaking these eonform to the
aame penetul mile and  have melting points or
infusibafity, and solubifity or Insolubility, secofding
to the mumber of reaeting groups per molecule,

In Getmany o Hoear polymer wits used 1o make
filwments or bristles although it was  generally
vonsilered to be mfenor to Nylon for this purpese.
However, the polvurcthane which was of partienlar
interest as an idliesive was that obtaned by rencting
an mromatic di-isocvanate with an Alkvd resin
i lainiige (e tl}'limx}'] gronggs, Tlyis Wwis thie two-
vonppraen bl lesive polorred tis paelior o Palystal

The isoeymnte component of Polystul bs prepared
by trenting tolylene dinmine (6v) with plltﬁgﬂmr. A
st ol tolylere diamine may alvo be used wnd this
restdts inca smaootber renction,
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The tolylene 2:4 didsocvanate (Lvi), known s
Desmodur T is then partinlly rescted with a trihydric
aleohol m order to render it less unpleasant 1o
hiandle. The product. known as Desmodur TH., s
showu ko formuls {pvu), but this is an idealized
pleture as Desmodur TH §s pesinons,
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The other component ol Polystal,  the alkyd
(Desmoplicn), b prepared by seacting sdipic aeid
with trmethylolpropane using 8 molecular ratio o
24 to ensore hoving  a large number of free
hydroxyl-gronps.  The Alkyd = added to the
Desmodur TH at the time of application as an
atlhesive and the mixture 15 capable of sething at
room tomperalure to prodouce steeng woid-joints
with good gap-lilling properties, The sdhesion 1o
metal, liwever, Is nob outstanding and the bot water
pesistinee inlerdor to that of MF pml PF redns,

A disadvantuge with Polystal, is its tendeney o
produce foamed-up materinl during setting, and it s
interesting to note that » foamed isocyanate resin i
now avallable an America, The reason for this
faming is obsoure. The gus evolved contains
earbion divxde and yer the redcetion s ant a comiden:
setbiciny ) 0b s probiably doe b the tnstalility aof the
urekhane gronp b e presence of buiritivs.

Apart from Alkyd resing tllplone disisoeyaiuite
reants with _fmlyviuyl geetate gnd Pormvar (6 nike
an adhesive having some very attraetive propesties.
One particular tr-isocyanate o wsed 4= 5 rithiher-
metal adhesive and as an agent for improving
adhesion of the fibres i mbhbor tyres.

The application of the polyurethanes as mlhsive
has mode mmther slow progress: purtly, perhaps.
because they ure somewhat unpleasant o handle.

it

THE ETHOXYLINE RESINS

There is 0 new class of synthebie resins known us
the ethoxylines and Araldite 5 an example.

A very reactive chemical system Jiaving  the
strietirre shown [Evin) b kuown as an oxieane ring,

—LHaatH,
s
]
BN

Ehxirane oomp <, convertible to ethoxyline resins,
may e prepared from a variety of starting matennls;
n typieal method of preparation s the reaction
lietween epichlorhydnn (LX) amd o diphenol (cx)
under alknline conditions %",

Som—CHCHL « HO—H—0k | INIOH —

5. F

o
flIXi LX)

CHEHCHO—I-DEHINTR, = NG - Ing

A/
o
%y

The mitial product (o) s difunetional  and
confimtes to reuwd s thial dong-chain moleenlies
{txu) pre produced.

CH LR A —T=F—0C EL.:WHr—j--ﬂ-'-‘-M!'ﬁcHﬂ"i,
NS b v s

=] e o
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A resin of ths bvpe fus - pasir mechament strength
but by the addition of & suitable harelening wgent it
o convertod fiots w lard, tough material with oo
higrhs soltening peint.

The vhemistry of the ethoxyling resins is b al
prsent  elimely  understosd 5 dnvestigation: and
development is in progress in Switzerlanl, Ameries
wrieh here nb Duxtornd,

Appropriate types of ethoxylineresins nre the
it versatile adhesives vet produced @ they stick
tu nerly envervihone @ moreover the strongeh of the
Best] b= outstundingly Jigh— it = in 0 completely
Hilfepent elnss L sene of the thermoplustic adhoives
wie have presiousty consideral,

As & hotselting ghie Araldite stivks to wonl,
metal, thermosetting plastics, leather il mbber,
It has remarkabily good adhesion to glass and other



vitreous sitrfaces snch a5 glazed chima : if vuleamsed
rubber s treated by evelising ” the surface.
Araldite sticks so well that failure always takes place
in the rabber, It is resistant to bolling water, acids
and alkalis and to many organic solvents,

The cold-setting Lype sticks to the same things but
the strength is somewhat lower; it has good
wilhesion to concrete,

Considering both hot and cold-setting types, this
alhesive is probably the nearest approach to @
universal glue,

CONCLUSION

We have now seen something of the chemistry of
a few synthetic resins, und although we look fipon
them ns o new cluss of materials, muny of the busic
renetions were kiown a very long time ago—in some
eases more than o hiundred vears.  There are many

1

possible explanations for the apparently slow
development ; in some eases, there was o complete
lack of appreviation of the value of substances which
waonld not erystallise. so resinous materinls were
often poured down the laboratory sink with disgust.
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CHARACTERISTICS OF

SYNTHETIC RESINS

and their application as adhesives

G. M. Scales

THE SETTING PROCESS

HF charactenstie setting process of the plaste

gronp known: as contlensation products are des-
eribed v this leeture.  Typical of this group i the
uren fornoldehyde (UF) resin. This resin starts lile
s nosolution of urea formaldehyde and water and
andergoes the changes shown apposite.

It i fmpartant by note that soken the glue first becones
yolid it ix atill not completely svater-revistant and a
considerable amount of time woest clagse before i
bivines compliteliy solid and nsolable in water { Jully
e r-reststing .

Cleierly I sueh o resin 15 to be of practical value fis
& water-resistunt adliesive sanething must e done
ter speced uip this reaction,  The method generally
wcdopted b= to add 8 chemieal o the resim to make it
more acid hresise, generally speaking, the more neid
the tesin 1s made the more quickly it will beeome
solid - and  completely water-resistant. Chamieals
added to the resin to avcelerate the rate of setting are
tisually eslled hardeners.

The UF sesin whose sotting process has beeh
st ratind now becomes. wien nseld with w smitalile
harlener, of practicsl vilie s a glue. The following

o lidhivade

Heated sl vooked fur o
few  hours.  After which
it enn be thickened by the
vvmporablon  of  exvess
water.  The resin content
= mow abouf TOY,, most
of the  remounder being
wnber.

The  Bguid  gradually
thickens (eavking eontin
ties slowly at room tenp-
erature) until i1 reaches w
semisolid  {gelled)  state,

The sempsohd  contimues
(UL room temperature) to
thirow out surplus water
] Deteniie sdilicl
|

will in Ume leeome dorm.
pletely wolind mind Insoluble
i water, e fully water
resistant.



dingram shows the stoges of sctting after the
hardener is added.

Ao solution  ©F ligaid
[Hardenery

Time '-.,L,f""'
Pt bife or Hesin  miXture
oirs waalile life m  the ligud
state
—_— - = Resin geols
{hecomes mbbery)
Wk Proering g ety sotitifhes
Finnie
— = Hesin now solid
and almonsd
wuter-respstant
gy Maturing Resistunce o

time

wiler  inereass

Resin now fully
water-resistand

I'he time tiken for the resin to set will be controlled
by the strength of the bardener chisen ns waill as hy
varying the temperature of the mixture (like other
ghistiden]l  reactions the specd of the reaction
invrensedl as the temperiture i< inereased).  There.
fure stronger solutlons of hanlener are roguired Tor
wst s vold-setting hrdeness wid compirntively
weak ooes oy hotsetting hasdvner,  The following
two examples illistente how the eoldsotiing nal
hot-sotting provesses dillerin iy

Fammple 1, Resin-oold hardener -
ot Tife 20t (6s'F) 1 boor
Prissing time .. . 2 hours
Matoring bine .. . o few days

Erawiple 1. Resin— hin hapdener ;
Pot Lify At (05F) 20 lurs
Pressing tume 9570 [Ellﬂul"'l b l-llil-li'l'l_.r‘
Muturing time 95-20°
fLu s o few days

%

THE QUANTITY OF HARDENER REQUIRED

Yor the sake of convenience i workshops. the
addition of hardener to resin 15 most often mode in
i proportion of ten parts (by weight) of hardener to
LU0 prrts of resin for gliuiog by the mixed-application
methal. For pluing by the separate-application
method the praportion of hardener is often nearer
254 nnd this is allowed for when the hardeper is
formminted,

Hardeners net in varions ways and so no rule
generally ipplicble can be given by which to predict
their behavionr should they e added in greater or
smller quantities thin Hse advised by the man-
facturers,  Hlustratione of suel varintion are given
in the graphs shown in Fig, 8 on page 78 of this
book and in Fig. 8 on page 72,

It s well known thet certoin advantages cin be
ganed from varving, on oceasion, the quantity of
hardener added  but such  departure  from  the
fmstructions okl down is inelined to be dangerous
unless the wser has partioulie knowledge of the
ingredient< in the products being wsd,

Hardeners enn be applicd by separate applivativg
mstead of mizold application.  Very strofg harileners
give sl a short pot-lifie that it is olten impraeticahle
to mix them with the resin bofore appheation to _tht:
Joint: they are. therefore, appliod sepamately.  The
gquantity. of hadener used for soparate application
gl Lhie dmlise of S0 gt whitel eepuals 11100 0"
and heesse it i< pot easy o contrul the guantity
appivd. as i will depemnd vesy muely on the noture
of the surfoee, there is o tendeney for the stiing
spreedd ba vary someswhat. Carefl note shonld be
taken from the instructions given with the adhesive
s to whether the bardener shoald be allowed to dry
on the surface belore bringing it into cantact with
the ghiue or whether st shonid be still wet or damp.
Av i ganeral mile acud Taedeners should be wet and
anid-Fortning hitrdiie s shonld Le dey whien browglt
bnto conbaet with the glie. I the imonofocturers
alhvise allowing the harddener to dey Lefore contuet,
pidd Lhe astrrietion 4 ot followesd, 31 will prolalily
b fonnid neeessary to inerease the pressing Hmie
{wee the geaph shawn in Fig. 10 an p. Stiof this book ).



THE EFFECT OF HEAT

As mentioned carlier in this lecture; if the temper:
ature of the glue is raised the speed of the reaction s
accolerated.  This halds good for all phases of life
of the glue, for storage, for pot life, for pressing and
for maturing times. The converse s also true, of
vourse, and it is not often realised to what extent the
life of the resin is inereased by lowering the temper-
ature of the store. A resin which will Reep for anly
s few months st 20°C (65°F) may at 0'C (82°F)
store for several vears. The effect of tempernture
o the storige life s shown in Fig. T,

PRACTICAL LIMITATIONS OF APPLIED HEAT

Whilst it his heen shown that heat may be used to
speed up the setting of & resin ghie mized with
“gold ™ hardener® the temperatiire should be mised
with diseretion.  Glue nuxes made  with ool
hardeners fose some of their efficiency when heated
b too high temperatures (snmdarly hot hardeners
are relatively inelficient if the applicd temperatore
is not high enough); each handener has its own
range of fomperatures within which it operates inost
eficiently, A very fast handencr used ut o high
tempernture will canse e resin to gel, or beeome
rithhery, very quickly, sugpesting that an ellicien
setting process is in opetation s but the fronble
that setting does pot continue at the sinn pace after
this gelled state hos heen reached. Rewd solidification
i achieved only very slowlv. and with some resins
il hardeners, never takes place ar all.  Hardoners
ahionlil bse elipsen se thiit Hieone selected s the liest
comproniise  for all conditions.  Talile 1
illstrntes the setting Yinies, b minutes, of boe fein
ghie with s varick: of haedeners gb various teoperat-
s,

b livi
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SUMMARY

From the foregoing i s elearly an ulvantage to:

(1) Storethe resinat i low temperntoze in wrder
o inerense the staruge life,

{2} KWeep the glie mixture (with hardener) at
s Jow a temiperature as possible (i necessary Ly
witer eovligr the glue spreader) in order 1o inereose
thn st lifel

(8] Baise the temperaiure of the  pglue line
whiny it [ pejuiired to set the plue, bn opder to shorten
the pressing time

(4) Stuck the glhel artiele in siuvh o way tha
the hent Frotn pressing b retained fur oas Jong os
possibile in order to redice the matuting tine and
couse the gleed joint to gain fimal strength relutively
S00N HITET pressing.
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VENEERING: FLAT AND CURVED WORK

G. M. Scales

COLD VENEERING

Givierral Bronivks

ENEERS wre sometimes gloed fnd colil proess

either Lo coonomise in equipment or for some
technival resaon.  Uollesetting resing glues usnally
taving considerabily less witer in their compasition
than other cold ghyes snd theroture the tendenes of
deficate veneers to warp and vrek is reduend when
they are used.  Bur obviously eold-pressing does
nat mueke the most ase of the Tieat-reaotive properties
ul the resin ool therefore 4o nehieve a high ootput o
in necessary b use n specinl techiniue, sueh as that
of separate applieuation,

Separate Applivation

It 15 casiest to apply the resin to the core and the
hardener to the veoeer.  As the hordenors most
vasily applied are acid-forming lguids - whieh are
allowe] to dry on the sirface of the veneer there s
vonsidiralile tendepey for the veneer to warp unless
stacked flat whilst drving. Too much handener s
ot likely to sssist quick setting and e likely to
mnlitee watplng,

A convenient spreader for hardener consists of »
“ saueepan " with holes drlled in the bottom. A
piel of felt is attached to either sule of this perforated
bottam and the whole placed onoa felt pud mon trag
containing lmrdener. The *savcepan™ is then
lifted out of the tray and applicd to the surface of
the veneer, the weight of the ™ ancepan ™ heing

safficient to hold the veneer flat ; by this mesns
sufficient hordener §s appliod withoit making the
venoer wet enough to roll up,

The type of hardener that 1= most efficient when
allowed to dev an the vencer shoulil be wsod. and not
direct ueid tepes which work fastest when well

Cluing s bost eprried Gt oo s beoted room
whieh 1l assemblies are stored to phaorh Leat
hefore ghung. 16 1o reduee pressing thnes, fast
hardeners are ysed, the elisal assembly time should
b eontmolled enrefully,

The extenders should be Lmited amd an addition
of 1537, regarded e a maximnm,

As no heat s apphied to solten the glue hine the
glue shoubl not e allowed 1o dey completely before
applying presure. A viscous: glue requires very
minely higher presscures to enahle it to * wet ™ the
surfnces mifficiently.

At room tempernture any change in the conditions
governing tio setting of the glie lns much more
elfet than when hot pressing,  3oan usnially Jong
colid-pressing time s reguired it can almost always
be attmbuted to one or more of the following
Cnisex !

(1} The yeneers hove a high meisture conteut il
Lhir sesultinge dibution of the glue i< pmolotging
Lhe setfing e

Core-honted frim stock i still cold sl is lowering
the glie-line tempetotine.

=

(a1 The plue & ffom 6 new bintely and b setting
shightly more slowly than wsaal,



{(4) The glue hns been diluted. (Operators often
add water in cold weather to make spreading
Epsier. )

The glue spread_is thick. (A thin ghie hne will
sot faster than o thick one beeasse the drying
power of the wood b either side is lumited. )

After the punel lins been cold-veneered the edges
niust be trimmed, This is most quickly done by a
roarse file when the panel b veneered on one side
only, but when it is veneered an both sides smore care
must be taken and it may be an advantage to use s
tool with a blade long ennugh to trim only one side
at 5 time.

It is usual to stack 10 or 20 panels on top of ench
other n the press,  Any differences in thickness of
the panels muy therefore be eancelled out or multi
plied several times,  Should diflledlty beexperienced
with occasional blisters due to loeal lack of pressure
the pancls shonld be interleaved with rubber sheets
ahout § in. (3 mmj thick.

HOT VENEERING
fieneral Revarks

Construction s sometimes unbalvnved and this
tends to produce warpig. Veneering tnay  huye
beens done an one side only. or there muy be s more
obsrure enuse, for instance the veneers may have
been edige-splieed while undor strai.

Glhite mixes should contain as Ditle water as s
pravticable. A thin spreml of u relatively thick
glhue, thuugh nid so cnsy te apply, i wiore cllective
than & thicker spread of & diluted gloe costing as
tinieh per unit of pres covered.

Powdered, semi-gap-tilling handeners are ey enis
ent to hundle and provide a cheap method of Fom-

csuting for unevenness m the thicknes of the
corelntd nod of combating the efiects of hadly vut
vetiiers.  They ilso tend to reduce penetmtion as
well ms lowering the eost of the ghie line.  Penetra-
tion is hot slways sotirely avoidahile al in certin
cirewmstances i muy be neerssary to uld o water
stiin 1o the gllir—mi"n to tnstel the eolonr of {inish
ultimately required.

The modern tendeney ts to st powdered handeners
hisving a pot life of ahout 1 howrs ot 21°0 (F0°F)
short [pressingz tames ot kemperatinres nf abwd
saehi lardenors provide n setting

el
T (158°F)

3

fire iy the region of three minutes at the tenipera-
tute quoted and besides roaducing warping and pene-
tration they also lower the ecst of opemting and
waintaining the press.  The selatively high temper-
ature of pressing reduces the time in the press anid
abo, in plywood manufacture, it reduces losses
throngh compression of the wood. The churac-
teristics of sueh hardeners are shown m Figo 1.

Biulk Stovage

Consamers of large quuntities of glue find that
dteliveries i bulk vost less, save labour and eliminnte
veastage of ghue in * empty " containerss returned.
Glue remaining o oan " empty 7 200 kg (10 pall]
il Frequently. wa izls betwean o and 10, kg,
tepresenting o direct lows of between 8 ond 5%,
Thite & factory of meslerate Size osing 130 tons of
glive o yenr can expect, ab the minimum, o loss of
more than £800%s worth of glue a year.

Twin tanks are tstiaky tsen for bulk storage s
that one tupk may be dmined ﬂ:urnph:{r]}'.hl:ﬁ?rt:
pefilling. A mobile road or mil tanker makes
cinnection with the erpty tank and o power-drven,
hiavyvaduty glue pump refills the storage tank i a
short time.  The ghie pump is part of the equigment
of the mobile tanker sa that the lnitial cost of the
Wlithe tank inctablation b ol heavy,  Muintenancs
of the static eypuipment §s negligible provided that it
bis Deem nstalled with care ond thought.  The glue
is shemwn from o selfeelenning tap near the gloe nixer
whieh need not be situnted nenr the statie tanks.
Branch pipes ean be provided to seove other ghie
mixers. The saving of labour s therefore consider-
il

Miving Gilue

o wdvisable 1o make peredie ehieeks bo rnsaee
that the ghee manufucturers” directions are heing
carried ont.  Whilst the aperating toleranee of UF
glies (which are the glues most widely wsed for
veneering) ks remnrkididy wilde, overconfidence may
avrmsiannlly lend to n too free mterpretation of
instruptions for mixing, It s o common fault o
dilnte the glue with water to obtain an easier spread.
(Ber page 31 6f this book.)
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Ertenilers

OF the many extenders i use Hise enntairmng
sturch are prohably the best.  Pencteation sl the
rowt of the ghie can be techoced by theie wse (2o patges
B and 0. They should be mixed carefully »o
that the fermution of lumps s svorded and oot wsed
i guantity wheee the presure applied s small,
[nle=s very high pressures are applied extended giae
Tt shoilil ot L a)lowesd bocdey ont hefore prissing.

Gl spiread

The shsorbieney of wood varies with the speeics bt
i genernl it 1s surprising how litthe glie b eequired
o the surface to obtain good adbesion.  Thiee are
muny fallacions idess and wile differences of opinton
curront coneceriitgg Hhe mmimum gquantities of glur
needed to make effective spreads.  For example, we

E. T

Nl that some firms manufacturmg g-m. theee-ply
fromi gabaai veneers consulir that the mnimum
f“piur} toeajiipeimont s 100 won i (222 [h1oor’)
b the pther exlrene, some econsider that o spread of
bt Jesss s 30000 oy " (6 1h1000£L7) js neeessary,
Whilst niost preople agres that the thinnest glue
sprreadl is the best, there s o temptation 1o pul on s
litthe more thinn is nevessaey' ba be on the safe sule,
The geners! mile s o thad ghae miv aod a thin
sjpread,  The following factors must be comadered in
determining what e the mmuam quantity of glue
nieodlied.
(1) The species of L weanl,
(2 “The vonditlon of bhe suefoee (Hhis s often
|hr|u1llr|.r':ﬂ ol e thivkness of the yonesr)
The snrntion in thickness of i vepeer lon
arwven cotes ol mllier rolless peemiit lower
sprends thian stoel anis),

Sd]



The precision of the spreader, the types of
rollers used as well as their surfaces.

The temperature of the glue live immediately
after spreading,

The closed-sssembly timy,

The flow amd gelling characteristios of the gloe
inder pressing conditions,

Low glue spremds reduee—

{1) Cost,

{2) Penctration,

(8) Tendeney to warp,

(#) Minimum pressing time, and
{5) Trimmimg inbour,

f 'fr)-'ﬂ’l’f 'lm'-'mMH

It i» frequently an sdvantage to allow sone time
between the spreading und  presing  operitions,
Thix time Is oulled the closed-assembly time and its
purpose i 10 allow the glie line fo dry somewhat
by losing sone moisture 1o the air and some by
dilfusion into the veneers.

The closed-ussembly time dioulil never exeecd the
pot life of the glie, whicl slisulil be messured frum
the time the ghie was mixed with the Turdener sl
not from the time it was spreack. There ls s eless
distinetion between wodried aml o preset glie line.
Tt is casy to get n perfect bomd from a conpletely
irierd resin-glue line providing that it s nob gelled.
As i simmple cheek the glue line shonfed e mustened ;
it b <till tackv it lms not ver gelled. When
spresding ghie o to eires bl warm from the drier,
or swembling on o hol o wanu oaetal enibils.
allivwanniee shoald be made for this teat o onleylating
the maximim permbsible clissbasembly  Lime
The correet teahninuie bs to conl all veneers sd vanls
1o toom tempernture hefore nsing them,  Ghie Tines
contaming extenders shouhl not b allowed boodey
il

Loaiiling

It b esaential b Jond & Lot jress quiekly nnd apply
fiill pressure at onee, stherwise precuring is lkely to
orenar on st of the paiels,

The masimmnn lomding time sardes for vaeh glue
ht s o general mbe it will be vers ronghly 075 of
bl i pressimg reauires] under the same

i

canditions.  The londing time s the time from the
moment of loading the finst panel into the press ti
the time when full pressure s applied.

Loading times can be reduced by pre-loading on to
a metal caul and placing this in the press either
automatically or by land v o loading jig. Ths
offers u considerable saving in time and Iabour for
repetition work.  Loading canls should by esal,

Lands should be placed direetly under ane another
in o multi-daylight hot press as this reduces platen
tstortion,

Pressing

Pressures from 2-5 Kg/em” (23-73 psi) are used for
veneering ; the pressure applicd s often dictated by
the type of equipment avalahle rather than by the
requitements of the gine fine. The lower range
gives extremely good resalts with anextended UF
glues iF wpplied by (laid pressure (sueli as Hhiat
alforded by the mbbee-bug moulding press),  Mitil-
platen presses are rarely opemted at lower than
3.5 kg em (50 psi) us it is often advisable to compress
the high spets slightly to ensure Lk siime pressure
i< mvmlahle at the low spots.  High pressures ane
rarely employed unless there s evidenve of consider-
uble vamation i thickness.  Pressure should not e
varied durinig the pressing eyele.

High pressures are ielined to indoce penetration
aml gloe-sturved joints. [For furtler reineks o
pressing practice the pender is relerred boopage 32 00
this ik,

T purratrirics

The vpernting tempetntune <hould e ax low as is
copvenient after consideration lns heen given to $lhe
otligr - faetors mentbonsd by Phis  leetore, St
pressinge times . are dlay thesirabile s they wre less
Hkely to dey the wonnd anid erack or warp the gl
Bt =hould b romembiered that the lwer the tempera-
ture the greater the vanntion in temperatiore over
the platens. On an alumunomeplaten. hot-water
press this vaniation suy be of the fullowing order :

Dhpernbing Dhegrrees ol variton in
temnperntire temperature over platens
) ('F) ("c)y (¥ €y {'F)
pLH] Eo1k - L 2 4.0
i 15% 44k ~ s L 10,8



The temperature st the water outlel is guite o
redinhile guide to the mininiun tempernture on wll
platens, and on 8 pres in good condition i s
uilikely that even at the corners there will be spots
of 8°C (A4°F) less thun this temperature. This
temperature does not, however, serve as a reliable
guide to the maxmnum loadmg times.

A& so0mn as @ niass of cool wood s put into the hot
press the temperature of the platen drops. This is
pelatively naimportant in o wnlti-doylight hot pres
bt inerenses the pressing times eommiderably with
piresses. stich ns the rubber-bag presses, which have
a lower capacity for hent stornge.  With the Intter,
eonsiderably reduesd pressing times ane possible
Hie moudd is of motal or covered with metal.

Meaninaeenenid of Tea pvritdsire

The temporature of the platen b ednveriently
measured by vrovons fue ddienting  lemperatue.
A thermoaeonple pliveal m the glae line will ennlile
a pyrometer reading of the pet inl tepperature of the
glue line to be taken,  (The wires ean by out off
the glus line ofter the operation = conmplete),
Temperatiires for operating mbber-bug presses are
best ke by Wiemio-couple mothods.  TRelianee
thermostal  dndlvations o temperaliies
ntsatisfnetory as they mh-IF give wevnurate remblnes

i nee

uliaafing

This <lomilil b dlope varelully, ax any glius, svoen
iEof a thermoesetting variety, ls relatively wenk
when firt removed from the hot press, Papels
should not =tiok to the ]lhﬂl‘lh LT shioilil ”tl‘.‘j i =i
the plotens ean b treated witly some of the *-pw'inl
fubricants svatluble for the purpese,

Paniels: remnoveld from the hot press should he
sfmitleed Liot moed given it Teast two hours Tor matunng
befove wlergoing the next operation.

Methods of Producing Corvad Phigooed

saweits Through to the tast vencer bui one wm
made gt the copmir.  The wood s then hent and
cithier hekl in position by the side pieees or by a
bascking bloek glied behind the sawents (see Fig. 2).
Venretril thin ply woosd cnn bie thinned ab the point
tu hie bent {ser Fig, 3) sl fixed (nto position ju ways

simblnr to thise just deseribied.  There are several
types of patented machines fur prodocing bends in
ways whiely dilfer slightly from those oublined ; If
they are nyved it is usually bheeanse they offer some
weonomie advantage

Plvwood ¢an be sured jo the coarved position o
that when reseved Prorn te mouli] it s permanently
shaped.  Such <haping s now achicved very econ-
pinienlly in s rubber-bag press by using quick-acting
bandeners. For exanple, wsing o handéner with o
pot-life of sis hours (see Fig. 1) and o robber-big
monlding press opernting at 70°0 (138°F), curved
plywood smm 10 tatal thickness can be shaped amd
Hiomilied in only four mintes i the press;

The rubber bags are seasitive to oot and the lower
thio operating temperature the longer they st 1t
is emphusised thar low temperatnees mean longer
jreessitige bimies ol e B Tor the operatives to fae:
e, The srgument often advaneed s that e
fiperatives Pequire o cechain tine for sprewling aod
lying the veneers,  Whilst Hizs I« true it i< also troe

Mg =
v Tty

Methosd wf  prvwlc il plerving plycooid  fay  wlaking

Vig, & dewding thais pligyid
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that reorganisation and modernsation of technique
van often reduce these times considerably, 1 know

“one furniture factory that m 1946 was pleased with
a pressing time of 21 minutes for eight curved panels.
Today eight of these panels are being removed from
the smme press every six minutes.  Motalcovered
moulds with the metal curving aonder the jig to
cotvey the heat from the table heater-element are a
waorthwhile refinement.

L]

Veneers can be stuck to metal (flwt) and after
watds rolled or stamped to give the desired shape,
It s even possible to achieve a double curvature by

this method. The veneer must have verv. good
adhesion to the metal.

HIBLIOGERAPHY
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THE TAPELESS EDGE-SPLICING
OF VENEERS

G. M.

Scales

INTRODUCTION

HE principle of the process of edgespliemg
veneers is shown in Fig. 1 where two veneers,
tiv whiose odges gloe hias Been applisd. are poshed
together wmler o hob fvon whieli eawses e glie besel,
The pechanival interpretation of Lhis process i3
showii in Fig. 2 where the two veneers are s
under nohot bar by & convevor teack.  The machine
is fitted with & moistening wheel for applying
hardener to the glied edges and o seres of melined
track wheels perfornn the task of the hands shown o
Fig. 1. and foree the edges of the venvers together.

Thix is hasicully the forni of the modern edge-
splicer in genernl cammereinl wse.  Glue Is applicd
te the veneer vdges whilst they aree «till in the trim-
mer . the glie is then ullowed to dry before the
vetieers are feed into the wlge-splicen

The opemtor selicts a pair of veneers: amd feeds
them under the miot tonek wheels whivh foree them
together and mto the convevor track which pusses
them theongh the machone.  After prssing the palot
wheels the edges of the vencers are guided past a
muistening wheel [which ean also he used to apply
hardener if required ) wubil they are gripped between
thi series of inclined wheels aml the conveyver brack,
The teaction st this point is sullicient to dmw the
vuneers along nnder the heated pressure baes (which
are o fow feot i lemgth),

Until 8 few years ago the glwes wsed for edie-
splicing were mamly golatine, (animal] glivs made
partially thermosetting by the addition of formnalin
in the nnstening tank, These are stifl vsed To o

Figeee Lo The pronei v of tapoless splicing © fun vemeers s
frieabivdd froooeeeed qeed  fugethes wndder i fran whick  eiaes e
elwe npeplieid tn the coldew foowel,

e .'r-_'E:-u-'—' T e
R
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Filgure 2 The mechiniem, of lapetless splicing= (he Drnsers are
mﬂrid"nrrrrﬂf serder of Mewteng wiedge while dnciimed presck wheels
jruahy the erfigen dogethier
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considérable extent but are being replaced by
synthetic resins where rapid production is required.
as the essentially thermosetting character of the
resing ean be exploited to give a bonding proeess
which Is alinost instantaneous.

The requirements for o resin for edge-splicing are
ax follows :-

(17 1t shonld be comparatively well reacted (Lo
not under-cooked) and should harden quickly
unler the action of moderate heat.

It should be quick drying.

It must be capable of being spread thinly with-
ot undue penetration.

It shonld possess good * wetting 7 charaeteris
tics even whenalry

(61 Its eolour shogld be neatral,

Several combinations of gloe and hapdeper Tulfil
the requirements listed above and the applieation of
these i ponsideted next.

Some prefer to spread the rean let it dey aml
permit the pioistening wheel to apply the hardener
st befure spliving. while others prefer Lo i the
resin and handener together helore spreuling aml
allowing to dry {the vencers must then he spliced
hefare the expiry of the closed-assembly tine),

Oecensionally special machines are used tonpply o
mixture of ghie and haedener by menns of nmoisten-
ing wheel just as the voneers enter the splicer.

(2)
(%)

(4

METHOD 1 SEPARATE APPLICATION
LTF fosthi 1 parts by weight
Liyuid lubrivator .. 1 patrts by weight

This woxture s \pnlml s Thinly s ]miillh" h}
brush ormachine on to the edees of Hhe venver which
have just Been tammed.  The venvers nre then
pemove] froni e trimmoer, spread out shghtly nnd
wllowed to dry before being passed Throigh the edge
splicer where @ fast hardener is applied Iy The
muoistening wheel,

Tempermture Mintium Maxmuom
drving time ilryiog e
ays’ (7K L unir 1 wiinth

Previibiog thnt the aperating temperature of the
splipe s 17770 (3307 F) or above it ean be {ed gt very
high speeds,  The very lust liarcloner hos o charming
aetinn on the sl sver 2000 (120°F] e this s
the wpper lirpit of tempreralure

METHOD ¢
UF pesin
Hardener A
Laguid lubrieator .

MIXED APPLICATION (DRY)
M parte by weight

15 parts hy weight

10 parts by weight

This mixture is spread as thinly as possible either

by Lrush o machine on to the edges of the vencer
which have just been trimmed. The veneers aree
then removed from the trimmer, spread ont slightly
anid allowed to dry.

Tomperature Mintmum Maximum
ileving time drying time
2170 (TOUF.) 1 hour 075 (pot-life)

Thoe veneers are then possed through the splicer
i the usual nuner,

This methid ean Be wolifed to sail spreading
machines (teimmers) amd production  conditions,
Mthough the glue should he dey before splicing it
shonilid et have gelled and it is bere perhaps worth
while: repoiting same of the renrks madie o elosod
assembly Yimes in the proevding leoture * Yoneenng
flat and eurved work ™.

Thepe b o elewr distioetion Bebween o deiol wod o
presset ghesline. It ds ensy to get o perfect homld
from o cotipletely dted resin glie-line providing that
it has not renched the gelled stute. To chock
whether it s dred or pre-set the glue-line should by
motstened @ 7 1 i ostill taeky it has not vet reached
the gelled state.  Manutacturers of plywood who
sprend gloe on b eores S0 wartn fram the dHer
shimld  omke  wn allowanes e cheeking  when
esthmaking the mxbioon permissible drving thoa,
A dllusteation of how the maximuwm  pennissibile
dhiwing thine snries with remperaboee s given i Fig.
#, anid how # varies with the amonnt of hardener
addidl s shown, by the eorvie ghoen o Fig
b I should be pomembered that the greater the
hardener addition the slower will be the msximmm
speeds of feoding obtmnnble uniess the glue mix s
perniittead to dry vur completely before spliemg.  If
the weight ol lntdenir adided exevods 200, of the
weighl of re<in the mix will take same consideralile
Fie toodeyout,  The lollewing gloe mix 4= <iitalile
fear sibomdie spievuders which tsunlly peguite o whiw
nix feolil) of b viseosity of alioat 12 poises,

IT.F, pesin
Hardener A
Lauhmeator

b prirks by weaght
33 parts by weight
ME et b wegrhil
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It will be notived that the moaximu drying tine
has been extended to several days wiid provided that
several hoors drving ean be given the feed spead
romainy much the same.

Additions of hardener of up to 307, of the weight
of the restn may lengthen the muaxinrom drying Hime
to twi wicks but the effect on the feed speed is
likely to be noticeable.
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METHOD 8: MIXED APPLICATION (WET)

Some machines have glue applicators in place of
tlie muistening wheel but whilst these are convement
they are not oiten used if o factory also possesses o
autematic trimmer and spreader, The [ollowing
ghie mixes are advised =—

UK resin

Hardener A ..

100 parts by weight
£53-80 parts hy weight (nccond-
ing to the viseosity required)
13 parts hy weight {eeord e
to the viscosity roguired)

Luabriecatior ..

A very thin ghiespread 8 cssentinl as the resin is

- still wet when passing through the maching,

The glue reservair tends 1o get warni wlter the
miachine has besn manming for several hours and in
arder to prevent: ditfieulty with short pot lives
witer jacketed teservoir is provided and can ITERVEVE |
with advantage,

R.F.-heated mnchines of this type require nons
arcing, uivk-setting hasdenes,

COMPARISON OF METHODS

Whilst each of these methods has its own advan-
tage. Method 2 is the mest logieul from the glue
speeialist’s point of view. In this method all the
<olvents from the glae and hardener are evapomteal
lefore the splice is made sond so the glue cuan st with
the minimum interference and at the maxmmnm
spredl. As the glue s expected 1o setin s few
weoomls. maximum effivlency is roquired and it s
noticeabli st onee if this is not helng achieval.

There i= wn unfortunet e tendeney in each of these
methids for thie ghie ta stick on to the pressire bars
und enuse stoppages.  Gelatine ghivs, being thermi-
plastic. ure less likely to envse stoppages than resin
glues.  Luhricators should be added to all glies for
eilge aplicing amd these do assist oo very grent
extent hut ey are only complotely sueeessful whon
the spliver is in good  conlibion anel  crefully
oprentid.

LUBRICATOR

Ldiguid Inbrdentors are preforable t the prowders
v the lntter sometimes make prending diftiendt and
produee white glue lines  The weight of lubnentor
acdded will be anything from 3 to 207, of thie weight
of the ghie, bt 10%, is the waal ddition,

3



Powdered lubnieators aften have considerable
bulk ; when msterials such as zine stearate are used
a 17/, addition is sulficient. '

If glwe, hardener mnd lubricator are mixed together
the lubricator should be stivred in last because the
hanlener sometimes contains muaterinls whach, i
they nre not first mixed in with the resin, may canse
sepuration between hardener and lubricator.

It should bie remembersd that Tubrteators are not

adhesives and that the quantities should be kept as:

small as possible,

CARE OF THE MACHINE

Even when lange qumntities of lubrieator arc used
ghue muy stick to the pressure bars and eanse
stoppages but this is often due to the pressure bars
being in poor comdition,  These should have Tyhtly
polished surfiaces as any seruteh or point of wear is
o likely ploce for glue tostick to,  Chromium plated
pressure strips should be reploced when worn and
aperators should not be permitted to serateh away
any solid glie with hand toals.  For this purpose a
stick of solder hummered and filed to a chisel edge
is recommended and will be found to be foolproaf.

FEED SPEEID

Muachines with long hedter strips give the (astest
feed speeds particnlarky when nsed with resins and
fast hardeners (machines having o beater strip of
LS m (80 in) permit feed speeds sbont twier as
great as those with heater bars of 1 m (12 )

The higher the temperature of the machine, the
higher the speed ot which ot can be fed.. UF resin
glues are not often operated at less than 177°C
{850°F), but if the work ealls for an especially low
temperature an MF  resin shoold be cmploved
which, with o suituble hardenef enn pperate gt
10070 (2427F) Mol faitures with ssnthoble pesing
are cmised by working at too low temperatures ; it
is important therefore to discover what the actunl
operating tempersture 35 and oot to go by that
indieated by the thermostats

The thickness of the veneers affects the speed at
which they can be fed mto the mochine : & compara-
tive relationship Is given in Fig. 5. This graph is
for normal methods of heating and does not apply

VEMHEER THICAMESS , mm
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”“:q; B The relidfinsdip between foed speeid amed vevieer

tv KR.F.-heated machines which are, of vourse,
relatively unaffected by the thickness of the venoers,
For example, veneers & i thick ean be spliced in
un RUF. machine at 26 m/min (85 L), Compare
this with the fignres for conventional heating given

i Fig, 5,

i

CENERAL NOTES
Trimming

Without accurte trimming good edge-splicing is
not Lo be expected. 11 is important that the yeneon
shonld be of the same or nearly the same mosture
content at the time of trrmnnng otherwise they are
likely to shrink anevenly and eause the spliced
shieets of veneer to warp, These sheets may be
pressed flat during the next manufacturing stage bt
novertheless the residunl inmternal aresses will penl
to relieve themselves @ cause the Fabricated panel
to warp as soon oo s Free Lo do o, (See Fig‘. |
ot pilge 88 of this hook.)



Ntudiviiiy

The remarks on this subjeet in the leeture “Gliing
diffieulties and their remedies ™ (see page 83 of this
hook) are equally applicable here.  Certain harden-
ers are more active in sbsorhing iron than others,
Those having the least atlinity for jron anc the least
likely to canse stains (and also the least likely to
canse corrosion) but they are often made [rom more
expensive matenals and, beiny specialised products,
ure pot in general use,

Venvers, partivularly oak, sometines receive jron
contamination from the veneercutting kaife. Stam-
ing will alimost eertainly result and often tukes the
form shown in Fig. 13 an page 83, The staining
shown forms where the steam condenses just outside
the area covered by the pressure/heater bar,

Neaveling or Charring

Fuor the highest rate of produaction the temperature
ol Lhe heater bar le alten obove the seorching
temperatiee of the wood. The weod surface will
not be burnt unless i attains its charring tempers-
ture, which, for ouk |s relatively low, about 187°C
(278°F),  The higher the feed speed the less in the
likelihaod of diseolouration by seorching for if the
veneer passes quickly through it has little oppor-
Punity to Beeone b ol

(]

Ertremely Fragile Veneers

Very thin veneers such as those of 0.8 mm
(1,85 in,) thickness are ditficult to splice s they are
very sensitive to changes of moisture content,  To
prevent them from kinking badly nfter splicing, the
splicer should be run at as low a temperature as
possible, Sometimes it is desived to work  the
splicer at 100°C (212°F) ar helow and st this tem-
peratire the feed speed is too low ta be practicalile
M UTF pesing 2 nsed, MF resine are more heat
setisitive than UF resins and so the following type
of mixture sy give siweeessful resitlts utuler these
ditlienult conditions,

100 parta by wedght
o parts by weight
I part by wesghd

MF powdercd pesin
powidered lardener
prowdered Inbmeator

As these muaterials are in powder form st least 70
parts by weight of water are required to make s
mixtore that will spread easily.,  This MF resin is
expensive and its use w Justified only when the
desired  results cannot  he obtained by cheaper
mothiods.
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SHORTENING THE SETTING TIME

G. M. Scales

INTRODUUTHN
N the following brief sectunt  the - varions
inchustrinl met hods of beating glie lines are given.
The wore importunt of them are deseribed in greater
detuil elsewhere m this hook.

HOT 1ooM

In miany temperute  climate.  winter s not
~ulliviently Jurd to compel the use of central heating
in fatories, The onlinary  temperiture of the
workshop dn swinter s often insaffleient 10 e the
wood abiove TOOC LAETF), and soit s of consiilemmble
ahvmntage to store the wood sid carsy ot gluing
e an especially ansulated and hented voone It s
of course, the temperature of the ghoe line that
sffects the mte of setting but the fact that gliing is
wnrried oud in s warny room is not g tsella sutlicient
guiarnites of suvecssful work ¢ the wood shonld ilso
have been stored in the woarmth for some Ty
befurelinnd.  The mass ol r okl picee of wol is
stillicient ta ehill the ghie very gquickly even though
it has been applied (oo hot oo and the result will
be dsappomting. 1 should be remenihersd that
cold wood takes. some fime to aeguiine e
temperature and wlso that thermometens shouakd be
plaged] ut the same levels as the stored wond,
Thermopeteps piluced b druughts o uhove steam
pripes mive very inislendiog informution,

WARM RUBBER SHEETs

An dnteredting varintion of Hie hoboesol et bl
miukes wse of eybilor <hecks heabed tooplout 8070
SPMEE G thes ean be haalled sonvenienthy st this
tempetature. 1 the mbibier b L o thick and the
imitinl temperatire s 0070 Bhe tise mnd fall oy temgs
prature of the glie fing s smmilar to that <hown
Fig. 1. As the mbiber conserves more heat Hhan the
alumnininni it permits o jonger effevtive heating evele
evon Mgl its fnitinl remperstuee may be lowes,
Tlit inse of Dywer benprerantnees s an alvantoge és il
permnits w0 lowgeer Closed-sssembly. tike which meins
that # greater nember of articles can e prssed wf
anee without dinger of pre-ouring.

Ruhber sheeting is extremely nsefnl when veneer-
LR to |'|||\' v Bloek-boned which s of a !l-li,ﬂ‘[l”}'
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nneven thickies, The alloet of sy anevimness s of
course amplilled when severnl panels are stucked in
the cald press and shimininm eanls do not peduer Lhe
offect, hut when mibber bs wsedl Is resiliency takes
up small univenesses and equalises  the presame.
thus preventing many biisters,

HOT-WATER TROUGH

Althongh rarely sevn ln Englanil a chonp ol very
eifective menis of hesting for curvied work glued 20 8
varuim press b oa bot wiler trough. . The sides of
the-claroping irome are bodlt op clightly, the corners
are senled  wmd  one s proviled with & dmining
plug:  The trough thus formed s filled with haot
water by menans of o hose, converting a colid-bag
press into n hat press,

ELECTRIC BLANKET

The industzial type of elestaenlly hoated blankets
oan b wsed with advantage particularly whon the
hot water method deserilied in the preceding para-
graph is impracticable. A considerable amonnt of
trouble Ix saved it the hesting of the blankets s

TIME (MINUTES)

thermostatienlly controllsd and eave shonlil be token
tholt ke Llgnket~ (i ped u\'!ﬂl‘lp el ofher to
peodluee Joeal aver-heating, B these hlankets are
hundled carefully they shonld have a fuirly long Tife
which s an important sonsideration & they  are
romparatively expensive.

RESISTANCE-STRII" HEATING

This i # very efficient means of heating whicli has
nob veb found as wille application as it should,
Current frome the mnins & fhiesael ihn‘illg.h n
stepedown tmosfirmer amd taken from the ontput
at o low, =afe; voltage, (usaally i the remon of 16
voltsh,  This low=valtage, high-amperage onment is
then passed theough aostap of metal of high resist-
anee which Boan contact withe amil convevs heat to,
the glioe Tine. The step s thise and Mexilile anidl ean
by insiiad Lor eurves] veneeting wud in making plywool
although if the electvodes are of lurge surfaee wren
eonsidlernble attention must b pid to the design of
the cquipment.  Hentiog can be rontrolled by means
of & mesistibiee sitoss the mpoit of the tensformor or
by several other mothods which are deseribed
detail in Mr. Lueey’s lecture onstrp heating,



WIRE RESISTANCE

An alternative to the strip resistance is a flne
wire resistance, buried in the glue line,  After the
wlue hus set the input and outpit wires are out off
flush with the surface and are almost impossible to
detect when the nssembly s finished.  As resistance

heating 15 relatively cheap and easy to install i is.

capetially suitable for use when the prodietion rmn
s not long enough to warrant more eluborate

ayuipinent.,

HOT WIRE-NET

A method vsed by the Goldschmdt AG. of Essen
hiefore the war emploved & wire net ol very e misih
eut o wize aod emabedded in the plue Ling, the resist.
anee ol the net was high enough for & Cenpsformer (o
L elispensed withy thewsh pomit of contaet forng the
minins to the net were inclined to be dungerous,

A variution of the proves wis devised by De, W,
LGallay who used a conducting textile mesh in place
ufl the wire net,

In both these methods the heat 1 generated
exactly where it w roguired aud a glue-dine temper-
whure ol HNPC {(2127F) can be expiocted within o few
minutes.  Untorfuinstely, both these methods have
rather lnited upplieations beeanse, with s st
viltage not geenter than 280, the net can only be
relntivedy sl in shze.

ELECTRICALLY-HEATED PLATE Ot

PPLATENS

Saipetimes il s eonvenient to heat oo pilates or
il eleetrieally, when, for lmstanes, w0 lavge
nmumber of comparatively small eurved arficles are
to be produced amd mibbes-bag  techiniques are
imptacticabile. The licat in the mass of mdtal inoan
electrivnlly  heated  platen redoess the drap o
temperature which ocours ench fime n fresh gloed
wssembile s glaoed nothe pg. The avoudonoe of o
votisidesalle drop in temperature Is important an
phtiinge nssetiblies ol reguire cotstderabile Tt
penciration. sueh s thick rueved plywood, 1t s
onsier o mafeeture an electricnlly heated ourved
platen than o steam-hested one bt althougl

thermostatic  control cun be  provided, precise
temperature contral k= not so easy to pohieve.

Fleotrically heated platens are also sometimes
itvisable fur flat work where high temperstures are
required as in the searf-jointing of thin plywood ur
vieneors, where bonding ean e achieved in s matter
of a few seconds by direel heating st temperatines
ahove 150'C,

HOT CAULS

Hut wliamininig sheets about 3 mm or Lo thoek
ure alten psed for accelerting curing when hand
presses sre used,  These alwminiun conls are usually
heated over sterm prpes, gas jets or in ovens aml sie
mterleaved n the pack of components to be glied.
Heat s trunsferred feom the gluminium conl e 1he
adjueent wood il thence to the weurest ghie lines,
The it eauls cool fuirly rapidly s soon as they wee
bironghit dnto contuct with the relitively cold wood
it even so pressing time miny be reduced by ns mueli
as 30 to 5%, Py 2 shows how the heod i teanis-
ferred from a 0.8mm whsmaniom sheet, iitinlly it
w30, through u 0tmum vineer to a glue loe uler
mesth. It s n relutively simple  eulenlation o
exbimninte Bl ppessing Ve that st e wiven tor
the glue ti be sifficiently el

Care must be exerclsal te nsure that the ot
sheets are put inte position sl wnder il pressure
before the glue hns <twrtod to wire,

PRE-HEATING

Wheree at i ampossible to wsae o ol e (o
stornge long setting times can often be avolded by
pre-leating components: before gluing. This is a
usefl technigue for sl sssemblies and  may
enalle work to b remioved from o jig after o ft':v
mimutes instend of an hoar oe two,  The gluetng
i of small blocks to strengthen the corners of a
cabinet, o w typical application of this technigue.
The blocks are kept in a hented ovinm until ey
are Tequired for use.  Hesin gloe is applisd b
the corners of the cabivet aml simple quick avting
clamps hold the blocks in position until the glue sets
haed,  This method is useful for products that eall
for the wse of synthetic resins but where conditions:
of tmanufaeture make the wse of more slabomte



pquipment  wndesivible,  Either o mixed or o
soparate application wan e employed with this
techmgue, 1 a0 fastoacting. sepiirntely-applied

histderier 5 upplied to the blocks amd allowed to dry
before brought mto comtact with the ghie, about
thirty minntes @l foom lemperature st afligpee
after elumping betore the glue wequires sufhcient
strength for the Jig b be released : bt <hould the
blisehes hie hiemtodd B o oven b ot 607 hefore
Preiing Dipong it inites comtuet with the glue. the time
b the jigg ean be reduesl feoabout ten inimites

STEAM: O WATER-HEATED PLATENS

The menns of heating m the Gnnliar it jirss
gupuipment 1= hot water or steann ahichi e cizeulatesl
thironigdi coils or-ehmmeks e the platon,

I this vountry where the temperatines of the
pliatens afe usanlly Kepr befow 120t [2an'F) bt
witeris eierulnted Hivotgdi thom feom a steans: heated
wilottunk, The Il.luh!ln.ﬂl't"hll“l '-l.il-"h'!“i fnbrieato|
wleel shepimeeoils ol pﬂ-nurhhll.h worknwg imsade an
whitereeiuon Bedsnsinge,  When plistenis are filireated
with ahsmmininm piressure plates the presaes thil enn
be appliesd s wsanlly Jineited b abont 1K e
Hesides b mather prone to sarreslon the plitens
can he also dinturted emsily by bl snirigmilation of
the pressc Mwmmiam platess e howev e, waon-
siderabily: cheaper than the «toed platins whicl are
sed for work ol bugh pressarss atal temperilbires.,

Tempernlute is vontrolled for both types by o
stemi-pressureredieng valve

INFRA-RED LAMPS

Thovgh st often used for genernting heat in ghue
tinos, infra-red s give lue better hest penetration
than consection heating by, for instisnes, an vleetrie
fire of vquivalent power.  But urticles to b gl
whieh are snitable subjects For infra-rod hesting see

compneatively rave s the wse of infra-red fatiips s

it advantageons when the production runs invelve
the use of a vonvevor belt which ean be passed
through an iifes-red el but, im general, use ol
Infenereld  henting  equipnient s not justifiahle
veonudenlly i the woodwiorkeg industry.

HADKLFREQUENTY (ILF) NEATING

This 1w seapietinies el Bigh-fregquoney, elootponic
wr dicetostt e hesding and ks peshaps the mest popular
puvthoed of henting the ghie e where it is iportant
port fan bose tows romeh beat in the piasterial on esther
ade of it The post of IGF, gonemtan: by cumnjur
utively: high snd sonshilerhle expreommont b fogoined
hefoee jigs van b mbjpsted toogve the best results,
Hecause of its soleetive hontmg oapmbalitios, i
frequeney  methods wre most evonomieally  nsed
where theee wre mniy glue Tines far from the surface.

The techuiqur of RF. lientige is specilised prid
Phits sistiese Lpelgiles o legbore devated to this wulijeot.



DIFFICULTIES IN GLUING
AND THEIR REMEDIES

G. M.

Scales

INTRODUVUTION
HERE are five minin factors which affect the

stlhieston of a glued jount.  These wm ;-
(1 Presaw
12y Tomperature
(41 Mopsture conten
4 Glhie speemd
(31 Surfice parasity.

A these fuctors inlMoenee oni anotfer so Hiet the
totul effect of all Logether st be considersd | B b
ot sulfictent tosee thut eaeh indiy kKloally lee sithily
the prevseribead Bmite for pood gdhedoi,

The way i which thwse Gactirs fnflieme euch
other must be rosiderad when altempting 1o
dingnise the eaune of Giilires,  This lectioee ghves &
detailisl aecotint of the opration of i factors and
of the ehief diffienlties snpommtered inghong

MOISTURE CONTEST

The mmsture wontid of the waord at the time of
ghving. boes apn elfeet upon the performae of 1he
bk s this effoct s ek more- markel with some
#lovs than with athers. I goneral phonoldormialide-
hydes (PF) work well only when the nuiskars
vontent of vhe seoud lies within tie siige of 6-109,
wherows urendomildiehividin [(UF) gice thaje bet
performimiee hetween Boamd 12° The VF rv=ins
also Wllow. iore labitsile winl n--riq, vanjusratively
well Tt wemi Hhie wider mnge of 5-15% 0 Polike th -
PP opesine I 3 wctually & -lwulmnlngr 1 A
UF s wood of $0e bow s miilstire eomitent bt thie
is 4 rmre conditiom anl bngeneral U Fy are oomsiilored

T

Fir b the easier to wses From the poist off vidw of
operahing ceomomy PEs Tave the disaidvantage $i
they requuee mione exaot sontml ool are therefore
more expersive Lo ne, Tl lower ynoistyge contant
Hiey demund also rluées Wie agtyut of Ui vatver
dner.

Every muke of gl has its own limits of toleration
ol maoisture cottent, smd 1t s mlvisalile that mann-
facturers shonbldl be approached  for imformmtion
oomerning thelr oswn parfiedlar prodacts. 1 shonid
e horne in munal that the mge of wosture content
whieh e bw tolemmtod vares with the fvpe of timibier
e werll s with the fypo of e (larch, for exumyily.
allows & wiler mnge than maple).

It 4= of vourse necosary 1o hive Wil the timber g
the smme moisture content at the tise of pluing.
Wonnd gonmns or Toses miokstire to wdjust itsell’ 1o 1y
boudity of te atmosphers. 10 wesnds of differeit
sty canbant are glhues) twedhes O anviniit eaedy
swells or shiritkes before seaching soquilibicinm will pot
b gl and sberunl stresses, iaticetiteating in the
glue Nue, will pueesiat Chsmaniglomt thie Wee of i Jont
aid g sl e (s snvpilete broklown, perhops
T wlter the Jint hias biern i

The mesults of ghiing ot a high mostare content
are ol weatisfactory bevanse o e diiendt 1o
easmyes a sl |y close control over the many
athier fartors invnlyod jege. the Viseosity of thie glae.
the pressome wind the temperatieett e Uie msistie
fordamt apeeenses smnll vamations in thise asimin
gy mmportanee.

The: bagher vhe misiitiine contont of tlie Hiaber, 1lie
mare difuted the glue beeote winl this liwerig of



viscosity canses the glue
to penetrate more froely
tiito the pores of  Lhe
wood, A slightly thicker
slie oy therefore  be
nelind i order te svohl
a glive-starved joint,

If the glite, on setbing,
turns milky AF imdieates
thnat

hias caused over-dilution

EROr=sIVE  nokstuare

amil, consequently. pre

cipitation, This precipi:
tation weakéens Lhe glae
T Dretsnse <etiing fakes
il i

thi

place il er
thut
plete cross-linkmg of th

moleewdes [Fig 1)

prevent e E
Fig A
R This parrilibion seeitkens he Bl

FLe3

o ST aned 12— 15 show other common fanits.
If it is necessary omake an emergeney jont with
wiodl ab o pamshure conteénl Dar alove the revom

peniiled Uit the Bollowing oot bosd iy e el
Itemove the surplus moisture Peogn e surface of th
Joint anel dey the surfoee ps guickly as pasaibile e fore
ghaing, A fast Bgirclet i <hisehed Das pisesed, mind fuortloes
nocelerntion of thi |_:|1|r |-:.' henbinge s 6 iy e
This s impraviioable when veneoring and instend the
of plaster of pare (Cad(_ H () to

addition of 10",

ey ploe xS adyvised.

SIPHEADING THE GLUE

The eotilition sl the designoof spresdoers sl
IR |-|nn|:]--r|ﬂ-|lx' the stieress of Lhe srlipe sl
To a great extent, the type of groove in the foller
controls the quantity of resin Inel on the sl il
ileo the tendeney toskul,  The steel rollers fitfod To
sprenders ol The tray type o=t Jongee hut are mon
Wlibeadt tow onil juask by

with sofl fulibior-toversd rollers

mve the low spread abtainatbi
Tl

pelipd b lootor-rull spircanlers

use Gl preel-

shiipas bl ajare s ey

L il'—n':_'. ton Jemil Lo g --~I'.x1n|!l ralile sy iy .-!'ulm |
ol el wwder o S3lCLon 1

=i
(150

ceonomieal in Bugland although ming

"-rl"l"llli -

am m’l ame consdderad to b coimpEaratively
E

tialers of
plvwood, partieularty m Seanddinavii. abtain esonl

lewst pesnlts issing for lower sprends.  Porhaps this is

b crvrmpde af gl 0 preedipitalian ™

vkl

st by eorcesvioe meelbbaore Pandenl of e
livie
beennse e Eogland timber s far more costly than
resin wherens the position im Seandimayvie s oxactly
the revorse,

Liextremely tick glue line s likely to eraze i the
Fesin used 15 not of o permanently. wap-{illing vy
The thinnest glue line capable of giving o continuons
irhue laver hetween the surfaves will provide the best
ilhesion.. The guantity of resiin required for soek o
thune ghue Tine depends very mneh npon the phivsieal
rlhmracteristirs of the woml to by 'l_’|||'|'li.' i certain
Lalh 1o 1t
The even application of such

wronmstances 6 resin spread  of  only

ym' ) as enogh
Eactromely oareful control
AT
veneers: Pie mmsluee contont, Lhe ol s I|:||!!.
Flar

Lx .u.]{!

spreails 15 often diificait

st always e e resed  ovier preparalion of

[STTIT LR T, '.rlill!lr;lllﬂ,i wrii] tlue gare ST birpiee,

further fvoarks on ol spreading il jc

alorrodd T iniv IHILE galled Y tiering: Tlat aowl

eurvel wirk i s bk {see o M s-|.||||}' jrgre T s

PFHESSURE

\s a general gunde the prassores wilhiin Elie Tollow

b Pangre wive snbisfactory resules -

Miritnun

o |r-:

VWarimns

SHOT T Wi % | SUb (351

Huordwood T O i 250 st
T it iin sntisfactory results outsiude these mnae

refuuires a eofisidershle pnderstamdimg of the ways )



Fig 2 crazeed glis o coeiseid by s ffovent pressare
Silling plue

wihirehi et Hoe. Mt is
uifortunately a copenon meiseonesptimy that the

pressure o bl grluy
sole reason for applving pressure bs ta bring the
cuntact.  Some of th

which pressure can influence the hehavionr of o gloe

strfnees jnto olive WL In
line are diseussed in the following paragraphs,

Hardwoods generally need  and ean withstund
greater pressures: than the more porons sdiftwoods
wiueh will, of conrse, perniit nuidy more penetrution,
N eortan nmonnt of penetestjon ke rooiirmd to wet”
Hs TIIIH.']I [Te !Jlr'».-\j.hh' ”1:- HH' l.'|.'|.|||||] -.I]r!'.;taqt ..|,g|:+ ”III\-
Inerense e arew of contact,  Exeessdyre penetration
van, hewever, resalt from the ipppilization of too ety
prressiee, il By shiiled be avodded

Pressure should mt b il thurnyr the setting
il the ghie ps aoy varmbion may exert o puonnpang
action mul canse loss of gloe theoueh  penetration
The application of pressure by hydrauliv or pies
= L ||'\-'I|

ke means s preferabdi ;00 Tl -presse

There s il VETY taturnl Begddoney ks .||||4]'|,' e
prressure a6 gresssible do Ul Dopie Aot Ehiss will cannpmen.
sate for uny shrinkage which mny ocenr while the

ghae is sebting, The dithenlty ol judging  the

pressure
(1]
Lhreauls contrists with

applicad by

LaETS More  scraw-

the ease with which o

fairly  swensate  esti-
ke nIIJ._"ﬁ' hl" "llll.h.'
whiemn nEIng: m h_'l.
drauhe press.

The  pressore e
yuired  also  depends

upan. the viscosity of
the gloe @ thin glues
need jaressanee
Hhany, thick ones, pnd,
while vonsirdering tliis

lizss

1|'1rlll'l'l of the ‘-Ill'rjr‘-l"l_
It b= wartl heating in
miml that o newky-
mnuninetured gl =
hikely to be consuders
nbly Hhomier than one

IE=
laih e,

-II['IIEF“TJI“I.I'I' wlae lins

wp e by
ifwring owring af W nanegag -EXPirYy

o grodt inflienes upon
bhe visessity ol thee gl se it ansinerease of the
1r'111]1l"r'-'l|l|:1‘|" at which the s s ||]’|l'rl|Tltrr5: i
ITM S ETE the plie's

w stight i

Shomilid oF be peeessary ths

acvonmpenicd iy
".'l.Fl.'ll'iI!n' 1] penELraTe,
peneteation ean be rediced inoa onmber o0 wavs one
OF whitch 15 to lower the pressure.

I thie swwds o Liv jepei] lonve o boel ddsture
content there is a tedeney for Elie gloe 10 e dhifnted
aed the visessity Jowered ;a0 slight redoction of
pressure s then regmirnl

The faster-neting hardeners allow less thme for
prmetmtion before the gloe webc Hat whon Yhey
wee ysed, 1t o pmpwessible Tor the glue to be nlready
partially onred before full pressure can be applied.
althoueh fom extnunation’ of the resultng failure
i1 iy appene et e pressdre i Deedy nodeogusbe

Tha gagpernl prinviple i< @ the proader the y i.\.r.llhil'._'l.
tlie greiter the prossare reguirel, 1 applieation
Wl Pl well-Koown (i ebues alfords o elear ilhistri-
Flons ol thie esperibion of this prinoiple, fur Hhise glises,
IF"IT1L‘ Ih -l]':,, stite, have oo b \-I'Ihj'l:lff‘[l | F3] VEEY
hagh pressures indeed before they will flow sullic.

wently to wet the surfaees,  The nse of film - ghes

T



Fipw 7wl i,
ovled-poressving | Mz 6, righi) ore shoc,

tequiring sueh high pressures often results inon shight
boss in the thickoess of the board thiroagh OIS
siom, - Thus loss becomes noticeable when bonvds of
somne thickness are required anul mny acediunt for
the proater inborest
critieal. ]uw-h'mi.umlure-aru].-|1|'-r-.-\1.|r¢-
fortilled with melamine formuddelivede ;
thoreughly boil-resistiant bonds.

oW Dedng shiows dn the less
mlhesives
Plicae piyve

Some, but comparatively fow, fuilures e consed
by ernzing of the ghae ine when non gap-tilling glues
are e, This cessing enn be recomiizal by the
orystalline appearunce of the ghie line, and i anly
likely to oceur when the pressire npplied is insulli-
cient to |H.'III1I_:' A iTe \llj'i-lll,'r'd ;llln |'1||.\|- 1_'nn||=_lrh .-uj.[upr
ovier thoir entive aeeu,

(rmh"iim!ur:. tastts ol erreing of Hhe gloe line may
absir be (1) thie use of thiok Wiy veneors which only

f a3
II_"

I'Iul.tr-n Hlllii'l‘ cotstlemhile [T, W Yery thl.l'lv.‘
ghie spremd, and (#) n low temperniure for eoli
pressing (from Hus it may be guthered thut emzing
1= more likely to ocear when prosang cofd Hhan when

pressing hot ),
PENETRATION

Lons of glue from the gloe lie enny ocear either
inwande towards the core or outwanls through the
surface Yeneer,  The efects of mwarnd pemotration
nre diffioult to ebserve withont the aid of & miceo
Seope. bt ot s CAsY To eeoEiis Jrliees wihist I he
i
paces, shiinresistant patelies oven wltes saling,
likely b0 formm ; thie

glue hos penetrated the outer veneor, ~tiehy

mupriover, il liesirin ul

Are

terlling af atimvh cowtribtes to e aethesior yaelitics of oo glie mos,

Hesuliv of huf. prossang ( Fig. 3, Wofi) o
T bkl diesi the somme resln wid 1D prer oesl erleimlon were savd.

cellulose finish iy he pood. This faulky

adheston sonetimes remains unnoticed (or duvs, or

even months, whin ** hlisters ' or * frayving ™ may

AQLr the éellwlo=e lnish,. Exeessive penetyn-
tion of gloe both vwsrds apd outwards can eesull in
the plinest complete disappearue of glie Friom Lhe

glie line, amd, in comseguence, glae Milarne,
Penetration can be cantrolled by paving enreful
attention to the viscosity af the glue, the sperend, the
prssing temperature, the prissure, the addition of
ers that promote
Fime.

“arellige " arl the nssombly
These factors aro discissod modetail i the

fullowing paragropls

Sumw synthetic resins formulated for plywood and
veneer bonding contain =mall propartions of Wer,
thee purpose of whieh is to (Tiow fnta tlie woord jrores
Uetore swilling, aml Ehus roliee e possages o
outlet for (e pesin, Cheap staveli-containing (llers
i, boseever, beomised in by the aser and will serve
Ll st pirpcse except thil wedditions tunde after

areter moonler to
T
waterinl odded after mnnnfaoturee » unfiksly to he
o gonpletely  wetted ™ by the resin,

manufwture will neesl Wy b

achieve the =ame results. 15 hovanse any

The additon of a quantity of raw corenl our ti
prevent the pdvisibag
b“”l ol Jl.l'il.il'l'lllg s ||_'.||lt |1.1;||| ..'!I ]..“--ﬂ“._l eosl g

penctration certoanly los
ervertliclees, Ll |'I|:|.|Il1k of the allhesion  will he
redoee] gl the T nay hsse little water resist-
e, .
ety will bot wequire limading with extenders to
prevent prnetmmabimn.

A taek 141“d~:|-I'ur.'nulrh'h_\rl| tostn, sl cor

£

A\ more adetadded deseription



is given o the lecture on extension begtining on

e &0 o this book,

The application of normal pressure wsing heavy
glue-apreads uften results in gloe being squeezed out
al the sides of the board or bemng pressed mto sl
through the pores of the wood. Neither of these
conditions is desirabie : the plue spreader showlil be
re-miljusted to give the thinnest \F_IFJ:'.'1|.| coiaistetit
with wriwnd il hesion s Hlint peneteation is decreiased
and the wastnge of e, and therefore the cost of

prosluetion, redueerd.

When veneers of high moisture contiont sl opHe)
grain are vsed, earelul attention should he poid to
the prevention of peneteation as the mesttnre from
Hlie oo tenils to diliute the resin.

Any incrense jn the Hime allowed betwesn s pireiil-
ing the slue and hot pressing will assist the diffuslon
of ministure (fram the ghie Tine, though the resin itself

i et ik

M iiro-plupigritpha of @l ity

Fig

| T T |

Elpgd iFug!

will remain there,  This effect can be meressed still

further by airadrying the gloed - surface  before
assembily ¢ this s vet another method of eonteolling

penetratinn

Uperators usiige treit-formaldehvde glises for hat
F:lrl'-'w veneering have pedently slusw H Iq-4|||_¢||-u_ i
pedoed the operabing temperatures of Hheir presses
fromy 2007 (Wa"C) to 1 F (71°0)
1T (77°0)  This reduetion: diming: Bes the effect
i hest upan the vore boand mmd reduees the likel.

The

muayntained by the wse of faster setting hardeners,

bt ween antl

bl if ponetration smme setfie  spoerd

b=

PHE-CURTNG

Thiv econidition veelirs wlien n resineghied  Joint
bheceinjiies |ril1‘fi:l"\' rured before full contmt b twiirn
the surfaces is aclieved.. A pomplete loss of adiu

sin vnn be ecansedl |r'§. prres crrrine althoueh failore

0% bt fedeeed iAoy

Tl v |

1 lwe-absarsed Jood b d gl Bersw pamiodbrabeal {ivkes Wi oo}



Few, 7. A preowl ;-.fllr-l'l'ur.
This In wosd Tikaly -l wecwr
when il prewwes dve e,
wiened ieiry perndl i i e pldie
Bisww: auf e sdiveil,

more ofton ooenrs in stnall arens producing patehes
or ** hlsters ' These froquently piess unohserved
until the work reaches the polishing shop swhen the
application of the cellulose by compressed ar is
usually sullleient to unseat any potential * blinter ™
andd ke it apparent an the polished surface. The
prevention of any I ** Llistess ' is therefore of
vonsidernble importange b eeanumienl prluetion,
Those camused by |:|n-v|':tri||;1 catr b recogmised hy
exmination of the ghie ine benenth the veneer, A
silmy surioen  or onie in which there arm still air
bubbles, or craters from exploded air Bulililes,
indicates that wtimate eontact between bhe suface
il not heen made before the glae line begun to et

Pre—enring s most likely to oeoure when hot presses
are tsed, ped for Lhis resson imanufacturers of Tesin
alie olten state i Lhelr instroctiomns tht the [omdonge
of the press shoulil Le varsed oul s gpuekly as
possibile. This, it mst bt it el , s adifTheddt o b
s oy s ten iy Hghts hiss e to be loadod with small
rulupm-urnh. Rapid lomeditig s, however, ese titial
fisr thie lieat frome the platens soon mises the temperis
frppe of thy veneers on the lowor =urfaces nnd sanses
the speedy wetting issocintod with resim adhsives to
Pre-euring will oecur if full pressare s not

ticgiin.
re tlie pesin liegins togel ;. the resulting

o r|'-11'l1i Lt

* lilisters ™

will form at the points of contact with
the hot platen before full pressore hos enobiliad
etnitact to b miagde over Ilu' \1'||l1|1' Wres.

Pre-vuring can be prevented inoseveral ways all of
whieh are desigoed toalter the refationship hetween
the Ve tuken from Lhe beginning of lomling to the
apphivation of full pressave; and Whe basie setling
time of the glue,  One solution i to sllow 1 longer
fosadinge time, by sing either a slower hardener or a
This method, howover,
reduces the putput of the press and ss meny opere-
tors are committed to an ontpnt :iflwmlmg T ]
pressing time of live rronntes or less, ik may not prove
cntirelv sutisfactory.

lower press fompernture,

Anotlier saliitiog is to vee o jig so that the press can
L loasdedd tn plwout Jo
ORI thies nol wlfet Ohe Docking timiey snd o
jig for this plrpose s groat pssihilities, not anly
s 0 practicnl salution ta presouning  Eroubles, it
ulso s o means of incroesmg mitpot both of proess

seciinils,  The pamber of

Tllll! 1'F]H'r|'il e,

An unlowding jig of generally similar design. cun
alwon e emploved.  The reeciving srens of such o g
shonidd be almut [in, lower than the plnl*'fn w e
Tully vpenel.



Resin glue nearing the end of its pot-life in the
spreader will cure more rapidly than a freshly mixed
bateh and may therefore give pre-ouring trouble
when results from the fresh mix are pevfect.  This
would suggest that there is little margin lor safety,
and that a change b methods offering o preater
safety factor s desiralile,

Resin glues near the end of their storage life
become somewhat = fast ™ (page 78] and can ilso be
the indireet eause of pre-curing,

The greatest frectom from pre-canng 15 given by
hardencrs which give o gelling time which is {eom-
puratively) low in relation to pressing time. . The
eflleteney ol lunrdeners varies very el and so dogs
this rtin,  TEis quite possilile Tor bwo dUTetent by s
of hardenwr, wsed with the smne glue, to give s hasie
setting time of theee minntes st 05°C. But the
gelling times under the same conditions, (Le, the
maximum Jonding times) may be quite (Jifferent
for instance, the gelling time for one wey e 15
seeonds and for the other T} minutos.

THIE STORAGE OF RESINS

It 1= well known that synthetie resins lave linited
shelf Tives nogl that, even when stosed under e most
favouralile conditions, they will in time become ton
thiek to spresd, and will eventuslly solidife.  This
process of thickening is slowed down if they are
stored st low tomperatiores aod for this reason the
glue shonld always be kept at as low a tempoernture
as possible and never be left uncovered in the sun.
Table Tshows the elfect of stornge emperatunes wpon
o tvpicol uren forminldelivide resi

Caps of contaners should be replaced after encly
time of =€ to prevent the e frome ennsing the gloe

TABLE 1

Stofugd bemperiture Shorngre Ll

(e %] ("F} { penaagnd Jiw )
n a0 Over 12
20 il L]
a0 s 1
an Tod |

tis skin,  Any skin so formed should be removerd us
attempts e stie it in are [Rkely o prodice s,
In onder to prevont troecs of hardoner feom entering
the gloe contamers, it i preferuble that the glue
should be stored well mway from the hardeners,
The storekeeper should ensure that the resin wlaeh
las pomained longest instoek is issued to the fetory
first, ot heewise there b o Qanger that alder glie oy
he 1ot mnised while fre<h butehes are being con-
sumied.

STORALE OF HARDENERS

Althomgh the storage lifo of most hardeners i
indelinitely limg, eare should be taken to éioaire thint
vanpws ol vontiiners aee correet I replaeed friedintely
after tae ¢ any evaporation of He eontont=will alter
minterindly the pot-life st pressing e of The mixes
in which the hurdeners are mmed,  The storuge site
should be chiosen so Lhat §F 5 protected from. the
heat of the sun aml trom frecang:  Neither of Hiese
conditions affects the hantener stself. but each may
e thie eunse of burst contamess oF of caps blowing
onf,

THE MIXNING OF GLUES

Ttesin plues are most. often et wndder carcfully
conttolled econditions thut are mildly aculic: any
change in these cobditions, apart from altering the
pit=life sand pres<ing Lime, mioy prevest complele
setting.  Warmful effeets can, for instance, reull
from the sve of dirty mixers or of cantainers which
have bieen wished out with an slkaling eleaner con:
tning  cnnstic soda, (Residnes of alkaline ghies
shoulil, Tor the same reasons, be romoved o cleanl-
nesa s of the greatest importanee,

Iesani ghies are by no menns dificult 1o wse bt
mixing tequires care iF the hest cesults are to be
ubitadial, A glue will, perhips, give good adlesion
if 5 b or 15 per evait of hardoweris silded, nlthongh
atn adedition of prechely 10 per vent misy be recony-
mended by the makers. A handenerss have their
own chintnoteristion whon weaed with the glie for
which they have been designeld, sl what niay be
truo of ane hordener will almost certmnly wot apply
i others. The elfect upon pot fives nmd pressing



times of varving the quantities of hardener added is
given in Fig. 8. The graphs in this figure relate to
one particular glue and hardenet (* Aerolite ™ gnd
FILGO) and offer no guide ta the behuviour of any
other glue or hardener.  They indicate, however,
thut o simple relationship exists between the quare.
tity of hardener sdded amd the pot-lives smd pressing
times. The quantities of glue, hardener, extender
and water used in production shouid, therefore, he
weighid or measured aecurately necording to the
manuficturers’  Instroctions, and not esbiniated
ronghly,

Steel  eontainers nsed for mixing  should  Lie
protected by galvanisation, vitreous enamel or paint,
and hardeners are hest stored in glass or earthonware
jars.  Vertieal gloe mixsers give very satisfactory
results and are generlly easily cleaned.

MIXING UNDER TROPICAL CONDITIONS

Liguid resins, made from gloe in powder form, can
IH.'." B sOumee u‘f 'Ii'l“'l.ll}'lll“"{' to tlll-' HeT l.l"ll."'rh lI'n:l'Hl.'i‘
tions are taken to prevent the formation of lunps
turing mixing.  Powdered urea formaldebivide resin
i nsnally supplivd in drns equipped with Tids taat
are easy dooredit o are sealed with fublbier tings,
The resealing of thest diums ench time alter usre js
impartant as the powder 5 very hygroseopie, wml
e, diffienlt to resdimolve, are seon formel,
When maxing in the powder by hand, it s preferable
tov el it to the water gradually whilst starcig, any
tumypes formed can then be heaten out before more
powier is added.  Power mixing, howover, requires
the apposite techuigque amd lguids shoull be added
slowly bo tle powder whilst the mixer s o operation,
For the best resulb= the il glie <o mnide shoulil be
allowed to staml for several Tiomes hefore the kanlener
i nchiled,

NEW AND OLD RESIN

Liy wpler to obthin the Dest millussion reconstitated
gl mixes shoulil be allowed to stamd fur several
hours after mixing.. The mixtuee will then be
thicker. As illustratedd inomy paper " The chirae.
teristics of syothetic resins and their application
ailhesives '" (see page 31 of this book), liquid resins

i

Fig. b The sffecd uporn it Hiew apal pirrsalne i uf
weirging he percesidage of one Rardener W o Jurrtioalor glae.

thicken with age, and when they become too thiek
tovspreail the shelll B is saud to have expired.  This
preocess of thicKening i iereversilide mil any abbemgt
to thin the résin must sesult in u drop in the final
strengthy though this sy not be appurent. A
plywantd  manlachirer wias comprelload beeanse
of the shortage dunng the war to reelnim some
resin that hnd st * expired " Alter considerable
dithenity the resin was thinned down ail used with-
ertt any apparent loss in the quality of the adhesion.

s s understandahle, for the strength of synthetic

rosin grlues B sl thab the s of steength would
luwve 1o be vonsidesible (or the gesin o becume
wenker than the wood components of the joint. Sueh
trentuient, however, shoulil be conlined to emergen-
cies atul any thinmng of old resins shiould be Tinited
toadilution by 3%, of water or aleohol.  Thas dilution,
as well ps thimning the resin and increasing the



el B Chunge of vhorasterisfion e weco=formahibibyde eemn
dhigeing Hhree miaths® abapogs,

renniining shell life, redhiees the likeliliomd of tie pot
lific ] pressing times boirgr extremely short s they
often sre when the ghie s approschimg the el of it
shelf fife.

The urea formaldehyvde Tosms hnve gninod widi-
spreml populurity as being most cconomien) inospife
of their hiving ane of the shortest shelf lives of any
of the hoguuld eesins in common ase. A dote marked
on the ghee cantainey 5 the sl methiod of mdient-
L e estinmiinted end of the shelf life, wiin <toped
In nermal  bemperatupes (F0°F 0 o 21°C), In
practice, however, storage teinperature vares 4 gomd
desl, nnd o the value of this inflesible expiry dute
i» sommewhat  donbtfil,  Deliveries of mew resin
shondd be sdjusted too oo copsarmption amd, i
this way, if the older domns are used irt. operatives
are provided with glue that s slways of the <ame age.
However, the nohisvement ol sucl management s
not ulways possibile aul, sinee the extremies of ol
ad pew wlee provide soele wilie disetepaniies o
viseosity, pot lives, and pressing titves, 14is desirshle
that all who are responsible for ghiing should he
stiitably tnstrocted,  Fig. % jllustrates this change
in charweteristies of » e stored oo eool Toom from
July to Octaber.

-
=1

ABNORMALLY SHORT POT-LIVES

Monsually short pot lives ean canse considerablo
aunoyvanee pacticulacly when their veeurrenes voin:
ciddes, as it frequently dovs, with a spell of very Jiot
weather, The effect of temperature upot the pot
life of a typical TF rold-press e mixture i shown
m Table 11, from which it may be gathered that i
15 well worth winle making every endesvour to keep
the ghie temperature down,

TABLE 11

Temperature Pot-life
{"F}y (€} {minntes)
il 1a In
fin ) a3
77 235 HH
s {11} 21

Sunlight falling directly wpon the glue mmer or
spreader should be: prevented by colour wasiong of
roof lights and windows.  Ample ventifation should
be proviided to remove tie heut gencrated by hot
pressee.  Glue wixing shoulil be earrbed out guidkly
in hot wenther, otherwise the mix will bevoine
iinetessarily hot  Frictional heat which (s geners-
terd in the glie spreader also facilitates svapormtion
uf mnisturee from the thim ghic-spread on the mollees,
This evaporation, which i likely to he considermblo
i hot weathor, roduees the pot-fife and makes it
mdvisable to dilute the giue slightly by a 3 per cent
ndadithon ol water or dee milies whille the spronder is
workiong, I, lvwever, it is iowght bnlvisable for
the spremler operutors to dilute the glue In this way
then the 3 per eent of witer ean b addied 0 the
mser,  Cerkiin vy of  glue 1|m‘.'~uirr can by
mlnptod so that the trays are water-conled aml this
represents w furthermbvantage.  As hns berenalrendy
exploined, old glue, hardence contmners left un-
vurked s maceurate additions of hardener can all
contribute towards varistions of puit Tife.

SETTING TiIMES
The settiog times yuoted by gloe manafactorers
for certain temperatures wre the minomuin tinnes



needed for the glueto develop sullicient streagth for
the joint to be handled,  Unfortunetely, opinions
vary conceming the degree of strength required for

TABLFE 111

handling purposes, and consequently some of the Prﬁ"'g vme (ke t:l:mnnth
ptblished pressing times appear to he more optims- ) kg/em’) (ps1) _
tic than others. A strength of 800 psi (21 kg jom. ) I h B
is nevertheless - gradually becoming aceepted as 1 5 70
standard and suflicient for the removal of pressure. u 123 175
This, however, does not signify completion of setting: 4 155 265
resing continue bo develop strenglh until, fually, i [ 410
complete water resistunce 5 dehieved, whicl ey b 348 03
not be for severnl days. i 35.0 310
: 7 26,8 525
Jots  that are subject to apprecsble  strain B 872 530
immediately after pressure s released should be 1 LA 533
allowed a pressing time of at least doulile the sidvert- aj 2.8 03
inedd miimimio for unstbessed  fopits,  Table 111 b MR TO8
shows how joinks develop strength with Derensing 18 A0 TN
ngre,
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For hot presing it is usual to

S R

LIE

i

allow ot minute for each milli-
mietre of thickness through which
the heat must truvel to reach the
mmermost glae line.  This. whilse

good enouph for many purposes,

is bevertheless jpaceurate, Those

wishing o estimmte more Areue-

Senp

ptely  the penetration of heat

it wood are advised to study

Nero Resenmoh Bulletin Noo 2.

THE DILUTION OF GLUE

itesin ghue are viseous lipawds
gl some are pot too chasy o
sprend.. Moty users of plue
manintuin thal  the wdidition of

waler toresins imakes them ensier

b sprwvind anl more ceanommenl,
Thi= muy be so but there §s

o 11 Langihening of gy fovee cawed by dugh sdatire eomfenit af mossd sk

o arnbil abilfieten Bl g@live.

ABNORMALLY LONG SETTING TIMES

Longer pressing times are more common when
pressing cold than hot, awd thie information givan
beliw pefois thorefore for the most part. to cold-
preesshng Leehmigue,

The minimum pressing bimes wdvised in inano-
facturers’ instrnctions are bassd upon. glae-line
temjretatires, and any chunge in thesi temperatires
has an effect apon the setting speed of the resin,
The glue-shop thermometer shoulil e sitinted abont
level with the spreader frays and away from open
windows, steam pipes and drmight,  The ghie-hine
temperaturg in g cold press s nol always egual to
thuat of the glue shop, for the wod may not have Tl
time to acquire this tempesature, An decurdle
readding enn, however, be ohtaine] frone a pyrometor
with its thermoeonple embedded in the glue line,

The mamufacturers’ instroetions should be fol-
|ll}\'mi_vlmn|}' when ndding the handener prartienlorly
if ot s applicd separately.. Some hardeners oo
the fastest set whei allovwed to dry ond some the
teverse,  See Fig. 10 for one oxnmple

constlernble durgrer, i the plie
e dibatedd; of Tantty sdhosion and
it shoukd be romembered that stis not always the
resins with e fuehest solids content: thot ean
tolerle the Leaviest  alllutioi It dx therefore
pretident to0 gk the glie manilfelurer’s  adviee
before adiding water, See the paragraphs on pende
tration (page T4}, short pot lives (page 79) amd
long pressing thnes opposite aml glie nesring explry
(page 31} Aoy pdilition of water alwove 34 miny
reduce the safety factor amd ounblo relatively small
variotions . ather conditiom To canse disprogior-
tionutely larngpe effects.

Wil 1o the wornal state eontains 109, or more
off s welghit sowitter, I the mimsbare gonteont of
Lher wosl s bigh 1 tenals nat only o cond the glue but
alsr ton dilute §t mnd this lengthvie the pressing time
ax the water nuest be thrown ant again from the resin
uhtrirrg the [Lalis = uf setting {see Flg. 11, The
porosity of the wood and. its mpaeity to absorb
minsiure thus plso affect the setting tine of the résing
lense woids need o votsidisrmbily longer prissing tine
than inore poros winsls,

The eflfeet of dilution s shown even more e platic
ally i Fig. 10 which compnres the seiting speeds of
a UK ghue withoa Gt hardener separately apphed,



{u) assembled wet, and (b) allowed to (ry before
mnking contact with the glued surface,

Certain cold hardeners achieve their excellont pot
life elamping time mtin by the inelusion of alechols;
The purpose of these materials is to slow down the
hardening action i the “pot ™. but if the glue-
spreml is thin their evaporation i< more rapid and the
'I"l.urdmu'ug action is neeolerated,  With tlbs type off
hardener a certain smount of piradrving bs essontial
if the minimun pressing times advised are o be
achieved. '

It s well known that whenever the quility of the
bomd s poor, adbiesion oun slways be improved and
the effcets of penctration prevented by mr-drying
the glhued surefice until they ire tacky bofore assenibl-
thg.  With eertain tvpes of glue amil hardener this
may be vital po suedes for reasons whichh are given
in the followiing prmgreaglis,

WETTING CHARAUTERISTICOS

Lpunid resin ples éonilain solvent< of which water
in the most eotmnonly weed, b cunbile ey (o be
spronid,  Phese solvents ninsk sseape or be deivien off
hetore the resin can achieve & complete e g,
therefure, any solvent still present whilst the ghie is
curing will retand the provess atnl may oven impaic
the final yuality of the adheston. T4 is evident that
onee the glie has been spread the solvent serves nn
furthier nsoful purpose and the sooner i s pemoved
the better. A glue line, however. whicli i= titually
completely iy, rodjiiires very ddisiderible oo
Frotu steel-plate platens gs well as Uhe aggdication of
hient beloes it will Do sullidiently ta ™ wot ™ the
ueljaient curface sampletely | therefore the teclimienl
aelyintiges of Il ghies, as menbionsd enelier in i
paper, are sometimes ollset by e los i Hhickness
of the timber restiltmg from the s of high pressore,

One of the hest wavs of rermoving the solvents i
tis dry the glued surfoce immedistely after spreading
aid hefore the assenibly of the components hindors
evaporation. Whete hot presses are used thie gl
line eun e almost completely deivd anl there §jus
dunger that ** wetting "' will not take place exvn
when only  nuslernte  pressares  an CTTSPETS T § S

unfortunate that this method s frequently quite
impracticable owing to the layvout of the factory and
the spaiee required for the conveyor mail, for it gives
varellent results and combims the adyvantages of
hupid ghae with those of film glue.

sSometimes glue spread on one surface fails to
“wet™ the ather sioface. Certain resins  Lave
bettor = wetting " properties than othiers for some
require to be sprewd on both surfaces and  to
be air dried  wnder  eareful control,  The TF
huve extremely good wetting propertics although
they shonld not be allowed to air<dry completely
unless hot pressing is-to follow,  The use of extenders
reduees the wetting qualities of the ghe,

The time elapsing between assembling the plued
panel and pressing is known s the ** elosed assembly
time ™ and it should not exeeed that advised by the
glue mupufacturers, utherwise the glue ling is liable
to be pre-cured.. As, however, during Che elosed
assemnbly tine the same process takes place; but to o
lesser extent, s during airdrving it is 8 good
practive to allow at least severnl mimites” closed
assaanhly  before pressing.  This, besules  giving
hetter sdhesion, reduces the tondencey  towards
pemetration.  Clesed assembly times Giee diealt with
(i the leeture on veneeting [~or pmge 381,

SETTING  (HARACTERISTIUS LW

TEMPERATIUHES

It i well Koown that the: vlompig time for resin
ghres s groatly alfeobed by the temperature. ar th
glue line and that the chowee of speod of the hardener

AT

shenbd be made tosuit the tempeeature of the glue

K
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TAIDLE IV
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itk rneer
The shiireer srent comweid by glwe prenitroting Horemgee Bt orieey

Fig. 12 0 bedfy o drsvseonbanifnted "

il eedeeling the fro pliten,  The atae of Cafirmiaimm el

Plles n ~-u]'u'i-im: ¢ poewvended e

The lower the tompetitiiee the lopger it will toke
Eliet oline bin <el gondd B0 s o e dovbted if some onld-
setting ghies evey eompletely hanlen ot liss than
1 (500K, The setting nietion of st resoreil-
formaldelivde wsembly glies tsed with  powsder
hardenors, for rxame, Beeomes extromiely <low
even bt 1570 (607F),  Extrome cold may arrest the
hordening provess at any stage ot the sction will
start ngarin s =oon os the temperstuee pyes, Table
IV illusteites the effeet of temperatuse apeon the
pressing timw= of 4 cold-etting aroo-formoaldelivils

e,
As g whus give their best performinnes sl low
temsperatinres gliinge in cold weasther, below 15°C

“.Ir:'ll
ik = necessary Lo -_:11u' ol Jow lemperatiry: o Tt
hinrdener should he selected nned the mntermls to e
Jomnes]l shonld. i possible. be preheated and the
toint wengiped Do i Henter moudl durng serting.

Ir“" Fi i to bhe avoided s henever rlH'\-.'\-IIIIr'

STAINING

The se of syntlietie fesio plies caf, uhder certiin
vonditions, result by octoining even though e recine
themselves may be colourless, These stains ean
hecyme apparent immdedistely after glidng, o after
an htp.-r--l seviqrnl I:1Il:ll|“h-, Ilr']'ll"l'll'll.ll_l_; o the .\fll'ngth
of the stain-forming chomeals present incthe wood
e of the for this stan
formation 15 tanmn, which » present i wood
varving amonnts: of the woods 1 niore common
st gsh oand oak hove the liphest teonin content,
Evervome lps seen the inky diseoloeations which
nppear roanu] a pail inow pivce of ank that lias been

substances wenes: nry

left ot & the eain, bud the cause of tiese is not
widely  Rnown. [ver
dilinte) neids, and these dissolve a small proportion
Thas sall

Rainwaler sonlatns sorme
of irom Frome the nndl to form an neid salt.
reacts with the tannin from the wood to form the
mik-itke dve that stains the wood,  Urea formudide-

Iivde gloes amid hardeners, betng milidly aclidie, will

the

Fiw. i Stiainis eoppned Dol Drvie coebasninallion  dn

spliver

A



have the same effect on an oak veneer if they are
contammated by iron.  There are many ways jin
which this iron contamination ean vecur; and the
following paragraphs deseribe some of the ways anil
also the micans of overcoming them,

Severe glue penetration may mesn that the glue
conbes into cotthet with the pilaten of the press whicl,
if it is an iron one, is likl:'i:.-' to conse some dark stain-
mg on oak: Prevention of any possible contact
between wood (wet with glue) and the iron is easily
achieved by wsing aluminivm caul plates, although
In certain clisses of work sheets of cellophone Lnid
between the outside veneer and the platen are
preferahle.

The mixing of the eloe and hardener shoulil not be
carned oul in an ron containe? wiléss the metil is
well protected by vitreons enamel, paint, or gal-
vanised.  Fven these linishes van be insullicient if
they ure, in places, worn through or chipped. The
same conditions also apply to sty mcssure or funned
through which the hardener may be transferred, for
anly asmall degree of contamimnation s necessary to
preonnote staining. Travs of  gloe-spreaders
wsunlly sullclently protected by athin layer of paint
mind ol glue and are rarely the entise of Piouble,
Wthough ribbeld  steel spreader-rollers that  have
become somewhut corrdded ure more likely to ease
staining,  The remedy b o change the suhber-
rovercd rallers of the glie spireader amd, if tecesiry,
to line the frmys with 'Flht'&-hl"‘. wonkl, o even o =leet
of eellophane

ire

There is, of eourse, always the possibifity that the
tap-water used for washing the spreader and mixer
may coftain iron, 1t s, bowever, easy for a amiple
test for iron-content to be varmed out by the loeal
chemast, It 15 unlikely that the hardener itself wall
contam  fron, 85 st mianufacturers take
preécautions to peevent sucle an oeeurrence atid test
fof iron eontont béfory despatelang the muiterial.
Sevme sivmple jars have mwetal cops protectid by was-
covered puper washees and duguwee to these wasliers

=N

will sometines permiat contamimation.

The faster sotting hardeners, héing stronger, have
a greater capneity for dissolving iron amd swith these,
therefore, stuining s more lkely tooocenr,  The
tendeney to stain is accentuntid by hoat and pressare
and this is why unprotected spreader-rollers are fur

i

more often the eause of this trouble than are unpio-
tected glue brayvs,

Harndeners nre sonnetimes coloured ss o tenns of
identification but  almost all hardeners  eam be
mamifactured in o colonrless form which s, for most
PUTPOses, HOre Convenient

SPLITTING AND CRACKING OF VENEERS

This trouble can be overcome to d considerable
extent by ensuring that cach veneer is laid with the
gramn at an angle, preferably of 80" antd certainly of
oot less than 457 to that of Bs nedghbour, awd, i
pessible, a padding  veneer should e beneath a
devarative one.  The moisture conteént of all veneers
sl eore-banrd shoukd, when i resins are e,
be equal ot the time of glung.  Where a ply core-
hoard is to be veneered biot the seleetion of o resin-
bemided coresboard 15 an advantage and o hardoner
shoulid be ehosen which will enable the vencorine tao
he carried out at moderate temperatures (170°F or

.
vl wf ol peneers and’ conid Beard whennilid, for .Hi_ruid RNy,
bt wigtenl it ‘the idwie if sburing,

Fig, Al familoer wightt o split genere,  Molutire



70). Urea-formallehyide glies ean be rendered
slightly more flexibile by the use of 23 to 50%, of
cerenl extonder, amd this proportion can be increased
to 73 to 100 quite safely if & melamime-formalde
hyde glae is nsed.

Certmn delicate curl veneers are extremely sensi.
tive Lo movement of the Dosebonrd amd with awh
delicste vencers some cracking or crazing is nlways
likely to oveur.  Whilst eracking can sometimes be
prevented entirely by the uae of a cold-setting resin
giie of low mosture content, the wuse of a thermo-
plestic glue &5, i these circamstunees, wsnally
prefernble.

HLISTENIS

As the boiling temperature of water inereascs with
pressure (see Table V)it follows that the moisture
i glued veneers being pressed ab, sav. 50 hiin
wild b 280°F (110°C) js not given ofl a3 e until
the pressure s releaseld.  Shonkd the pressare be
releisid suddenly then all this moisture is suickly
converted Gnte  stean, abed, i it ennnot eacnfie
through the wood pores, steam pockots that blow ap
the veneer mto blisters ure ool T8 s therofore
advisable, when pressing at temperntures much in
exeess of 212°F (100°C)L 10 release the pressure
slowly, thus pedieing the rate of generation of Hie
steam ml dssisting it to Jiffuse harmlessty theough
the wood,

TABLEE ¥

Applicd pressure Builing tempessture

kgiom;! sl ‘T “F
{ L] Time Iiz2
0316 b 151 2340
1408 L} 162 250
3,315 b is2 2016
o 1k 205 #47

The mummum permussible rate at which pressure
miny e relonsed vares with conditinns of bempers-
ture, pressure. moisture content amd the permenbility
of the vetwers, amd may range from severail seconds
b i few minntes,

1]

Another type of bfister, although less conspicuons,
is more frequently encountered and s often not
discovered until the vencered wrticle aequires o
polished surface. when any distorted reflections nuy
revedl the presence of sooall blisters of non-adherent
vencer: I the metlud of veneoring miles out the
possiliility of steam houving been the enuse, then e
pesibility that the fault may be due to preenring,
prnetration or laek of wetting shoulidl he examined,
Certain blister formations  onn be attrbuted to
uneven distribntion of pressure dorine  venoerig,
Vhis ean be epused by s varation m the thickness of
the core-boand or by the use of distorted platens
which results in patehes of inesmplete  euntot
betwoon  vewoer and oore-how], witl dagsri el
Ik of willesdon,

Hlistoring wml peeling of patelies of the siirface
linish ocours ocensionnlly ; aned these troubles have
the annvying charmcteristic of failing to develop
until somoe appreciable toe after the surfuee flmsh
has been applied and passed as satisfuctory.  This
foult 1s particularly notiecable on panels decoruted
with delicate vencers cut to shiow the grain gure, ss
the movement of siuelh veneers with variation of
oksture content often pesadlte Jn Jerge loonl mpve-
menbs wml steess conventrations.  These teouliles
vanh b pedduoesd ko somnie extent by the nse of @ eross-
bistled padding venver of woft wood between the
vare b and deeomitive sencor,

Such lelicately fignred vencors nre, i ploces, often
extremely porous und likely to absorh from the glue
line o consuderable amomd of resin whiel will
partiolly impreguate the wood ns well s penvtrate
to the surfuce of the venvers.  Samling the veneer
ofter gling will remove the rosin frem e airfaee
bt it from the wod pores or the partially impreg-
pated libres,  Sinee eellinhse does ot mithere so well
to tesitis s b woed, it will begin to flake off st places
where penetmtion has been severe nnd wlso where
the movement of the veneer 1s greatest,  The most
satisfartory remedy is to control resin penetration
when the veneer s glued.

WARDP Ot TWIST

Although the tendency of plywood to warp s
widely known. it & =0 frequently apgrovated by
trentment received after the plywood leaves the
inifaetere’s wiatshonse Ut o few ramarks on the



b deie-foseolisg ulr..l..-.--.f shierl wof teneer Wil Deis
gl wpw 0 wewielt f Decurale triviming

enuses of warpang amd its ph'h-nTi--lb LTEUA I
useiul.

The plywood panel 1= of halaneed constroction,
gencrally three or five-plv, which reduces the tend-
eney o warpy inany one direction when e change o
muisfure content cabses moveinent o take |r|a|-1't'.
!'1':I|h~l'1|:lh'=|! vencering onone side only will upset this

i e il
sl IIH'TI'IHL‘H‘ Lis

balapnee  and  greally  idresse pursiliflity

Warping Deeorntive  Yeneer
balaneed by gliing on simsltaneously. o b king

A the
core-boanl s passed through the ghiespreader the

veneer of, of lri---lhll' simmilar dhmraetetistios

outersurfaees start to absorb mosture frome the gloe,

Subisenguient  lob-pressing holps . o difinse  this
sty throogliont the board and v s not ookl an
evien moisture  distribubion o atlained, wlile e

1+rr,'||'1| s ..||'|| ey sibppue l.'|.“,_'|. g rnnp'[hl'r_ Duirdil Clead. Flunal
atie of the cduses of warp i elilinnted,  The pingl
Sisrilid next b ennditioned untad if reaches o moistiane
coitent i ---t;|||ﬂ-|"lli|n with that ol Uhe sorroterading
FRar, ! '|II'II|:I_'I. lf|'|.'|||||l||||' L lr]:_h' \1l|ll'|II'_f eutr nlw
ouwse warping.  {9er the purper onlled = Phie bapeless
apliving of veneers " in this book, esperinlly page 04,

FATLTY ADHESION AT THE HEDGES OF
VEXEERS
[is fctories mild storelotses coneentrating on lugh:
||"|-|_||t.,| I-,,[-mi“qj-. i ip-conditioning plank  privig
:mmu;utn- contral of temperature amd  loomidity

contributes to the conststen! 1|||JI|I!_'-' ol the |rrmi|.|='h

L1

As
soon as the arfiele s assemibled and im]i\-hr:d it s in

s well a6 to the contentment of Lhe f-||{‘]'1|t'n'x‘-.

o far hetter state to resist the efects of clunging
humidity and tauperatiore.

Furpiture stored in extremes of damp or where it
mav be allected by excessive cormtral heating, 15,
however, Hnbile to warp and open st the joints urifess
e=pecially punufnctured for sich o itons.

\ openneling of the edwes of Lthe core-board cnn
oer during the sineding  operation aml this will
msult in the cove-hoard being thinner st the edges
ut  the This. makes it difficult
pchieve good adhesion with the veneer over the

[Ty centry, )
whole surfnoe, for pressure cannot by :I'|1|J[1l'11 to the
eelpres nd it Is Teeguently as impracticable as it 15
wasteful bo trim away the faulty cdges.  Tmproved
il Boesgoani, obtiined by using a

lipwever, enn b

powdered, semi-gap Hing bavdener, A inerease in
gluing pressure of about 5070, is also nelvaritageous
mrdd, with o glue mix thickened with eereal flour, is
nod fikely to oiwus unilne [irlu:lrntiun.

The glue spread need pot b heavy bt theee shoild
be suficent to squeeze out evenly adl round  the
pilpes of the boarl,  The use of » very heavy spread
i e Tiegoes that it will 0l the gap betweon thie veneer
aiid e eore i o be avoiled, foe, nnless Lhe glue s
i brue gapeliller, it will erde ainl lnek of i | yesinmn
will pesult -I-”ll“l-l:__{h ot perhaps for some eonsider-

alyde By aller ;_"Ilih;_'.

THEATED WIS

Waomls treatod with preservative. such ns oreo
are aften dificult to sbck.
mnnnlaeburers

sote. The adviee of the

el o the cliciee of glae Tor any
particulne preservative is therfetore helplul | altliongh.
ol the rpesiny wilhiesives dn quantity  prodoetion,
tesoreinel formaldshivide wonld appear b heve o
wider pange of eompatibility than mast othen.

The ilegree ol pretisbantion ol b jieeservative sy
lwr ot 1||'1':1|:tr|;-_:' factor in the 1|1];;1It_'l. of thie el liesicn
obtainad,  Vigorows samding or masping along Lhe
gramn almost always improvey the bond, which may
be perfect if it has been possibie to sand-ofl the wioiml
lbres unpregnated with preservative. 1t 1s also an
dvatituge to nernge the joint so Huit the surface
drea bo be glied s as Inr-;_jl s F!n-u-ilrlr'. ail thak, ||.l.

the wse of ety suicli =i |L:'1I-i|li!||~ are gy ioiled.



OILY WOODs

Wounds  eontaining u high propartion of oily
material incompatible with the glie ean be " de-
greasedd ' with trichlorsthvlene and washed with
methylated spirit before gliing,  Another method is
to wash the wood surface with n detergent, such as
* Teepol ™ or s sumlar sodn lgher-atky ! sulphate.
hefore gliing.

CASE-HARDENED WOOD  THAT CANNOT
¥, GLUED

Case-hardened deseriles the condition of cortiin
veneers, partivalacly of hirch, that are sometimes
unpredictably  hand to stick,  The condition s
thought ta be due 1o the method of preparation
amil of cutting the log in making the veneer. It
appears to be further aggravated by thie applieation
of the heat niul pressure required in tie monfaicty e
af plywosd. A special ok s sommebimes sl o
Inilseste when this condition is present @ the wanal
remedy for ease-hardening i to sand  thorghly
along the grain shortly before gluing.

VERY HARD WoOODs

Hard wowds, which e sometinies required for
spretal purposes, wre often ditlenlt to stick, but
mlhesion ean be improved by thoroughly sanding
both surfaces, rubbing in w diluted ghoe, and ghimg
in the muomer recommended for end-gram surfaces
{see the next porageaph).  The maximum possibile
time for ar-drving. provided the glue is vol perpit-
ved toskim, shioulil be allowed for the final layer, To
oompensite for the ek of porosity of the wood,
double the wsial pressing thme showhd he allowed,

GLUING OF END-GRAIN SURFACES

The g!u!ng of end-graim surfaces shonld o avoided
whenever practicable as the resulting joints often
give disappointing results,  As, however, it eannot
always be avoided u technique bs deseribed here for

improving the jeint strength,

The low strength of o joint between end-grain
surfaces may, in part, be ottobmted to the small
sirface arca that each wood fibre offers to the gloe
computed with the total surface area of the fibre,
Any inerease in depth of penetration of the ghis will
thus meresse the strongth of the joint, provided tht
the glue when set is sbronger than e woed kind hat
the gl that hos penetrsted foms an unlicoken link
with the glue line, This penetration should there-
fore b achieved by pressure as well as enpilliry
attraction, otherwise the continnity of the ghw may
he hroken, A practioal method 1s os follows : Rub
well into the cod-geam surfaces gloe diluted with
ahout 20, methylated spirit amd 107, water, but
no hardener.  Allow this mixture to dey béfore
glng in the normal manner with o gaup-filling glhae,
This method often Imiproves the joint steength by
over S0%, but, of eonre, parely gives wond failure,
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EXTENSION

G. M. Scales

INTRODUCTION

T = often dissienhle to rechiee the ghie Tine eost atnl
I in order to do this cheap maiterials are addnl ta
the gloe muxture: Many different matenals pre used
for this purpose i various parts of the workd, these
melude fours from eereals. roots anid beans, drel

Bliviwl, wisend flinae mind Inoeganiie substanees sach ns

chinn elay,  The eliiee Of extender is often lmited
by loeil economic eonditions but elearly the best
resnlts arve most l:'l.\»illi.' olitained by nsing extenders
that themselves possess some adhesive gqualities.

STARCH

Fatenders contaimng stareli give oxecllunt posilts
when hot-pressed beenuse the starch ;li':rﬁr‘h-&_ swell
anel buest ut aliont 70°C (135°F) bo form s ghatinous
mass. This change i irreversible and the adhesive
apnalities are retained when the stuech s cool,

S that milvantage may be gamed from s gelling
of the stareh the hwt-press should be opernted at
0 (1E38F) or above, T will be foumd  possiblo
b abtain excollent yesalts with an o estomsion of
200" % up sgre using o hobpress though a eold
lueinix extended se mueh wonld give poor veanlts,
(See Figs, 3 and 4 on puage 740f this hook.)

POT-LIVES AND PRESSING TIMES

The arbelition of extinders inerrises the viscosity
il thue gelive sl jt b therefore customiey bo nili waber
a=well tis Keep the viseosits low anongh for the gl
to b easily spread,  This water dilutes the nmixture

* Thy Rt il e et i e | s i fatrtemiiihiaiiis U8 0 hi mailge
o el v ke i

el R R LT

T RN W O W k

Fig. 1. Aernph whorrng e «[Teel of tvrooms ege=flovee ctlrmviiiong
wi P dsthirpinmr of o urﬂ.rjfﬁn.-mﬁ;:'fhydf 2w,

of tesm e hamdener sind bengthens the pot-lity a-
well as the pressing bone, gs can be seen m Fig. |
As apot-life of over 24 hours s rurely required if
is good practice to use relntively fust hardesiers wath
largre extonstons, this also reduces the pressige time.,



TABRLE 1
Extonsion (%) 0 25 ] {0
Pot fives (hours),
with :—
UF Hardener A 1] 1z 15 -_
UF Hardener B 2 4 5 40
{7F Hardeoner ¢ i 1 4 12
Extension (%) il 25 3 1o
Pressing times (min)
At 950 with —
U'F Hurdener A i 0 1 =
U1 Hardener B i 3 th =
U Mardener C 1 | i ]
TABRLE LI
Extension [ %,) Dy strength Wot strength

] L
his 3 e
M 1
100 5t

(138, 1208 A.70)

sl
i3

Ry
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GLUE SPREAD

The greater the quantity of extender added, the
heavier the ghie spremd must be to ensure the best
results.  Similarly pressing times are lengthened by
the addition of extender and it 15 i fact. possible
unless the extender & extremely cheap, fof the
article produced with o mueh extended glue line to
cost more tha i an unextended resin were nsed.

PRESSURE
A glue extended with starch tends to Jdry yuickly

and o an ingrease inpressure 15 advisable to ensure

that the surface s completely wetted. The length
of the maximum closed assembly time is therefore
dependent upin the speed of drving as well g5 upon
the pot-life,

OTHER EFFECTS

Eextenders, in particilir those cotitaiming starch
teml to reduce penetmtion by filling the pores of the
wood mnd this may be s sutheient reason for their use.

An extension of T3 to 307, s usually: reguirad to
Fullll thes purpose.

SEMLGAP-FILLING EXTENDERS

Some extenders such ws woodflour or ehing eliy
net sy (e and vinke the gl semi-gap-filling
\s small unevenesses often oceur in core boands o
semi-gup-filling  glue s an owdvantage,  For this
purpose an addition of 5 to 104, of woodflour or
vhina elny s sufficient 1 if good adheston s required
thas quantity should not be exeeeded.  Sucll semi-
gap-llling glues are unlikely ko give gomd pesminent
resuilts If the gap to be bridgel exceeds 8,235 pn
(1700 in). The resistanee to it witer of sueh
glues is often pour.



FORTIFICATION

G. M. Scales

INTRODUCTION

00D guality UF glues have considerable water

resistionoe [see BN, 1208 A T0) but ovession-
slly w higher water resistionee (A100 or AN1I00) i
required.  Thiv higher water pesistance van be jm-
parted to the UF resin without destroying  its
churactorstios by mixing in with it o stasll pro-
purtion of & ghae of very high water resistanen. T'wo
examples of these fortifying resinglues wre melamim:-
formaldehyde (MF) and resoremol-formaldehyde
(RF). Hoth are relatively exponsive amd so onily
the seuallest wddition to the TF which will give the
ilesired vesult shoulil he wuule.  Broadly speaking
both of these gesiny pet in o similnr wiy =0 for
simplicity the getion of ooy one of them (MF) is
tleseribedl in detuil.

One thing that must be anderstoosd

REQUIREMEXTS FOR DIFFEREXT WOOUS

For several years it has been the practive in
Engeluonil tirmuke water résiabunios tests ot bwo species
of woikd 20 beech anil bivel, The beech swells in
water dhout Ywice ns moch ns birel wimd saibyjects the
glue line to very severs strain.. This ean be seen feam
the griph in Fig. 1| which compares the quantities of
MF resin requited to he addded to o UF sesin in onder
fo puss the A0 o AN specitication Tor these
two kinds of womsd,

Fig. 2 shows the difference an the amount of
fortification neéeded for some speeies of wood and it
will b seen that the varinbion o guantity (s con-
siderable, It will bLe nofieal that &  plywoid
sprecilleation te AN s il wlingbintul value e <
wonils of Jow strengeth,

vuite olearly for the imterpretution of test

-

results too be of any value is the swalling
choeneterstios of the wood used. Some
wootls swell i witer very mel miro Ehsin
ithers il ddifferent trees in the same
sprecles wan vary o this pespect 5 tropiieal
Basrdwoonls are partienlarly sarisble, 1

g

g
1

the wod swells o 6 ghial  joint
matarally,  sots np internal  stresses,
Hoiling w joint scvelerates swelling and

§

FlL NG LOAD N LR~ AF TER & HLS BOILING.

the mom the womd swells. the maore

likely 15 the joint 1o broak down,  Hue =)
the boiling test is not by itsell & complete §
test of the glie i plues hove boeon maide o

thot pre pesistint o Mojling for sevies)
Buiirs bub Gail coampletely in b simple colid

g, 0,
waler lest, 3

5 0 5 x 23 ¥ 40
PERCENTAGE ADDITION OF ME | aMINE - FORMALBEHYIE RESIN SORATIFIER

Effeet an oot stremgth of rocgrag abdition of MF fordifier e v I'F
rexoh e,
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FORTIFIED HARDENEIS

Fortification presents no technienl dillienlty sinee
MF nnd UF resing mix resddily in any proportions but
nnfortunately it is an expensive process owing to the
high vost of MF resiny which are difficult to produce,
For several years as un alternative process L'F resins
have been used with hardeners  containing free
melaming.  This free melamine eombimes with the
Iree formuldehyide in the UF resin to form an MF
resin in the mixture during the hot-pressing period.
Economieally this is ndvantageous as for equivalent
durability the ghie mix cotuining the free melamine
is chomper but the degree of fortilieation that can be
aehieved by this method s lmited by the gquantity
of free formaldebyde aevnilable in the UF and any
excess melamine added will huve nothing to conibine
with and aet only as an imert tiller.  Too grest un
addition of melamine will therefore rediuce the water
resistunee (see Fire 3), Muoch the same effect s
uhtained by using hardeners doditating resoreinel.

PRESSING TIMES AND TEMPERATURES

The resin combmution must be fully cured before
boiling wud the eure should take place 1o the hot
press, {The ** end-point ™ for tvost resans s renchod
wometime after solidiication)  Should it not be
possible to give the full Hot-pressing time reguired,
then the panel shauld be hot -tnrkrlr.l poil gllowed] to
muature for seversl duys before testing,

LF 3

Glue mixtures lortified with hardeners containing
free mdlamine require o slightly longer pressing thne
{or o higher pressing tempersture) than do those
fortified with MF wesin,  This Ik beenuse a certain
time is reruired fur the melamine to veact with the
free formunldehyde.

Sometimes o glhoed joint satisfies the AX100
standard but farls i the cold water test and this is
probabiy beeause the panel 15 only partially eured
it delaminates in the eold water but in hoiling water
the cure is completod amd so good fesults are
whibidiied,
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Fig 8. Effecton jolal srengih of parging addifie
mliemine Nordener toa I°F ;.-m:f ¥



EXAMPLE Recent developments indicate the possibility of
considerably reducing the fortifying addition and
also the pressing time, bat it should be noted that
figures ohtained from lahormtory tests will not serve
as an exnel goude to the muoufncturer,  Fortifien-

Ta give joints prool against boiling with a U}
resitt on bireh (on o eommercial seale) the following
is . suitable and typieal mix =—

Al vE U . e :
& tion sdditions and pressing times used on production
¥ |l'l|'|.|h| W e by wesghn jih parea iy weaghl ; ] » a
Fumnnu: Ilw+Inrrr e o B o w b will usunlly bo considernbly in exesss o the mimmuin
m*lrtﬂw“i e 3 wilpiites i Tound. possible i the liboratary,






PROCESS CONTROL IN
PLYWOOD MANUFACTURE

7. G. Eilison

ANTRODUCTION

EYWOOI §s psande st of i gread aniny sways
in industry wiwd neataifaetaeing Yeehnique st
vary tosult the specinl reguirements of ennll partie-
wlar trade amil also be modificd by the noatnre of
the wool avallable,  The yin factors infhenoing
the process ndopted oy be lsted b =
) The tvpe of ** Foud Prodiet
(L) The spegies ol by bo B ksl
{o} The nugnufactoring plant il Falwwe gyl
(i) The arfhusives avuilahle

Tlhuser lnebors are boo epent extonl depaonddnt pi
gmg'ru!jh:.‘ 2 pl."'-'lhtt]-l-]_t' the tuist devisive eontrolling
inflenve will be the eharmeter oF the pepian of U
world where the plyssd is to be iniuliotured, I
the first plaee tiis tecidis swhat species of finlwer wil)
be nvailahle, and the preovess amd plant wost then b
developed to suit the charnctenstion of the species,
presuniing the wood to have already satislied the
general requircments demended of o timber suitahle
for plywond manulacture. The sdhesives o be usal
will b dietidtedd Hestly by the type of plywood 1o be
preselinead (e an Sextepior ™ type @lll detianul o
syuthetio pesin and wn * interine * Lype will probubily
e smnnifncturcd with a sove Beseny, wmsein or bloesl
albimen pdbosive) and secondly by the place ol
manufacture,  In Sweden, for example, probabily
casein ur wreaSormnldehyde will by wsed wlienms 0
tropical conditions  phonel-formmldelivde will e
fimined more suitable if the right type of equipment
feg ddrvers and presses) B oavatlubie. TV will he
seeny, theeefore, that a tmber of fetors most e
known before experimental work ean be started to
determiine the tipnufacturing Leelujgue.

us

Lo wmder to conlibe this Teeture boow eegsonnblv
iarrow Pl it is peecsary to lindk the deseripbions
of provesses 1o s nidst conmonly peedinvolvig
preellinge by mtuty Inthes — and 1o consider the 2.0r 8
yarmnts of the potats Inbhe systen. Theapertions,
i ench cose, udvance by tho sanie lnste stépn which
may he hsted as Tollows ;

b Sorting wivl grading of logs

2 Crss-ent g atil stenining of log.

B < arking ' logs amd pediling Lk on
rotnry lithos

i Clippmg the  vepoer  aml sortie the
clipped vencor

& Drving the veneer

ik Gipling the viawier

7. HilgeJointing sl spilishg the vomver

% Spireasding wloe sl sl e pruicks

1, Pressing the jucks

I, Trinuning the panel

1. Seruping or =ataling the pancls

12, Testing the Lk
1. The tinal mspeetion and despmteh,

TECHNICAL CONTROL

Meedggpieal [Aroseess et il s it il w malter
ol spatistical elerts,  Charts arne extreinely pseliil
atirk e offer greal assistanee fn miintsining Ve
statrdinhd of the prosties, bt fhst, betore sieh ehurts
eom be ol offeetively,  methsds of oldaining
mecurnte mforntion to Bl it be devidaped,
It nln'am]i!::r o pse whntsoover eonsalting charts
prepared. from information of donbifnl vorgin or
tipures which are nol truly sepresintabive of the
materinl  wiiler oonsilortion,  Stabwtieal graphs
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Thte veliation Netween {he toniperntore af the platen
uf the press and the moidure of the veneer, the gine
spiread], the stiling tinie before peessing, oo, am
all ealewlalie from the lnbwratary work and i gowd
prroeess ronbral these Hems are balines) against one
anollier,  The equipment for Seiver drying ool
be amilysed and acemeate amd odotailind w0formation
I"lllll:ll Jl“llli“}lll' (111 fln' |Il'rfI}|'l!|||||l‘l' |1r IIH: l'l"“"llllll'
{in terms of goeldity o oufpwd ] under aptimm
uperating oomditons,

AL Chile stoge i wall be possalile to drowoup a Bosie
Process Control Tostraction,  The objiect of this s
tor iy dlownn whad lins Toen esBibifished by Tnhorn tore-
soikle bowts il the feetorv-sedle oo, The Losbroe.
Lok slichil be writben partle pe u speciliontion sl
paaetly s oan bsteoaetion op assebind opesation,, 1
shiihd Nently contaliy o Fregquemts Cleoking Chart
whiedi will stadivate whot shedks are b b snibe, i
”'ll."} ary b he ool ol the e rnel ol thie rliovks

Jl.lili rl‘i"iH’IE" W Illl"l sk TE LLITTLI L ST |'| 'lr"'rflt'”“'l'.

Ipplieation af Provess Comtrol
stafmtieal Quolity UContral = alsonsseil at fonath
bty speecialised foxt books wid the omthematuml
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o peel veneer from n log by & mmtary pethod s

wirninst normal woodworking  principles  and: vers
slight irreoularities of arnin or hardness can apset o
T featuris
ity pecling nee (1) conststently

luthesetting oonsidernbly Tain

dlissired] 1m0 wood ()

iwailorn thickness of veweer, gl (1) wodortn st
mwess of the veursr aod Preediomn Fromg rouel) I""'"I""
Verreer thirkness can be conteolled with tle pid of o
thiteknes
mand

contral chart by taking reular cliecks ol

prross the Toll width of the voueer (Fie 8)

plotting these ona time basechart: A seres of sueh

reaclings may be replotted as.0 “ distribution * or

"Iw:]nrm-t' Froom tho Treguenecy curve it s

||rn-.'|E-ll_- Lo dletermine  what toderanies linanls  are

[ eritiasible Uor s cerbnin © re hui] e lsan

LDy

it iy Pyl *

by whint depres the process = under coutenl
Figs. thit tlie

hetwion 8 oy anl 10 [rednn, s G et Ehasin

exanpli (e k) inclicates bl

enrlier i the pemod copsidered. The froquency

dingram shows that the amount of ““out of toler

TRITH Lo voneer outside lanits of 080 bR Wi
pxopssive latt if the Cwor obw s pegrtims of ™ il of
I,u]r-:','ptu © pestilt= oo e elbvltatedd e TS
u””h] ke very mineh It thierelive

fosllovws Elilad asiare dieduiled  atbentias st e _’i-‘-l.’.l

pridte kit el

T IIII' |“,',|||- -l'lll i ||I"1'|‘.|:|rll| Vs l1|-|1'|"-'|'|"1- -"\.*I*”'k
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Fig. 4, Vesting sl jrmenl Joo cheekinid by auisties subidenl
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The degree of rough eotting s, anfortunately, oot
presentable on charts so hiere the: probilem ealls Tor
i teohmbgue T eannit

direvt wnulvses = on the job ™

coker L this hiviel tulk
(&Y heging the Fenver. This is rlh-h:l.hl} the st
rI'||]HlI-'fiiI|1 \IIl:_"l' fo[m Tiklan 1n ||F_\. sl mannfactin
Mosture coptent miloences bondine, stabinbily ol

general denholity of the preduct aml every effort
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voitrolling the speed of the canvevor. The earlier

rricdd vtk o bhe fanchine hove estobilishied the

behly i

imfenm of yarmnis Pressue tempernture relnlbions,
the effect of dpmpersethings and have finally mada
pessibile n " Stavdued Schedole of Operating Cone

o reconnieuding  Hirough  thiae setbings Tor

AL this
stuge Wi wry coneerned only with mantaining eon
with b

T b bostine cujurgiment shontlil consist of an oven

enth Hiekness of diechi species to bie dejed,
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mosture meter should be wvallable. The meter



must be checked amainst oven readings of moisture
content repularly to ensure aceuracy,  The moisture
content test pieees may be taken insets of three ut
Hinie intervals of Hve or ten wiinbes and should e
taken so that all parts of the machine ure regulurly

cheeked. (A convenient size for test pieces v

i <A Results muy be plotted on i time hase
pnd fimally on n frequency enrve to illustrate the
degree of contml. A convenient method = to e
nne chart for each eight-hour shift and group =
week's charts on one sheet of paper so that eompar-
soons are easily made.  The Figs, 3. 6 and 7 illustrato

this application and also <how how o process out of

vontrol may be ensily recognised,

(2] Pressing the veneer paicks.  Uorreet  pressure
[that &= specilie préesure—or pressute per i’ of
board area} 5 & most importuit  Fealure both
technically and ccompmieally,  The prescntilion of
a formintls Involving mm arvs (fotal), sunge presire
and area (length and brendth of pac L} will nstally
baflle wn operstor sml o chart shoulil be provided —
this chart = preferable to grphic repreentation
as the dependent varmbles, length and width can be
separately mdicated.  The ehart will be appheable
b i griven press working ut o given specifie pressare.
Pressing pecands are biest kept in the forms of hateh

sheets on which the firess operator onters details of

vach press ol Tempersture recondes amd 4

Pyl 3,
wrarees, b el
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pri=atre teeordes, clivcked agminst o stumdand gauge
shonld be fitted e the press.  Uhinost sttention
sl bee paid to uniformity of temperature and the
clements of the temperatire revonding systow placod
in a position (either central o at the eooler ond)
where the tenperature deop s known in relation 1o
the recorder rending,

The recorder element should recond platan surfuce
bemperatver wid pyrmeter cheeks shot ld be mude
to estabilish the true eelationship between recarder
amidl platess surface,  Reconder charts are ysunlly
virenlar god shimld be marked with rings set at
temperature limits i oo sutomatio eontroller s
fitted to the press.

The louding of the press is important and two
fentures iunst be watvhed earelully : (1) Speed of
loailing, W by hand, sand (2) that raeks e Jonded
direetly In vertioal aligniment o avoid individuasl
flning platens from heing disphest ont of &
horizental  plane.  To inchule these points our
Pressing Distructions will give the following details -

in) Dotuals of Press
Ram ares. maxmnun platen size. maxuim
URNEE pressure

() Conditinte ot Operation

(1 Tompernture 225°F —2°F

LT



(i) Pressure—200 1bh/in®
Ny,

as shown by Chart

(i) Thrées utider pressure—Thickness Tine
Notes on loading
Notes om stacking after presing, ete,

The press will be checked at the end of a shift (or
day) by comparson of ecorder Chart, Bateh Shoet
and Standand Instruetions so that as any incorrectly
pressed nuiterial reaches e inqu--Hun st it 1Ay
be fully examined in the light of known data. A
thickness cheek record should e L.'I'E'll aof homrid badnge
prissed but here checking Is not frequent—it s
stifficienit to: cheek three or four boards of each
thickness from each shift. A chart should be kept
on the hasis of the Pecler Voneer Thickness charts
and a collective chart prepareed enel month lor each
thickness. The thiis chart is
experienced wheia elonge i< made in the eonstru

Hon ol g certain thickness hoard, e, 1 in,

valiie o et et ive

o, suy,

T

LR RN
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hew ki prr

Fig. i
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5 fF L0 venusers Lo Lohin, Ueoge 8 0 0RO el 2 G
125 voneers Fige, % 9 gl 00 iluserate this

Ot o,

Texting of Prodects

There are bwa pliases i the besting of plywoud

it Frorn Lhose outlined s cantrol tests in the

previous pages.  Material, such us adhesives being
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500/2, 300/8 ete. unfil any one of the following s
changed ; size, thickness, the press operator. or the
mdhesive. ‘This batching enables the production 1o
be divided into small groups from which truly
representutive bateh samples way be tuken (Usoally
one bogrl for the Hest Tood in each bateh gl then
every tenth load notil w new bateh is sturted), The
bateh board is trimmed on all sides b nosolid board
and then s & in, wide strip the fall length of the bourd
taken rom one side fue detailed exsomination and
tests, The tests, o tull revord: of whieh should he
kept together with bateh details, should consist of
(n) Adhesion dry (8 in 3 dn. test ploces bested to
1.5, 1455)
(b)) Addhiesion wet (8 Qi o4 jo. tesd pieces 3 honrsin
water af TO°C)
() Muisture eantent
() Thickness (to peeonl compression los)
\ log book reconding these tosts and details of glue
Bateh Nox, species of tinher ete, for ench hatoh of
plywood should he kept.

RECORD sYSTEM AND REFERFNCE DATA

The provess control eharts prepared at the apern-
tion will be eventually eollected, ecompared with
recarder charts and sertain nformation seeonled in
log books n relation to odividual batehes og ply
wiood,  Calleetive charts nany be prepured maomthils
to imdivuts ﬁmumrrmn with what will hecom
established - as * typreal * charts and tronds over
domg thone pemiods will be evident,

i

Log books should be kept on :—
fa) Adhesive neceptanees lateli fisting
(b) Bateh testing of plywesd
{e) Genesal log on plant,

The General Log Book should record  major
ehunges in machines, technique and material so that
any inconsistencies ean be * dated = in relation to
chnnges,

From the foregoing yon will apprecate that the
sy production of plywood s given considerable
attention tiroughout the process. This s o logical
procedure e nny product where guintitalive progf
Eeating b= hptaetion] s test by repreese ntation bs the
rule. The opevative worl is sepreventation amd
prrowiess cunteal bs i tmajor i in obtaining consistent
peoducts which ean be subject to the procedure of
representitive biesting.
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STRIP-HEATING

P. M. C. Lacey

The phosts

agehy toered ilieagpein i Nintvaliog s Tectire aee Crawn Copigtieht amf e

peprennduegd Bty permissdion wf et Director, the Fasesd Produets Bosssreh Luboribary.

INTRODUCTION

VERY method of upplying heat 1o an avsenbly
E is ol potentinl interest too ghie usees, and
esprecially to msers of sytithetic resins as thee glies
have such exveptionil sensitivity to temperatiry,
Eanch has its own approprate leld of sppheation,
but it s my object to draw your purticular attention
tor what T heliove to e by far the most versatile of
the methods pow availuble, tamely strip heating ;
and uwnder this term 1 oam incluling low valtoge
hesting teehniques generally.

Brondly, hesting processes for ghne setting ean be
tivided into thise of high thermal cupaeity, Tike hot-
platen presses, sl thise of low thermal capacity,
snchoas steip-heating, mfra-red and pudio fregoemsy’
lieating.

The former. whether opernted by steam, hot water
ur dlectrivity, are psentially constant temiperiture
methods, and as such Tave the lighly desieabie
churaeterinkie that althongh there is no danger off
overheating (sssuming the operating temperiture 10
have bren suitably elusen), vet penctration of heat
tp the ghicling can proceed ot the maximum rste
e the surface of the work is mumedintoly mised ti
the muaximum safe temperature.  Against this must
be set the need or henvy and bulky platens, which
are vory expebisive to make. almost prohibitively
w for curvel work: and the necessity for wasting
el leat in attaining and muintaining the working

temperatuer.  Thiie oliel use: therelore, is Tor Targe
sewle production of Mat waterianl b =tandard sizes.

With svstermns of low thermal capicity, on the
withier haoud, each evele st start witli eold Loating
clements, if any ; the process niost operte on 4
msing temperature ;. and specigl cure B reguined t
ensare that e tempoeriture rses enqually, ot all
points, The enengy 1= pumped™ mito the assembly,
so that in order to avoid overheating it s novessary
bo mssigl o certain maxinum e of heating to
gach job, independent of the Dme of setting of Hhe
glue, for note of tse methiods hus <o far been
provided with aosutistetory theemostal,

Tovalfset these delicivnvies, Liowever, the provesses
in this geaup sre estremely Oexible, in sl senss of
the word ;- there are o heave plidens, so that the
beating wan be smply amd cheaply adiupted. to
surfaces of any size or shape, curved work enn be
ensiiy tackled with mexpensive wooden monlds, and
the hentiig i= ander instant control,

The three examples of systems of low thenmal
uupmrit_\'. tlhiat 1 lugve paevitiianiesel, wlille Eliogre [Relds ol
applivation overlap to some extent, are nol always
competitive. Tl ontstaneding  vhamoteristic  of
strpr heutig Us its grest simplicity.  Infra-red or
rudinnt heating comprttes with it in this mespect bt
differs in that i o generally applicable anly 1 e
surfaces: which are not  umder prissure,  Radie
frequoney lieating, of course, Js for cort uin types of
npplication in a cliess by itself in that it can indoce

L]



heating at depth and can cavse nltrn-rapid glie-
setting it s ulso, however, in a oloss by jbsell in its
intrinsie complexity,

PRINCIPLES OF OPERATION

We are now in 8 pesition to consider stnip heating
in more detail. You will be fanualinr with the
principles of operation, which are slementary @ an
alternating dloctric vurrent, derivial from the uains
eig postepelowy transfonuer, is made Lo poss throneh
A sheet of resistive metal which thereby becomes
hot, snel the sssembly in which it i incorpomted s
wattmed @5 o resalt of theemal conduction.. Figo 3
illustrates its well-koown application to tee sething
of the glie o w lnmunnted  bend @ two strps. of
malvanised won or resisbive alloy of aboat 24 gonge,
of a width equal to that of Fhe laminations. ive
pssomiblet] with e lotter oo wooden S el
eenfeeted tooa transformer which supplies o current
of severn] hundred siperes ok o pesssaee of two or
thres volts.

Here we have the distinguishing featurne of the
process £ i vollage s6 fow that the olinonts are sale
to toneh with the bore tand, thereby elimineting
nine-tenthsof thoditt
cultics  of msulation
istially associnted with
Lot electne elements

THESETTING TIME

The time needed for
setting o glusline inan
mesonbly  consiats of #

face of it, most suitable for applications  where
the glueline i elose s the heated surface, us in
vengering, but its wide use in making laminated
henuds op to gx ek as 24 inches thick shows that
in practive the slowness of penetration is not a very
great limitation,

With sueh a combination of sumplicity, robustness
and eotmiplote sifuby, it is Httle wonder that the
intruduction early in the war of strip-heating, with
which Dr. de Bruvie's name 5 closely asociated,
wis rapidly followed by s extensive application
throwughout the wooden airemit industry, where the

necd for the largest possible outpat of laminated
bends from every Jur wos paramnunt,

HEATING LARGE AREFAS
Strip Heiading

Sinee the war, applicebions of low voltage heating
liave vemuined restricted to relatively narrow strips,
slthunglt weed for & much wider variety of jobs than
latsinnted benids, bk by aboat 10480t had beeome
elenr at the Forest Produets Resencch Laboratory
that then: wis o growmg need in ndustry for a

three parts:a hoatmg:
g bimd, oo penetration
time. whiclhioverlaps it
o sgime e bon®, aned il
glue-selting time,
Wihent w colilasetbinge
alie iy beting nsed, ae-
ceterated by heat, the
ploesetting titne alwo
overlaps: the  others,
Tlhe need for time for
the heat 1o penetrate
mnkes the strip heat-
ing process, on M
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llexible method of applving heat to Jarger areas,
muinly as a help to the small manufacturer in
accelerating the sutput from his cold firess, bt also
to pravide a solution to the pereamial problem of
applving heat i vacnum pressing 3 and it was
thought that strip heating should be capuble of
extension to such areas. by the use of large sheet
elements which wonld also serve as cauls fur handling
the glued ibems,

Mtine l’ﬂfm*'s Heating

The nequisition of the lorge seale plant was
neeessatily o longthy business and the period of
delay was used to mvestigate an alternative method
referred to as " mains voltape hedatmg . This was
likewsse luised on the conveption of an eleetrically
heated eanl, this time made of o luminatsd plastic
sheet  incorpomting  wirewound  elements  which
could be connected direet to the mains, and this
resembling s stll electric blanket, This provess
his the advantage of climinating the need for a
transformer, but agamst ths the elenents have to be
specially manufactured for coch application anl are
much more expensive and less rohist than <hiet
metal, and there b not the sauoe vumplut::uutuml
safety s in o low valtuge system,

o0 [ Famtvr
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TIME—MINUTES
Fig, 2. HMreating amil oafing cirves fod S prowels: full

Limes refer b AN salte e . fio wating. breoben fives fn 150
walts per ag ft. 0 (Mains Vallude Heating)

THE HEATING PROCESS

As regands the heating process, however, the twoe
methods. are practically identical, and the data
obtaimed with the one are valid for the other. When
power 15 switehed on and the element, imitially eold,
begins to warm up, o steadily rising wave of heat
travels from it into the wood on either side. and after
 cortain delay all parts of the assembly, providing
it is not extremely thick, will be found to be rising
in tempernture at appeoximately the same nunber
of degrees per mimite, irrespective of depth:
nlthough of course, at any moment the temperatures
are jower the greater the distanee from the element.
This s illustrated by the broken lmes of Fig. 2,

This litul, constant rite of heating, or slope of Huwe
ereves, i proportions] Lo the power coneentration,
being (for lange arens) approximately 24 1o 3°C per
minmte fur every W0 watts per square fool, . 11 will
bie seen that at o <inch distance the curve s nearly
i straight Tine through the omzing so Vhnt  the
effevtive perod of delay here 15 zero,  These curves
eefer to omains voltige heatmg:  mo low voltage
heating the eorresponding distanee s approximat v
L of an ooty

THE POWER REQUIRED

For any given heating eurve the tine regquired for
a ghie to set can be computed by the usoal methods,
e by ealrnlating what fraction of the setting has
peenrred in each successive minute of heating.,  1f
the glae line i near the sueface. bs in veneering, il
will gy b wse o higly coieeibeabion oF power, sy
300 to 6ot watts per square fool, s that o high
tompierature s developed quickly before the heat
Bans Wil time to b esrried away into the wood by
thetmal conduction,  The higher mtes of power
vomstmption will be fonnd tochove been more than
compensated for by the shortenmg of the heating
time sl setting tome.  The two experiments shown
i Fueo 2 illostrate this pont. 11 was areanged For
exatly Lhe swne number of units of electricity to be
comenmed b the <l Beating as in the et bat weler
slow henting the glue took 145 minulss to seb as
against T inler fast s the latter bl obviously tsed
the same quantity of eleetrivity to better ad vantage.
Invidentally, this quuntity amovnted to 13 units
{kWh) per hundred square feet of venecred aren—
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wpi aippaprfes nalesid f smifehang aff.

It will bhe
maticed that i these institoes power wits swibchil

an aren werding some 35 I ool glue,
off ‘early in the healing covele so that =ome of the
effooted m e
assembilyv. and ths method of working, where )t =

eapable of ppplication. allows The bestuse Lo b mawde

glueaetting was by hent storerd

ul Toieeh puwer coneefibration, An nltermmblive is Lo
plange L Jow power, liw sinitilile swilehing ; Hie

heating eurve will then Le of the type shown in
I':—! :i.

In setting deep glitolines, such as in luninated
boemls, by stop heting, there s little groind in ving
VEryY high concentrations, for t i hl-::r:ng e bicawand bis
be stow at depth, and thesurfaces will therelore have
reaeliod thor maximum safe temperature very varly

in the henting evelee  In these appleations it s nof

Fensible to swileh off before the plue has set—ths
wostildl dpviolve doublo Bedoge on eacli ol T ngEs

(IT0

(whielh mny pumerons] and =00 jb Booommmim
preactice bo arrange the mie of heating al sucll o
waliie, asmpilly  Uebwesy O3 agal 250 watls e

siprnre Toot, that the deepest gluelings wre calenlated
to have sel ]"-‘l b lGTT the stirfioes hinve rogiched
This mmxinii

thoeir maxoom safle bemperatire

is approxmmately 100°0C and if exoveded af the tune
of opetiing of e e, here s
lines, for In this tvpe of appieation comperstively
The tute ol tems

i ddaneer of borst glie-

high glue spreqls are common

perature-rike il lieereinated bends and sitnilar parrow

assemblies s lower than that quoted eaclier, owing
to the effects of edge-cooling, and as it is not easy to
calenfate this effect. it 19 necessary to proceed by
trinl anid error.

The experiments with mains voltage heabing on
vemeering, and the experience of strip heating of
thick sssemblies, thus indicate the range of power
concentrabion whiclh may be requived in lorge-nrea
low woltage heating, vie between say 100 and 600
witts/si 0t mecording to the type of application, and
00 wattssn.0t 15 o oconvenient working ligure.

If, now, we apply this to a typical case, say the
hinting of both sides of & panel Gt by 3Ft, the total
area being 88 sq. ft o power of 10,8 KW is calléd for,
say 12 KW o include for the Josses in the eables, As
we e limited ta 12 volts for peasons of safety the
wnicrenl will have to be ot least 1000 amperss —so
large s to require specinl methods of  haodling,
The investipntions into low voltage: heating were
therefore mostly concerned with the mechanienl and
electnieal nspects of handling thess large qurrents

Fig, 4
".r .I'll_f-l'él T Y Lrrp rl'lr-ir Tl |r|." the prresi hnre beeny rfned fuar 1
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(b)
Current fow an sguare elewment with dosaffioiently thick

u?mrmu are shoeon dn full. The rame
i darhk agweare, freeapective of A
wize. I charl & feeding iv ol adjucent vorners; o b ool afpe-
Kl Forhicea

Fig. &.
dl‘nff_mdn, Lines of flow
srmaint af oot bs ileveloped

snd making them [low uniformly through the
elements, and the evolution of simple, robust, low-
cost pilant.

A teansformer of 18 kW eapnoity was installed,
delivering its output at a series of voltages to enihie
it to be applied to a vanety of sizes of element. 1k
oeetpies o Moor space of little more than 18 inches
spuare aod s 40t Blin, Ligh lncluding the switchgear
compartment,  Fig, 4 shows< it i use o an applica-
tion similar to the examplo given above, viz, the
gluing of & venerr to one siile of B sheet of plywood.

THE HEATING ELEMENTS

We may now consider how best to construet the
hiesting elements, and while there is @ certain amount
of latitude in the choice of materinl, in that the
transformor enn be adjusted to suit 1, there are also
certain electrieal limitations, For auall areas the
eurrent i easy to handle by conventioual mesus,
althimgh the cables have to be someswhut heavy, sl
there s little eestrction in the choice of metal for
the elements (even copper foil could be nsed)
Galvanised iron sheet, say 20 to 24 gauge, 15.anore
suitihle electneally and  mechomeally, and s
vommonly emploved, as well oy vanous types of
wlloy sheet.

With large arcas, €. more than a foot in width,
the eurrent becotnes so heavy that more highly
resistive materinl is poeded and the choice becomes
severely restmcted: 1 mon were available in sery
thin sheet it would be sutable electrieally, bt would
be too fragile, and it 1s almost essential to use specinl

resistive alloys or stainless steel.  Iron can, however,
be employed in the form of fight woven wire mesh,
i eoses where its JTack of 4 smooth surface is of no
consequence, and this muterial Las the special mernt
of being able to eonform easily to double curvature
surfiees, thereby providing a moch needed means of
applying heat in vacuum and allied fuid pressure
techniques,

Even if the material of the element is guite
uniform, and pot by any means all the sheet metal
minrketed 15 uniform i thickness, it will not heat
eveuly unless It is provided with heavy copper
electrodes suldered or similarly attached at the ends,
“ig. 5 illustrates what happens in the ease of square
elements which have been provided with insufficient-
Iy thick vopper electrodes ¢ the fll lines are lines of
current flow, and these are seen to crowd together
near the points of attachment of the eables, whether
these are at adjocent or opposite comers, It can
bie sliwnn that the sione amoant of heat is developed
i el of bhe sguares whethier lieee oF swmall, s
thul w considerable gmount of over aod  undier-
heating takes place. I the electrodes are increassil
in thickness the pattern approaches the ides! of a
syuare grol, and heating beeomes unlform,  Figs. 6
and 7 show potual tempersture distmibutions in
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sheet-metal element bented in the centre of a stack
of venerrs, when using thin and thick electrodes
respectively (with different thicknesses at oppesite
ends),  The temperatures are recorded s excess or
defivicney compared with the quoted temperature
rise near the centre,

Theoretieal analysis shows thal as an alternative
to making the electrodes very heavy, " perfectly *
untform leating can be achieved by tilhng them,
(amd alio tupering them to suit the graduated
current Caw ) by an amount dipending on, amongst
other (aotors, thoir cros-sootional aten; and the
offect is illustrated by Figo 5. This tilting ensures
that the current which has to {low through the
greater length of copper clectrode 1 proviuded with
i shorter puth through' the sheet-clement muterml,
sid hat all pathi= hove egquil resistonees ol durey
eyunl currents.  In the exmuple glven, vesy thin
eleetrodes wers Gtted il henee exeeplionally lusge
tilte were necded,  The tetmpermtiines messareld ln o
trinl are recorded amd the vuriations ane sean lo b
negligibly small,  In practice it will wsnlly  be
moonvenient b vonstruet the wlemewts pl elees
troddes o this way, bt the theory enables one tn
coloninte what mimomn thickness of olorteode 1»
nevessury to ansure thiat the theoretienl tilt is sniall
ondatigh b By dgnorsd. Heating  will thin be
sulliciently even fur practical porposes, (Fie, 7)

Having settled the size of the electpmli=, there
retnnine the laking of thew to the teapafomier, For
currents )y toa Tew bindred dmperes sy flexible
msudnbed enhlis nre obtainnbile, am) these van be
fitted with spaile terminahs amed holted In ploce with
lirge wing mats. Where un n=sembly contaies o
number'of olements whieh have to bu connectod and
disconneeted each time the jig or press s loaded, o

quicker inethod i needed, and an instantaneoms type
of plug-conneetor has been designed and used at the
Lalwreatory, which is shown in Fig. 9, This s
constroted of brass and has slightly conieal surfaces;
the joint is made, either at the side or at the end.

~with a combmed twisting and thrusting movement,

ani the fine taper of 17 to the axis ensurés that the
purts lock o place antil twisted again,  Suel joints
ate almost ay efficient us the & inel eables with
which they are desigoed to bé wed, and carry at
least BOO aniperes continuously without overhentimg.
The end conneetion allows ebls to be joined to-
gether ta extend their length,

miiilm 2L
.L‘!‘"'ﬂ:l.f/!'“" s fre= tis srmas
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Fig. . Uneowded cable conmector, fiteg avil sodker e

Fig. 10,

Wagler=tonled cable connpvlor, Robied jretierii,
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wileteread o e anil aof e Beaible catife, anil he lead oasher
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In order to carry currents of 1000 amperes,
however, a much larger cable wonld be needed whiel
would be extremely heavy sl chinsy, and it s
hest ta incorporate water-cooling, which enabiles
Quite n light copper cond to be wsed.  Tts resistanoe
eattses an apprecinble waste ofs power at such
curreits and <o the length should be kept to a
mimmurm.  For attaching this cable a simple covled
terminal ean be fitted. ws in Fig. 10 or for quick
action o water<couled version of Fig, 0, wni botl cun
carry over Z00 amiperes.  Deviees soeh ge these
enable low voltage Leating to be applied to elements
up to ut lenst 8 feet wide,

With this extension of the process to large areas
the seope of the low valtage techmique beeomes very
greatly incrensed, wmd many  operations  whioh
previonsly would not have been attempted withont
heavy eapital plant are hrought within the range of
a very modestly equipped tuetory.  Oue of the suost
diftfieult orders to handle is the wnall buteh W large
eurved parts, required at short notiee : the numbers

e too preat to permit cold pressing except with
plinerois eostly jiss, hat not large enough to Justify
an ontlay on steel dies or radio freguoney equipment:
strip heating ean badle such work st o few hours
notice —und with pegligible nsk of rejects,

Summarsing the special qualities of the provess,
we see that it ennbles heat to be applied 6 any
sitrfuer, lirge or stnadl, Ml or eieved — even douhly
curved ; it is robust, safe and casy for operatives to
understand ;. owing toits high thermal amd electrical
efficlency it s mueh nore evonomienl in eurrent than
uther electrical heating methods ;. nnd its capital
and maintenance costs too are probably lower than
those of any comparable process.
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RADIO FREQUENCY HEATING

(PART I. FUNDAMENTAL PRINCIPLES)

- Pound

INTRODUCTION GLUES

HE use of o rudio-frequency electrie field for The mmin difference hetween animal and synthetie
the production of heat is not & nesw idew, for  glue is that the former sets by eooling and loss of
physimans have been emplaying it for a mumber of - water, while the latter sete by chemics]l feaction,
years in the so-called dinthermy method of maising  The mate of setting of & sy hetie resin glue can boe
the temperatuee of parts of the human body. A inereased by mising the temperuture of the glie
logienl development i to use these fivkds to vaise the  line; this is shown in Fig. 1 for n typical urea-
temperature of glue i a wood joint to produee quick  formaldehyde glue,
sptting. There are two main types of synthetic resms
Those wha have had little vr ho experience of  siitable for wecelerated curing by radio-Trequenay
mdio-frequency henting will naturally havea numbier  heating.  One is o phenol-farmaldehyde. (PF) and
of queries to be answered, T s the objeet of this  the other is & uren-formaldehyde (ITF) rosin. . Both

lecture to answer some of 1]
these queries by explaining Ty }\ f ! I | |
some  of  the underiyving i9e |
principles and applications B \q\
of the provess, o !
Raddio-f) oy heatin T A : !
ilio-frequency heating. B ..—\ : 1
il vorrectly  employed, can 155 "\
save the user money. and iso
five an inereased  oontput, AT 1.8
wherens if it 1= incorrectly * asl— -
apiplied the results may be "e
estly and  disappointing. 100 _ | =
I order that some of the 26 | Ml !
diffirulties may he apprect-
ated and overcome, n few :: i \T\'
of the fundomentals of % I | I
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inthe following parayrapls. Fig, 1. The 'll'ﬂ'll'li fime pgaanst temperature for w ypieal ween Jormuliekyde oesin,
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these glues cnn be obtained either moa fguid or moa
powder form : the powder has the arllvantage that
it can be stored for o very fong tine even in hot
climates:

The setting of o synthetie msin ks ah irreversible
cliemical reaction which i aceclerated by the
arddition of a herdener.  The speed of this reaction
depends on the chemical nsed ns 5 hasdetier and oo
its strength,. The speed v also governed by the
temperature of the glue line; by rasing the tom-
perature a shortor setting time can be obtained. ‘The
characteristics of the hardener are determined Iy
the resin mamifacturer to suit the particular applico-
tion for which It i intended and for all praction]
purposes these exnnot be varicd by the user,  The
raising ol the temperatuee of the gl e i for thie
purpist of thic leeture, of st interest ; this ean
b achicved inoa nimbier of vays,

We hove alreads norntioned the types of glhae st
snitable foe BY henting.  Althonghoa phonolie resim
ghie willgive o ghoe Loe whieh cun, o it a8 desired.
resist bothing water, the curing tie of this resin s
necessanly longer thin that of o uees-formaldehydy
resin {which will it<ell” withstawd prolones] saaking
in water at 155°F), 0 N phenolie formaldelnale
resitis generally peguire o conshiderably higher enring
temperiture than ires (ormaldehsides amd they an
wote exprsive,  The wren formabdehyde s there
fore the resin o most common ase {its properties of
resistance are more thnn suffiewwent for most purpioses)
and 1t 15 to the enemg of this resin that the data i
this levture refers.

CALCULNTING SETTING TIMES

Using a typieal UF glue sl o certain Durdener it
i known that the glue will set o ) bonres at T0°F
amel in 2 minates at 208°F,  The sonplest pethod
of calimlating the tinw coquired for the glue to sot
completely i therefore to add the time required to
st the gloe at the temperature wt which the heatinge
process operates (2 aiinotes gbf 2087F)] to e Hme
tiken for the gloe line to pencl this temperature,
This may be poerfeetly sutisfivtors iF the Eme
tiecrssary' to mise the Yenperatire of the glue line »
small eompared  with the sotting tone,  When,
however, it is fong, voring takes place progressively
as the temperature nises. A= an example, it may
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bake a hol press 10 mimites fo raise the glue line to
209°F, AL this teperature the glae will oure in 2
intes. Tt it is clenr that the glie will already
have become prertially enmed by the thine it reaclies
208°F, It s possible, however, o compute the
setting time of the glue to give the exaet moment
thal the plueis fully eured.  To do this it s neeessary
to-drw o graph of setting thies ugninst temperature
i bt Doens dlope Jn Fig. 1. From this it ean b seen
that st TITF the sotting tine s 20 mnntes, which
means that in one minute we have & & or o 5 per
cent. ente per omibonte, Therefore, if the initinl
temperitare anid the mte of temperature rise are
known weonn ealenlate the porcentage cure for cach
minute or fraction of & minute,  As soon as the
pereentages wdd up o 100 the gloe b dured and
further tinie is unneerssary, s an example, using
the above gluo aml a tempermbune rise averaging
20°F per minute Talile Tis obtuined.

It will be seen that by raising the temperature of
the glue line st the rute of 20°F per minute the ghie
stils I jusk unider 7 minutes.  Holf4ninute mtervals
wire taken hoviose the mte of tempeTuture rise was
rolatively small. At much fastor rates intervals as
short as one-cighth of a minute should be tabulated
. order to ensure sulllciently sévurste results,

Iz
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Table T shows that the glue i= oured before i terpes-
ture of 208"F I« renched,

When o number of these taliles huve been eomn-
puted for difierent rates of tempernbire rise, using
Fig, 1, {setting being aloolutely completed) the
results give o gmph, ws Fig 2
Femperature rise per munnte against setting fime o
nimites.

The advantage of suel graphs will b appreciatil
when moking caleulations for the time reguived to
oure b ghie inoany partieular joly, The snininimn
Hiwe necessary oould, of course, he obtamed by
experitnental results Lut thise are likely to b more
eostly In time aml materinl

It s sometimes possible to remove the Jmt from
thi: press when it is only 80 per eent, eured, rebying
v the residual heat stored in the assenibly to eoim-

showing rotes of

TABLE 1

Atend ol Tene Avernge  Setting %, Set.

peratire  temp, over  fHime at

(*F) P minmte  temp. in

Col. @ 1n

ninutes

U min, i — - —

b i 13 550 0.1
G Hit 73 T 0.3
i & i 1] 53 110 0,5
- I (L 13 i iR
2} . 110 103 34 14
] 1240 1% 24 .1
3) 130 125 151 5.4
+ 10 1% 10 an
o, L) 13 LR T
[ Tty LFi 1) 11.5
53 ) s HA] 128
1] 150 175 a0 Ik
il 1M} 185 235 200
7 b s a0 b
2

plete the eoum, The possibilities of using such
techmiques are, however, dependent on the type of
work and method of production.

If a temperature greater Hhian 212°F |s renelusd in
the glue Tine It s essential that pressyure shoull be
rdnbined witi] e glue has ooolod to g Lemperatune
below the boiling poant. . Unless this b abserved or
other special precuntions, such as trlemsing prsure
stowly under contral are taken, stenmn pockets may
b formmed, eanstog bl pedhesion,

R.F. hesting normally mives a linesr Lo perature
rise with time notil the boiling point of the water in
the materinl §4 reached. . T lwwever, Ehe inaterinl
i under pressure o We water copituine chemienls,
this Boiling pobit will be saised above the miseral
(227K menl for the best results it should be armmnged
that the nraximnm temperature bs light ly below this
higher Hzure.

HEATING OF Wi

There are two privcipal means of ausmg the
internnl tempeirabioes ol wood 3 elthor by applying



/F_ T Q%
e f
¢ P =
wa
& 4 L N & 5 & g ¢ L % & 5 =
IWEWES x S
) ST ESVlEGe (v)
Fly. 8, Temperature tradivnls dgodnst time fur bl gifaten amnd
ﬁgfhvfnu_umy heaiing.

heat externally @ o by genesating it internuly,
In the former method tse e made of the thermal
conductivity of the wood, which being low, pecesi:
tates raising the outside to a much higher tempera-
ture than the centre unless the heat s applied for a
long period. The second wethod s to place the
woud between two electrodes or plates to which a
eadio Frequency voltage i apphed. causing power to
be lost to the medium, so raising its temperature,
the heating effect being unifoet throughont.  Fig.
t shows the temperature goulient Yor external aml
mternal heating for different time dueations,

Heating Effeet

The incresse of tempernture of & aaterial in oo
rutlin freguency fiehl dependeon <

{a) The power dissipation turned into heat.

{h) The weight of the material in Ib.

{¢) The heat abnorbing property of the nuterial,
known as its specific heat (cal/gram,"C).

When the wetzht of the material, its specific heat,
and the temperature rise (in degrees 1) that is
required. are known, the necessary power per minute
irito the material can be aseertained from Fig. 5.
When only hall the necessary power is available
from the penerator the time must be doubled, and
propurtivnilly for other power mtios,  This method
ignores loss of heat by radiation into the surrounding
air, ant by conduction to the electiules, for, as the
time is usmnlly short, only 6 small percentage s this
lost.

The specitic heat 1= 8 property of the mnterinl “
being the amount of energy required to raise unit
weight one unit of temperature, and 1 dependent
on the moisture content, At approximate formula
is given by Kollman ' whicl has heen plotted in
Fig. 6, for mnisture contents up to 100 per cout,

Exnmple 1

I is pedpivireedd toopaise 7000 of wocdd, whieh lins o
specific heat of 0.4, from GO°F to 100°F.  What
power is required in the load to de this in | minute
aned in hall & minute, and what fime is hewded i
4 kW is available in the lond ®
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Temperature vise {(1G0°F—60°F) s 100°F,  Multi-
piv this by the weight, 7 Ib, mving a ligure of 700,
On Fig. 5 this line will be found to cross the line of
specite heat, 004, at the same place g the line 3 EW
in lowd per minute,  Thus the power in the Lol
reipuired to do the work s 5 kW For one miioute or
100 KW for half minute. With 8 kW the time
needed is | =1 minutes.

Power in Load

The energy turned mto heat in the load depends
upon ¢ aimber of itevs, of whieh the most poportunt
be the valtuge, beense, for example. if Hhe voltage is
trebled the heating effect is nine times ax great.
That is, the heating effeet s proportions] to the
sipiare of the valtage.  The other important itent is
ktwown as the power fuctor, and is & properts of the
materal,

In order to get the muxomnm power mto the load
or elie line. the voltage aeross thie eleotrodes shiould
be s large as possible, The voltage thit ecan le
applied i In pravtice limited by the dimensions of
the wood or ghie line aml the air gap, 1 too high a
vilte i5 applisd an are will oeenr which will char the
wirtal or glhie lineg, und in bad anses gvin enuse a
slight fire, It is thus pecessars to restrict the peak
Yalue to a safe liout, which can usually be taken as
2,000 volts per inch of matenal between the elee-

trodes.

The Poawer Failor

Power Fattor or = Loss Angle " of o nuterinl s n
term wsed todenote the  goodness " of aniosalafing
medinmy, aid is wsunlly expressed as a pereentage or
as & mathematical term (Cos oo or ton d) Io
electronio engneering an insulator stionld have a low
value of power luctor wlich theans that {¢ lies st
heating lwsies,  In dieleetrie hesting wheee hese
losses pre segquired thi= term shonkll be as lurge as
possible, approaching if possible its maximm value
of L per eenlt for Uis oo=1) As ean be seen from
Fig, 7, the smnller the value of the power factor, th
more powerfnl mnst be the generator (o gol peertam
wattage nto the load,  The torm ** Loss Footor ™
Is one that 3 beimwe wsed very considerably, this is
the power fctor multiplied by the dielectrie constant
ol the materiil,

Exnnple 2

Il in Examiple 1, the power fuctor of the wood Tl
been MV pee eent (Cos o= 0.0}, whal must be the
generator power for 1 minute ¥ What swonld be the
requitesd power §if the power factor had been 1 per
cetit (Cos a=-001))*

From Exumiple 1 the reguired power in the loail
was 5 kW, Fram Fig.. 7 it can be seen that the
Iime from 5 kW ** power in load * euts the 10 per cent



line at a puoint equal to o0, . ""“'3- i e
5 kW, I the power 3 7 i
factor had been 1 per cont ; ' }/f//
the generatar power reguired & . _r Fd
wondd be 7 KW, 5 ¥ £ ,.ff ! {,/
; SN
Capaciturnce E 7;"’/?[’,
A r X 2 ia S S X _,A ¥ .l/ 4
As an RF. generator will z % AT e T i
only operate at its maximum ¢ 3 ¥ P IV IMT AP x
eificieney when working into E - A P &
i load thut is within certgin < A A
limits of capaeitunes™  this & vy, 7 ;1": 74 |
will now be considered. When » //;Z/l/:/
# pair of eleetrodes (Ewo plates / b
ur tihes) are sepamted by _‘//I({_/ /'// T‘
air they form a condenser ¥ ';_ Y 4&_ § 5189 t 3 & 36764

which has the ahility to stor
clectnieal energy,  The quan-
bty of cleetricity that this
condonser will hold depends upon its capacitanee
leapaitby] and this is mepsarod in 0F of pF imicre-
micrafiurmils or picofards).  The value of the capari-
tanee b dependent upon the peen of the saller plate,
the distance sepamting them atd the mnterinl
between then, 11 the space between the plates s
fillesl with air the condenser will have o certain
eapavitanee, but should some other materal be nsed,
suol we wond. o different value of capaeitnnee will
resull. e muternl (e wood, etel) between the
elecbroles i= callidd th diclecteie and its property of
alteringe the eupueibande is eallod jts " pepoitbivity ™
or “alieleetriv constynt " opad is depobed by the
Greek letter K. Shoulid s condenser hivve s certain
villie of enpacithoes when the diclectric & air
{prrmittivity i taken as nnity ) its value with a new
material with o permittivity K is now K times that
with wir,  Fuz. 8 shows the relntionship between
capucitance in mmd and the dunension of the
sller plate over spuwing for varions values of
dicleotrie eonstant

When rods or bubies are Deing used For the olee-
frewles the formuly conneeting thelr dimensions gl
the eapoeitanece by different from that for plates,
Fig. 10 shows the capseitunce, per foat length, of
three different diameter tabes, sepaeatd by the
materizl having » diclectric comstant of unity, The
capacitinee of an assembly equals the eapacitanee

g

L 3 & = 47EY
L.

- _log
CEMERATOR POWER KW

Cheneritir povcey | piinces (i buad firr wasderiale of diffeeent Juve fuofurs,

juir foot inulbiplied by the total lengebl o feet of the
shortek tube wultiphied by the dielectrie constant ol
the materinl hetween thew.

I i miost important that upon installation of
enelio: frequency equipment there slould be  elose
vosaperatiom between the wser and the manufaeturer,
To most users the techmigque 15 guite new and the
behaviour of currents at radio frequencies & 3o
differcnt from that &t mains supply fregquencies,
that theve is na obvions relitionship.

The dlegeie of suevess of an bnstallation depeads
lurgely wpon skilful electronic application enginese-
Png. It de wpon this Last point that stecess or fuilire
will lepemd. We now comie to Example 8,

Exonple 3,

I the lower cloctrode or plate of i ji =28 i« 18
e aned the npper one 10 e =9 b, whiat Js the
capscitance (sl when they nre 1 jie apurt i ale.
() 2 in. apuirt and the materin] between them has
pernlittivity of 87 The sres oF the sialler plate s
M =t i sk that dn(a) ares over spmcing gives
M1 =00, By using the fine K=1 and 90 on the
lelt hand seale is rend 20 ¥ on the bottem seale.
which i the required result.  In (b)) the area Is still
O in, aml ares over spacmg gives 00213 This
tomwe wsing the fine K=0 and 85 for the left hand
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Fig. & The affect uf elecivode dimensione an caparitanes for diffevent vaties of K.

senle the result 80 mmF is read on the bottom seale.  and ghies.

f=p=

centres 0.6 in. apart when
the diclectric constant af
the material between e

The eapacitanve per fout
from Fig. 10, for § in
diameter tube on 0.6 in,
centres i 7 mml® <o that
total capacitance is 7 % 4
(length of shorter tube) =
4 (dicleetric constant ) =54

Table 2 gives represen-
tative figures of dielectrie
eonstant and power factor
for  some of  the
commonly nsed woods (pt

more

vanous moisture contonts)

Vs can beseen the resin glues have puwer

What is the capacitunve of o jig which has el factors and diclectric comstant which nee irevatier
trodes of | ini diameter tube, the inoer and outer  than those of the woods giving mueh lorger value of

lengths being 4 ftand 4 0 6 in. respectively. and the  loss factor,
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TABLE 2 If the value of capacitance of & load is larger than
Mot Parmit i o = that recommended by the makers of the RF.
[ Ll e T LU L it T : b .
MAlertal Contont 1 senerator it should be reduced by dividing the load

wwl M

0l piviky Favtos vdvavaty

IllL ? i 0 " 1! 3 : into sections und connecting these in series, as shown
T o ) 8 sl -_' in Fig. 11, 1f it s mipossible to do this then a kaw
g T A _ 2 loss ceramic capacitor should be included in one of
L, A hos e 1 the leads from the penerator. this being shown n
W Mo o 17 Y i [4%) : Fiu. 12, The value of this capacitor can be caleu-
izl fis H i . el 40 - lated from the following formula
' i T 8 : :4 . (¢ —{CC (€ —C) where U sadded serjes capaet-
I .’I‘ : ":“:" : tor in ik, I
1;1 I :-: ,L L —-rl't|u:rr:|1 Capimoil s of load and seres
"-"' = | : |: : capacitor in munl, This shoall be sonewhere 1n
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What value of capnetor must be added in series
with & Jig of 300 mml to make the assemhbly lave 5
vilue of 120 mmF ¥

In the ahove lormuln C=120 pun¥ and C =300
i b, mo Chuk © = 1200« 300/300— 1220 Hi‘ﬂﬁ}li;lml
=200 b =0 that the wdded capacitor must be one
G 200wk,

Another method of reducing the affective T T B

lance of p Jig 5 by connecting w0 ceil (o mumber of

turns of wire | peross the ussembly. With o large
capacitunee a small coil nust be connected geres ||
wherens with a stonller one & eojl of luree digmioter

okl 'or mumber of turns ust be gsed,

.
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W RLECTRIG
ArTR LW :

When the cuapacitanee is too small a coil can be
added i series with the lond which cffectively
inereases its value,  In this armaagement, the smaller
the enpacitunce the larger must be the dunensions of
the voil, Should it prove mipractical to wse an
stdditional enil a low loss ceramic eapacitor ean be
paced across the load. With the last method the
total eupaetanee of the eoubination is the arith-
mietical sum of the two values. Should & jig have a
enpacitance of 20 mmF and a 50 mmF capacitor be
romeeled . across §, the comibination will' have a
valie of T0 mm k.

Elevtroday®
In order that the best use
van be mmde of an  equipment

it 1 necessary (o understand the
prineipiles of the vlectrode sssem-
hilv.  The eloctrode are of any
wstal by whivh power can he fed
bo bhe work whers {t is wanted,
They ure separated. by the air

Ak or plr gaps, wood and’ glue
line s shown in Figse 15 pnd
T, and iy be made up of rods,
fubwes, plates or strips:  They are
wsteilly mindde of brpss or cOpper
all, Tor' greater  elllcieney i
Hue Digher frequineies, may b

silver pHated

Fig. 17 <hisvs P miesns h"l.'
which nslat S may be glied
to o boapd “H7, In (n) the

vletrodes are: at the top and
hottom of the assembly so nee
Nemtipgg of the
whoile voluie of wonnd gl ploe
inonler to raive the temperature
By plasing the

essilubing e

of the slue line.
et risdes ot eithersideof the ghae

Fig th.  Jig formaking ruilis caliwebs
shirnfog isaer dleetimiles sl preny sl
i meries Dweiimee cogeicifanee o5 fisg lows
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DVER HEATS HEATS EVENLY

Elertrode aesentbdivn arith wie gaps.

D"I'Eg WEATE

Fig, Wik M sy gops viin atsoitie o neTen Fipeidi v sohan (i
surfiaves are wol ]mmi'm.

lnie, as i (b)), its temiperature riwes muel nore
rapidly than the wood, due to its large loss fuctor
and only n small pereentage of the wod is heated,
Thix results i a saving of power or tine, whichever
< desived.  “Phee mothiod s thie pdded advantuge
that the means of exerting pressure on the joint
need not Le eleetrionlly insulated, as it does not
fartn part uf, or muke contact with. the electrodes.
In Fig. 18 is shown a similar method of applving
the greater part of the power alinost direct 1o the
glue line. azain Frguiring lrss poswer ton U thie

(b)

Eleetinde swrmblics for (¢ Poienerss lepling

{u\

Fag. 1% ‘
b} Lengituddinnl [gfae Tined heating,

0 Iy

Y A8 Sineple ey uf ererting pressiire an o @l Tl
Snfn*m,!_ e posgition of the live elerkrocle,  The maetid friome ©s

il ather ¢lretrade

120

whole volume of the wood were heated, The
necessary pressure along the glue line is abtained by
means of & robher-lined fire hose which exerts even
pressure along the whole length when either water
or compressed air is fod to it Tn this arrangement
only ane wdditional plute is needed as the metal of
the frame forms the * carthy " eleotrode (that s
the one connected to earth). Wherever it is pos-
sihile, use should be ninde of any metal parts of the
rress ot jigs as the earthy electrode, so the insulating
dithenlties nre greatly reduced.,

Figovs, Metbuad of heddisg
w ghir e when the elects
vesdes jgre wepaernitedd from it
befp aw hiidl e wheet.

VOLTAGE ON ELECTRODES

(o) ()

Fig i, Vewdwbion i pebheg aliniig Aleebrilii

St thines 1 ke dUMenlt or hogeesibile too pliee the
electroles eitler <ide of e glie e Gr as slown in
Fig. 17 aml auother method has b be omploved.
Oue menns of overcoming this problem bs o in Fig.
th, whieh shows the position of the electrodes and
b the edectrie Hebl reaches the ghoe lme and lieats
the momomm smount of wood,  Ths method s
fess efhetent than Trae giue fine beatme: but better
thon that of Fig. 17 i the wood 15 not teo thick.

T thie manufacture of fles it 5 esentinl thal any
ueetal wie] slioulld be Pree Trond st edges, paints
unil heve circumfersutial emls,

If these precautions are niot tihen t!m is alwisys
a tendleney for ateing to oceur, so damaging the



mgterial and lor glue line, in the vieinity of any sharp
edge or point, 1t is for these reasons that tubing i<
wsigelly used in the moking of electrodes, ulso it is
both eusy to hadle und has enough rigidity to be
self-smpporting over long lengths.  Although tubing
has no sliarp edges it ean be joined in such o way
that the junction forms an angle that it nearly o
point instead of a radius. Consider an clectrode
placed so that one part of it is at u right angle to the
other, T theipearreet nietlud the angle is probabily
* mitred " whereas in the carreed way the tubing i
hent forming a radinm, 11 should he noted Hhat
it is anly the inner electrode that is bent and not the
outer one, as this latter has to contain s rmght angle,
so s to loesto the runner or block in ts oorreet
position, without putting a radms on the corner of
the wood. I the outer tubing is mitred. its “poim™
i %0 positioned that |t cannot are to the other
electrode,  The terination of the tubiwe is knotlicer
part of the wssembly that can eause trouble, as it iy
here that @ sharp edye can oceur. The twe prineiple
mthods of overcoming this difienlty are (a) by
pratting o tadinns on thie end o the tubing or (b} by
terminating the end inop heopsphere. . This latter
method ean be ensily wccomplished by fixmg
round-hended lirnss serew mothe end of the tubing,
whieluwill give better results than that of “radinsing”
bhe tubing il pives g bettor looking fulsh (o the
Foly,

Jlir Gﬂpﬂ

When the general electrode assembly has been
decided upan, some more detpils nnist be considered,
Duie to the general toleratices on the woods and the
prosenice of plue beads somie forma of air gap is
necessary when longtudinal heating (Figs. 17 and
18) 15 useid s as indicated in Fig. 13 by the letters d,
or i and e, The result of these gaps 15 to reduce the
effeetive power Inclor of the assembly, so lowering
the ellicieney of the electrode. There are two
Frortings leasding b this redustion of efliciendy, fiestly
the dieleetric constant of the wowl, seeondly oD,
that is, the matio of the total gip size o, to the
material size D ;o ound it is from these two factors
that Fig. 21 was computed. As ean be sean from
thus graph, the largrer the vahie of K. the dieleetrie
constant. the lower will be the efliciency of the jig
with u stated valoe of gop fatio. T bs evidint that
bo et Hie Best pesults bhe wlr gop noast be Kept ds
sl s possible, a ratio of D =1:30 s guite
within practical lmits and this value should he
niried wt,

In order to obtain wmiform omring tine over the
complete glue hine when of constant width it =
important to keep the mr gap matio as uniform as
possible or it will be Tound that where the ratio s
lezst this eniring will vecur the mire rapiile, onasing
this seetion o be over-heated op anothes seetion ta
be wnder-ewred..  As shown in Fig, 16, this effect

i FEFECT @ M AR S e el pRRIZRRCY

Fig a1, hir g Hleeleody
ridatinnship for matceiol of
{ffereni pudues wf K.
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may be uwsed o countemet unevon heating ino Crequencies,  The reasol why the diclectric eonstant
tapered sections, again onters into the enlonlations s hegause the

Foltuge Distrilactivns

Another factar of importanee b= e length of the
electrodes, due to the tepdeney of the voltage to
follow o sine wave formn.  This weans that of
voltage §x fedd to one of tho electrodes its vadue will
hecome greater i Lhe distunee frong the Teed poid
Jnerense<, s shown i Fig, 20 () where A K Che sl
preiiil send the seximion being moached ot B, Ay
the hent developed in the load is propectional te e
sqpuare of the voltage (sev under Heat g Effect on
page L12), it & custoiiaes b Reep this valtage
varution hetween maximuimn and miniming points,
below: 10 per vent which represents o muaximmm
power varintion of 1 percent 3 maxinm electrode
lenwths b restriet to thos limit for varmes dieleotro
eonpstynts cnn b obtsined from Fieo22 (u).  Fig
20(h) shows the offect ol eleetrode loength, far o
diedectrie constient of B, the avemps value Tor wood,
un the voltage and power distribution, for certain

wavedength of the voltage varmtions along the
cleetrdes s inversely proportional to the sguare
romit of the dielect e eonstant.

|'L£:|l|.|||]l; 1

T generutor wirks on w feeguency of 10 Me/s, and
the wood between the electpdes has @ dicleetrie
Comstiond of 4, what b e oaxmogm length of e
trode from the feeld point for 10 per eont voltige
varation Y As enn be seen from Fle. 220c) this
L.

Vae Fiz 29(b) and the above gonerator s what
will b the voltage variation with s dieleetehe of 5
for the wood with an eléetrode el of dft * From
this grapli it enn Le <con that e voltape varintion
s 20 e el 4 m Ihl.' ﬁﬂ_l“ hl""l_-‘“l[‘ ind t_hr_u L:rﬂph
e wiah b wenn that e s o power  dilference o
Al por cont ﬂ’illit'._" the work, s that certam parts ol
the wijrk ety e a0 [T cent IE‘H\.‘\- [T,

Femn the graph it o appareit tnt in order o
redhuer the maxinum voltage variation, IF alsove 10

b2



per cent, either the frequency must be deereased or
the electrodes shortened.  One nmieans of obtuining
nh effective shortening = by centee-feeding the
cleetrodes, thus permitting twiee the length of ghue
Hie to Leoset as compared with end feeding.  The
s electrode length may <till be further
Inereased by feeding in at more than one point : n
Fig, 200b) s shown u donble feed, so enabling. if
correctly arranged. & times the previously ealoulated
length to be used,

Chuier of Gigneyatar

It the choice of a generator or radino frequency
heating wnit there are s mimber of considertions of
which the following are the most essentil.

OF liest importance is the output power, as this
determines the amount of wark that exn be done in
nospenitied time, If the output s more than s
required the unit will not be used to it full elficiency,
and the eapital outlay will Le widuly heavy, Ou
the othier hand, i too sl g unit is eniployed thne
will e wasted, the jig aperator having to wait for
the enring tie to e completed after having loaded
the next jig.

Albso of primary miportaneeis that the unit should
be smiple to use, as the operator will probably be
niskilled in electromes.  This can be accomplished
by huving as few controls ns prossililie = s enp Le
futed to switches and o tuning or coupling eontrol.
The abject of the burbng conteol b le cunse Hhe
lowd eirenit to resongte or * tune ™ (for definition
woe ILSC 200 and 205 & 1043} b the sunie fregqueney as
the senerator, in the some way as a mdio set s funed
tos the frespueney of the station that s to be reverved.
The reaeom for this s that a forge voltage will then
ha doveloped across the foud. which is s nocessity Tor
high elhaeney., '

MielMictent coguipnent ein bie luilt thut Jas ouly
one feter to give an indication of the power output,
Vi ophermtor docs nob then have 1o glagee ot three or
{ugr meters during svery operntion,

On u presluction line s timing control is another
feerssity and this shoald be of such o range that it
will eover all the times likely to be encountered. 14
shoulid be completely automatie, starting when thie
power 1 switched o wnd should switeh off thie

power afler the predetermined tine anid reset jsell

=

for the next vyele of aperation, thus all the operator
has o do fs bo press the * On " hutton after reload-
ing,

A remobe eontrol switch that will control the
equipment af wolistant point s anaddition thar will
save time, as it ean be waually more convenient tor
the jir operator than the switeh an the eouipiient
or ean be conmectid a8 o sytomatio switely on L

sty guntd,

ECONOMIUS

A typiesl 3 kW RF. generator should lust about
ten years so thut deprecintion, the mamtenance
costs, inchiding new valves: lamps, air filters, cote..
und clectnieity for ronnmg 0 hours o week. will
average at the most €173 per annum. This nenns
€3 105 0dl o week or Ts. 0 per bour,  Cousidesing
the time that can be sgved o aperal s, both in
titerinl aml labour. a generstor will soon pay for
itsell,  Faich applivation and wse in s factory will
heing it own qiuries and difforences bt after »
Hittle experience the opemtor will soon know e
potss that will be economionl and thos thar am
hetter done by other methods,

In the sticking of thin vencers or hiaking of thin
plywoad the use of sadio roquoney wornully will be
found ti e mote expensive thnii using ot platens,
expecially 10 heated by stemn obtsined from the
burning of sawdust. “This is due to the Guet thut (he
time tuken for the hent to be contucted to the slue
lihe is short wherens the internal heat i the wood
ijwiekly reaches and in disapated by the cold elect -
roades wsed i the TLF, mot hods,

Where a ply type of bonding of o thicknes of § i,
or more ¥ to be cured. the ate of heating nt the
centre glie line Is<low by ieans of thermal condueti-
vity whereas by the radie frequeney sethods the
heat s gonwrate) fnternally, <o cansing the centre to
reavh o high temperuture at the same time as the
ather ghie lines,

When o glue line has to be eured as in Fue 17,
there is great sdvantage with radio Frequency
hesting as the electrodes can be arranged as in Fig.
17(h) or 19, 1o henting the sdnimn of woed, 1f
the stemin pluten wethod i< wsed glinost the whole
volutmie of woid has o lee Deated.,

In the seasouing of laninae the rate of evaporaticng
of the moisture b faster by eucio frequency than by



steam ovens., due to the more rapnd rise of tempera-
ture at the centre. but large powers are required and
the fnal results are not as good as with the slower
wiethods,  (See Forest Products Research Laborg.
tory, Radio Frequeney Punel @ Sunimary of Wark
done sinee  thind meeting. RFPAL Janvary,
MY,

As n ment of appreciating some of thie advantages
of ruehio frequency heating o few examples wre givin
of what can be achieved :

A searf joint in }oin plywood. 2 1t wide, cun be
completely cured m 10 seconds.

All the runner glue lines, ete., on the buek of o
6 1t wardrobe cun be set 100 per cent in 80 wecgnils,

Two hurrel staves each consisting of 8 laminae aml
one Vvmer ern be eaeed in 2 minkites.

All the glve lines in the assembly of n mdio
rabinet can be oured 0 62 seeonds.

From the above fignres, obtained with a 5 kW
wenerntor, it is apparent tlhat there are distiner
advantages to be oltained from the use of this new
method of curing of resin plues,

(0 Aevidkte mit) Aersities siflesives far the soml-workmg nlne -
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RADIO FREQUENCY HEATING

(PART II. PRACTICAL APPLICAT.ONS)

7. D.

Cable

INTRODUCTION

THE wse ol Rudio Frequeney heating gonerators
in the furmiture indiustry for the mpid sotting
of synthetic resins 15 beeoming inevéasingly wide-
sprewd as the advantajges of the teelnigue hevanie
more generally tealised, Possibly the most spee-
tueular wpplivation of R.F. heating b in elabomte
sssembly jigs, where jobs which previonsly hail to
b edwmpesl up for Keties gre remmved from the RLF.
press in under two minntes.  As may be expected
the munufactore of the Jrs tor this work. togetliey
with the design of their = elevtrode ™ svitims
requires a certain amount of oare and Kiowledoe if
suecessful results are to be achievedl.  Faor the great
matjority of wirk the regquisite knowledge s o miore
than is abitained frome the instruetions narmually
given, by the manufaeturers of the ILE. genemtor
when the set iy fist installed,  However, oceaston-
ally an odel joh will oo along whieh, for one remson
ur atnther, s ol aquite soo struirhitforward.,  Te ds
the purpose of this lecture 1o show liow to tackle
these widditios : the s whiteli are tow Jarge, of too
small 1 the glue lines which are tod wide or awk-
wandly shaped.  Wherever todivns nuthemntios sre
regpired, gesieenl formulae bave Twen evolved  anid
the results set ont i the form of sivple graplhs.
Fur those interested the fotmmlan live been ineaded
i the Appendis,

H.F. GENERATOR

R.F. generatars viery in some of their respeats, bt
nearty all of them huvee two points in obmmion. They

have & certa powwer oulpul, expreesel o Kiliwatts,
whicli determines the amount of work they ¢an do
I a eertuin time, aml g basic frequency whicl,
within varving limits, stutes whut s the rote of
welllation of the ontpit voltage. The omtpuit of
the maching nwy come from two tormimals on the
frant of the set, from o one * live ™ termmal and an
Tearth ™ oonnection or from some form of beanse
mapssian e anding b matohing anit, b whiabevor
avstem s wsed the flg moker will wltinately he
vonfronted with two feemidnals 1 whish be miist
ubbpel his dleetpsde sesten, anid inomost eases there
wWill be come furm o inatehing or tuning device,

HEATING METHODS

There are two mam ways of heating glue lines by
means of R energy as shiown iy Fie, 1,
Fig. 1pn) shows ™ tratsyorse " henting, In whicl
plate wlectrodes are weed Lo raise the tempernture of
waod and wlue together,  This method s mostly
used for meking op Mt or shaped plywood pavnels
frovn veneers, g, 1) shows longitadmal or “glue
line ™ heating, in which tubular or strip eleetrodes
are vl smeanohoa way that the electrie feld between
them passes directly through the plue line. With
the futter method the glue only is heated whey provwer
s applied to the eleetrodes, the wold remaining
relutivoly vool,  I6 ds the pigst élieient forme of
beating, and is nsed b nearly all assenibly work.
Setnetinies it is hot pussible to get an slootrode right
gt the glue lime. amd e s made of the stroy
Helids that exist outside an imagnary line joinng the
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(a)

(b ©

Fig, 1. Eleetrmle vits | {a) tramemerss hoating (b) glie
Fime heating () stray field healing,

two electrodes,  Fig. 1(e) shows such an arrange-
ment, of which there are many forms. Combina-
tions of methods 1(b) und 1f¢) are somobimes used
i the same jig.

JIGS

The furniture mamnufacturer will be farliar with
mssemnhly jips,  Modiliention for B.F. heating eon-
siits waly m the provision of some means of rapud
londing, application of pressure and unloading of
the work, and the fixture of an eleotroule systen.
For lurge Jigs, such as these For glaing the benrors
arl rivnoers to o Gbted wardeabe end, it 1< naoal 1o
construel & press whioli consists esseptially of o steel
girdler framework which supparts eompressed alr
rams above a working tuble.  This table is wsunally
extended sidewavs at either end, o that the actial
itk sessar Bl whichh s sgpported o sl Fwhieels,
may be an in and out of the framework easily.
The wheels drop into slots when the Jig s in pisition
for heating, so that the pressure iv tuken by its Mat
base.

Sometomnes: fandom areanpgements are dsed o
that while one jobs is being heéated the pext one |
being glued up in realdines,  When the heating
evele is finished the pewly loaded fig is pushed for-
ward, ejecting the finklisd jobs,  For small work
clampimg pressure is often ulitained by et of
manunllv-opemted devices, such as toggde action

clamps or wooden cams. In these ecases it is best
to mount everythimg on a wooden table and arrange
a wire mesh cage to cover the complete assembly,
The cage should have a hinged lid ar door which is
électrically interlocked with the R.F, generator, so
that power can be switched on only when it is in the
elosed position.

Methods vary widely with the details of each job,
but same basic points should be kept in mind,  The
jig has to serve the double purpose of holding
together firmly the components to be assemibled in
their correct relative positions and wlso peting as a
suppart for the electrode system that is to carry the
electric lield to the glue lines, The latter require
ment must be kept eonstantly in mind Jduring the
design of an R.F. jig with allowunce made for proper
support und insulantion of the dlectrodes, ns well as
the provision of connecting leads to the varions parts
of the electrode system.

FELECTRODES

The electrodes may vonsist of tubes, strips or
flat sheet< of metal, They should prefersbly be of
copper of brass.  Ferrons metals or alloys such as
cupro-nickel should be wvoided as they have high
resitanee to HF. enrrents. Copper i the best
material iomest respeets. It s nob foo postly, s
readily obtiinuble wd duetile enomgh 1o be bent
cosily Into any required shape

IXSUTLATION

Sinve the RF, voltages tend to heat wood, dis-
eretion mous! bo exervised T momniting the electrmdes,
I they are to be seeewed to the Jig el it should be
arranged that any pnth from one. electrode to its
“ opposite number 7 tirongh the woodel structurne
of tha s &t least: tiree flimes ys Tonyg s Ul abipeet
puth between the olivtrodes through the wlue line,
atherwise piivver will be wasted in preslieing - heut
where (b b not wanted.  Similarly. there shouk! bt
b i short puth feonn anc inearthed electrode or its
fising seeews 1o the metal body of the press or other
setallie steietire,

Wit b practicabile, the electrdes should  be
rownited on some msnlating support such s glaed
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cetamic pillars or blocks of laomated Bakelite of o
prade suitalile for high-frequencey sworke T copper
tubes ure Lging used for the clictrmles e osiol
wpethis] §s to solder or braze oo s whivh are fixed
fo the insulators.

The general scheme for o typieal wsembly fig b
shown diagrommutically in Fig. 2. The length of
tugss sind wiehth of mir gup have been exaggemted for
clurity. of deawing. It shonld be noted that wher
a vommector hias to pass through some purt of the
wooden pig. it shonld come through an opening
comsiderably bigger (hun isell anid [ie suppirted o
cither side of the Loy tocsaehop o way tlad It ilses
foueh the woal.
ey #flfeet when taken Shigly, but iy <mnldl
lisvagn cmn wasty o ot wl eneray,

oints such ps this ool have

ATH GAS

Except i ospevial eiases whiere e gaps ane mtros
el for o partionloe purpose, they should be kept
jis sl s possille, U e electrode oo i
outsithe dinmetor tube i0 shoulil be possitile to Reap
the air gap down to 4 b oF s between each
vleetrode and its glue line,  "This gives o tsximim
tota) of i . and the geaphs which sceompany the
text are based oo the psswoption that =och eone
ditions ohtain,

L2

ELECTRODE ARRANGEMENTS

Before sturting to constret an B, jig it s useful
to miko o sketeh ol the electrode lavout, with elear
mdications ws to where the connecting links will have
to be, and where the connections to the .15
generator will come. A good plan s to consider
the generator términals as being colonred, say eod
and Blue, and then to obtuin two appropriate peneils
with which te sketeh the lavout. colouring all the
elegtroles that are to be connected to one terming
reid and all the other blue.  This tmay seem nineees.
sary ina ot of cases hut i camplionted lavonts it o
surprisingly vasy to end up with two electrodes of
the same ** sense " on either side of a glue line |

Foxact arrangenients will vary with vireumstances,
but there are ceftain niles to be abserved. The
inost ahvious preeessity 1< that every gloe line las an
vleetrade of apposite polarity on either side of 1L

STANDING WAVES

Amother requirement s vonpeerned  with  the
pﬁrmum'nﬂu knownoas “ standing waves ™', whl-lrh_\'
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it an R.F. voltuge i ted to s pair of electomdes whose
length i= 4 substantial fraction of 3 quatter Wave-
length at the applied [roquency. the voltage hetwern
the electrmdes rikes @< Lo listance from the feed
point increases. This meany that iU e jig s 1o
heat thi ghae lines evienly e ol ' free 7 electrode
from uny feel point st be Rept as shael pe possibile,
In pravtics this menis that slectrodes niust e sun Lur
as it is practieable, fed at their cetitres, or il very
long nt mare oo ome point.

Fig, 8 lx s gmph which gives the maxunom free
pun ol electpode wt viitious input [reguencies [or o
voltnge variation of 10 per cent. This pnplies n
powes variubion of 190 per eent, which 15 cottsiilered
to bie the maximun peemissible in porual cirenm-
stances.

From the gewph it swill be seen that for shue lne
arrangements at 160 Me's the dedtrade should not
run move than 3 £t 6 . trom w feed point.

COLLECTION POINTS

N jugs are fairly lomthy I b spgrplly best b
areange  for distribution pelits Fros whieh will
viiliate Teeders To the varoos patts o i wheet mle
pssenibily, This ensures repsonubly shorh min of
e eleckpode Trom any. feal pont;

I sueli an arfiaeemant o that ghownom Fig. 4
which repiresents Lhe electrnde lavoul fur o ohest el
with twe shelf benpers, the distaiess loe calenfatmg

TO GENERATOR

TERHlN'ﬁLﬁ
i

i

P b il elertiemle eaniiecliisie, ikl iag limteHand s gmviile
Sadlal waiid ohibted Nevs diffenirmiiole birtmewyy i frelies Af o ppamits
AT

{ s\ AR GAP

Fia. 5. Blectowde eerringempnd frr gl Now of variging width
i i pe i saring mie g,

standing wave percentages nre ot taken fron the
distribution points, but from the pomts of connection
wl the electrodes to the ends. Though it e pot
apprrent from the deswing. the feeds to the two
woliil fine beurer clectrodes ore kept substantially the
same dength g the foed from the distributon point
to the two ouler eleetrdes by making i downwaird
loop in those contiectors,

Where two electrtes of opposite - polarity ap-
proaeh ench other woa vomer, the ends should be
enrved mway from the glue lines.  These ends shouli)
alis stop shoet of this corner by at least 1 n., the
ahi]] ot af best = 1ol ™ being 07 no constoguence,
The purpose of this precaution s to provent the
pimsilitdite of b e tlrongls the slue line ot o poind
swluere o Dy vollnge eould esist permss o stll gogs,

Arettig, which v s dismptive dischurge hotween
shectrudiog either direet o throngh some intervening
conductive modivny, should not normally take plice
i w0 welldesignod jig, though occasivas! netallie
imputities i the wood, or the presenee of ome
wiibmtinee whish gives off o condinotive vapoar when
heatel, iy tonnptimoes start o e

Padnts b sentell are = () wvoid uxing ooy shorp
carners of wlaes bt eleetrde syston s (1) o
pot Tunca jig st the uttermust limit of voltage the
afie limes will <tand-—it s better to take n few
soconds longer for cach curmg i'}l‘ll' than ta lhuve
mterruptions while pes are oleared, with g cotise-
guent broak m the vhythm of the work : (o] do ot
uke titetinl which has previously Deen processeil
with wulstbiness eomudocive o arcing.  Soine fonms
ol (opeihpnile Wloekbourd are grable o withstiomd
Wigh R volluges ; syathetic glues using phios:
prhiesris neid haved s e wlso bl g this respect,
A fes trinds will soon dniliente offenders.
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GLUE LINE OF VARYING WIDTH

It miny happen that there are gloe lines e w Jiyg
Phat elilTer in wielth nlong ther lengtin sueh ns That
In Fis, B.

The rate at whieh Leat is generated by IGF
eneray depends among alher thipes, upon e s i
of the apjilied voltage grulient. Thits o sublisgbgpaee
sohieh hais 1,000 volts per ineh appliod to i swill hest
four bimes us st s the samme noteriu] with only 500
volts per meh. 1 the clectrodes in Fig, 3 were pat
in position without any air gap and an BF. voltug:
wpplied to them, the gradient at the narrow part m
il eepbre winilid be Highere thont the ends. Thire:
Fore, e moberial ot the centre woullil gét more heat.
In order to cotmpensale for this i wir gdp s nkro-
iltieed s shown,  This effeetively raduees the voliag:
amims the tmrrower parts of the ghie Jine shilst
fenving the enids nnalfieted,  The smeunt of gap
that 15 necessary ean be obtaimed from the gmph in
Fiz. 6.

Eixample

A ehinie Ve bis uopall which i curved on one shda,
The widest part bt the ends, whicly are 2 m. Al
the erbitee the mal is Vhin, wide,  Whal wie gap will
b necessaty at the narrowest point * The diffey-
onoe i widths b= 2 in— 1} i =§ oo From Fie o
this resquires w gup of approxinutely 025 | in,

H the shape 15 more complex the gaps ot sevoral
points along the length of it may have to be enlion:
libedd sepantely.

GLUE LINES OF DIFFERING WIDTHS

The air g method may be wsed in cases where
there ar gloe lines of different widths oeenrring in
the snme fig.  Fig 6 may bevsel Dor the ticeessnrs
entonlations as hefores. However, it mwst be horne
i tnind that the fnrgeseate nse of e gaps noa Jig
hibrodinees  Inellieioneics whieh ey become  too
sePlongs tin e lpgeoroil

i the air spuvtes is ouly ta Do upprliced teoa arnall
|||rn]mrl.inh al the glue ling< in the jub it gpenveally
presents the vastest wny of dealing with tie proliles
wil tlee drop o ellicieney s ot enngeh to Lanar any
conecern, but  vose may wrse where there i only »
sl ot of wide gloe Jine, . For example, 2
witrd rolye ol may consst of g0 . rail; stiles amd
iy, with Tour 1o shiell bearers and one 2 1m,
bogeer.  Froso Fig aodl b Gonnd tha the 1 i differ-
g by il i ﬂ'1|u|rﬂt w & L i gags g nnrrow
parts of the fig. This e gap distributed throigh-
ot Hie eleetrode systenm womld vanse o cotsideralile
divp m efticiomey,  ¥n soeh cuves s this w belter
wiethmt of sqnolemy the voltige gradients is to have
o oir g, hut to arvange for the dectroiles at the
wider ghie line to have their voltage roised by thie
dpprrapriate amounnl. Fortunstely thiz ean be done
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guite simply by inserting « ooil m the eonneeting
leael te voe electrode,

The wethod of conneeting o eonpesisiting coil 1
Jown i Fig. 7. Ao purtienlar Drequency, The size
af the required eoil depends upon two thinges s (1)
the ratio of widths at the wide gnd narrow parts of
the jig. nml (2) the capacitance of the cleatrodes
which are to have their voltage mised. A gond
piproxinution to the latter con be obtained direet ]y

Fie. n. Graph Jor altmining  aeeessary (i of the
pramperatifivegg ool shimen b Bl 5. lfer selecting dljaprniparisele
petin fine wuts wheee o oeeticad Tine drezen frome the grovnd of e
fepae of fhe gruph corsdspuiniiling to i copaciitinee o thie wiiér
glive Alne interycts if, Mo B poibiid pe Metsrzziidid [ine ls the
beftohunad soule will fndieate Whe oo ddetanee.  This
geaply wprplivs oridi dve ui freygurpey of 10 e s

LHE

from Fig. 8, whielt gives the capacitance per foot for
slue lines up to three inches, assuming that fin.
elevtrodes are beting wsed with  f-in, total air spoace.

Having determined these two values, the induct-
ance of the cvil at 10 Me/s is obtuined from Fig. B,
anet the actual dimensions from Fig, 10 which gives
the required number of turns; of }in omtside rlin-
wieter tube or rod with a f-in. pitch for vanous
dhimneters,

Exainple

The eml amnd side bewrers in Fig. 7 oare 2-in, and
ine wide respectively,  The ends are 3 it long.
What coil will be required to raise the voltage st the
enils to the correct value?

The ends are cquivalent to 601 of 2-in. glue lioe,
From Fig 8 the capacitanee per foot for o 2-ip.
widtly b approsimatelv 10 pF. Therefore, the total
capavitance is 60 pF.  The necessary voltage ratio
s 251,

Tuening th Fig. 9, 60 pF i ol o the base lioe
of thie graph and followed wp unti] it intersects the
4.t ratin line.  Froone this paint the eve travels Lo
the left to mad off the mquired inductanee,  Tn this
ense the Tigoee 1 nearly 225 il

Fig. 10 shows that this indnetanes may be obtamed
Ly witiding b turns on g kine fonoer, G4 hons on a
iy, former, or 104 turns at 24n. The choiee of coil
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is determmed by the space available,  If this paint
is. ot important. preference should be mven 1o the
" sgquarest " ooil. that i the eoil whose length s nest
tiarly ol Lo Uhe dinober.

MATCHING

Sa for all the points dealt with iy by -
verned with the constroetion of a0 jig which will
enahle the whwe lmes of the job with which 7t =
tonded 10 be heated efieiently and evenly when the
correct TLF. voltupe 1 applied to the termimals.

Thi< valtshme varies Teoni one jig o another. amd
b leterminsd by inany eonsilerations, such us the
witdth of the narrowiest gl Fines, e mbe ot whiel
It i renuiired to sabse the temperature, the power
availubile in kilowatts, the amount ol glie to by
heated, the type nf resin onil hardener beng psed anl
other factors. Mt s too high there will be ovor-
henting or areing : f not bigh enough the job will
take too long to heats  Somewhere between thesr
extremes lie< e porreck Tore,

Athousl this soltage |5 hmpartant, iU ks deldom
mensired direetly, as thic wonlld tiovessitute the use
of rather eluborate instruments, aweh pe o valve
viltmeter,  Fortunately it i fairly simple to aljust
an WLF, genemtor to a jig without knowing the
voltage at the terminnbs by the process of “mateh-

Fie W Giraph do olideniss weeeseilier o feras af eodl roguieed (o
prrliece phe degived inalisetinies. The carves eefeered 16 o
wdzew uf farsier wiowhich the cotls ey be wound, I8 i ansined
fhied [aineh wadsiole olismieter fobe or rod ge wserd, aol el the
duaesew were gl §=fuch pritek Lie. | <dnih detiden Luria),

img . Before deseribing this procedure it will e
useful to undomstand why it shoulil be necessary,

The output voltage requirements of un K,
gotweritor moy mnze from under one hundred to
several thousand volts,  Nlso the capueitance of the
load may vary From bens to Hiousands of pit'ufnrmla.
For thie pepson the manofactorer of tlie moelioe
mest prevviile somme (oem of output contreal that will
ertimhile these wide ranges to he eovercd..  The wsual
method  takes alvantage of the plienorenon of
resonmnee.  Eleetrien] and  moechanion]  resonanees
are olosely akm,  Just as moo elock mechanism tiny
pulses of power 1o the eseapemont can buihd up Inrge
poteitind and kinetie energy aiternations in the hair-
sprivg wid budanee wheel by virtue of being delivered
nl [Fl"ﬂ'i‘u-l}' i D rij_,ghl el to IH.IH]_I_ the wheel in
thie dhireet b it bs burndne ot the tme, so fnelectrionl
eirenits containiog inductanee (the * balanee wheel™)
anil eapacitatiee (Lhe © bair spring 7'} lurge eurrents
amh voltages ean b buadlt g i the applitd pulses of
eleetrioal energy are delivered jist when they are
wanted,

Wihieti the fig is connerted to an . generator it
treaiiies pirt of o caniplex cieenit contanung induct-
anee ] eupacitinees.  This erronit includes some
portin, uslle an fnduetance, which Is cariable,
i 1t i conpled in some way to the tank coil of Lhie
wenerntor which s the heart of the maching, where



the R.F. oscillations are generated at s ceriain
frequency.

If the varmble part of the output is set so that the
H.F. voltuge peaks arrive always at just the right
potsent as in thie elockwork analogy, then very large
voltages can be built up aeross the eapacitances anl
inductances of the output civeuit. The possible
voltage sive is limited by unavoidable losses, includ-
ing the nsefitl loss oeeasioned in heating up glue or
worod,

As the ecirenit conditions differ more and more
widlely from the requrement for resonunce, st the
voltnges aervms the components fall wlf. It is
upparent tit this presents o very useful methml of
enntrol, us there will be soiue paint between actual
resoance and being riglt * out of tune ” at which
the valtage appearing neress the jig {which normally
represents nearly all the cupaeitunce of the cirenit)
s exactly that voquired fur the job. ‘There I
liowever, u hrmitation i Tange.  Every Irequeney
has nssoclated with it s certam figure which repre-
sents the produet of mductance und capaeitiane
which will be eesonant at that frequency.  For
example, al 10 Mess It s Just over 250, 18 measire:
ments. are in microlienties and picofarads.  Thes
menns that any combination of inductance and
capacitunce whose product is 230 will L fesomunt ut
10 Me/s approximutely,

A typical generator Bas a variable imilisrtanee i
thie output eireuit which, focether with the pick-up
eoil and internal Wirmye gives . s anl fiii
minn figares of elght and two microhenres respro-
tively. This meuns that - ar 10 Mo resomot
enmibitions can be obtained within a range of
capaeitanees o Eiis =81 pieofnrds o 2502
=5 pin.fnn.th_ eopneeted] Lo We oubsidi b nils,
These figures may
end of the seale ander working copditions, depeniling
wpon how elose to resonance it is respuired to ot
order to develop the partwlar voltugs needed,

b extemuled somewtint wt vither

IF the capacitance of a jiz falls within the menge o
the geierabor’s vartable inductanee. the provess of
patehing fs not ut all diMeul,  hovarably some
form of aatpnl meter is provided with the H.F. set.
The jig & pommectetd o the tertdtinks aned power 1=

switohed on.  The weter repiling is noted, wnd if i
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Fig 11, ek for vatoudattims of seete of petealiel dneluictibied
sengrairieel by e o howiede oy oo small or too large o fig eapiaditaee
Tl weries itidiielines e Initigpen Wb call weeded B eive the
Affeciive jig daparilnned b 800 pl whilsdthe proereiliel ineluctanice
cavrpe Ax for sedicbion of the effective anpeucilance o PHb gk,
The graph 1n only apphicable inoa froguency of 19 My s

i~ helow the required output figure the viriable:
Lig bt e o ol bier tavng control, s alberod. Thee
divection of robutjon of the eantrol Tof jn inerease of
power uh Teiel h:l.' the meter depeiuls upan Hie
capucitaber of the jig.  The power is ineressed by
ths memns until the (dl sutput of the machine ix
hoong deliversd provided that the joh enn absorb
this nmount of power.  This is an importanl point
which shoufd always bie borme momind,  The rediie-
Hion of euring timie by ineressing power can ouly be
takon tio the point when the voltage being npplied
Bs pheeti b thie oo vilie |:1‘rrr1|k~l|.l|1:' tor the
jig being matdhed, One [ndicdation ol too ligh
voltaee 1 fhest p shight prackling <couml and éventu-
ally o hreakdoswn in the form of wn are,
casemibutmge fithis job dise to over henting may take
place without the visible or audible indicntions ul
Aarcing.

Ty siniie

Ine



On first setting up o job it is me well to ensure thit
if an are oeeurs it is tot due to some loeal irregnlurity
in the eleetrode system, such as. o sharp eomer or
edge, as diseussed above, '

No exact fgure can be given for the power
ulisorhig capabilities of any particular arrangement.
us w0 many of the conditions are subjeet to wide
variations, but as o very roungh approxmmation one
kilowatt per 30 sq. in. of ghae line ean be expeeted in
well-designed longituding heating jigs,

Capacitance Too Large or T Sarearll

Il when atterpting to mateh a jig to the generator,
us diseussed in the last purograph, it is found that
moving the variable control to its fullest extent i
either direetion dies not raise the power outpat
sutficiently, it i= probable that the eapacitance of the
job an hand s outside the noroml matehibg mnge of
the generator,

Thire nre several methods of dealing with -moh 2
tuntion, . The addition of suitable coils 15 un-
dunbitedly the shuplest, as they nre easily madde from
nenterinls ready at hand,

If vers lirge correctiony of capacitunes huve to fve
made it is better to consull the mnkers of the
generator, who will advise on the best form of
crrentt. but for jigs in the range 15-500 pF « graph
has boen prepared  (Fig. 11) which indieates the
vitlues of coil required at 10 Me's either to reduce
lnrge capacitunces to an effective 120 pF or to
inereuse sl vaes to 50 pF, these two figures falling:
within the natehing range of ot generators. I
will be seen that enpacituness which are too il
require un added series coil, while those which pre
too large need w pvealle) el Fig 12 shows method
of eomnectinn,

It shiould be noted partionlary that the graph in
Fig, 11 apphes only ata frequency of 10 Mes. For
uther frequencics rocourse st be made to the
formulie, appraring in the Appendix.

After finding the requived Indietaben rom Fig. 11
the cofl dimensions nay b found from Fig. 10000
the previpms examples.

It = umportant thut pasailel poils should be o
nectod us neor as passible to the jig, partienlerly if
long leads from the generaturs are in ase.

TO GENERATOR TO GENERATOR

TERMINALS TERMIMALS
JiG JIE
TERMINALS TEAMINALS
SERIES PARALLEL
colL ColL

Fig, 12 Connection wf series il perrutlel jrg mutehing coils,

Example

A jig has four l-m. glue lines 6 ft long. Oh
dtternpting to matel it 1o a 10 Mes generator (4 is
found that reduising the varable indoctanee to zero
stiil fails to mise the RF. voltage ta the jig sufli-
ciently,  What eoll will be neeessary to bring the
elfective papaeitunce within the range 50-120 pi°?

From Fig. 8, l-in. glue lines have o eapavitance of
approxunately 123 pF per 1. In this euse the total
capueitance is §> 6 x 123 pk =300 pF. Lookiug at
the bottom line of the geaphan Fig. 11 it §s seen that
300 pF  on the right-hand side. and interseots the
parallel coil ourve @l o point corresponding to 1
niierohenries, Fig. 10 shows that this can be
abtainal with 31 turs of eoll on i dein former. 4}
turns of m S-in. formner oF T turne on 0 2n, foriier:
Any one of these coils nisy. he comested in parallel
with the jig tenmimals,

LONCLUSION

It is hoped tht the foregoing hos not given an
ipression that RUF. beating jigs are too complex to
bo tackled by the average furniture nunufueturer.
such s defimitely not the ause.  Fhe great majority
of jigs are quite struightforwanl and constryeted an
plain commonsense prinviples.. The  graphs and
furmilie are givelr merely to gve assistunee in those
asars which depart from the normal m one way of
it har,
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Undoubtedly the supces of RV, heating as 4
production tool depends more npon the jigs than on
any ather factar,  The suvcess of the jigs thenpelves
depends very largely on careful, acenrate and robust
eonstruction, with attention paid to the fundamental
principles, particularly those relating to the eauses
al uneven healing and arcing.

After constrootlon, the mechanieal asenracy ol n
figr should be tested by loading it with the glued up
parts, applying the correct pressures and allowing

th fesin to et GIF Ly itsell without the lelp of RLE
energy, It is possible Ly doing this to show up
{nults in the jig which might otherwise be attributed
o bsied clissign of the eleetrode systent,

The authors wish to thank the ditcetors of Pye
Ltd.. Cambridge for permussion to give this lecture
also to the kditors of = Wood ™ and » The Cabinet
Maker * for using parts of artioles that have been
pulishied i their joarnals
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COTURSE II

ADHESIVES IN THE ENGINEERING, ELECTRICAL
MANUPACTURING AND VLLIED INDUSTRIES






DESIGN FOR

“REDUX™

H. Giddings

INTRODUCTION

T must be some seven or ezht Ve SIney iny
Company first considored the use of Redux m
mireeaft structures, but, i common with most other
firms in the Tndustev, it did not make any wetive
e of the technique on its designs Tor some thine, iy
it vise, not before the cardy part af 1948, Singe
that date, however, our design study aml practicsl
application has been intense, and the provess now
helps to basthd four of our enrront types of aimomft.
It s mwmly of this expertonee that 1 ame able to
speak. realising that other designers would be quite
likely to ovolve design solutions different Teom those
thit Tslinll deserbe.

The e ol Bedux In design doess ot invalve any
speciulined  Mieoretioal treatinent of its own, sueh
cotsiderations  foriming  only o relatively sl
mmpredient  in the  theoreticnl  design  provesses
applirnhle to peperal pireralt stroetural pract e,
Nevertheless, m realisation of the  fundamontal
propertios oF any process 18 necessaey fore its firoper
application in design. and T shall therators Tieiolly
reviow M basio chareteristios of the Redix joiot,
Lshiall wlso dbwesiss the upplication of Redux e the
bigsie topes ol struetyral element fn sirerlt, bo the
sliffened panel of varfons fumis subject T conipom-
siin, shenr and bending types of lomding,  The
woedern aireradt structore sonsists principally of this
kil of element, wluolocannot be effictent unless the
prrobilenss im ity design are properdy solved.

I believe that by far the gresiter mum Dbee of design
upplications for Redux, will resnlt not from getieral

thevretionl vomstderntions, but wore rom Lhe inven-
tion of wf foe solutions to partienlar problems,
nod these will muoltiply mpidly as experienee of the
proces grows. | have therefore devoted part of
iy talk to the desenption of varous particular
Hodux seleines that we fove tricd duoribe Hese
tecenit venrs,  Anwother part of iy lecture is devotead
to the mmnuducturing aspeots of the provess which
have to be considersd from the point of siew of
lesip.

SHEAR STREN&TH OF REDUX LAP JOINTS
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BASIC PROPERTIES OF THE REDUX JOINT

Static Strength

From the designer’s viewpoint the most interesting
strength  property s that of shear. At room
teniperatire, DTD.775 specifies that the strength of
a standand single shear speetmen (1 in wide > §
overlap <20 SWG DTD.546) shinll T not less 1hoan
1500 1y, e n mean shear stress of 3000 [b/in" mnst
he developed.  In practice, failing loads between
1700-2000 |h are normally achieved,

Same vears ago D, de Hruyne pointed out how
depenident the strength of the Redux-cemented joint
wus upon its dimensions, The shear strength is
propartional to the width of the jont. bt not to the
length of the averlap, wod it t5 also dependent wpan
the thirkness of the members joindd.  Mathematieal
annlysiv and experiment Juve shown  that  the
relition=hip hetween shear steength per unit width
of joint, and thickness and length of overlup, s
approximately ws given in Fig: L This relutinnslip
is of the greatest sgnifieance in considenng clesign
upplieations  for  Hedux, and several inforesting
enrves miny be dedueed from i, Thus Fig: 2 shows

STRENGTHM OF REDUA SINGLE LAP JOINT
L - SHEET THICsWess: s LEMGTH OF OVEALAS
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STRENGTH OF REDUX SINGLE LAP JOINT
L = SHEET THICKNESS {+LENGTH OF OVERLAP

| 5L |

et ; \?‘r\“h\‘_ r""t.._-—- 5 it
! 1 ! e S

O T SS T

| 1 O | o]

oo 1 | '

O I
e e ] II ]

Fig.. 0 Sivength wf Redud single lap Joind {lenvile siress dn
wheef )

the sheae stress of sheed Hibeckoess Tor virions lengths
of overlap, and whereas at overlaps up to 1 i, the
stress developed exeeeds that of w nyeted joint; for
i 3-in. overlap it is only approximutely 1/5th of that
of the rivets in 200 WG sheet.  This indicates thal
the Redus joint ennuot be osed conveniently for
kirge ahear inputs reguiring vinidurnble overlsp

Fig. 3 shows the tensile stross developed i the
sheet ut shear failre of the Redux, against thie same
parameters. AU thicknesses helow abont 22 SWi
[0zsin.] it s seen that failure of the sheet will oooor
anil not fnfure of the Redux, but im thick ganges the
stress doveloped 1s guite low and ncrease of lap Is
ol Tittle sdvantage.  This indbentis that the Redox
joind shaws the greatest ellicieney when applied to
thin sheet, say 16 SWG il below,  Fig. | sbims g
shigilar resndt when tendile lwd per dnely wildth of
joint is eotsidired wod compured with the eapacity
of thee sheat, 1t alw shows thal a Tont of sl
g tham, width of joint 15 reached in the Riedis
joint,

The conclustons are that Redux dinds its most
efficient spplications with thin sheet needing quite
short overlap when shear las o be transmitted.
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Pare tensile strengeths considernbiy m excess of The

shear strength fipures can be obtained.  The resulbts
ure | hipwover, viry uj_:lmtulr_ru! o Hie mnri]rml'i_u
of the loading wuld the absenee of stress eondenirh.
tions in the Redux, - Doe to this seosifivity, I s
advisable in prctice to avoid diveet tensile loading
of o Hedux joint, @ of eoutse 35 nommally the
practice with a piveted joint,

The ability to withstand stress concentmbons,
such us may be obtained when ono lamimation of o
joint is pecled Mrom the other, is checked at BAL
Iiv o standard o pecling ™ test. The mmimuani
requirements for this test 5 30 b pull, representing
grorss pisdondding ar s duendbing ;i pesekioe, sueh
loadings are never norully contemplated in design
The "' ]mu.liug "ttt this tenids tis e mther severs
" quality " control test aml i not really of divet
interest to the deagner.

Fatigue Strenpgth

Aw for an T o wware the fatipue strength ol thie
Redux Joint in shear has oot heen lally explored,
Lt what tests hinve Loen esrsiol ol sugrgest that
its pecformance is little, i anything, worse Ui Elat
of riveted joints, This view huas been barme out by

operating experience, which huy been quite satis-
factory.

Fig. 5 shows ncomparison of lnbormtory tests on
single Iap joints riveted or bonded with Iedux.
The Redux specitnens consisted of Jin, wide x| .
overlip < LE SWG aml 20 SWG DTTLG10 e
aluminiume alloy, dml the results showed no signili-
vant variation in strength with thickness,

The luad evele in the Redux tests s more severe,
hving a higher mean load than the rivet tests, so
that it seemns fair to clann that at low Jondings the
Hodux life 15 about the snme as rivets, while at high
londings the Redux joint 15 superior,

The results are plotted non-dimensionally in terms
of wlthnite strength and the variation of Redux
strength with joint propertions should, of eourse,
hot b overlooked,

Thee Effect of Temperature

The tange of normal air temperatiures corsilerod
for aireralt uperation s approxinutely —S0°C Lo
= HIC. The mietal strweture of an aireralt parked
it the sun on o tropical aerodrome might be expected
tu stubilize at & tempertore some 50°C above the
ambient air tomperoture, e, approxonotely H4rC,

FATIGUE PROPERTIES OF REDUX AND RIVETED

SINGLE LAP JOINTS.
PULT = (AT STRENGTH e JOMT
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T'his might vary some +10° depending npen whether

the surface is paimnted or polished,  Kinetic heatmg
due to the motion of the pireraft throueh the air
also gives o tempersture pise ol approximuately
(V100" in degrees Centigrade when Vs the speed
inomple Thus very high subsonic speed low down
gives approximately  +50°C rise;, aml o maxinmm
temperture ggain of the onler <80°C.  Thermal
de-twing can also require strnotural tenperntures of
around +70°C, and perhaps +20°C dopending upon
the type of de-icing installation and structure.
T eipueity ol o Redox jomt under this tange of
temiperiture canditions hws beon established i
relation Lo the stasudund shear spectmen, dol
shown in Fig. 6. The fall in shoar strength with
incrensing  temperatore above  normal s st
pronoumeed, and it will be apprecinted that about
i iy the safe usenble mosannon, Fortanutoly
this 15 satisfactory Tor normael applications,  Data
an the effect of repeated lond-temperature cyeles
are pot ovailibide. but experience froni wreraft in
actunl operation las o far been satisfactory. Ttis
interesting to note thit in peeling strength as
opposid to shear strength the trnd s reversad, Le.,
there is some teduction at low tempermture but an
inerease in hfff’ng'th ugs Lo about +#0°C,

The conclusion is that in general temperature does
nnt present a problen in the Reduxing of the normal
nireralt struvture, excepl at some points where
cotditions are abnormal sueh as in & dde-iving
system, or near to jet or exhaust pipes,

Airernlt to fly st supersonie speeds with operating
Mach Noo greater than mbout 1.5 would not he
snitable applications for Redux bonding of the
structure.

MANUFACTURING
THE PROCESS

Canditiuns Reguired for Bonding

CONSIDERATIONS  OF

Suceessful Redux bonding requires the application
of temperature amd pressure to the joint approxi.
mately ns follows :—

Temperature range  13—160°C
Pressiire range 100 — 1350 lh/in:*

These ecomditions Twove to be meintgined  fop
npproximnalely Lwenty sninutes,

The pressure B primacily necessary 1o uchieve
mechunics!l contavt  between the surfices to be
joined aned the Redux film, which has o final thick-
ness ol approsccimately 01 e We bave found that
more satisfavtory bonds are achieved with lower
pressures (arpuncd 100lhm, ") an the autoelave, than
in the ezl phiten press.

Caring temporature may be reduced at the ex-
pense of invreased curing lime, but we have stan-
danlisod on the abwve combinatjon.

Twer points are apparent = materials eannot be
el whose properties are adversely uffected by o
temprerature ol +160°C, and the type of stmmeture
und parts st be sueh as to allow the safe applioa-
Bion of at least 100 1h/in." in either platen press or
curing chamher.  With regard 1o the high tempera-
ture. the heat-treated high steength dluminivm
nllyys are just about satisfactary in thiz respoct,
Mogme=imn i who satisfuctory from this poeint of
view, but i dliffienlt in another respect, that of
preserving * eleanliness " of the srfive prinr. (0]
apphication of the Hedus,

The Application of Preseure

In omder to apply the required pressivre, the design
st elther be stuble enough to earry it in diceot
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compression, or must permit the msertion of preking
blocks to relieve part of the load. This aspect is
illustrated in Fig. 7.

{a) shows s light corrugated constrmetion which is
cured in the autoclave. A rubber hlanket is
used to seal the cormugations, aml air pressure
is applied over the whole area including the
unsupported portion, which must therefore be
designed not to wrinkle under the pressure,

shows another construction of sandwich type
with eorrugated Nler. Ttis obviously inpracti-
eal to make the transverse fees of the cormgn-
tions stable under the pressure of the Redux
press, and  inserts have to be used, The
eomponent this has to be such that these picers
van be inserted and removed.  For this type of
work. open seetions tather than “ hats "', and
2's orangles rather than channels are preforred.

In deciding upon partionlor desipgns unl Reduxing
iothods, eare should be tiken to miningse clustis
distortton umler the euring pressure, otherwise
“ wpring back ™ will pecur after curing, with resultant
baul finish,

(b)

Breal-diwen af Campotiends

Ment miethods of Redux curing involve the use of
fixed plant, presses orautochwes, and the component
has to be taken to these for the curing operation.
Thus hreakdown of components is necessary for the
process, and final asseimbly has to be effeeted by the
ustul methods of riveting and bolting,

Where the autoelave is being wsad, then the
component and bonding jig hove to be mnseftad into
the curing chamber and size is therefore limited,
Our lorgest autochvve will take components 10t x
ot in siwe. and we Hmd this convenient for tmost
upplications.  There = also o liitation swhore pres
eviring [ omploved, the eotmponent tnust be eapabile
ol inmertion butween the press platens.. The ares tn
be bonded may, however, extend bevond the platens
and thore than ot curing speration be employal,
with o vertain amount of overlap, Remring of the
werlapping portion does not appear to affect the
auiclity of the resulting bond.

The dimensions of the platens of vur largest Redux
press are 10 (¢ <4 ft, and again we find that this
serves fora wide mange of work. A useful supple-
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ME 7. The applization of pressure (& Redior fotuia,
thentiry press whieh we cull the ** edging press ™ =
used Tor long werrow stelp work, sod has dimensioms
of 17 0 Goin, <o ine and s eapable of boding «
reinforeing strip along the edge of the full length of
the largest norinal shest,

Partable enring vouipment has been developed Tur
Redux bomling sn sifw in the assembly jig, but
I have had no experience of thiso 1t 1s. 1 bebieve,
guite suceessful. but 1 should msgioe it would need
designing around & particulsr coring apenition i
not necessanly form an itent of genersl equipment,

The sutocluve is o st useful tene of peneral
efjuipment sl parts with double curvature may be
botided i ity the limitation generally being the
rmormal one of shaping the separate purts to be
brondeld. A prossure s wsed in the ouring chamber
to foree the parts into & female nietal monid which
also vontans eleetrienl heating  clements.  Very
exnet shope roproduction s possabile (0 the mauld is
werueate,  The woulds nesl not be expensive pml
ray nervally be fabrdeated from aluminiam alloy
op steel sheet matenal, and not mockined feam the
solid.

Tack-riveting

I do oot eonsider that tuck-riveting is necessary
to reinforee the strength of the Redux bond in any
way but it i necessary {or two olher reasnns (—



(1) As a temporary measure to locate and hold the
parts heing bonded together after application of
resin and powder befare the euring operation.

(2) As apreventative aguinst tearing of unsupported
wdges comprising a Redux joint, but eventualiy
destined for assembly with other parts;  This
damage may oceur quite easily by kuocking
ugntast (oor or benel ete., between the operas

tions, amd is dillieult to fectify.

For hath prarpases o -in dine soft aluminim rivets
nre smifable, these may be laft in, or oy be removed
upon completion of the assembly.
rivets as rather analogoms 1o the provision of tooling
hisles on conventional construction, wad not primarily
8 design matter.  Localions are supgestid by the
Planning Departuent amd the Design Olliee ** vet ™
these and  eventually incorporate them on the
denwing, '

Forming of Redwr Joints sn Cuwrevard Campue ity

Where components huve slight carvature in one
direction only, then two methods of approach wre
pussible not needing the more compheated procedure
ol e autielnve,

(1) The separate parts (e, stringer wmld sKin) iy
be formed to contonr, pressed out flat for the
curing opemtion in the peess. and thes allowed
to spring buck to the repuiced curvatite on
removal from the press.  The method by oty
does not produce very aceurate contonrs, but i
quite satisfactory when the part s rather
flexible amd its fual eontour is gomg to be
detenmined by pssetibly into n e supporting
streinfure

By curingg Flat i the peess i the permal way ol
corefully rolling the sheet, ineliding the Redux
gt to vontour aftersands.  We have fould
that the Redux Lol will staml o surprising
amiount or work m thix way with we sppanmt
leterinrntion.

{2)

I both methods no general miles sun be given,
an empirical approach to each paarticular job i
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DESIGN AT'PLICATIONS

frenerval

Apart from the questions of stroneth e g
fneturing sspects of the process sugaest that prituary
jorints dioo sbepeture doopt foron suitalile sppilica-
tions for Redux.  On the other hand there are lirge
nrens of strnctire where strength avd manufacturing
conditions are both favommble to the use of the
process.  Thus most present day aireraft structures
cansist of relatively thin skins or sheet, with lares
nubers of stabiliziog tiembers (stringers. stiTeners.
ete) attnehesl  The requirement  for the  jomt
bisbwien thie sheet wnd stubilizing mewber b oot
venetully that of strenpth, byt rathee of stiffnes
wed evntinuity.  These  requirements wre ideally
sbisliead by the Bedos joint, whesens (e aveted
joint hus more than adegquate strongth, snd wsually
cnouph stiffiies, bat i obvionsly oompletely laekmg
woeontimuty,  Possibly some 50-607, of present
ilay structural riveting fuffils this stobifizmg Mne
tiom, wind eould  be redestened o Redux with
rodurtion of welpht sml i|u|irm'mnm1t in limishi

Biviting gives rise o bwo bypes of ilistortion, one
due bo setting of the rivel, the other due to buekling
under Joad, and both muay he eliminated by proper
ust of the Hedux botd,  The cantinuity of the joint
alvo gives a more uniform stress distribution than is
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COMPRESSION STRENGTH OF REDUX
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Fig. . Cwonpregsion sheeqth  of Redwr  honded  slin -2
sheinger o bl

ahtained by nveting or bolting, wid an onprovement
i fatigae Bife, partienlardy with slaminiom alloss of
high strengtle may be expected. This thinner
materinds oy be wsed, oo, on secondary leading aml
trailing vdge surfuces, furings, control surfaces, vle.,
where the minmmom thickness would otherwise bo
dictated by considerations of fatigne craeling nl
riveks.

The Redus joint abviously has advanbises over
riveting or billing in cases where senling b neerssary,
such as presvurisad fuselsges, integral Tuel tanks, or
Hying boat hulls,

In general mo pew design theors s meeesseey, bt
I now propose to discuss hnefly the offect of the
Hedux joint on varwous types of stiffoncd <kin,
where the joint s earrving outa primiirily stubilizimg
Pttt s

o grrossiom Stewtiore

The signiftennes of the Redux joint in the desiyn
ol stiffened skine in 1'url|]|r'r“inll i bvat cutichered In
relation to a ]‘mrl'iru!nr tspe of thstgn, and 1 have

chosen the 72" stringer for this purpese. - Fig. &
shows » partiondar design. which: will' sorve b

illusteate my gencral remarks, and 1 will also be
referring to It agun later.
Notution b = stringer piteh
h = stringer depth
i = width of steinger flange
1, = stringer thickness
t = skin thickness
I = pinned contre Jength
I = iesign stress at failure
P = compression design loud per meh
= Young's Modulus
= Uonipression elfieieney
parpineter
Considering the sarious tepes ol istability =
Loeal instability of the skin (skin buckling),
stringer wob, or stringer onge = @yven by the usual

celntionshinp.
r.,=.-u-;(l_:) ()

wil A b o eoeliBeient deponding upon the edge
comelitions of the skin, welbr or Paige us the cuse finy
he, amd therefore upon the proportions of thi com-
binnbion, RiAes. Doty Sheet 020025 sives vl
for thes wid this solutton s not modified by the pse
of Redux o Bond stripgeer 1o sking

Hotatusmi of the strinper seetion aboul an nxis in
thie pilite of the <kin. gives rise to " torsiona | lnstabi
lity ', strivbtly only teae when the axis iy gl fnothe
pline of the stringer web. In practiee lnteral
ilistiortiog of the stringer tsually takes ploe involy-
img movenient of the axts of rotation along the skin
plane. This combmed  type of * torsional | som
lateral ™ instability 15 more pronounced m the case
of miveted panels u» a certain amonnt of lifting of
thi strouger " feel © Froon the sKin ls prossible.

Torsionil stubilliby sbresses ire piven By o siolar
eelitlonship o (1), thus

f =m-'.(*.:) | (2)

and B inny again be obitmned from IAeS. Data
Sheot, 12400,25 [ this case bhowever wo have
fortes] Bhut Ehe Dbl Sheet fesalbs are realised by
Hudux bonded di<igms, but not by rivetind pnes, doe
to the ineresseld laternl distortion mentioned ahove,

The types of instalilits: eousidiral so Tne sssume
vomtimunns attochment of stringer to sk and are
therofore pppropriste o Redus bonded rembinn-
tions.  With noveted designs however, w further

ol
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mode of mstability imvolving relative displacements
of strimger - and skin betweon nivets may  ocenr
{inter-nivet tuekling), With proper design of the
avebing itas posatble. more o less. to elimmate this
buekting, so that there tied b oo diMerence in Chis
respoct betweon riveted and Reduxed punels, In
cases where bsullicient riveting  was  provided,
however, the substitution of Redux bonding wonlil
obviously give greatly improved resilts.

The linal type of instability considered, that of
averall Nexure botween the sapports, s usunlly
troatod on the conventional uler theory, and is not
moditiedd by the use of Redux.  Where skin huckling
oceurs prior to flexural ustability, but without
precipituting collapse, then allowanee I8 mude for
this in the Euler enleulation. Ouve practice ut
Aristol hus been 10 use " opbinn ™ tledivns Linsed.
o eoiieidenee of the thearetival instaliility stpesas
in the whove different siules, at the sequized Gailing
stress. The applivation ol this comlition deflies the
proportions of the design, and the tesalt for %
slesigets s given b Fig 0. A comparon betwoen
mveting and Rodiex for thas purticalar solubion:
shiown  The best results are achieved for vatues of
o /b between 285 unit this is not greathy affeetid by
the type of uttachment,

The stress at fuilure s given by

s

(=K PE
| 14
where I s the etfivieney parnmetor of the design,
It owill be noted  that there B 8 maxinom of
Soptimum © value, correspaniding oo a partiealir
goometry. Thie rwschivimns vedie Gie sivelel disisnse
b abont” T while Uhat for fhe Rediay, desion |s 84
(both st 1, = L0}, The eombinution shown in
Fig. % bs Lusal oy Ahiks onvet lod of ddesigan il has basen
testedd nt BV The nesn realiseil filing <tres
from two punels wis L0 Bon" pompared with

the predictod B4,2000 1hin,

Based on the same design pemeiple the followime

vomnbimuton s plso testod ;-

Skin I SWG Loedng DT TG
Stringers 1.2 s e S
extruded IYTD 300
Fitch LR
Pinned stpport length = 21 Fin,
Los per jnch K 4,800 1k
f = 87390 hin,’
K - =

The achieved mean stress from two tests was again
higher than predicted at 41,000 Ibjin."

Pancls have been tested in IVYTD.687-652 waterinls
up to stresses of 50,000 Ih/in" with satisfactory
results,  Tests have alse been done on designs
where skin buckled st wpproxituntely one-quarter of
the ultiniate stress, Values of K=1.0 are achieved in
this type of design. We hove also repented some
of these tests at elevated temperature (+80°C) ot
stresses around 47,000 1him”, amnd the reduction in
strength was insignificant (approximately 19),

Compression fatigue tests with deliberate ** bow
of the panel onder Jowd, have been made with
satisfactory results. Al panels tested withstood the
design requirement of 1,04 382, for 2% 10" eveles,
withent wny oliservable deterioration.

As 4 result of our investigntinns we conclide that
the Bedhux bond s in every way satisfactory for sueh
applications in highly stresed  compression skin-
stringer vombinations of “unbockled™ o “huekied?”
types,  Also that the resnlts are predictable by the
normal theoretieal methods; anl that with oorreet
destgn: tmprovement over riveted destn is possilile,

One word of warning— therp bs <ome evilenee to
show that where ** plustic " fuilure of the muterial
= pxpeeted pt very high compression stresses, us
distinet frarn elastin instuldlity, then the Redux
hand is not so tolersnt as the dveted o, “Thus
desne far stresses in exess of 30,0000ban." in
almniniism alloy can be approached with rather less
eotilidence, on our present evidenee,

Alrhough v rematis hove been ligsed upsit the
VAT design, similar consiilerstions wimd condlusions
ilst apply to the vther Vypes o stringer design ez
the Lt ", X" gl angde designs,  The latter
tepe are dnally chosen for very lightly  Jomled
applisstions dnvolving thin skios amd sections, il
there te sume evidenr ta shine ridatively greater
Improversent with the we of Redox im this type of
tesign than in the other eases. 14 s difficult in tos
typn of upplication to get sulliciontly close riveting
to elimmate inter-riviet boaokling.

When considering u * sandsivh * tyqw ol Fanstrue.
tiom for eonprescdon loslmg * Redus ™ bondiig
ugain shows o qlvantuge. For n given compres
shon lud the use of the samdwich imalve splitting
the leshearrying mnterial into two faces and »
stabiilizing vore,  Thus the thicknesses available are
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less wnd the problem of loeal instability is worsened.
Adeguate riveting for an eificient design s agam
usially not prcticabile. and has to be * blind
whereas Redux gives very good suppart oonditions
for the thin fnees.
Fig. 7(b) shows the general proportions of Lhis

type of sandwich.

L, == thivkuess< of vore nuterinl

t = thickiess of faee mnterinl

h = depth of sandwich

b = piteh of core cormigations

k= Radins of gymation per ingh width,
Then the loeul instability of the faces is given by

i ={'.E('1?~.-t) =R GI-] :

(1)

=1
ving :E i (51

In penctive the use of Rodux bonding w this typu
of design mves nearly clampold edge comditions for
the foeal wstatulity and C==d.0.

The proportions of the section may  then e
determined by equating the local instability and
Mexural insbubility, <tresses, the lotler Liokng wiven
by the vsunl Fuler formmli.

.ITEH‘F
fs Sy -
i (1)

The typwe of destgn shown m Fize 7000 may also
be used in compression.  Looal instability i3 again
important and Redux honding pives olfedtive sl
conditions better than riveting,

e = lh]"_knm_ of corrugation

f = thickness of faoe materia

I = edins of eurcature of cormigation
C = width of varoigaticn

d = wiilth letwesn sarrigudion.

Liwal instability s given by
« =i !
s :H!*.( ) for the cormugation |

o

=
il

“for the foee aweross thy eormn

abions 151
aml fua.:[{;.i(r-___"') for the face betwern
i COTTUgRTIOTS [

For the proportions madicated 1) will buyve o ovaloe of
npproxmmntely 235,

1f local mstability of hoth parts of the fuce 1
ilesigneid o vecur il the same stress; then Foand H

will have equal values appropriste to pinned edge
conditions.
F=H =81

::“'(t lt) ()

I £, s designed to be large compared with I,
then ¥ will wpprosch that for clamped edge tr{m—
ditions (==0,0),

Furtlier consuderation of the design tiy B maile
on the bisis of equation (6] as prvnu:nh sleseribdd
tor the sgndwich,

{1}
wil

Shecr Strwstioee

Redux bording may be conveniently used for the
attachment of shear stiffeners. to spar webs and
diaphmgnes under shear londing.  Noo chunge in
esign proccdure to allow for the Redus is v Ess Y,
the proportions heing detenuined i the sieie way
vy for riveled constrootion tie eonsiderations L e
(8] ndeguute stillies Lo prevent vomibind pranek

stiffener baekbing andie panel sliowr,
(1) adberpunte strength and stability to support the
temmdomn el poall i the panel,

A funge propurtion of alout 30%, of the deptl of
Z. ungle, of chunoul type stilfeners is satisfavtory fur
the Redus wtluelment,

Corrugndesd stiffening may b wsed for shesr panels,
but very deep sormimbions are nol practicsble due
o the tievmsity for elosing the vil of the sorrogn-
tions to take the coonplementary shenrs.

W bave carmod ant g shenr test on the enrragated
soction shown i Pz 10 and failure of the Modnx
bond sl collapse of the errragations oeenrred at u
shear stress of ZHoun b, Visal buekling
oeeurted b nboay ball s stress

The corrugutioil design of Fig, ), ol <andwich
design ob Fie, Tl van ol Le efliviently ueed 21
slusser il wive sinilay feailts

Shesr seinforeing ity on spar wels el are
very eMeiently attached iy Hedux, the buckling
stress being  that appeoprinte 1o the  combimmd
thickiesses,  Thie s doubling plate " will inctvise
the <hoar buckling stres by neardy § tmees,

Tlus a5 extremely wseful where stilfoess & pmport-
wnt, ws thore 15 an effective deop in the shear mogdnlns
of sime §0-307, immedintely huckling ke place.
This 1= partiouferly inportant oo spae webs wineh

=



usually make a big contribution to the torsional
utiffuess of & wing.

Bending Strueture

The corruguted and sandwich type designs of
Fig. 7(a) and 7(b) may ulso be used for bending lomls
such s woulid arise from lateral Joading ol pancls
due to acrodynamie, presurisation loads ote.

Similar comsiderations of loesl imstability  as
diseussed mmder compression:bnading apply.  Tn this
case, however, they have to be combined with the
eonsideration of bending strength, determuned in the
usul woy,

Rused upon these considerations the proportions
of the seetions may be varied to give ot
welght, noting thut as vverall depth of section s
inoremsed, for & given bending moment, the welght
of fauce materinl is recdiesid, bt the welght ol stalilie
g or vore matenal is inerased,  There wre this
optimum proportions for the given bhending strength
The partiouisr design ol Fig. 7ia] hos been tested to
u fulling B = 125 1han. per inch width, while that
of F{) fuiled at 11000 T b per ineli widthe

Fig. 10 shows o design which has beon evolved lor
u fuseluge pressuee diapheagm.  The foctored design
pressiire londing was 22 " giving o B of
184 b In, per anell  The disign was tustedd Lo
farlure at the design B, jiving o eomipression
stress in the crown of 20,000 bjin.’
stress i the erown of the corrugafion under the
bending distribution of stress i given approximmtely

by
G -—-.LEEG‘;)

A difficulty about these cormgated designs of the
doep type arises ut the suppert, Le. where there o
eoncentrated shear mput,  Effective mensures misst
b tiken to wet the local losd nto the cormgmted
section, other than by pure crushing of the section
lovally,

[1Z)

THE T'SE OF LAMINATIONS

The advantage of the use of Redux Tor the ot el
ment of shear reinforving plates to spar wobs ete. hus

The bnckling:

already been referred to.  Hedux may also be used
with advantage to reinforce tension members.
Riveting reduces the efficiency of u tensile reinforcing
plute, wheress with Redux the full sreas of mam
member and laminations are retained, and also the
elfect  of rivetslip avolded. The fundanental
propertics of the Redux joint must however he
remnembored, the reinforcing being built up from
thin liminations and small overdaps.  Thick lsmina-
tioms st not be psed,

We have used this technigue viry siecessfully in
the very anduous application of teusile fatigue
speamens where the problem s to prevent fatigue
faiture at the grips mstead of at the test sections  In
thits applieation the Redux-bonded laminations have
stovessfully stosd up oo great deal ol Tatigue
besting,

Another mportant application for Redus bonded
reinforemg strips s i builiding up the sheet thickness
loeaily to thal necessary to compensate for tho effect
of the holes s pomary avetad or bolted jomt, or
to allow the wse of simple eut-countersinking in
providine o Muslesarfnee.
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S IS A metal blade satisfying these requirements s a
’ dillieult propesition, but the use of Redux bonding
s of considerable ]ll‘|}!. e salubion consists of
extroded and mnchined  aluminium allay lendhing:
edure spar and trailing-cdge seetions, light prssed.
ribs, und & Reduy bonded Hehit stiffened skin riveted
to these mmembers by o specinl proesss.

A section of the stiffened skin s shown i Fig. 11

= e e Y r S
X Y. _ anel. the wvery hght., almost = munature  wing
MR 1 g
| eonstriction should be toted.
1 !
—— 17 —T
i ! T —— B U ¥ . = TRR :
! W e R ar Ibe rib piteh s & in and the 26 SWG (015-m)
siin s Hedux-lominated loeally on the inside for
J TR e (e ot s
3 attnchmont to ks i spints” v etil-éonntersunk
riveting, Avidel rivels are usel] sl the heads
Fl'_ﬂ. i1 Nedlwp  bonded  hopewicinger oo nidiie Jor

Wedicuptos

MISCEL

Blaikes wre wiilled ok after setting. The <king are also

llr“.wi]j. reinforeed wt the eoot ||J. Richrxed) iniina-
tivrs fir ottachment to the rool Hiting,

('ului!l'l;-h-.\;ir.l}l, pe=ts hivve beop enrricd ot on the

LANEOUS DESIGN EXAMPLES it panels with) the fallawing. sosulls

Metal Helivopter Blades f nvenr VECRTTLTT [P
i . T imckling L1 Thin,
I'he ]:rumtr‘dr design requirements for s hehcapter Compression load T ol I o
Pl e s ollows - Etfuneney parnmeter kK = .62
(i) Statie bonding strongth
(L} Stiatie tensile sbrewrth \ Catigae bt has also been sudecssfully enrried ol
(e} Flesueal wend torsions) stiffpees o a conplete Llade  section, with s Toctaiting
() Meecurate finish torsionad domd superimpused on e stealy fonsile Tl
(e} Aeicurate baloniee Falipue Taflure of the skins eventually oevirees)
(1} Fatzue strength swithout faihiee of the Hedus bol,
{rh Low weight, The tinish achieverd om the blade 5 exerllent.

Fig, 12 Nedwr tonfed = Frogghiee ™ noimg: speeonen
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3 Ed eayts Wl

Fig. 18, Recug bl thin i section,

Erpertmental ** Freighter © Wing Sectinng

In order to explore same of the disign and puni.
fucturing problems assocmted with Hednx bonding
i sevtion of the = Freighter ™ wang was. redesizned
in detail to allow the use of Redux: and a 611 long
speeimen wis buill,  Flg, 12 shows a general
photagraph of the specinien.

The leading edige {s of the light eormgmted design
of Fig. 7 (n), nnil gives s smooth finish and roliust
skin despite its lightness., The whole feading edye
section s easily ditachabile frat the sprigot ribs, and
the front spanwise dinphragm and chondwiee orn-
stions fornt suitable chanmnels for thermal deicing
if Vhis is reguired.

The top compression surface is a figh efliciency
design with elosely pitehed rolled Z strmgers Redux-
bonded to the skin, The bottom surface has Tight
rolled angle-stringers Rodux-honded ta the skin af
refatively wide pitel, there heing po very high
eentrpression loading o this surfisee,

i e [ i
R i

The brailing odlize i= baillk s Seonn bopr pred Laoattony
panels of 20 SWG <kin with chordwise ** huts ™
secting stiffeners at i pitelu (1) in deep < 4 .
wide = 26 SWej, with the opeti Hangel ~ide Rethis-
bonled to the skin,  These stiffeners trunsont the
londd to rear and false spars, and the false spar to the
trofing etfge ribs which are at 2dan: preeh.

No ogrend  diMeulties were etconutered e the
v farhiees of thes spectoen aid Hie Dnkid waos an
brproverent on the rivetid codsteietiol,  Aosuving
o weight woulid alse be padle IE freedom off deign
hatl been pumsible, Bstead of the existing rivetinl
dlestgn having ta be adagitesd,

Evpervmeatol Thin Wing Sechion

Fig. 18 shows a section of 4 thin fughespeed wing
designed (or Bedux bonding.  The design is of thick-
skt nltispar tvpe constidersd b provide the
best answer b0 bhe Migh =trongth anld stillness
rerpuirentents,  The spare boots are Boniled to b

G



top and bottom skine and eompleted as paned
assemmblies, the spar webs being nssemibled in position
subsequently, using Avdel riveting, An alternative
design of bracal intermedinte or stabilizing spam s
also possible,

The leading edge uses an interesting Redug teek:
nique to bond the densified wood ribs (o the metul
skin: this muy also Do ased for other applications.
Strips of puper are Redus-honded to the insitde of the
skin in the appropriate rili positions while this sk is
flat. The <kin i then formed to the leading edgr
contour and the paper lightly butfed off leaving the
eured Redux flm, The nbs are then glued in
position to the Hedux film using ordinary. wood
gluing teehnique.

The trailing-edge structure < buill as o Redux
bonded suleassenbily  of tops andd - bottorn skins,
Ounged ribs, and sebated teailing eilge  sectinn,
This is all Redus-bonded in one ouring opertion in
the flat press with suitable internal aml external
pucking Blocks,  The leading and traiting vage sub-
asseniblies are thon Avdel-riveted to the main spar
bux structure, the rivets bemmp  milled [Tusl aller
settmg.

Nervo-Talis

Control-surlace servo tobs hnve to satisiv sy
balance requirements o prevent  flatter.  These
reqmcements are normally satished by e addition

Fidi 14

Medliia  baialodd sastoaia iy by,

(LT

of mass halance weights at the leading edge, The
main control surface, including tab, also has to be
muss balaneod, so that the weight added to the tah
ioakso juultiplied and added to the main control
surfice,  These muss balance weights can easily
simount to lundreds of pounds in weight per aircraft,
and the most profitable method of reduction of this
is by reducing the moment of inertin of the tab,

The requirement for the tab muss balance takes
bl ﬂ'r”u“‘iug form
JMmX |}

X—<Y-2T 2
0 )

{ ] =]
where X, Y oand 2 are ofmnstants

X = tab muss mament shout tab hinpe line, & ve
when tab C.G. is behind linge.
Ly = Moment of Inertin of tab sbout tab hingw,
l, = Moment of Tnertin of control surface wod taly
nbout eontrol surface Ninge.

Genevully wx will have positive vale, {withoot
the extru suss bulanee) wnid it i pussibile to satisty
thie whove equation, not by wdding mass bulanee.
bt by reducing Ly (tab moment of inertia).

It should be noted that widing tab mass balanee
ihwrieses I bes pukes the eriterion more diMieult.
Vo, that if by bad design 1, is miade lierge thion the
exton mass balanee required s also lnrge.  The
requireiient ean be met, whul extra mass balanee
dispensed with, if the tab s buill of very light skin,
and this eun be done much more easily il Bedux
banding ot skin to the supporting stractiyre s
varried ot

Fig. 10 shows a Redux bomled servo tab which we
have disigned with the above requitement in mimd.
The vopstrnetimi s ||||i|‘{: l.imph-, ruu.\wﬁng of
shaped leading edge 22 SWG (028 0. skin Reduxe
bonded (o Light (langed ribs; p oone prece trailing
cilge 80 SWG (012 in.) skin Redux-honded to close
pitehed (-8 g, bub very Tigh Manged tibs, wnd
these are both Avdel riveted to s reluti ely heavy
spanwise channel spar approxinutely on the hinge
Livie

The fnish 15 very good, the tab is quite * solid ™,
strength and stiffness roequirements are e, and
1o tass balance penalty is ineurred,



fepilia buneledd wing il

Fip. 15

Wing Irder-Spur Tdnk Rils

Lightweight Mexible bag tyvpe fanl btikes pre noew
fashiormble for civil aireralt, s it is buportant
the walls of the tank cells should be senooth. Nermal-
Iy, wing interspar ribs and spars form the tank eell
wills, ‘and the design requirements for the ribs
becanie guite difficnit, as follows

{nl Shearstrength

(b) Tensile-compressive stiffniess in vertical plane of
rib to stabilize wing sEin snd stringers.

(¢} Crushing strength aeross rib for “lugh @' vuse,
tinks Tall on both sedes of rib.

(4} Bending strength of #ib Tor high * g7 ease, tank
full on one side, einpty an other sule

(e} Flush fnish

(i Light weight. N

F. The sundwich design of Fig, Tib) bsn very efficient

solution to the problem, and & pictury of 8 complete

#ib is shown in Fig. 15, The design of this type of

sandwich has ni]‘l’:ml}' Leen discussesd and its -‘I-IJIII“EH-

tion to this partioular case s quite straight-forwand,
The compatison of the specifie weight of the Redux
sandwich pod alternative riveted desion previousty
el 15 s Tollows ¢

" area

Conventional riveted design 1.5
& b fit" area

Hedux honded samdwich

Fuseloge Pressure Bullfieads

The liseloge of the wodern pressurised aireraft
wspnlly contidns lerge prens whicll, from Lhe loyout
point of wiew need to be at, and also have to carry
a high presure differential.  This msy be as high as
B i opemmtigg, and 20 bin” fectored,  The
operntmg pressare s snstained . for long periods
during thght, and also s repeated i every flight,
thus hinving a fntigne nxpect:  Flat skins supported
conventivaally are subjected to guite dugh bending
wind ernbrane sdresses ot Lthe point ol support. s
we have fomwl it bupracticoble boo reduee thes:
strésa< below e elistie Timit of the materinl st the
aperating pressiee, swithoul a severe wieght penally,

The st attractive solution ds o provide s
distributed support to the panel, and Fig, 10 shows
n conyenient way of doing this with o Redux bomled
corrueated design:  The stresses in the pancl at
upirating pressure. are guite f.»utl.-:st':u!tur}' from the
latigue: point of view, awl s weight is equivalent
to At ol un 18 SWG (G048 in) thick single unsup-
ported dinplraem (7 16007,

CONCLUSIONS

Summarising the results of this oxperience, 1
heliove that, despite fundamental limitations of the
“glued ™ guint, and present menufactunng hmita-
tioms, there s o wide tield of arcoraft structure where
Iedux bondimg offers i inore efflcient design solution
than conventionnl Talirteabing ot Dods,

[t i ressopmble gl eonvenient to pdopt the
Redux process in two shages

(1) Fustly, on secondury strueture such as internal
Moors and bulkheads, Jending and tratling edge
surfnees ol wings and tall units, fairings, cabin
uil undercareinge doors ete,

(2) Seeandly, Tor secandiry  joints dn primary
structuze.  The principle example of this appli-
eatio s the bonding of the siringers to wing,
fuselage aml tuilomit promary structores,

Tig



Wherens these form the principle applications,
there Is no-lack of reliability in the process to pre-
elude wse in primary joints where suitable applics.
tions ean be found,

No new design principles are mvolved in the use of
Redux bonding, but vareful appreviation of the
strength and manufpcturing charncteristies of this
type of joint must be made nt an early stage
Conversion of orthodox designs does not give the
best vesults.,

Improved fmsh, less weight, and better fatigne
performance should be obtained,

The weight saving on the spplications in stuge (1)
whove iy be as high as 257, und in stage (2),
relutively less at some 3-10%,

Finally T would thank the Brstol Aeroplane Co.,
far permission to give this lecture, also those of my
collengnes who assisted e 1o its preparation. and
those who have taken part in the developments with
which T have dealt.






PROCESSES USED IN BONDING METALS

I H. Parker

This tecture ix baved upon a Paper read before the Rogal Aermutioal Sociely and i vepradaced
hiy Eted prermatsadom of the < Losrnal of the Rogerd derenaitiend Saeivty *',

INTRODUCTION

HE Bristol Aeroplune Campany first took an
T setive interest in metal boding at the bewin.
nimge ol 1948, Naturally a start was made on
available materals which were fully approved under
IPD.775 and the combined use of these miterials is
known as the = Redux " Procéss. W started, sl
have since found no reason for change, by using the
combinntion of * Redox " Ligquid Ko and Powder
vollfonming b 30-32 sereen, HS. 00-1943 and
exceph where otherwise  stated  these are  the
mnterinls disoussard.  Expenments over the past
theee yeurs havedhisposed of many doubts reganding
the reliability of honded structures for aireraft niud
we huve now satisfactorily determned whist is and
5 nol mportant,

[will now eniloavoir to deseribe the steps taken
to reseh this sitisfiutorn position,

CURING EQUIPMENT
The Miniatuire Pieas

Olur flest peess was quite winisture. 1t conpisted
al w labwrntory mouhding press, with o platen size
T oF in This equipment proved quite useful m
reuching tiest approximations bt anyone starting
the method is advised to set wp a rather arger pilol
plant capable of enring fenspecmens somiltane Hinly
a5 more representative number.  This peess shonld
have all the meclianical mil heating setting. vapahle
of binng aceurately  pre-set amd controlled, thus
allowing o methodival choek on the several fsetors
vutside ite mechanionl  operation
control of glue thickness, exict repetition of loading.
heating cyele, etc,

for exampli-,

Asstateil, we neovpted the standard shear strength
figare of 1,500 Th (DD, 773) as @ minimum lor
the selected resin and our first task was bo by ont Hhe
sequenice of provessos oo smull seale 0 econdpnes
with the manofyetures™ instructions using st the
press curing technigue.

At the outset we realised that the flat platen pross
hiad w limited application, thus, we decided that a
micthod copabile of wide apphestion would need to
ho developed to gover, for exsmple. the cise of
surfoces having severe double curvature.  This led
throngh stages to be desoribed to the presen|
successiul Autoelnve miethinl.

Buth i the deseription shove of elementary
opparatus dod in o the ones thint follow, it will e
noted that ne figares for pressire and ftemperstare
are givet. This stibject s denlt with in the sertion
of the paper hemled © Corine.”

First Pressure Roa

Conenrrently with the press work dseribad wo
put in haned the fisst experimoents with o prressure
curing. A lwes waes wsed consisting of two chamilors
vapable ol bong elamped together one on top of the
other. The fower chumber was useld as » steain
covity to heat the work speetmisa. The spuwe o the
upper chambwre was lowded lisst with o metal die
canlforming to the shage of the part G b formid,
then the compemnwnt, on top of which, anl restenined
by the walls of the chamber, was Nurm[ i tubber liag
which, when pressurised from a sapply, gve the
required  pressure on the work speennen. With
ineroase i sie this vauipment wonld become more
und more unwieldy, whilst the rubber bag wounid he
very expensive and easily. damaged.



A Elssbeicnl ponerid gasis, B A
D datsslivd N 2

This erude start establishal the principle of Puid
suring and the neeessity for fitting aceurately male
avdl Temale dies with the attendunt great cost, was
wvuided, whilst uniforinity of pressure all over the
romponent was assared.

e Autoclave

The next obviois step was to abandon asystem i
which the air prosure was applied unilaterally ad
to evalve a bilateral method i wliiol it preovided its

REDUX CURING CRADLE .f

|
Fig. 1. Auwiocloves for Reduz banteding ' The Hristol Aeroplune o, L) ]

plssliiee Min, 1. 0 AP reesronr, [0 oo o Stk A wlorjeona, ,
B tiffrring irilley with jig-nesmbly, B Dowr for 4 utoclovs Mo, L.

own reaction: This was done i iminersing  the
jrarts to be honded m vompressed alr, taking special
care that no air could gt botwesn the faces to be
jomed together so thal thi< eavity remmined
istmosplierie jressire,

it
Thus the autockive provess
was eviolved

\ miniature test autoelave was made from an
Sk dismeter stenm pipe 18 in long, together with

a speeinl type of clectrically heated jlgy and i provess

PIPE LINE FROM AIR
COMPRESSOR

I
i}y 1
T — .

o | F——t | p—p |

'r ]
M Ml
= —
& o "4 & __I_I:. =) i a, of 2 F q - .’I.__'_
Fig. 2. Sevtioned torm of suring phoisbes l'-"'PE !.IHE Tﬂ

TACUUM PUMP



was evolved which proved satisfastory and eapable
of heing reproduced immedintely afterwards to a
larger sige without any further diffioulties arising.
Thus in one step. with practically no change of
method. the fullseale equipment was estalilished.

Fig. 1 shows the full size equipment, Resding
from left to rghd i the fiest full sige autoelsve with
toor open and a jig ready for entry,  The next unit
iy 4 high pressure air necuniulator which, using only
sl enpacity compressor, allows & very quick
charge to be made to the sutoclave: to the right s
o larger nutoelave also charged i sequence from the
same peeunmilator.

The next ilusteation, Fig, 2, gives an idea of the
wrrangement of the jig within e autoclgyve, whilst
o further drawing, Fig, 8, illustrates the makeup aml
openition of the jig. This consists of o light (14
sowigl) almmininm alloy  plate oonforming to the
tinal shape of the component, nttached to a mumber
of eradle frames to hold it to form.  Immediately
under the i plate, woven: electrie elemonts are
titted to provide the necessary heat.

The component to be ewred Is laid on top of the
Jigr ol this In tuen dsceovered with o thin J in. thick
rubber sheet whicll i elumped down armnd its
cilges, A vacuum lne is sttached to ) be base of the
jig communivating with the eavity between jig and
nibher hlapket.  The sequence of opomtion s as
Tollows =

The jig » lowded ns deseribed, eleetrmeal and
vacunm onnneetioms are made outside the sutoclave.
Vaenum = then applied < this evaeuntes the rubber
blanket and in addition completes the wlge sealing
of the ruliter thos creating the regquired (lifterential
pressure peross eotponent wd jigo whiell on being
cunifined in the autoelpves cay be bronght up toany
riuired euring piressine,

It shonld be noted that with the torm of stracture
ilisstrated, in calomnbating the ceguired evnng pres-
sure oy e goint; considoration must be given to thie
praprtion of surfaco hiing bonded to the total oren
under mnfortply distributed ar Tosd smee the glie
line area provides the sale reaction fve the sihiole of
Lhi= foren ¢ Lhos with o tvpeal eormagisted structure
os shown, where glie nren bs approximately o thind
the total sren ander pressise, anly 60 psi pressure
required in the sutocluve to give a bonding pressime
on the joilits of 180 o,
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L passing it should wlso be noted that all electrieal
connections to the supply source are mude auto-
maticnlly when the euring-jig cradle is passed into
the sutoclave mul 0l the necessary safety preeau-
Hons both with regand to campressed air supiply and
electrical supply are incorporated fn the door-closing
mechnnisin,

The Platen Pross

While the autoclave process was being thoroughly
established. the platen press was not neglected. At
the moment o 250 tous press fitted with 2 in, thick
preecision steam heated plutens 600 <3 £t is in use,

Thi= ix shown i Fig. & and consists of s four-post,
double-rnm,  rising-bottom platen amnchine,  The
stesni-hested platens are mounted on 1 o, thick
insulating peaterial wnd work s fed intooand out of
them from feerd tables on either side-of the maecline.
Al eontrols. including @ euring-cycle-time warning
clock. are conventently grouped. so that the Operator
s &l the eonteals awl the components under
observition,

Two lurger presses are abont to e installed, one
being u long narrow open fice press which will be
e for bonding edge reimforeoments to skin punels:

PREPARATION FOR CURING

Having deseribesd the evolution of the equiprient
unesl for the wetual curing we my mow deseribe the
two stiges lending to the application of heat and
pressure. Thesy sire ;
fui Pretreatment of the motals 1o be joined

nnid
(1 The appheation ol the  lguil sml powder
ndlhssive

Poelreatment

From the outset it was known thit the pretreat-
ment stage wis of vital mportance, byt experience
lins shown that the contral is nol <o exacting onee
productivn is under way,  Use ls always mude of
pickle to DTIL 0137 even if this s subsequently
fallowed by ansdising to DTN, 9100, We have
fisned in aeldition to vapour degrensing that the use
of an mqueons degreaser (Collea) s also advisable,
Agueows degrensing effectively removes adhenng
sulids whuch nre frequentiy feft by vapour degreasing.
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tions of ench bath used s grven in Table T ithe plant
% shown i Filorure 57,

During early tests both on the press and in the
autoslaye re-Frentiment  Wiis

stispeet  Tof  every

failiare, Witer rlllrlllrthv'\- wiere exbumstively exas

mired,  Hesalts  following  differont methods  wf
dryving were tabnlnted as were Lthe recuits foliowimnge
ordered vamations in bath concentralions. In

short. all the vamables were ststematically expilored
with the r=ull thal o method of [I-I'J'-ri".-'..lrtl"luf whs
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Application of the Resin

From pre-treatment and after dryving, the pre-
pared muterial s then taken over by the provess
aperator for resin application,

Furthermare, the bonding operator himself handl-
ing the jobr ut this stage i responsible for ensuring
that honding faces are not gontamgnated, The
method of resin costing is that of bmsh application
of liguid K.6 and subsequent dip-application of
powder, the residue after consolidation on the resin
face is Lghtly shiken off. Mating parts are then
cither wired together or rack stored resdy for enring,

CURING

The curing process has reeeived mueh examiuition
and it was evident throoghout development of the
press anl antoelave thut despite idenbtical pre-breat-
ment and sulsequent resin application the appear-
ance of joints made on the press was noticeably
flifferent from those sured in the antoclave, further-
more, the autoclave jomt always had higher proper-
ties particulacly n regard to peel strengthe The
jmint when separated by hand shows mueh more
umiform and ductile properties.

At first this was thooghit to be assoctated with
uniformity of eontiet resulting from air pressiee
curing as well as due to other factors precent,

Oy both ssstens the curing presstre wus 200 psi
for 15 to 20 minntes ot o temperatiee Tron L0 ap
to L60°C maximnm with an open assembily tne (the
perion] between npplication of resmoand enrmg) of
about ome homre.  This short interval was mtrodaeed
to avord shop contamination;

Press curitig under these conditions resulted n
pedl strengths of groat rregularity amd the visaal
appearmnie of broken jolnts was ansatisloolbory
The press bechnigue, however, coulil not Le iy
dloned ps it Bad some ndvantages and olless @ slightly
shorter evele whilt jigging i normully cheap unil
simple for flat assemblies, for example, in the tuse
of muny shect-stiffeper combinations,

Fre-treatmont was re-explored amd every mechnmi-
cal vanation in the press and heating equipment was
perfected.  Thie outeome was the use of a jonges
apen assembly tine aml o ceduced curing peessiee at
100 psi for use in Lhe pres rreeth Tarnd.

The facts are that pniformity of pressure and even

i

SINGLE OUTER LEAF
OF SPECIMEN CLAMPED
TO LOADING POINT OF
A SPRING BALANCE

TENSIONING
CLAMP

PEELING WHEEL
IS MOUNTED ON
BALL BEARING
PIVOT. IT IS
MOVED DOWN
AT A STANDARD
PEELING RATE.

NOTE. THE BONDED SPECIMEN IS COLD
ROLLED TO A RADIUS OF 3 IN. BEFORE
FITTING TO PEELING DRUM.

Fig, b Bawie privedpls of the = siogle i ™ ppefing o

temperatures over He Tull aeed of the parts oo De
joineed fire essentinls bo snecessinl ouring, s thie
plitteis mst ab élasire Bt most peenentels amd the
steanmt passages through them must be sulliciontly
wmerous dnd so disprsed that the temperature |
truly wniforom,

The esential of a gowd jomt s striet control of all
foctors whieh fluence the flow of the mdhesive:
Eixvessive flow eonses andue foss of aithesive Trom
the joint often sccompanied by a disturbance of the
proportion of resin b powder, Tt thiere fore.
neeessary boooontml rise in tempemsture, pressure,
il b worstre evaporntion of all sidvents hefore the
juint b= elemml.  In the autoclove this cioulition is

i,



met since the préssure is applied at # uniform and
cimpensating rate and thus the resin is partially
emred and consolidated before the full pressure s
renched.  On the press hash mechanieal erushing
ean oceur at the commencement of the enre,

Thus the introduction of autoclave curing amwl
lower pressiure press ouring hase on the whole
inereasedd the overull strength of ** Redux ™ bonded
joints while souiter las greatly reduced, this has
resulted in higher average strengths than were
obtained originally,  Aversge valies are 2200 b
shear on g joint 0.5 in. =1 in, and 60 1 peel.

Press pressure may be still further reduced
providing the component being cured does not itselt
repuire considerable foree to bring the mating parts
Iuto andform contact.

With the autoelave working oo thin  gauge
mnterial exerllent boneds hinve Leen obtaine] wsing
atmospheric pressure only. that is, the pressure has
been that arising from the use of the vacnm
between. the ermdle aml the rabber sheet,

PEEL TEST

The pecling test was develupod by Aero Researel,
Limited, meed lind been estullished o< the mnin
control t=<t i the sheenes of sy known form of
tion-destrictive exmmitiation of the bond.. "The test
rotsists . of  pecling  against an autogmphieally
reeording lowding deviee. Fige. o shows iy digrmom-
matic form the method of npplymg foad to the
specinienr,  In this vou will see that the peel speei-
et bednmpredd bo oo eroudne dowms the Free ond s
lelid b osuitable elamp, The dream is then pulled
hydranbienlly, whivh eansod Hhe specimen Lo rofbate
onel peel the twi component strips apart.

A i et of thiovsands of tests o minim peeling
lonadh oof 50 b hies been estabilishisd on o specimen maile
tromy 200 gangre: DT 6100 I this gonnection lies
tho eluel Honutation of the simgle dom test, 1 the
testYiigures wre to have any significancs for compar
sorth prirpivses the test mst be condined to one gauge
mnel piwkerind specilivoliin, sinee, by oatuie of Hlie
geomietry. of the fest, any change Iy the gauge of
materml  ar spesifiestion  altes  mnppletely  the
poeding sbrength.

A further disadsantage i the fact thet the actual
radias whieh the specmmen takes apows b leaves the

drum varies with stiffness of the material and in-
eretses the loading moment on s specimen of low
strength, while decrensing it on a specimen of high
strength, Hins seatter of the results so obtaimed is so
severe as to make them mesningless @ the need,
therefore. for standardisation of gauge and specifica:
Hon of material s essentiol when makmyg eompari-
SO,

Means, however, are being developed to eliminnte
these limitntions and a peel test will soon be available
which will allow immediate Inter-comparisan of test
results on materinls of different ganges el speeilies-
trons up to, of course, & certmm limit when the peel
test hecomes virtually impossible.. Hut even with
these limitations the single drum peel test s an
exeellent means of checking the provess since we
lve fonme] Uit B shows ape bomedintely sy <t
variation ln preteéatinent of other bonding eomdi-
Fons s, therefore, we pegurd it as one of Lhe inost
valahle chesks on the guality ol w joint, Tt s
interesting to note that the AL, are Tikely to
estphlish this test o a0 standand, reqiirenient for
aceopting ** Redux ™ bowled joints. We do not,
hiowever. sugmest that the peel test has any signifi-
canee as o dlesign erterion unless perhaps ot s
mesuciated with emluranes against (itigue.

O thie otlier b, 6 is well known that Hie sheit
strength of * Redus ™ hondel joints jsvery fnsersi.
tive to processing conditions,  Thete ds alundunt
evidenee of joints with no apparent peel strength
cusily meeting the shear strength requirements of
L¥TT3, 775,

INSPECTION PROCEDURE

Inspectivn procediee 1 @ iliffiendty with tnetal
baonding singe there is no noi-destructive test whicli
caty bie intelligently applied and evidence of guality
b limitedl bo 5 test on o separaite speciien, 11 bas,
therefore, been fouml nievessary to introduee strict
mspection: rontine ut each stage of the method and
although at first sight thos sppears 1o call for a logh
percentage of imspeetion 1o production inbonr, thit
i atnply met by the low overall mannmg reguired.
The {ollowing i= of intetest o this conneetion,

v ometal bowdlng plabt produciog, sav,  1LIH0D
comiponents of different design and sizes per month
reeiTes initislly o prevsduetion munmng of abobt
25 aperators, with 6 1o 8 inspeetors inoaddition, s

15T



JOB HISTORY
STAGE | PRETREATMENT

TYRE  fehdle & Anodine

TIME OUT <20 2

DATE i o se

GE 2  REDUX APPLICATION

DATE i x se

TIME J i oo

STAGE 3  CURING

PLANT Aulaclore

DATE - g0

Ilﬂ-i N F-50 as

TMEOUT 7 /o om

TEMP iFo e

PRESSURE <52 #2°

muu" =y m’ﬂ.‘:}“ Ay
AGE INSPECT!
ACCEFTED BY

DATE 27 F 0

Shear Jast — Zogsrs

Fig. 7. Face amil ieypese uf
the operaton beeome exponenced and af the rules
are properly followed the inspection mannig ean
silely Tee redluged Dy badl; even w the fspection
ratiois higher than for Hhe alder methods of assembly,
Lt the overdll mnring b= very il Jess,

As o the dtspection canbml, this comsists of &
stage stage viewing throughoot the severnl
processes, The imspeetor's list dual jobs are the
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shiear and peel tests whiteli fn euel ense b oon one test
piece pur component. per pre-treatment batel. A
typical pecl geaph b shown in Fig, 7 —each graph s
signed by the lnspector,  The back of each graph,
which will be seen on the left hand side of the
preture, plso oarmies the routine cheek reeards wihich
the wspector hos made, thus, tie ootupleted <lp
stamped by the inspector gives o permunent recard
of the process history of the part to which it upplies,

Jis



Wing il diphragm, edde-reinforeed by Redax
Benppeliedd Devimdwindomiv,

DESIGN AND WORKS CO-ORDINATION

Fig. k.

With metal bopding the closest design, develop-
ment and produoction callaboration is essentinl, The
designemust be appropeiate for the method from it
”l'l'1'|l'1ir1rl. its Iill'll[iflllll I rl‘!:. it~ fn ||=E1 rimilive to
riveting s altem no advantage, thet i, the essentinl
requiremients lor good bonding mnst be renlised by
the designers and oatered: for in component lavout

III-Hllt‘l lrom overall considerations such as the vEery
ol iutu ol Ll r|.|I||| Wl 's.|1|||.|]|_|_ lil Hu!:h-hjl_.-.__
there are o number of consiilerations <uelias< e slrip
remnforeemmnt of thin sheet adees by bonding, thus
ill""lllilt:ll” the wse of lewer riviels st ].;|n|-| eilites
which alss inkes possibib rut-countersinking for
linnld |L'L'L'|'[TIIII:\. with 1t attondant voomomiems. f'l['l_':-\.
thus thickened permi? grent economies in weight
wver Pl mam panel ares while allowing fouwds to be
taken throwgh the conforeed edges: This fealur
1E wioll illustrated i Fuy. .

IJ! 1I||Jr|. ll1|1.ill II.I-III 1'||‘|l.'|.|1,_rilt||1!|'\. i I'Il‘mij\ III
pectnmoedated through laminations secured by 1)
4% partivalirly

mctil  Dpnediige whicl, in sanie e

wseful where stoigers snd rib menibers terndiste

on thin panels

vliun af wing Iemiling-odgre sevwommbily.
SOME * REDUX "™ HONDED STRUCTURES

Two very inportanit applicilions were apporent in
the bl desipen ol Hie Brostal Type 175,

{1} The lesd gz edge
mternal cormgation, the multiple channels thos
a4 duets for hot-mr de-icing

wing remmforeed. with an

formed -actinge

purpioses [Fig. D).

{2} The assembly of lrge mtemspar nibs; particu-

larly  where smopoth SURIROCS e - pedquisiie fo

prevent challng on flexible peteol Faiks.
Y nother vadialle :.rrfrhl'nr:un Fres 1 the wise of thin

triaberials with o inlareing mermbers attunched 50 as

tir efislrT liil;: Bomding: aren, - avolding  stross

voncentruntions and thes mimimesmg fatipue possibi-

HL

e
ADVANTAGES OF METAL BONDING
The wse of metal bopding has four noaom sl
vinlages ;
(1) Beduebion (o stretural welght
{2 \ii i1|;i_-.'|-'|~ miehid ol aurface Hnish
(34 The reduction of =bioss votmentmtions
fadd 1'Irlrlll'1lr'll'\. iy cost



It would be wrong to wssume that all sdvantuges
fullow automatically on the adoption of the method,
fur example, i minloum structursl weight is the
first objective, thin highly stressed surfaces are s
necessity  whicly, o many  enses means closely
reinforerd thin sheets, but no means have yet been
evolved of producing such structures without very
perveptible external waviness, thus il smoothness is
the first consilerntion then some saerifics in weiglit
st follow,  There 5 oo dilfieulty In getting
relatively thiek (say 18 sw.e) sheet bonded Lo
stiffeners withoul any visible surface deformation
but this inay he nehieved unl;. #t the expense of sote
structure weight,  Clearly in the case of the lurge
aireraft with high wing loading these conditions
shonld ensily be fulfilled, bnit in other cases o choier
one way or the othor st be made

Possibniities reluting to stress concentrations  luve
alrendy been mode and are referred b ogain (o the
next seetion of the leeture conecming reduetion jn
eonl,

COsTS

These are early duys for o disoussion on Hiks
important subject, but one may mention some
relevant factors.  For comprehensive application of
method, initiml eapital cost of the planl s oan item to
b tokeon very duuch fobo secount.  On the ofler
Bl sndntesisnes sl reploessent chorges shoull
bie Josa thion these Inesrral by the olider soutbogds of
fabacution for wetal aiveealt,  Designing for the
e of the method shoubil leml to simpler cotmtrne
tinns than hitlierte, thore should e fower s aml
the components vn the whole should be lighter. Al
thos shonld show to advaniage o the final eost
mecpnnt.  Desppuers must realise that  the costs
wssoeiated with curingstune are us lirge lor s small
comiponiend ds for n lanee oe ol attenbion bo thnt
cotmblerution shouhl lmyve jbs ellept Gn averill cosd,
aml ik within peaeon, whintever complivalions are
bt into the product the cost of suring s nil
alfected,  hwviously, opee In moutine prsluction,
reductions in cont shioulil fallow the adoption of the
methael,  Profit mismg of aromlt operation which
shoufd follow the realisatwn of greater disposable
load follows i the woake of the weight saving that
should acerne.. Examples of weight saving  are

these which must inevitably srise from the reinfore-
g of sheet elges, leaving the main body of sheets
ol the desarel origingl  thickoess, and similarly
reinforeing of stringers, due to which lorge weight
savings are known to have been made

SOME RESULTS TO DATE

Luarge numbers of panels in a variety of sizes from
the small laboratory specinen to fill-scile aircraf)
panels have been tested both for statie amd fatigue
strengih:

We Lupve [ound that shear and conpression lests
nuwde on panels * Redux ™ assetnbled are at least
cenl to similar riveted structures aml, indeed, in
minny eases thie dead careled 3 80 to 402, in cxoess of
rivital asemblies.  Sometimes an ongmal rivered
thesign s Bevw popicd in which the distesbotion sl
size of panel eloments has not necessarily heen
optimum for o honded sssembly.  Even <o,
msseribiies have shown somn m'l‘.'mll'_ng{au_

st hi

Typteal Hgures wre ;

Cannpressive. Fuiliing Lovils

Biinmlies! Wivetmd
Fh, 0D (s L2 Il
Ll ) TR 1Y MM By
3,000 [ 50,000 11

Iowoulid appenr that the prineiple factor contn.
huting to mbdedd strongth in the ense of stringer-<hert
combinations is contimity of eontact or the ayvoid-
e of intorsnvet boeklmg,: which can be w souree
of premnture failure m riveted stouchiores. Lo same
eises where the tiveting piteh bas beon mther wite
the strength difference hox been tnost parked.  As
ot woukl expeot, when o bunded panel i [prgTes-
sively loided, fuibaee develips from some reglon of
nstubility: but pasting of the * Redux ™ joint s
never the eriterion and Aoes ot oveur ontil fimal
collagwe ol the specimen is imminent,

A major advantoge of the use of metal bonding
lies in rechucing centres of stress coneentration, this
thuere i soope with intelligent luvout to niil eomsider-
nbly to the fatygue life of many strictuees, A ol
example of this & shown in Fig, 10 whick shows a
helicapter skin with bowded stringees and lival rivet
reinfaremgs required to attuel the skin (o the rib

(LY



Fig, 4
s LT T |
trarermn atringer,

Fatigue failure-in Redux butaord shin el {wlede 24)

Nebde tivedinturted band obere crack

struetires, This part fniled sb o viveted joint, after
10 il eyelis,

As Das Bveen made edentr, two of the fandamental
catiditions for ** Bedux " curtng ure the nppheation
OF pressure and heat, thas * panel * eonstrmction is
ibligatory and st this stage of development the
cotitigions  pancls have to be connected ot their
edges by riveting and or bolting.  Carelil ittention
s necessary in the design of thess Joints i full
advantage of the bonds s to be ablained. 1 pefer,
ol conirse, to the effivient tansfer of load from ane
edge b fuot e,

No gqueation in relation to  Redox ™ has recaved
s mueh publicity ss that of the fall 1o strength with
rise in temperature,  The wing leading edge shown
in Fig, & wax tested at room temperature and alse
at e thromgh the use of infra-red lomps, 1t is
known that * Redux ™ loses two-thinds of jts shens
strength st 100°C, vot the two stroetures fafled st
nenrly wlentical lodeks Lotk appreviably above the
design Lol In neither case did the * Redusx ™
bond fwil, "Ihe resson i thet In this, s indeed in

(L]

most eases the hond is subject to low intensities of
stress, but that may well not always be the case and
the problem of low strength at elevated temperature
certainly needs solving at an early date. The
merease in peeling strength which aceompanics
plasticity under heat bs not the answer,

OTHER BONDING MATERIALS

Many other bonding materials are available and
have been considered. Among these are Aruldite,
also made by Aero Rosenrch, Ltd, Hydunite, Cyele
Weld the Glenn Martin Adbesive known as FM_LS,
Seotch Well, Convair Metabom! and a variety of
Bostik derivatives. We find that the single part
adhesives have s common fault,  They are, with the
exception of the Bestik gronp, estremely good
adhesives when honding relatively thick: matenals
but they are bottle and, therofore, sy not lie too
sale instructures which ave fMexthile nn thicn futigoe
life would be suspected.

If an attempt s muade to bond together twis hin
muiterials it will be fouel Phat mone of thiese mlhesives
has wny appreciable pesling strength and s parting
onee started rapidly mine the whole longth of the
joint,

Some adhexives, Arnldite for mstance, have shear
strengths as good ase iU not shehtly . botter than,
“Redux ™ giving over 2200 Ib on & standird single
shiear test Junt Jine 2 1 b e teste o tie
American adhesives, hove ol bee condlysive. ue
to shortagre of aupplies, bl o date the shear
strengthe oltgined] Jave varisl between 1000 and
Lo Ib or poaighly half the valie of ™ Redux ™,
but again there seenell to e o lack of pesl
srength,

The Hostik and Hoscoprene famitv, on the other
hant. due 1o ther more plastic nature  exhili
promise of high peel strength hot so far their <hear
streaglh b Tow saiging frong W00 to L0000 1 op .
standlard single shear spechmen,  Alss on adhsives
ufl fubber opsimilar boe, ovidenee of joing ereep
it comparatively low streses have been foand,

MATERIALS BONDED

Tests havw heen made v the quality of = Redux
boruds on n momber of matenalz and satisfactory
juints have been produced with all the fullowing



Foremuost, of course, ate the alminum alloys
wsedd in aireraft comstruction, all bond well within
their elastio range. Then the magnesium allovs,
meluding magnesium  zireonium @ steels leluding
stomless: rubber:  ashestox bosed materials, for
instanes Ferrodo or Ferobestos @ Durestos ; Tulnol
wrul sinilar phenolie impregnated materinle.  There
I o troulde with any of them providing the appro-
printe and wileguate precantions are taken at the
pretreatment stage.  * Redux ™ also gives a very
satisfactory bond  between metal and glass cloth
lwminates mnde up with the Marco range of resins.

Magnesium zirconumi. i relatively new aml Inker
esting musteriol s ey to (il eimsiderable wye by e
aireraft industry.  Our present knowle lge inlivates,
however, that when this metal is use | special atten-
tion shonld be placed an the m aidsnee of stress eor-
centration :  thus metal bonding s an almirable
process for fabrication and has forther advantages in
the matter of subsequent pretective treatment withim
the joint: The best pretreatment of the surface
priot to bonding is still a matter for exploration. but
it 1= antierpated that a really satisfactory chebicnl
pretreatment will be Townd, and thet this materinl
will be bonded with sullicient joint strength to
permit the manufaeture of strnetiures of consideeable
pentmic artrsction,

A further uselul application is in bonding paper or
n fabrie face to metal which. when preparsd in this
way, can be cold glued to wood or any other snitabie
sutface, aithough in the ease of paper it is necessary
tivsand thaway leaving only a Nl of ** Redus " to
develop optiminn Joint strength.

SUMMARY AND CONCLUSIONS

I shull hove done a emsidernhle disservice to
nnyope comtemplitiog . the sdoption of this method
of jomntmg of 1 have given the impression that by
risding the avadable literature on the subject they
ean, nt anee. le sure of petting the desired resulks

immediately the plant is fostalled. There s no
roval road to suecess in this matter and the hest
state of mind for auvone at the outset is that of s
pioneer. Oun the other hawml, there is no great
mystery about the process and the fact that the
efforts ol those who have persevered’ have heen
rewarded by success should in itself give ample
oomfidence wnd encourngement,

As alrendy indicated, the list requireisnt s to
install & pilot plant, including o pee-treatment pilot
plant with vats sulliciestly Inrge bo sémove it some-
what From the sphere of the chemicsl lshoratary,
Inteoducing something of the * shop element ™, but
ot s lurge as to mnke enrly anld frequent changes in
conpositions unecanimie.  We ased batlis of about
50 gallots enpavity which proved a good compromise.

The pilot plant should be set up in the department
in which the full-seale work will be carvied out. and
put i charge of the carefully seleeted nuclens of
persannel with whomi it s Goally pitended o fun Lhe
job. This is impertand since the ides of sticking
tctals together does not come sasily to eople with
lung experience of the hitherto almost universal
methods of metal jointing. 1t therefore needs as
long - assoristion #s possible with the provess
hefare everyone comeerned nequires the necessiey
confidence an his task. One feels that the ently

sueeessful wee of the ** Redux ™ bonding process by

the de Haviliand Airernft Company was in o sniml)
measure e to their long hackgrowsl of experichee
of ghiing priwtice on woolen aireraft wind  their
transition from wood to metal sdbesion and Goally
metal Lo metal without the very definite break in
mdhenive methods that eversone clse expenenced:

In eonelusion, T wauld like to express my appreo:
ation to The Bristol Aeroplane Company. Limited,
tor permission: to give this lectureand to Uie teclaideal
staff of Acro Research., Limited. for their Liedp in the
developments we have runle, aml particulsely to
my colleague, Me: Hulbert, who s woeked clinrely
with me and hus idone  grent dead of the basic work
ol this project,



RECENT DEVELOPMENTS IN
ETHOXYLINE RESINS

E. Preiswerk ®

PLASTICS AS WORKING MATERIALS

HE  technologieal applicutions o synthetic

resins arealimost besldering in theie nuniherand
variety 3 nevertheless s ]Hhhlrl'lll'tlll'luﬂ'jlrjf them
under three minin hembings as shown in Fig. 1. Yo
ginning at the top, we have the large gronp of appli-
cntions which can perhsps be summed up by the tern
Plastios as Working  Materials. 1} covers Lhe
whole runge of munifactyrad, profiled articles which
are made by plastic deformation—whether they arr
sheets, tubes, ronls sevtings, stripss of forl—whather
they ave oups, ey wiids, eleetrieal installations or
many wther things. Wearn not eoncerned here with
whether the final materdal is o thermoplastic or u
thermosetting reun and it shoukd be noted thut the
term * plastie: deformation ™ & intended 1o gover
pressure monlding, ijoclion ol vasting, There is
no time o go inta the differenees between $lisse
provesses maore tharoughly but the propertics listel
below will be funid to be of rmportanee in abl of thiam
wnel i the dnisheyd progduets - —

(1) Geweval Mychanical Qualitics—such ns nnipaet
strength Jmndness el heat resistance [(these
three propertics are possessedl. b wive  @n
exmmple, by o pressal pieve manulietured from
o melannnesresin imoulding preparation).

opekie LAl Vaeke

(2] Irelectric and Floetyie propertior —sieh as the
insulnting power of Tellon foil or the trcking of
a mondded melaniine article,

13) Kave of Provessing—suel ax i< offered by the
stvral dnjection sonlding  preparations, and
fioodd  Warkalality —sueh s &5 found m the
methyl wethierylntes,

L4 Chemical  Revistotee —ws possessed i w ligh

degree Ly viny) ehloride and Teflon produets,

Nowadays, these properties are ull eoustantly
checked : they are standardised and are syurnnteed,
withini eertain lmits, by the akers of sytithivtic
restie

| 7

Rusiiabalal
Wbzl | VA
[rtoind oo lind!
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| Bapni wa
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Flg. . Phe three wonm clasws of agrpfientoin i wpthelic

Vemits



Fig. 2. Soine JJ!ﬁMr'l'pffl u_f bdnlivg findd costivg ”mh'l’h;'l!.

PLASTICS AS BONDING AGENTS

The steoml geoup of applications for the resing is
blie larpe eliss of * botding agest="" 1t wonld be
enrryving comls o Neweastlin, or taking synthetic
resins o Dhasford of 1 were toduy, ot the el of this
vomrse, to stress the puportance of this section: 1
shiould only like to remnd you that the durability of
tie ghied jownt, its mechanionl quality. and the ease
with whicl the glie can be jirocessed are all import-
ant considerlt o

PLASTICS AS SURFAUE COATINGS

The thrd range of application s that which is
covered by the term “ surfpce protection ™. The
svathetic resin s usiilly used here mothe form of a
thin fln to cover whother mareral, sueh as metol or
wood,  The nses of this conting vin be very diverse;
it sy b waed, For bnstanee, to preotect the tgiterinl
frovs cormosion. or  peshgs merely to change Its
wppenmnee. Sometinies o laver of electeienl insula-
tion s ol regquired,  In all these cuses, however,
propertivs of the conting resin such as the degree of
adliesion to the surface of the material, the mechani-
el and dieleetrio quidities, the degree of plasticity
punl elastiotby, wnil the resistance to chemicals arm
wll taken lally into consderation.

it by alw bBeen [ound that there nre vacsious
applications which Tl hetween the three nmiu
grovps illustrated ;1 hswve slipwn some of “lr‘\..r. in
the two bottam examplie  In both egus obijects

Itd

nusde of the materinl (ee. wires or thin vods) are
embedded in sesin., If we look at the left-luand
picture. we see that here the resin is put to the kind
of use which we have desenbed pnder Plastics as
Worfang Materials.  In the nght-hand picture the
properties expected of the resin are those we have
deseribed  under Plastics as Bouding  dgents aiel
Plastics ax Surfoce Coatings.  And theeo may also
be easds where properties from all fheee entesories
are culled for,

GENERAL HEMARKS

This short survey may have given vou some ides
uf the extraordinarily wide range of applications
there ute for synthetie resins, and of huw varions the
requirements may be techinieally,

The chemist working on svnthietic resins strives
constuntly to improve the proprectios of his products
ot to produce new smabstances which will fullil now
technologeal seeds,  The mechanmeonl or dieleetric
properties nre correctod and adapted to the purpose
in view dand the method of application issimplifled,
i al lesst msdified, boo suit thie warkinge coiulitions
of Vhe wser. Al List Bk piot least, the ghemist is
trying to lower the production vosts of the resin by
using over simpler and e systesiatic processes,
so that law cosd tony make possilile o continuued
widening of the tields of npplicston,

Fig. i
ot el et ooy

Colroldite™ Civting Resin B for sealing sl pufting



Fi-_:‘,'. 1. Fielery deannilelmieed i

Lrdalelite "'

4 Terent Iph;.rrl'.l ol
weting Rewior R,

MNow that we have learnt something of tie Pl
applications of synthetie resing, und lmve whio e
whieh properties wee af wuportanee i theip e
rion, Hie quistion wrises ol how Hlisse wew s terinls
produced Trom svabhetic nsing cotnpare with the
cluissio manterinds suely us metuls, woed, cernnrios, ofe
v it possible that the classic muaterinls should be
partly eeplaced by the new moterials 2 However.
I o not wish to go nte this guestion here. It hys
alteady been sufficiently discassed. wnd suel ST
litions always eml in the conclusion that each
mukerinl has its own sppeciil Held of apprlieation, sml
that it is really mesningles 1o tulk of & * filstics
ora Toora Bl voetal ven Y Thofet, it & showo in
practice that destaners in all Hhe varoms branches of
teehnology must g more and more attention to e
sittredtaminey vse of the pow dovelopments i varos
Ir, I

this egmmection, we again reler 1o Fiw, 1, we ogh see

thinterials, according to their charicteristios.

thut the need for such sinil rpanis ik of Qoo
minkernils s partientarle evident from the « Caliifihes
2iven at the bottom of the pietare, anil i i€ s e
wihiith lins vet Lo be sl

From the abive shservations it b dlear that the
sirnulbanemis wee of lifferent materials lving been
[m\!u].;hul, *ri'l"unrll'_'} nviEst jorw =co tooat that thoss
Wihiat de
the prresent sitaation as regands Hie bonding proeess<s
availahly for the varous types ol nteripls ¥

ifferent snateriak can be forned towrethior,

165
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o kb et ieekinieally cond ihicleotin rlly hazh graile viriik wofh the sl af

METHODS OF HINING METALS

Let us first review brielly the methods of Joinng
Here the elnsie miethods of joming are
serewing, civeting, welding and soldering. Thiese
rocesses have been eurefully evolved and Improved
through the years. so that ti-day the techniinn has
at lus thsposal o uselul gl proved method of joining
At least this was so while It was o

fietals,

miotils bogel fuer,
cuse ol joining meduls of e saome kind s Ty e,
But even here there were alnmdy new roquirements
to b et | The light metal specialist was looking
tor priwesses of Joininge which could replice soldering
in light metals. In areraft construction  new
preblems arose. an which the joints hotweon light
metal parts were o longer satifartory when eaerind
ol B amv o e st ek sl 08 jfodning, <uch as

Fivi ’Irlu_

METHODS DF JOENING WoOD

Ot |rn-:'r11||r:;: to the sevond oless of motenals
wirad, we diseover that here, with the help of synthe
b resins, the methods of Jotmng layve developed <o
far that vhere i lictle Teft to e desired 2 Lot sgain
wiird st odld Ehint this s oadv Ll cgpese wlwss Bt s s
tes=tion ol ;!II.JIIII!II_" wisesid ben owossd T i“"“”:: Wl
prcpey god off besdiles with sypthetie pesine has aleo
Lsraryy 1-"||.-|-!1I'1'.-Illl'- tevelopeal, so thnt lese too Lhete

Are e fmyuirements still ta be met



Fig. 5.
Tpe L

TIHE JOINING OF UNLIKE MATERIALS

It "enn therelore e seen thet in joinbmge Nk

wiborinls to ke, thers are gseful metliods ready al
Thi i Merein

whink it i b fistion al poaning muternds from L hin

Il situabion @5 st hivwever,

dilferent olasses to rach ather [ 71 8 [TETR! ¥ mivtal L

Teshit etal, metal too wood, moetal oo ceramies . ete

Here the elassie methods of jomung are only provtn

abde in exeeptional coses. and i one wore To ik

wroutel Tor s Donidinge neonl. sueh s i gloe—aiul

'|_l‘|_|_1_'..._ I|||h1l|_ oy sviibliebiv restis,  Boivi ms Wi T

RO, [TV Jd exeellent withh woodl — il sweanilil sosiagn i
elear that it <tl sesnained for Peelingdowy’ B prradiee
gtich a bowling agenl A fiewt sight Chas vy ba
SUTPITTs g Al _l.q-l all |”-'r|'|||1- tir This elireetiis

whieth were n lewith synthetie resin ahios altemily

on the market hmd negrabive resulls, It wns o=

Fisin

(T ET v

sary o psaessimgr  completely

| T rhies: 1 al vwas 10 Ewi -'!IIINH'!"II(] w5 o tetal

Livpuidaree suervndl. o dis o0 aileler Deiwead ory Atirbhe i redn

T-Frr' f‘r!'f -JI-'r h .Hr-'llﬂ-l’-'l; 1‘*- -f-llu l'-'-”r.l -'.- i

II t i LA L rtir= wlaely sholl 1w |I"-‘-1'--\.!-l! Lin

Garcdie) an e debail, we il e

sich n resin e
that they woest falbl the following canditings

111 1:||| FE=dm st -.1'||H'| ||||‘,-t'.r||!1111'_’ ||H|-|--|u|- LT
tlie suelinies o the ks risiy

{9y The ssitting of the resin must take pinee with
thie lensh possibile folease ol valutile=s 17 thas s not

Ehe cuses, the Tormnbion ol Lilisters or baibbles e the

I bweit exehanger wndd o pletely boided Ty " o Dealdile”

glued joint i wmavoidable. This  phenomenon
oo beenose i Fhe ense of metals and coramies the
materials to be bonded wee fpermealile to volntile
sit b taneees peel olen are incapuhle of nhsorbing then,

It 6s teue that the formation of hlisters of bubliles in

Phes joant ean be suppresseil during setting by means
il prressiirn, so that on the one land e sdhesion and
on the other the mechameal stability of the glue film
ean be puarantesd.  However. the use ol prressure,
quite apart [rom the expensivoness ol any pressurn
ProCess.. I8 0N Iy egses |||l1||'1|.|'!ir:1h||'_ it~ Liny
excanmiple, b the Jodning of bulwilar Lesdies,

(3} The

anly e slight.

Jhirikage o pesin plter st bings should
L herwibe SErtnie dntoroal siresses
abe sof up in the =loe Hing, whioh are detrimiental to

= Mandtaon asn ||IrIlI'IIIt|_' #noents 11 \|1T|||.J-'l|_1:__rq' shonhd

unfortunately ocenr thivoagh J:?|;:-»T.Il'|f_'-'lll:'_' "ol the
filin, this usoadly results i loss of heat resistance or
ot e ]irll'lf‘ﬂ]l -

(40 The mechonten] gquality aml stalnlite of the
@loae i voeist B ol soeh o opaaliby Phat, rielit Troie
the b ;jilllli!IL;_ pillip=ive sbpe !ll_:”l'l it L= o St il
whigh will muke possibile s wse us p bomading seent
[or ielals, aml which will beae compurison with tly
sdriftigl h el red by rivetesl, weldl el ot solilered boods,

{3} Thl tlesirsd Iulluiln-hl et minst an :|||.{|r|u||
i
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(6] XNot 'ilﬂ}' *thin " gl joints bt also more
thickly glued joints muost be procticable and these
st also mve vseiul values for meehanieal stalnlity.

The Ethovyline Rexsins

By extenzive research and devdlopment wark, (e
Liboratories of Ciba Ltd,, in Basle, hpve stjevreded
in producing. in the Araldite cliss, a type of resin
which has allowed the [1:‘rrh1r'1n ta bie approached
froin @ The ethoxyline arr
suppied us fusible resins bl wp from aliphatio.
arpmatic chain compounds with termmeal ethvlene
oxide groups broupght to the lnul
hardened eandition by luewd o even bt foom terpern.
tlie hardeners.  Besiles
exeollont sarface aillesiiom, r.'nr'_l.' also show all thowe

new Hﬂgll‘. riesigs

which cun 1k

bure, hiwv wse O suitalile
churacteristies whiel are neesssary for their use as

bonding agents  for moterinb sueh as metals,

eernmics, o,

In the spring of 146 we Grest bronght o representa-
tive af this type of resin on to 1he market, At firs)
we produeed hot-setting bonding agents. i the forni

ol powder or rods, for Hiose who were interested,
]! was ol EI_\.' ik pea
lirst used b W fiehd ol Helit scetals, amd Elugt the

Eloid these Boglinge svents wepe

now flfﬂl'{'-\-\ -til:_' Ml.lr.rllf-hu'_' 4_l|fl HH'.fiHl' .frl_lp I;.'f.'f.\f;'p\.
This
I"f‘lﬂfii\'l‘ll‘n Vaung “L_*hf - il ||l'||||\tr'_‘. recognisedl

shonlel have proved o be its Nest application

ruickly that the new method wounll be oot only »
welcome aid v jorming ight metals to each other, but
alzo for jormng-flight metuds to other materials, From
carly on, thorough tests wire enrticd out. the resulls
puilalstunl im0 Skeet Motad Tuilusdrics
(1040, these laid Phe indispensable Tonndation fop

of whih werr

the enineor planning pew desions,

Thiw tests were carried ot by the EMPA, in
Zuriche.  The results of th
thrrul_glirlll-l and, together with examples dmwn

besste ey [unLIiH

leonn practical work me the mepntime, | preseoted o
vialuahle foumndation for further prosress,

Adhesives o Elecirival Englneevig
Froon the heginmng e electrieal adosbee bos

been amongy  these  inlepested  fn synthetie pesin

bonding agents,  This nlustre b snee ibs origin

had a vers speeinl intesest, et foonabuesl pesins, anld
;

then in synthetic resins.  In fael,

properties. of these produets were foumd to be yers

Pl amwailatinge

Silling properties,

Mg, 7.
frredi wive panidfeal ol

Yertienal vew nf ow I‘J'rnlrm'm'hr JSiiter.
oobrldite " Costdiy Mewla 1.

The different

indecd glimost essentinl, We st not
forget bow finportant the natural wmber resin was In
the carly history of eloctrioity. I we observe tlic

requurements of this mportant beaneh of moden

vislunhli,

technology  Teame the point of view of  bondine
problems awaiting solution, we are’ confrmnbed ]rI\, i
new subijeel whicl needs bo b carelilly exploped,
The demand for I'"”‘““F net only metals to each
nl]‘hﬂ', bk aldo 1o lqlh'\lil‘-\_ fov ootainies, tis f_l_|;||.-\:-u, ole.,
AT |'H'r]1|:i'|n wore alten o the electrieal industry
than in any other.  And the process of joinimne ean
i omany, epses not b aeheved by psing a thin glae
!ﬂ}.‘t r: very often for colstructionnl reasons or for
reasons of msalation li':']l.lmlm-. thore are cormider-
ihlule Bk weten wliely miust e
el iy o glue which has, in the best senss, sap

(L the nuiterinls
Oue eany see thal this bondinge
sl e ot the sanie time & 4~|1w-|.||_;_- atd o tieans of
fixing aml w0 the idea ol poaring dne and aeod s
that = of w casting resin
which, besides the purely bomding job, will aleo earry
Sueli
are ot konown in olectrien]l engineering

fiees=aridy - areived of

out the Tunetion of an embedding waterial.
miterind
The compounl matenuls have e o ling time heeo
However, the
lEmiited nechnnical yeal Qieloedrio frrogaert

verv uschil in elvotriesl eugineering,

i il s

produets allowed only pramitive and In HIAY, st
spue=tiomialde  applivations, and forkade their us
everywhene whees spreeinl  guolities sach o heat
-!ni-ih1_~. , il liesive stability, and yniform mechanienl
anicl diclietnie valies were colled for,

[us
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Here again the ethoxyline resins made possibile the
creation of casting resims which wete made available
to those intervsted for thie st Hoe i ie veur 1040

With

electrieal |-r|:_'i||||:;.ul_-' bgial
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methods  of i} I'.]il ablon, aneant that  electri nl
engrinvering could tackl probléms which before this

were out of the question,  One ol these 15 the whole
idea which is known in Enelish s - potting ™,
simtlar developments are taking place with by
called
It has, hiswever, been reserved for the
thanks toth

their bosndimng properties, themr small
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ADHESIVES IN THE
ELECTRICAL INDUSTRY

R. F. Archer

The Whestridiomy ti thia leeture are veprodhuced by kind pecavission o
Mixsrs, Metrapalitan Vickers. Elactrical Compuny Limiied,

INTRODUCTION

In the earlier leetures of this course, attention has
already been given to the development of pdhesives,
to their properties and chameteristios, and 1o the
processes aml requirements involved in promoting
sdhesion, It is therefore no part of the purpose of
this present paper to disciss those subjects as such,
hut rather to review some applications of adhesives
in the electrical industry; partienlarly with a view to
relating speeinfised requirements in the industry to
the properties which have already been deseribed.

Although adhesives find applications for general
and striuctural purposes in the eleetrival industrs,
such applications are usaully commmon to other
Intustries ; upplicstions swhivh nre preciliar fo the
electricsl industry are concerned with the subjects
uf electrical insulation, magnetic cores, and sealing
and filling. H is such applications whioh form the
subject matter of this paper.

ADIESIVES FOR MICA

One of the basie materials for clectrical insulation,
and certainly the one on which we largely depend for
the insulation of large genetating equipment., is mica.
Oveurring as & minernl, miea hos to be puned,
sarted, cut, and split before it comes to us (o the
form of (lakes of varving area aml thickness in
which form the materal is miostly uséd.  The flakes
will generally be of the order of 1 mil in thickness,
and a commonly-nsed prade of splittings will have

an average of 3} sgnare inches, Such flakes are
not easy to handle, and luve to be applied s« insula-
tinn over large arcas in strange shapes.  Despite the
difficultics of hatdling and provessing, mica is nsed
boeanse ol its high thermal and chemienl stahility,
its fexibility 0 the form of thin flakes. its high
eleetrieal strength and low power factor. To hold
the mica flakes in position. not only a5 4 means of
procescing but alio b the linished insilation, an
sulliesive i reguired,  For many' vears Hhe ailllussive
commonly wsed Jas bevn shellac, applicd as s carmish
i an a ey powder. anil in many mies products
tiday shellne s still the favoured adbesive.  The
mnin fontures which make shi-"pm desicable. us an
adthesive for miea products are

(11 ats gooid eleotrical propertios,

(2) the comparative eise with which the solveut

{methyinted spirits) ean bo pmuve),

(3) Its property of being initinlly thermoplastic

and ultimately themosetting.

It is the last of these three leatures which bs
parficnlarly interesting amd  which, until recent
years, has probably boen anigue. 11 is this property
which nuakes it possible to lay one, two ar three
layvers of miea splittings (honded with shellae
varnish] on & suitable backing nusterinl, for example
paper, and then, after Hhie solvent his Lot removes),
bor wirnps sueh dbeualabiany ronniad, suy, o bar, sod wuder
the influence of heat and pressuee Lo form te
insulation into & hard s conformiing elosely to o
designed shape.  The coils of many lange moturs amd



small getierators are insulated in this way, Similarly,
commutator vee-rings, as made from mica, are only
possible beeause of the flexibility of the flakes
eombined with the initinl thermoplastic property of
the shellae bond which they emplay.

As already mdieated. when shellac is subjected to
heat for great periods of Hime, it tends to hecome
thermosetting. and s wo longer capable of fowing
wntder the getion of leat,
iny that other bonds for mien have been introdueed,
s a3 to give 4 product of more enduring Hexibility,
In particular, the miea insulation on the high-
villtnge stator hars of large turbo-alternatos is
generally bonded with a varnish based on bitumen;
The 1wsulation of such machines for an operating
voltage of, say, 33 kY calls for many layers up to o
eadial thickness rather pregtor than 0.4 ab an foch
inwddition, the length of the high-voltage coils will
be eotsiderabile, say about 13 ft.  The expunsion and
eontraction of such coils under aperating conditions
require that the insulation must alw be eapuble of
movenent without fractire or oleettion] weakening.
Heoee the wse of o bonding medium which has the
appropriete electrical charactenstics combined with
the mechanieal property of accommuodating the
chanee in length of the condoetor to whioh it i
applied,

The bars of 4 large stator, insnlated pe deserilnd
with hitwmastic micn, will usually be impregnated
with a bitumustic varuish or compound.  In other
cases, for example in motors for high-temperature
serviee, the machine may be mipregnated in o high-
temperature atkvd varmsh.  In such cases, eompati-
bality between the smpresnating varmish and the
mici bond may. be achieved by bonding the mica
insulation alse withoalkyd varnish, and it is now quite
eomenod) Lo find glyptal varnishes ysed as adbliesives
for mica,

More recently, in the development of Cliss H
imsulation for operation ab temperatures up o
175°C, the Silicone materinls have been used as
bemds for micn, with varving degrees of sitceess,

Although there 15 such o long trudition of wse
biehitnd the use of miow o eleetrienl insnlation, there
are still problems of bonding to which a final
golution is yet to he Ffoomd.  One such problem
concerns the bonding of micanite for Lhe insulation
of commulator segments,  In general, nicanite of a

It is therefore not surpris-

low shellae content is used far this purpose, hot s
the eommntator is built and pressed the micanite
contintes to yield under repeated applications of
pressure, and whilst i practice the number of
upplications of pressure in the builiding process may
be limited to four or live, it js alimost certain that
under severe conditions of service the cammutator
birs of i finished machine may temd to loasen.
Fortunately, such troubles are infrequent, but the
very foct of their oceasionsl incidence leads to at
least a feeling of discomfort amongst the enginecrs
tomeerned,

The micanite in question can conveniently be made
using anadhesive agent in the lermi ol a ey powder,
The powderis mixed by an air Motation process, with
amall elean Makes of mien, sl consolidation s
effected Ly the application of heat and pressure,
The bond is mainly shellae, with simall additions of
other natural resins,

Sinee Amldite Type 1is available in powider form,
it has been considered that it may form a suitable
alternutive to the shellac-type dry bond generally
useidl in making CeCIEmUtEter-segment micanibo
Amidite bouded micanite has been prepured by
pressing for 1] hours ot a tetoperature of 165°C wnil
o pressiee of 8000 Ibiqguin.  The initial samples
showed promise : they had good eleotrical chame-
teristies, and mechanically they were hard by virtue
ufl the thermosetting quality of Araldite,  Partien-
larly, they wore mmch less affeoted by momstiee than
the conventional shellae-honded micanite.  Further
developments in this direction should prove of great
interest.

BONDING OF CERAMICS

Cerntniies form o very importunt eloss of irsulition
in the present day electrical industry,  The range
of usige of eératnic mnterinls extends from simnll
parts ol low dicleetrio loss, ws wsed i the radio
industry, to lorge porcelning with weathersheds as
msed in switchgear, and ol these applications e
charnctonsed by the need for employing ol and
permanent electyieal materinl upon which varving
atmospliene conditions Tave the mininnmg effect.
In recent years there have leen some interesting
development< in the appliestion of ndbesives to
porcelains, partioularly the langer ones s nsed in
switehgear.

e
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As @ result of the greal by e for
et rieal equipiment of wll ki:.u_l;..1 welerprinte smpplies
of large poreclains of oleotricsl maahity linve heen

dilicult to obtain and, die to the conditions of

tamifactiure of such porcelains, i has also been
trae that the larger the pareelan the moee dilliealt
has been the supbly position.  As o resalt of this
stluption, some importanes s pttached 60 the
possibility of assewibling Lirge poreclaine by the
Jomting of o owmber of snaller ones,  Far xanpile,
ohe way consider w0 porcelain i the form of o
trumented  coniesl shell with wentbersheds,  the
length heing about & £t and the dizmeter over the
wenthensheds being about & 1t st the bottom wl
abioat 20 ut the top. I sueh u unir conld be made
by honding togethor four or s1x units. end b ol i
would sfmost eertainly restilt i 0 cansideralil
saving of Wme in oltaiming Lhe Bedshed itew, T
uselulness of suelt w beehuigoe s ot losited o
neseitiblies g lurge as the example just queted, bt
whatever the size of porcrlain to which the tichnimgue
were applivd, the featires required of the adbesive
tn be ysed would he somewhat eritieal,

In the first place the technigue of application of
the adliesive nst be relatively simple,  Prolonged
tiermal curing wonill abvionly be a disadvantage,
prticularly for lurge ttems with high thernal capa-
city.  Fwrthermore, any thermal curing of adhesives
vn large assemblies will be an embinrmsssment it it
must be secompanied by wirmngemonts to apply any
substantinl pressure to the joinds during the eure,
As regurds the properties of the jolnts when eom-
pleted, their strength Gn shiear and by tession nmst
b Bl o A possible the strength should be ws high
i it of the basio poreclain,  Likewise, the shock
strength of the joint should be logh,  The need for
such properties as these s dietated by the cirenm-
stanees in wineh: the porechains are o b wsed,
ncinding the possibility of subjecting porvelains to
e aternnl livdeaulle pressare of wp Lo 1006 B sgin.
ther properties which are required of soele adhesive
joints are that they shonld e snpletely stable to
t 'I.'II!"_I-'lJl-___" nllll.lh’lh:;'rir veniditioms of tempenitor,
andl tnnistiure encountered i almost ooy part of the
world, aml that they st pot introduce aoy
cleetricnl wenkness or serous discontumuty or have
any deletemons effect upon switeh oil or transforiner
ml with which they may come intiv eontact,

There Yy be o momber of adhesives which will
preonduer joints baving most or all of the properties
st enunerated. but i genernl the problem ol
applieation.  partienlirly in respoet of curing the
wlhesive unider pressaree, has boen xtremely diffieald
of salution wntil the introduction of Araldite, The
Faet that joints ean beomade with Araldite under
enntuel pressure anly bss sinyplified the probilen of
tnking joitts in Inege poteclain assemblios to saeh
i extent ns to hring such assemblies well within the
range of prvetical possibility,

Experiments bave demonstrated thut. in respeet
of mechnmiedl strengthe wd therminl and chetntenl
\“lh““l\,-. Jomnts i ke lpin Il\i::lg Arulidite T}'!.m 1
on the pdhesive are quite satisfactory.  In this
eaprection It is Intevesting Poopmle thik e strengthy
In tension of an Amldite joind hetwern 1wo potore
fine s enally such that when the joint s pualled the
frereelnin fmetiires ruther than the point,  This has
recimtly heen demonstrated by prepaning a range of
test speemiens e the form of - dianeter rods of
poreelam jouted ot the centre ina plane normal to
the axis.  The nuture of the test speetmens and the
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found to be perfectly safe in seevice, The smaller
ttemi are olizs drlvereads o wiish flt-{:h'.i_--Ly;;-:

ba'syi hvs besy Londa] with Aralidie Tipy L;

these driverods are used in the television teans-
mitter at Sutton Coldfield, Oher cases could be
cited in which ferrules have been bonded to the ends
of glass tubes, agam wsing Araldite Twpic 1 as the
material which wonld give the vt strenglh of
Jomt,  Such eases introduce un fiteresting oonsider-
ation of the relition between the coeflicients of
expoansion of the materials wsed, pnd i s sornetines
neeessary oritically to choove the dimensions of thie
nuting parts in relntion to the curing tempernture,
so as to avoid the danger of obtaining a jomt whieh
is not sell-stressed (if not brokeni.

In diseussing tensile tests on Joints  betweon
porcelnin rods it was noted that the strength of
joints made with cold-setting Aealdite euped gl 407
was nob very mioch lower o Wit of §olnts e
with Arulidite Type 1, Where it s gussible 1o
pecommodate the lower strength of suel joints it is
mogreat convenienee o be able to effect the mire of
the wellesive at the relntively lnw fempemture of
MU —this temperatiure bemg used 1o enhance the
strength of joints made withe Araldite Pype 100 15
compared with setting at room femperiture.  An
example of the applivation of cold-setting Aruldite
cured ot o modérate teniperature is show in Fig. 6

The poreelnin exlinder, which is 1% in. long, s
tlosed at ench ol with o tinned copper eap, nud
houses w stack of spurk gups and eorrent-limting
Metrosil nmits,  The end-caps nre bonded 1o the
poreetam tube by means of Arbdite Tyvpe 100 witli
Hardener 851, cured st 73°C for 2 hinrs.  In the
development stupes this usembly wis sulijeeted o
iomsl rigimons seties o vaewnn fesks,  pressaie
tests, pnd | feiperature evoling tests, n order 1o
prove the valne sl persosience of the bontl ss o
send, Do the vaeuuim tests the pressure was redueed
tor that of 2 evntinictres of metrury ;0 in the pressure
tosts nitrogen was admdtted ot o pressoare of 10
Wsgeing mmd o the temperatare evele tests the
sssembly  was subjerted to temiperatures ranging
feome —07 to 700 B owis Townd that binding
the end-cups in the manner diserhod gve o oseul
whicli waes vaewon aned  preessoro-tight within the
lesign reguirements, and such units have provisd
satisfnetory i preduction and servier,

Fig. 0. Seoled poreeluin eaning for pup wsiembiy o fiened
vangrper e b ifisd . g Pt Bolee wadbh bealiftie Thpe 1

Adhssives for Laminatis

Laminates of paper, fahrie and woold are very
witdely  wsed in the  electrionl industry, Sueh
buminates are wsually formel by treabing the bose
material tn sheet formn, witli thermiesetting resin,
und then pressing together stacks of tretted sheets
ab o temperature suitalde for converting the resin.
Under suitable eondition., this Prowess . produces
bowrds which are hard and strong of gond electrical
properties, and gencrally free from signs ol delaniing:
b, "Phe nnost vommonly used bowrds are bonded
with mixed phenol and eresol formuldebyvie risins.

It 5 sometimes necessiry 1o bodu] Lot ler PaiTls
made from laminates; and In Whe past the aidbisive
generally wsid Jws been either shellie or o EYTU
bused on pheuol aml ereol tormaklehydes ; m the
litter cuse the bhood sequires thermal ouring. In
cither vase the binds hsve been of doubtiul strenpth
sl engineers have gonerally endenvoured to avail
Ehie st al stieh Botids in their dostems,

The introduction of adhesaves conibinmg  hatli
thermesetting and thermoplustic ocotponen s s
peovided the means of Dvrtnadivige Divekitess tar 5 e
satisfoctory mnianoer Than wys prewssible with obther
of the two allissivies previvusly wsed.  The fwo-
compinent udhesives;, as exemplitted by Redu.
overcome ut unee the thermoplastio nature of shellae
atul the hrittheness of the syotheticsresin films.. Tt
Is b prmsible o bond boninates succossfully by
Means of Aeaddite, wnil this of course, under et
pressitte only,  However, to cure Araldite in x shert
ity roquares temperature which is penerally too
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Fig. ¥ Symihenic cabder
weeileed wil-filead i el

volivne  vamd st for  hise  §

lugde for thie lominates in question,  Evenat o temy-
perature of 1300 there s o serions danger of most
electrioul formes of lumindted materinl ilsterting anul
I|I'1=IJIIII.'|I-“F!'_:'. This dlanger can bie avorded |1} ilijll_ﬁ.
for exnmple, Redus limid Ko with povelerntor pmd
Redux posder ; by this method joints ean bie made
in o matter of ten minates ul temperatures as cone
venently low us 12000,
muade under pressares bt ldiving rewinl too U

Such joints hove b o

tesnl Lt '\ulh'll_hﬂ It kil the shortness ol tie oure we
limve here o joost usefil meais o muking srong
] fient

Liotled ssssemblies of Jatiinates ‘i 8 imunier

proviotsly kaown,

f‘rﬂrul';—.l:_r_ ::If ffuufl.'u'r

Natural and synthetic mbbers Gl muny applics-
tions in the electrical industey, snginge froty Cheir
ke ns diclortrie wderinld o eahiles to their ase (or
iy msdn Hw provision of
Mexibile yueuntimes. uses there is
one to wlieh attention s now deawne inowhich the
Than ordifurey

mivchanical parposes

Amonist  these
Lomdinig 15 Of nore

In cortmin tvpes of ollifillod dquip

protiern of
sifrilicnnmee.
mant it s peiessary Looseal e conlilner, exeligding
ull s wid alve pvolding the erention of o partial
vaenn fn Lhe contiiner.  This is particulasly troe
af cil-filled equipmient whicly in norminl service, may

be imverted.  Obviowsly, o sueh cirenmstaners the

ise of the customary conservator, as emploved with
tany ofl-filled transformers, is guite impracticakle.
Air must be exeluded frone the container bevause
otherwise there swould be s danger that when the
L‘t|l1iIIIII!l'!i| s imverted mrv‘[lnrkl.'l'h Ilrll_u_hl |-_"'.‘..ITIH'I‘ I
regiois of high electoienl stress. and lead to break-
down,
are, tirstly oil-filled tronsformers for air-borme se.
el secondlv. the oil-filled  trunsformier fur  the
Neray et ieptionsd @ in the
secontd exanple the whole wnit has to be eagulile of

Two eases where these consderations apply

meiliesl alrenty
potation about a hirizontal gxis in order to facilitate
application of X-radiation 1o the patient, When
steh senlinl equipmionts are subjedt to termperature
varmtions of more thon obout 30 degrees Centiprode,
the thermal expansion of the oil beeomes w serious
consideration: mid  peans st be emploved  to
nevonmnodinte varintions in the volume of the oil ;
when the temperiture of transformes oll i changed
by 100 Jeg, Centlgraile its voline changees by ahout

0 per eent.

A convenient miethod of dealing with this problem
s tocichudde 1 the oti-filled assembiv-an oif-resisting
sviithetic-rubbier sae. the inside of which is open to
atinospliere by means of a zuttable breather tube or
pipple, When the wmnxiooon volume of the sae s
i little preater than e mastan ehange dnovidonwe
ol the oil, and providied also tist the mitia] inflation
ol the sae 15 contmilled tn relation to the temperature
nt which this imitiad wnflation is performed, then such
an arrangement ovts as o volume compensator,
avording both the danger of the creation of o partial
vicenmm al low temperatures and the danger of
Bufliling i an exeess Anternol  pressure ool ligh

ternperatures,

In designing such an sreangement, it wsually
tratspites that the shape and size of the rubber
l.'lin!rh'""':l.t“r i '\.Ill'li ”1[“’ 1 1 17 1 '|"I-l'l.‘~.‘~1li'.l|l.‘ tii
monhd the <ne ina single operation : most peobably
the sac will have to e moulded im fwo parts which
must subseguently be bonded together.  Exomples
of such volume compensators e shown in Fig. 7,
The lnrear eireviline sac hos an overall diameter of
gl 2 [t ol s been formed by bonding togethee
twio halves, the joint being in the ecntre-pland
The srnller examples have heen bomided together
liv mieans of & reinforeing strip aromnd the seam,
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In making compensators of this kind it 15 import-
ant that the adhesive jomnt shall be mechanically
that it
wnallected by brassformer ofl over the mnge of

sbromg:. os Hhe parent  material, shall be

irperating ll'llll]l"r;l.llir't' boo b enconntered, amid that
it whall ot leak.
w soltition of the parenl nnterinl as the adhesive,

Suele joints can he made by wsing

By thivs method ot s MeCEssary Lo sem-enn the two
hitlves, paint the jointing fmees with the adhesive
soliution, smil having bronght them torether under
the t e tuken Lo
cimpletion at the same time a< the adlivsive joint is

[ITESSTIRS, cure  of moulcdings s

eured Tlil-.- Priif=s Is inle e ;]il!iq-uh |r_|,, !]11‘
Pt that the secomd hall of Hhe curing has to be
performed withoen imternnl pressure applicd 1o the
sie an order that its sabuenl shape tay be that

--nrh-\]u.:uhu._r tov e soman inflaton, 1. 1-|||'|'g'\.||1|r|ri

tng to the condibicn of winimm tempeniture wilen
the equipment is n service, Clearly the provess is
one ealling for great care, and in fagr the rejection
rate of compensutors toade by this procss is un
comlortubly high,

A ronsiderable improvement has been achieved by
wsimng Ardux 120 as the adhesive i place of b
synthetic-rubber solution.  In the st place, when
nsing Ardux 120, the joint eau be nuwle aller the
This,
ol iksell, resolts ju o eonsiderable simplifieation of
The wse of. Ardux 120,
however, eareied with it the further athvantuge of
proved joint steength, which more than offsets

im1f-nn-uhj|n-_-.» Timv e bvee gy :'lIII.I.Fs].rILJ_L |'|l|‘1'11.
Lhe maanufueturing proeess,
the slight inconvenienee of acid-cleaning the Jotrt

faets before mnking the Joint
Hf'l"-_'l'r”il_' to the ferme anmadar LTI EI nxbitisr, Yenr-

Partly-usacmbicd core of 3000 Me U Spevki brolion

care Laminatione buaided with M) EE pdlieairy

it



ing tests across the joint indicated that joints made
with Ardux 120 weee at least twice as strong s
those mude with symtheticsrubber solution, sl that
after such joints had been immersed in transformer
ol for six months at & temperature of 60°C the
strength of the Ardux jont was reduced by about
257, whereas the strength of the synthetic-rubber
juint wus reduced by about 70 por eent.  In nmany
of the tests on the Ardux joint it was found that the
toulding itselfl failed before the joint. '

In this connection it is also of mierest toonote
thut the eoring time of joints made with Ardux 120,
particularly when the accelerator 1s added, 1s only
fraction of that fur the svithetic-rabbier solution gt
the saimne temperslure,

The use of Ardux 120 is pot eonlined o the
bonding together of similar types of nutural or
synthetic mbber compomwls, but alo ineludes the
botding of mbburs to metals and other materals.
An example is shown in Fig. ¥ of a rubber dolly
bunded mto a cup made from laminated wood. A
series of these pssemblies 3 used to support the
“donut © of a large svuehrotran, amd the application
s of literest {n that this itern is wsed amler conditions
whivh tewd W tear the joint.  In sdew of the Gt
that the tearing conditton s the mst arluoes to
which any joint is likely to be subjected, it shoulil bo
noted that up to the preseat no dolfies huve been
pulled aut of their cups : the Ardux 190 joints have
proved entirely reliable,

ADHESIVES IN MAGNETIC CORES

The use of adhesives in magnetic cores s o new
feature, Years ago it wax generl practive lo
provide insulation between the laminations of the
cotes of trasformers nod large machines by sticking
thin paper on 1o clectrical sheet-steel by means of
starch pastes and sinilar adbesives,  The advent of
Hasheenamel coutings on electrical stoeld has oot
entirely displacel paper Insulation, still applied by
the ald metid,

It assembling the cores ol electricul apparutos, it
is albiost an invariable prmetice to hold the steel
together by clamps and Herods and other similar
mevhendes] wrranpements, There sire cases, how-
ever, in which conventional mechamcal climping
arrangements may be mconvement or indeed may be

chmmped readly tightly,

inadequate, particularly with regard to the genera-
tion of noise.  Two examples may be guoted which,
though differing very widely in seale. exemplify the
possibihities ol using the adhesive bonding of “stecl
luminations as an altermtive to the usunl vlamping
arrangenients.  In the st exmople, a small oo
i uded s part of an elevtromagnetie detector heml :
the eore is mude from U- ;nlrlrllin.g:\, Lineh wide nnl
with o length of limb of approxinuitely 2 inclies ;
these laminitions arc built up to a thickness of |
meh.  This detector head, forming part of o Tarbo-
visory equipment, s mounted within and close o
the shall of o steam turbine. Tt is thus exposed to
elovated temiperiture cotditions aml to the con-
bined wetion of ol semed wider vapours. Farklier,
beeawse of the funetion of the devies it i importan
thut there should be w high mechunioal stability of
the compatients of the magnetic chreuit, despite the
fact that the mommting armngements for core itself
are not such as to permt the laminations to be
The problem las beon i
Iy bonding together the lonmetions of this @ core
with. Bedux, The positiontye of the lamingtions
with respeet Lo cach other is ensired by the ase o 3
suituble jig, and the solidly honded-core whish has
beeti olitained hux proved 1o be suitabile in respect of
bath mechanical and ehemical stability,

Whereas the cores just described weigh only a
fow ouneces, the weight of steel used in the second
example o be desenbed b5 120 tons. A #o0-MeV
synchrotron kas been constrneted by the Metro.
politan-Viekers Eleetrica]l Compuiy Limited to be
instulled ut the Glaspow University,  In desivning
the main core of the synelirotron It was reslised thal
inusunl memsires would be regpiirsd to minimise
the risk of undie vibration and noise, At the sanp
time it was important to provide o core inwhich the
inter-laminar imsulation resistance was such as to
koep down eddy eurrents to a nummuam, It was
Feft thut thie problem of vibration conld not be solved
by mechanical elamping alone, and a solution was
sotght snd fonundd In egmbindige mechanioal clinging
with adhesive bonding of the elvetrieal steel. Tl
voreplate insulation was providal by double (ash-
enamelling the steel,

The adbesive which was usel for this purpose s
one: which, like Redux, combines the themosettimg
and thermoplastic components, but which, at the

e



Fig, G Wuckine Juir seppptigimg. sobhienive fis efectrival ahpe)-ules!

siierifice of some adliesive strength, contains hoth

components in g single symap. The advantage ot
the single-sohitivn swdhesive (which was mmde by
M-V wall be obvious when the seale of the applies-
tiom moconsidered,  Fige 8 shows oo paetv-assernbiled
core of the syovhrotron,  Bach leg s e up rom
one vertieal wnd pwo lorizontal ook of Tunmations,
togithier with Ewo lnmimilbed polespieres s Ehe leiglit
il eped Jive 22 gt 5 0 god the erccssection pouplily
Iman

1% el MUY ] Phas enedi Iloek bs wnale

phiont 1300 fvrnninaions. . The complete core is miaile
of 20 lees,
Il.llll' process 'Huhrl"h Wi :|1+u}'l1‘1'll I Jll'lilli!'l!l_:' tliese

Vv oilonhls
film of adhesive was apphicd stmultancousty to both

lormanmtioms cornstated of foor opeTniioms

itiihveniie b elecirital

Fip. 10, Rullers af mnckine for applying
whyet-steel

sides of each dividusl sheet.  Secondly, the
solvents were driven ofll amd the adhesive was deied
1507 Thirdly, the

shieots wore stackel in saitabile jigs aml '-[I"\-\."-lll T

i an oven al Ide lve mwimites,
sliths 1 el thick, the pressure heing 50 1b sj.an. il
the eure being eflceted ab temperalure of 150°C for
five h-bH[*—- I'.illllll'i.. Ihr' 1-iid, =lals Wiy hrll‘-hr'll
\TiTll 1|'I|' ill”il S nnil bondixl T-..l;_rrtlti'r unelor I||i'

sativey conichitions of core nx hefore,: |';||_:_ il =hmws &
gemetal view of the minchime wlieh was e for
applyving the adbesve to the individual loninations,
s each sheet eame off the machine it was eolleobed
i hight steel lemne whiteh was ool bto o troek
when the travk wad Dl plos in furm wigs< J_]”.]!l TR

ol oven ml @ [|'|||.|'u']';.||,|,4r|- ol 150wl as une trwek

- {
ot

InNe= '—_:::jj |

Fig! 11, Préselog nod sorifing iif e

A feirh wlole ayf brenrappmaliennsm
fror S0 We B Nigack mtron

Wik Inl']nIi il thie wven il wie vinl, mn
truck we
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varlivg
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Ihrre
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Nurs wiliselh wars dive | des

milhesive 1o the shests bs i In Flg, 11

panirs ol &y nthetie-nilibeee sullers sy

lirst JeadT |.|--:“-_- -ih'\lll: e, the other Ywao s

el a]']'|‘.1ll-_.' iilbestve The bottom raller of et

of thi lot two s wos mnming of

tEs lowernost

point vinw troogh ol adbesive, and it shoulil Be noted

that the adhbesive i the Troneh was kept in canstinl

cirrulaton by enns of @ ol tlinbinig gy Fape Liwag

there bomp an adhevive resomoir jso L Duidesd dig 4 0u
svatem.  TE wan Founid  Ehust by

wiaek B

milidle poer i

merely ko

I ) | |
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williesive, ol in s Coniscbion It imtenestmg to
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briediately peyveaded by tie appearinee ol bl
which were not wel JP:- the adbesive,  "Plie busr friiie
il perllicrs Lailt H]"”H' tHickaviss of th 1 ol ind =111
bk approsimmbely 3100 thon per sicde. this begng
fontrolled by the prosure of the pollers amld thi
visoosity of the syrup

Aiter o
vvirny, the sheets conlil bie ~bntkedd until recpiadmesd for

Wil sdliesive bl Bt idnvd it
preessing. withead any dunger of ther sticking to
Thy prossimg ol thn py A=l loeks
Fiz 11, T
serewing down the top plotens ol rhrougbiout thie

it hier

ix slwswn Pressure  was THTRLITRE]

stick were spoed ul wpproprinte oibesvile elivteie.

wliv=heated platens wliose  tonipesiture Was min

trcllised wt 150°C
By this ineans: shibs were obtainid alioe BTN
Initor wis o wirrse $hon %5 por cent (Ui byl o

Lk boins of Uldekmes< 000148 b anild ey whisth 4

ik tion pesi=dapoe wis al beaat 33 ahnne WA v
iiterfure
T i« I'IIm“__'.-_|_n..|||,h|“1 pore I= <hwwn in File,. 49

wid plbdepsneh Elis vonoldne Bas et vt leere mut s o
eurpilede assenibids . fnitinl tests on the legs Dobided
i fhias

in the mumbiter deserbied by anidioat i this

=i

Foe 12 Fully  osembiled
-I_Ir My MV Nowoksntros,

Cure

beclugue which was sdiptasd shonhld mieel wll the
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VIDTESIVES AS DIELECTIRICS

Soanie of the aiddhesives to whieh reference hos been
e huve F'h“'ﬁl"'i L R II-””‘-i”"‘l'.' IoF use iy '1]".'“.".""“'
e, pielicilaey in combinabon with snkably
cliowaon [llers ittt fest< oo skmling of l el
Pliickiess pegpurel’ froos Natorsl Aruldite Type |
fal the powiler formi, show that Ik s an 3, L0 of 4.1,
i jeewer fmeter ab roorn temperalores of 000, aml o
hreakdown strength of approximately 300 volts per
il Marmnvr, Hiese ;-rnTM'T'I-T-\nh fiat !-!:_:!1I|I1':'|l|"|_‘|.'

L h:nl:t‘-l alter oxXosurne tor v of the comvontjiomal

tropucal eveles. AL W°CL the power fuctor nises to
.55, the =00, 1o LD unil the hreakdown strength
fally vo 280 volts il Thew figures mdicate thar
\riaddite. Tepe 1 B & good eleetrieal  insulator

partioulael v resistant by miotstore o sufferng e

werpdniips  Disw ol pleart el parprtles wl !I.III!H'TLI.TH"‘I'\-
g Fas ARDL

When Mraldite Type 1 wsesl In conjunetion with
siribe il as o [ller, dnthe projirctiog | e 3, the
i 8.7 al 2000, and the power
whilsd the electrie strength falls b

Fha i

LA e b o valiae
factior tie ALULT

40 violts (415 il vl n 1i;||r'r 1-|.||"|I s saaiud



lias the advantase of strengthening the manlator
mechameally, el partienlarly in respeet of abirasion
reststanee, whilst largely preserving the good e
trieal qualities ; it ulso has the advantage of greatly
cheapening the materal

Reference should whe e made to the fuct that
Arnlilite i avallalle in the Toeve ol o casting resin,
which ey o be used in combination with llers
to give dislectric tnaterinls of uonkl qpuality,

Materiils of this eliss, and othier solventless resi,
are heing usod on e Comtinent s mdas of irsitln-
tiny dry-type mstrument  Erosformnts, itiediaeling
both eurrent transtormers whore the mechanical
strength of the insulation is important. wl valbie
transformers mted up to 60 kY swhere the olectnen
strength bs hmportant.  To cmploy tilled resios
apell cirenmistanees i partiodlordy advantageous
from the point of ¢lew of shuplifeation of the
mamifacturing  proeess, The eenventiongl  menes
of insnlating sueh trnrsfirmers bs bised on o somes
what lahorous hand-tapimg. with natenals whiek
wre by mo means cheap.: The nse af easting rrsiies
gows (e o rediee the labour requined fur the
provess of insulntion. and. judging by present
reports, mives o pivwdinot whise prriormaner i in no
respect inferior to Hut of the type of transformer
whieh s insulated by taping,  The wloption of this

e ;
itk e weledupe uf Teaididite Ty
el Wil e ol harrey

Fip. 12 { e by vy groectabor guisle b aphafigeedd

Vel il e wrniee fibe

ppesrs of lnsitlation may well impose certam fimits
o dlesbun bn respecd of it hods ol eonstruet ion ad
e lowht, U full sipoillepnes al sioch linitations will
only he seen when the range of applications lus besn
miore (ally espilored.

An applivation of sand-filled vesits shich iy he
of some interest 14 the preparation of guide-bars tor
wse with the helt of the & million volt Yoo der Graal
venemtor winel has recently bheen consincted st the
AELL Reséarclt Liboratory at Aldermaston.  The
wrpicle b, which are about 18 inches lung and wineh
are | inel in dismeter, were pequired to be smooth,
t e resistant to the abvasion of e belt possite
oveer Lher, and to binye Wieh eleotele strongtlh Daving
peaard to the o, stress to which they would be
subpected,  As w oore for the guide-bars, aostee] tube
wies used of | meh diopeter, and this, in mlation o
the fimished ontsade dinmeter of § el mposed an
upjiet it on the oannge tearpersture, hecouse of
thermiul  contrpiction on coling  from the euring
terpernture, It was Fonnd thet the eure <hould
il b performed sl o lemiperature Kigher than
1a0°C, sl in onder to svell w Jengthy cure at this
tomniperstiure the fnsulition on the guide-bars wis
muale from Aralitite Type )} nntieal powsler, ipixed
in the proportion of 1 part of Ambdite to8 parts of
Zireon sand: A monhd wiss preepecred, ps shssen in
Fig. 18, which also shows the eontro steel tulne aml
the fnished guide-bar.  The mould with the stevl
fulie dn posttion wos heéated toos temperature ol
PROPC ] st thiess pdaoedl noa lented wnd sandd-
Baggedl iy, The Nealdite powder anl the sarl lud
previutisly been wollasiized ina closed gnntuiner il
Hie thistire was sprinkled slowly inbe the noold
when the ol was foll it was plaessd inoan oven al
pa0'C for 3 bomrs, Whien Hie easting wis cobd, It was
knouked ont of the momdlik, which hadl | LA IF"l-‘i}' b
fabwentedd wathe oollonbal grapdidte ¢ Gt thien
rough-oehined and fioally geonnd toosimes The dir,
Lieenkilown steoniethe of bues wode by thes et hod
e 37 WYL A e tion of the abirasun resist o
of (e sl moud Vealilibe Gnixture s givin By bests
whiell were performed on o slide of e quh'rl'i.ul Iy

Wi

logpainge on Lo it o rolubbng stee] wheol gonl iepsuring
thie Desrethe of Yhe groos e warn in the wisterial by the
whee! during s mven sumber of svolutinne ot oo
mven apeel. Wiherons bhe fength of greeae sors in
wovpnpmen ghess Wi 3 o ol |.|. ghien ot of




conditions, the length of gmove worn i siid-dilles)
Araldite woder the swne conditions was ol 25
wini These puidebars have been in operation for
some months, aud apart from the foct that their
cleetrica]l performance 15 satisfactory. 1F s iy
interesting to note that the Frictional wear ot tem
s very slght indeed.

CONCLUSION

With the advent. during recent years. of winterials
which promote sidhesion marked hy great strength
and thermal and eliemieal stability. sueh as these
offersel by the Compuny whieh bas promoted this
Sutnmer Sehopl, Hojuay be coandlmlel that there is
niow avadlable to the leetrical rngineer a consideralile
extemnion to the range of design possibilities,. These

puessw andliesi ves vmpiol B olivssatd or dismissed a8 mieee
stickers 5 they are engineering mnterinks. snd 1 trust
that the mature and ronge of e examples which
have heen diserssed in this parpier will liwve been such

s to demomreate that i the oleetrenl industry the

Neld  of possible sppliestions of True  adhesives
beonat only wide but ean be exploited  to greal
alvantuee,
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THE BONDING OF
FRICTION FABRICS

G. S. Learmonih

INTRODUCTION

HE bouding of friction fabrics to their metallis

supports is one of the latest developments in

the e of organic synthotic materials to replace more
orthodox methods of fastening, While it has in
fact ushort prior lastory, the process owes its success
wainly to developments in the use of these adhesives
durmg the last war, cliefly i connection with the
airvraft indusiry,

The nature of the problem and its state of develop-
ment vre such that it s not possible to give o highly
selentilic disenssion on the subject, which is essenti-
ully o practical owe. There is no theory involved
which does not alrendy apply m the normal bondg
of metals to any organic (wooden or piustics)
matenial, (e, one porous and one  non-porcis
surface),  This means that the bowd will by g com-
binution of mechooical il speeitic idhesion o one
shile, and of speeilie slbesion only on the other, The
applications involved are grouped under three main
headings

(1} Autamostive and industrinl broke' linings.,

{2 Cluteh facings, mmnly antomotive,

{3} Friction dises and ouseellaneons bonds,

BRAKE AND CLUTCH FAUCINGS
COMPOSTTION
Nenrly all hrake linings ure compossil of sshestos

libres honded together with a resitious, oil-bise,
bitiiminous  or mubibersed owdium,  In ovder 1

obtadny the eorreet coeflicient of frction sl durabi-
lity the amount of the binder is strietly limited in
thit it forms im0 the the neighboarhomd of 80%, of
e Himshed produect

Withont going oo fae mbe the muannfactore of
brake linmgs It is essenitl to claborate this point is
it has an mprtunt prictical beaemg on Ui Bomling
provess,  The asbestos may be wied jn ope of two
forms ; as long fibees spun into heavy vaens al
wovel it thick fibries ;- or short libres in mndon
assemibly,

Thee elaths weed, in the st methad, sy be either
about 4 in thick (Vi) and bailt up o the
finished article by laminating under the intivence of
heat and pressure, or alternatively. may be solid-
wover, up to 1 in thiek, and processed by inpeegn-
thori o] sSulweiuent consolidation aider heent il
presure, aml sometlme in sldition by o buking
provess,

It hue fur somne venms been cammon piractice to
ive the sevond method in T80, amd in this conntey
this employs shortfilme ssbintos meorporated wth
# binder, exther i the dry state or dispersed
salvents or water, wihich s formed by monlding,
extruding, dieting vie. Sometimes the ashestis
lbres wre previously Tl into sheets ol " ol
Diri] ™

Fur woven brake liogs thie Liniding sediung sy
votisist of phenol or eresol formuldehsde siugle-<tage
resills, oT foTY freguently of & conpesite varnish
which may contain one or more ol the following
malerinds 1 odemlitied resins, vegetabile ails, btne
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mens awd patural pesins (Congo copals, cardallte
prrodhacts ele),

Moulded materialy muy contain phenolic single or
twa-stage resine (oeenstonalls ail-modified) cardolite
proditots, rabbers and ails,

Other materiak may be wdded to the mopulded
products, usually i the npture of powdered fillers in
order to selueve certam desred effiets, but these do
uot normally appear to affect the bonding progess
ANy Wiy, '

Al friction fabrics are distinguished by the
possession of i resinons skin, Lo the surfuee layers
nre richer in.urgu.ll_ir bander content than the interior,
thix &, of course, triee more or less of wll plastic
monldings, bt the woven wsbestos prodpots are
particularly  troublesome  m this  respeet. The
working surface s always ground off or otherwise
removed by machiming. but the back winch ds; of
oo, Lhe surface used In boniding b= noemally Bnfe
iniee o Jess initonehed, With all mouliling processes
Phis sking is thin and resubily vomeved, b the weven
o aee often not only Tdghly el iy organe matter
bt very rough owlig to the conte weave used, anid
specn] proparation for bomling s weerssary.

CONSTRUCTION AND TYPES OF SHOES
uturmative Brakes

The main brakes on aotomobiles are, without
excvption, of the mternnl expantding type whoe,
the wsbestos Faongs are carood on bwoo ot three
alumininm  or steel shoes presasd by hydraaiie,
meehinival or peewnatic levemge o He inside of
the bppike druny, Theee fuuin tepes dre b comimon
nse
(1} Cast Shues. These shoes, wsually hie-onst
alumininm, are enrelully designed awd hove thoek
walie ndequitely seinflireed where necessary il are
extremely rigid gl weeumite as to dimensions. They
are idenl Fur bonding.

(23 Rolled Steel Shoes. Tl type of shoe ss vlled by
patented  provesses from Teescortion: steel with
menlerately thin web il penpleny. Tt dos ode-
ipte rigi-d"y apl geergente dimensioniog ol does
pot give fronble i boding.

(8) Pubricated Nhow. Tl eommon Type. of brake
bis ~liwes of whiieh the periphiory aud wob wee formod

<eparately [rom strips of stee] assembled together by
viveting or welding.  In some cases the web has a
prrow portion right in the centre of the shoe, This
i designed to give good rgidity in the normal
manner of operation of the broke, but with some
bunding  processes it has  been found  that the
pressure applied i the middle of the shoe is sullieient
to give some distortion and specul preeautions are
HTTRL T T

Self-Adjusting Shores.  Ong brake has o spevial
self-adjusting deviee in which part of the lining i
Lo el B ket in constant light contaet with the
drum by means of a4 sprimg. This portion ennnot, of
coutse,: e Bonded unless specid properties of the
hrake are dispomsed with

Tl Brakes,  The emergency btakes on somo
American cars anmd the brkes on eertain types of
inidustrial, agrieultuml and esethanoving machinery
sre ol the external contmoeting type, oralternntively,
of intersnl expaoding tope i which the frietion
labrie s fitted to o Mexible steed bund,  Both types
have bicon satisfactorily honded wsing the nprmal
eruiprnent oF by sonne coses specin] s,

foilustrind Hriefes

These ure often of the externul contracting type
aold sometines of grest size,  This mnkes them
ruther wisulbable fur bomding, especially s the sides
are ot standand wd the mamber of units involved
of auy one size s small, There =, however, oo
thicototienl reaseon against bondmg, sl it has o fuet
been usel for sproial puarposes; oven with nignd shoes.

CLUTCH PLATES

There are fvar eitnmon tepes of eluteh plates oll
with slightly difforent eotstenction, sl all eny b
Dwtuilen] wibier certain elrewmstiongees,

The compmonest  atomotivee  cluteles  are - of
putental manufsctare and fitted not ondy with
sprusg centres to wssist in smooth take-up of the
fd bt mlso with slottod and shuped plates. These
are diificult to bood in e orginal form and unless
speciitl press tools are used the only aiternutive is to
apply two moam clutehedises md adot alterwards.
Sometimes plutes or replacement plates wre formed
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without slots or without shaped segments or without
hoth, and in this case no difficulty arises.  Motar-
eyele plates ure aften fitted not with dises but with
stidl trapezoidal segments nserted in the plate.
These segments can be bonded in place or alterna-
tively dises can be nsed on either side.

Cone cluteh sepments onn be honded  without
diMeulty providing suitable tools are available, bt
the remarks made in connection with industrial
lining= npply alse here

FRICTION WIHEFLS, oto.

Bonding has been applied not onfv in the miounting
of friction dises and wheels. but also in their constro-
fion.  In one specifie examiple the cenlre portion b
minde of (cotton) fbre and constitiutes the driving
fave, while the shrowbs and eentre boss ure e
either of steel or lnminated plastic material asser-
hled together with the adid of a synthetio adhesive

In rertain types of brake blocks (used with steels
wheeled vehioles) the man friction element 1« held
to the mechanical purt of the brake by means of
wedge grips.  These have been suvoessiully. ussen.
bled by Bonding instewid of <haping diveetly from the
miin friction block,

The duty expected of Inetion fabries varies
anprmiously according to the machine to which the
hrakes are attached, The l"gg.hTE‘-l‘ duty of all i~
probably foamd o evele sl antoeyvele imngs which
are very sl and operate at low speeds and ander
light pressure.

F nutomiotive work the moge stards fvam . Lhe
avernge light car wheee the braking louds see guite
stinll, and the tespetiture teavhed bs low,  Though
birake lnings are made frore ashestas this i5 se well
comyolidated that the comliction of heat s quite
high. Tt has been foumd By experiment that the
differenee of tomperature between the working face
aml the bowded back surface may be only some
WC at n working tempaeratiure of 110°C.

The next heaviee duty 1 fownd in the heavier type
of commertinl vehiokes— trucks and lorries —wil the
heaviest pormal duty i In passeager enrrving
Vehiclys working i large bowna, wnd particulaely in
hoses  fitted  with  prsmimatie bhekes. In other
heavier velieles the higher stapping lomds are wsually
allowed for by the provision of imcreased  brake

working-surface,  In the heaviest duty the working
face of the brake may rench 300-8330°C or even
tagher.  Properly designed and  operated  eluteh
facings do not generally have to aperate vnler sueh
arduons conditions anil very high temperntures are
tinmisunl,

It urast e empliasised that the ehief eleinent
destructive to the bond in all thee applications (s
the heat generated as, when properly spplied, the
shear londs met with ave well within the capaeity of
the adhesives used,  Before leaving this subject oil
must be mentioned.  Brakes do not. of course.
pormelly work immersed in ol [thangh clutehes may
ths so) but in ordinary automotive work Leble b
expeticnead periadically through the lenkage of wil,
especinlly on rear wheels, aml while there & some
evidence that no harm will be done prvviddeld that
the binke lining itsell s resistant to vil it is recom-
mendod that these eondifions should be avonded as
w mntter of normal prudence.

HISTORY

Tlosugeli Lispding of Frietion fulivies §s o eernl
lh.”«‘r|¢1|m|l'rll. il s, ulih Bieeny varrien ot eonie
mereinlly winee whout 197, i ariginited sofie Aeim
agen In fiet s Heibish potent was graited tooan
Amenican eitmn in 1500 It s oot proposed to
review the patent pesition m general bat it may bo
mentioned thal this: partiealoe specification (P
B65361) had apperently o il He use of o intaeal
tubher !'ﬂlnlnmitlnll s i Dodiling ngent, il ot fhe
same B as o onsldon Between the Tining awl e
shve,  One recent British patent (BP 617700)
deserilus the injection moulding of brake linings
direotly on to nshor which has licon pre-conted with
adhesive, and o feether ane of more smportanes
vovers the use ol an adbestve inostep form in which
the base 15 6 network of celliloso fitires 007 0035 m,
thick with the objeet of providing for casier removal
il the old Daing

In the pericd from 1985 4o 1940 fnportant
devoloprnents were taking pdnce with themusetting
synthetic adhesives with the object of seeunug
effivient adhesion to metals and Thee werr foread o
oy Frodtion by the wortime econditinne. which
followed..  In theareraft pubustey puirtienbirdy, bath
iy Britodn ood mc U820 0 was foumd pessible
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many cases to eliminate riveting and to replace it by
synthetic resin bonds which were not only as good
ns the riveted joints, but had certmin speeific
advantages. for example, the shght degree of
resilience 10 the resinous bond was found to give
better resistance to vibration, These adhesives will
be diseussed briefly Inter on,

Work on the bonding of bruke linings to «Iuw;
uppears to have started in real earnest in the US
n ‘[J?H and the project was carried at this trmr tn
the stage of development where a sutisfuctory
synthetic rubberiresin bonding agent was evolvesd
and to the carrving out of pilot seale production
triale (on emergency brukes of the transuusson
brake type), The linings were in fact cured by ILEF,
hesting procedure in some 2 min. and were lound to
give approximately twice the life of the piveted
nssembly, on the dynamometer,  The same method
was then applied to wheel brakes, and at the sume
time improved adhesives were tested with good
results both on the testing machine and on the road,
Wartime conditions then caused this mvestigation to
he held over until 19435, when Buns X-phenolie resin
adhesives were peed and BF, heating was abandoned
i faveonr of oven ouring amd lsber the soaulled
“ hot-shot ™ process wis developed,  These methods
were tharoughly tisted and it was found thut inone
test an increase of HHEY, in serviee life wis pessible,
A farge seale test wos then carried out with light
commercial velucles. Af this time too, the practienl
position with regand to operating the process both
al the factory and n the field was correctly apprec-
ated aind the various furms oo which the eement
eonld he wsel were deseribied.

During the same period the finst reconded British
applicatiots of the bonding process hued were il
Some dilficalty wias experienced  with the eluteh
assemblies of certain tanks due to sepratinn of the
friction facmg from the motal backng plate, and it
was found that consiferably better resulls were
obtained by wsing " Redux ™ to bond the two
topether. It was  ound that the rvetod dise
disintegrnted ot abiont 5000 r.pm. whereas honded
dikes eonld be run At over 8300 rpoan without
npparent hurm resulting,  Purthermore the wrvice
life of the rividal Joind was somi 2 bistars while
bonded one operated for over 20000 hours, In

addition, when a2 dise wae mn to destruction the
stedl dise broke and the hond remained  intact,

Meantime, other interests became involved and by
about 19460 a three-pronged attack on the bonding
problem was in full force in which the manufacturens
al brake hinings and the producers of adhesives and
equpment took part (sometimes in collaboration
with each other) and by mid-19048 the position was
sich that the oivel monufacturers saw fit to pmblish
a strong connter-offensive in " Brake Service . By
mid-1947 the brake setvice speciallst or garage was
being olfered bonding ovens aml hot-shot mochines.
honding tapee s nedbesives from several manutactie-
er=. wiwl hruke linings specially prepared for bonding,
amil an sotie cases precemented remdy for nse, AL
least  one manufocturer of hrake linings ofTered
replacemunt shoes at the seme time; To 194810 was
announeed that all Chevrolet §- and 1-ton frucks
were fitted with bonded [mings, and 2 systom of
tactory  teplocement of lined shoes was  starkd,
which mennt that shoes were not reused.

“The present position is apparently that there are at
least five proprietary hrands of bonding rape, three
of four makes of precemented lining, and sesven
makes of ovens available. The monufroturers of
originil equipment are now using conyeyur ovens
und line produstion and not only  eammercial
vehicles bt also passenger cars have honded Tindngs
ns ofiginnl eqplpanent

In Englawl the chronologion] record 38 pobl fos
elear, n= little informution has beey published and
progress hay been slower. Undoubtedly o large
numbier of experiments have been made for s number
of vears mostly dating from the first annoancoments
of the appenrance of the provess on the Amencan
market : the first public anmonncement was made
carly i 1908 when one of the mukers of brake
svatenis offered replacenont shos tined by onding,

At the Motor Show in 1980 one miker off st be
lnuggs offered o replocement servier and in 1950,
alter a hesitant start, another manufacturer not only
offerod eelimmg service but gave rechoieal seevies in
the Niting up of any brake servies agenl with the
tuckle wtul linings. Considdernble sales
resistivnee Dt Lieesy pet seibly joo Deitaing ;. most motor
vairs are WEbedd witli pnlprh-_-h[r!.- Briches Tl ic [l.:,,- s
of twed isnulacturers and no strong lesd hos been
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given from nny of Lhese sonrees,  Manufacturers of
brake linings, in the advertising fich] at least, are
dominated by one rm, which has so far thrown cold
water oh the pmeess, There are indieations how-
ever that prepamtions are now e hand for an all
over change to honding.

In the heavy veluele Held there his been little
progress,  Strangely enough o England this s the
liehl which hos shown the greatest interest in the
process but apparently the problems involved have
not vet been completely mustered.  These problems
are fwo : temperature, and the seenring of adeguate
contact between the liner-and shoe,  The firm whiceh
I represent has been inoa position to undertake smuall
seile relining for over two years and a constantly
growing business has been huilt up.  Major achieve-
ments fre the bonding of over seven thiosand band
hirakes in one season for agrioultural machines, the
Hitting of the whole fleet of the lewding hire car
service and suecesiul trinls on tmotor eyeles wl
speeds up to 120 mphe  Up to the present time all
these endeavours have heen on a relatively small
sedle, bnat signs are now becoming evident of prepara-
Hous (or really laree seale preduction.

TRECAENIQUE
Aidkestvies

Adhesives for the tementing of metuls to metals
or to organic materals commonly  consist of @
phenolic resin modified by the addition of & thermo-
plastic material such as w vyl derivative or a
svnthitio elistomer,  Tn some cases also asynthetie
rulibier iy be used with another type of resin, amd
the bond stabilised by vuleanising the mbber,

The slbesives found  suitable for bomding of
friction fahirics hinve been of these types.  Without
gomg deoply mto the theory of adbesion it may b
nssumed that the fonetion of an sdbesive s join s
n combinntion of **stickmg " and doad trawsant
ting " anid that exeept in very thin layvers of adhesive
thie strongest purt I btoedintely  siljacent to the
strfier ‘while in the contre of the aillesive mndom
wrientution will oeenr. . When an insoluble thermo.
plastic waterial is added 1o the wlhesive it adts ns w
Mler whose particles are of moléen e dimeasions and
this strength of the whole bood is high, vamparable
with that of the surface layers. In wddition w

vertain amonnt of eross linking will oeenr between
the thermoplastic material and the resine. Whatever
the combination of thee two factors, the fact
remnins. that execllent adhesion mayv be obtamed
using adhiesives of either of these two types.

It is believed that in virtually all the American
work combinations of phenolic resins with aeryloi-
trile rubbers sueh s Buna N Hyvear, Chemigum,
Perbunan, Chemiguin X gre used, These were
developed by the Goodyear Rubber Co, L,

The adhesives nre prepared and marketed in three
forms. :—

(1) As solutions . in velatile solvents. These are
applied to metal und fubrie surfaces, the solvent
removed, and the two then nmted. T thes form
the usable life s abowt theer montlis more or less,
As precementol liners, These, of eourse, start
as in (1) and in general the cemented liners will
be available from the sssembly Tines msm.fao-
turer of the lining or brake,  The life is abouy 12
months,

As precemented tape. The tape may he made
of varions materials, such ox kenft, and one
parrticulie process clamms o use & hase eomposed
of lnminated asbestos anid nataral rubber.  The
ahsorbent Dises are imprr.-gnutmL and the rubber
g eoated on both sides with the adliesive.

In all eases once the solvenl has been femoved]
from the sdhesive the process is victuslly the sume,

Similar ailhesives are available o Britain, though
the present difficulty in supply of synthetic mbber
i o handicap.

The process with whieh the author has carred ont
mowt wark s of the " Redox ™ tvpe.  This s of the
bype comprising & phendlic resin miodilied with a
polyvinyl formal, Normally, the resin is supplicd
in solution in moths nind the PVivroal separately os
a granulsr powder. The two are mised in the
applivation process and imitually dissolve when the
hond ps heated, It can also Be s by both the tape
and the precemented Imer process,

(2]

1)

Jraldite

This pew serits of fisiis luis been suceessfully used
in banding of frction liners. aml hns the nl vintigre
ol requiring little or no pressure. It hsis however s
very long haking time at high tempertares ol i
rsther vty
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APPARATUS

Convection Oven

This equiptnent ealls for no great comment, and
the design is not at all eritienl.  The only two fhetors
which must be taken eare of are finstly constaney of
temperature and  seeondly even  distribution of
tempersture.  In o gas oven these two factors look
after each other to s considerable extent und very
good results have been obtained using an oven taken
from a derelict domestio cooker. When an elpetrie
oven is used, however, some care k& required to
ousure that the proportion of convective heat trans-
mission to radintion is high.  Ta practice it has been

found that the only relinble method of ensuring this

is to have an ibdirectly heated oven with foreed air
eiroulation.

Infra-red Oven

This type of oven differs in prineiple and practice
from that mentioned above as the heat tmnsfer is
predominantly by radintion, and necessitates the
spreading out of the sssembled finers and shoes v o
flat layer either horzmtally on u wire mesh truy, or
alternatively vertieally on hangess, The infre-red
method has bwa i jor advantages, firstly it je rendy
Instantaneonsly on peescing o switeh and secondly
the rate of heating is muvh higher than with convee.
tion.  However, the liner/shoe s by ne means an
ideal subject for infm-rod henting, as the sommvee
temperature, and the tempermture which can be
vickly resched by the work s very much higher
than that at which either the comont or imlecd the
brake limng will spoil.  This means thar  the
eooking of the adhesive s on u Hime and temperature
basis and not a Hme basis wlooe, ad alda that Ehepe
i n strong probmbility of Joes] everfienting of the
brake lining.

Conoeynr (ena

For reully Targe senle procdiction theee is o dobit
that the conveyar aven v iiliml, aral in this comiec-
tiom the eemarks e with regmnd to mfes-rod nre
not appheable:  In fnet ot makes anodeal bheating
unit for thes epe of oven: Mention mepght also be
muicte of the ** eamel oven ™ i owihueh the anits are
cirrivd h'q. iy vhin COmevor upe dnte nn ok etp=sinll
hentidd indireetly by gos,

Fig. 1. 3¢ of opopmen) Jur wse o landing Hnfgs e shoes

“ Mobshat ™ squipmant

This 5 an Amenean deviee whose funetion Jas
been somewhat misuoderstoml. 1 iy, in ek, he
tised ns the sole onring unit in o eelintng wiit, but i
most elllciently used iy’ o leege sesde peoduction line
sumply s o peeane ol sebbing the cemenl tooa lndbed
extent ouly, aml repiring an even ta camplete the
enre.  Bb commists of o lumtod anvil which s at eather
o high temperiture and swhich s Gtted with jigs to
eurry bhe varions siges. ol shoes 1o he Bonided.
{Enenlentally, ot should bo mentioned that the wmi-
bur of ifforent sizes used i Ameriens i mueh saller
than here.) The shoes are proheated iy an oven,
placed on the anvil amd the precemented brake lining
i quickly Ntted and elusped down g the shoe I._u;
i i il i t-.'aj_.g]t.- frré=s fibtedd with a }'¢1Lc anel Mexilili
bukal,  After 4 shodt period depesding on which
pllssive bs el (00 s, in the urigmal proeess) the
pasenibled Finet-ohoe b removed ol plocod anoan
el to complits enrmg.

In the first tree Evpes of cunng o uprmeint Jigw uro
resparred to carey e longsand <lices, and as e
Turing process ooy regiore up boo wn Jwage whien
production is liege the nutdlers neeesanry iy
juite great.  Noversl Lvpes liave bieey yed, bt all
are rilatively siogple in ratuee snd remdily seallnbile,
(1} Spring plivtes and clamp, 1
2} Individual corew loaded and sprmg i,
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Mg, 3 o ok s eevrrtn by reendyy for cioriieg, waing pesvione
heiviels el earcinifiors,

(8) Flexible bawls and serew- or  wedge-fonded
expinded pleves (some g also spring Tonded),
Other equipment necessary ibeludes grinders for
preparige shoes and preferably  mdine grinding
eluipnient for the sl stages,

EQUIPMENT REGUIRED
Pl'rmrilﬁmr

LT

(2] Beaclh 1in., Li-im, 12440, fings
(3 & Jueks,.

(4) R spueres for Bendix shioes:
£5) Sariding Jdewn with 10 sleeves,
(4] Shears.

(71 Nir hommer and ehisel.

(3] Ashestos gloves

(] Assemibiy jilute,
L10) Bowding tupw,

TLL) =g, motor,

(12} Beneh,

Contrindyy

Al

Ashipstin glinves for FeHIng gsarmidilies  Frenm
the evel,

i

Pressure bands of &-in steel, Two sizes e
gonerally sufficient to start the svrvice, one set

.

of Bkin2-m. and one <ot of 1240, = 2-4n.
Other sizes to st Individual requirements ey
be added in the light of expericuee gained,
Mhesive.  The shelf life of thisadhesive is four
mnnths,

E. Expandess. Type B being for use with normul

& brake shoss sl type Fwith the specinl nidaptors

Foo to wvoid distortion of light weight pressed steel
shoes sich s the Bendix

G.. Towmy bar for tightening the adaptors wid

applying the pressure,
Mso oven and radins grinder,

THE BONDING PHOCESS
Preparat ion

The fist stage i all bonding processes |s the
propuiention of the show,

Where shoes are heing relined the old hnmng
remuved by ments of o chisel or & rough grinder ete,

The slum is degrensed, proferably with rmehior
ethylene vapour, and the bonding surface is prepared
by grnding till. bright and Tree from all foreign
mntter nchding paint and all types of pluting or
anticorrosive treatment,  Cire iy Uken G Kewp this
prepured wirfnee olean b veguived for use,  In the
American process ne further trestment s given to
the she, but in onder to emsire Freedotm from
contamination of the metal surface it moy be found
disivable to apply ut this stage 3 thin cont of
anilhesive.

The nextstage s the preparation of the surfare of
the limng. and it = here that the st divergeier
between the various mithods oo,

Firstly, the luing must be in s fit eadition for
bondisg.  Tiondlveses [E st B Ceve o pitit aenl
other foreign matter aml It has ssnally been fonml
an advantage to grined lightly to remove the resinous
sirfaee skin, which moy contain exoded matter and
also motild labmeant, 1o wibditiow, 0 the case of
some woven limmgs w rather heavier out will give a
(Intter worfaee by removing sime of the oavities
which normmlly appear i the weave,
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The cleancd lining surfnee 5 given two {or with
woven linings even three) conts of adbesive by
birushing or spraving or with i special sproador. A
ilevite interval b= given betweon coats, and the final
vout s lelt an Bonr o preferably cotsiderably longer
Thi= stag

tor allosw lins been

solvispits bl e=Lapa
forirud vory :|l||1H|l":||hT atid it d= well workly while to
hove o low tempernture oven T ensim elheienl

ikrving.

Filin Methoed

When strip adhesive s waed 1l W 411!.\ lwcessiry Lo
apply a strip or strips of tape, The tape s a
limited life but o resctivating solution & venially

provided to =often it

Pisoe resiteid Liiviers

Thisse sire preparcd as for higuid cement il no

Murther operations nne pecrssary These may L
shisreid (8] Yo dane NOUr nt [l"\‘- Tt'lil.il T
{pringsuven Methol

The hning= oy nom awattiililed the vorrect
|l|:|-|:I|IH1i relntiyve to 1w <hwowr whid b""n‘"'lh L |li'|'l=i"j_
The assembilics are Then buked for the tequired
prericed Spevinl chre ix NECESsICy to avoul under
T

Curing, ** Mot-shot = Methal

This mettuxd has been  deseribed  under

eqquipanient

st

Fiamhing

Thie ool stiages are the cleaning of the edires il
This- 1

especially important with bonded Hners owing te

sgrinding of the foce to the correct rudius.

the mueli greater solidity o - eggudity wiieh s
obitmine] with them,
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It hns been fouomd repeatedly that st the lower el
b

favournible conditions gve o

of & remperaturs Wi

TN utnler

limngs
luphest fgures fo
drengtly with i decided Towertnge ad Che tein
Thi= 1= th AT

fact that under all ronditions coversi] In Hthese pests

sh s i

peruture is miseil fir Lie ilige

the strength of the adlesive baver 38 muoel greater

thaies thit of b brake limng taterinl.  All woven
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linings are tather erratie in behaviour and due to the
type ol impregonant used wre greatly weakened at
the highest temperstures.  Considersble  (uetun-
tions have also been observed from time to time with
woven linings owing to variations in the degree of
bake, in resin content, and kg m the mechuniea)
properties of the surface used for bonding, It has
been found that & certam popular tvpe of impregnat-
ing medinm for some resson gives poar bondiog, ad
liners made [rom this type of nuterial are totally
unsuited to the process, No other method of
detecting this fanlt other than the purely practieal
ane o been found and tests must be made of each
type of lining to verify its suitability,  Most monlded
limings wre: suitable for bonding, and have a good
smrface free from excess resin and other deleterions
matter. They asually show a lower shenr at room
temperaticres, bt maintain it much better thans the
wovel ones sl higher temperatiares,

Tetrperatite

The chief ageney resulting i failire of brake
limings » temperature and the temperature reached
may range (rom freezing 1o (0013070 on light car
anil commercial veldele applicabions and tooas mueh

Snian b i
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| vibets 7Ll i MELIRS
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Fig. & Effeel of suleend pewoncal o strength of eufed gkl
bitmween brake findngs amil shies

|
(L= m‘f |
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- I T
e EFFECT OF PRESSURR
DURING BOMDIMNG
EHELS i e
an|  Toafom
moy
]
DUI‘H'D FPREBSURE W Dbw o in
| | | ' . |
= 3 3 0 ) i 1E] -

iz, 5 Relativn uf ahear afeenghh 80 biouling  pressire wning
e olifferen) wdbesites,

e A30°C ar over wiler extreme conditions with
eommercinl passenger and gods vehicles. Tt was
therelore necossary to lest the immli.ng.pﬂum lor
resistanee to such tempermtures. It was first of all
established that the tompernture of the bonding
surfiuce was surprismgly near that of the workog
face. alwnit 10°C at 110°C, and tests were thereiore
earried out 4t rodm benperature. 130°C amnd 300°C
with various linings,  Under favourable conditions
o moitlded liner showeil as el g 000 etendjon
of shear strength even at S00°C while & woven
smnterial lost 0090 AL 100°C however the difference
i not great amt m fact many woven liners have
given excellent service results.

(Tt shonld be mentioned ngain that the strength of
the wllhesive under these conditions s greater than
that of the linige, and it is very e Lo have a pure
glueline failure, providing the layer of adhiesive 1s
nal too thick).

Solvend

I is of great importanee thit most of the solvent
shomiled be remioved fram the sdhesive il Hefore
bonding, and for this resson alone there I some
advantage m precoating Hoees,  Exeess of solvent
will have the effect of lowermng the visemity af the

L]
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adhexive at bonding tempemtores, with the resall
that an nndue ejection or resim from the glueling will
take place resulting in astarved jomt.  Considersble
buhbling: and Blistermg mav alio oceur i extrome
eaars.  This mny all be nvoildod by aven treatment
vtuler ot rolled cotiditions of the eetmented liner il
choe,  Treptinent for 30 miw. gt 00°0 gr 1 houe st
400 s more effective than 1205 hours at o
Lenpe it re. ' -

Prowrnre

The effect of presuwre durmg  bonding  differs
prently with different wdhesives. bur in practice.
provided that thorn le sullicient pressuere L bring the
Hoer and <hie siorfmees together with o glueline uf
2 thousandtls wml that the poers<upe i well winine
tained . during ouring.  30-10 psi 35 the iniman
dlesirabde, s goad boad will be obtisine] thongh with
sorne - albesives an apprectithle loss will b stalTored
uriless this o inereased fie TN k.

Bukgetime Fewiperations

Thie strength of the houd meresses very rapadlv
in the dnitind sBagess and ws will bae seon fronn the
E“I'h' alter pluwt oo lode amiler the  peetheulue
comtlitions sl D mobe ol eeease Tell ol Hwoogh

appreviable ineresse took placy Yor at lenst o Duether
howe,  As will b seen, o differsnee of some 10°C
doribles the euring time, and i & generadby founid
that better bonds wee ohitained st the higher tem-
peratures, and though the significance of this Is not
elear, it may be due to the gheline passimg more
quickly through the ligqud stage, with rather less
foss by exudation.

Tl el Glvvase

The adhesives wsed appear to he for sl practicul
frurposes resistant after curing to all comnon oils
antl gresse, but some linings are. affoctod and the
apparent hooed strength may be seriowsly dinmmished.

COMPARISON OF BONDING WITH RIVETING

A riveted joint does nol lail by shear but by o
cotblyation of tensile feilure of e lining sod the
vivet padling theongh  the elengated  hole.  The
rivels almost never (il The lignres given are
therofore o tellection of the ¢lfeot of tomperntime on
the finmg alone, and will vary greatly with the ining.

CUne por of pvets 2000020 1b, 150°C— 100 b,
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A bruke fintog 1] in, =% mowill normadly hivve five
poirs of nivets giving tobsl strength of 4600 (b, A
sitniiar bonded finer has o total strength of (ntinimm
Al rooi tenyp, ) 600 5 16 e, D00 1Th

Advantages
(1) Eliminates rivets,
(2} No scoritg due to rivet hoads,
{3} Improves heat dissipation ineresses life.
{4} No scoring due to grit in rivet holes,
(51 10%, meressed  braking surfaiee dioe to ng riviet
hules:
() Twiee biond streogtli.
{(7) Over twice life us Lning cun be worn rght down
ws far as tukeup.
(5] N #ﬂ]i hetween fining and shoes gives more
=alie] feel,
() Antiscprenl dio to better vontact,
(1) No drlling required.

Dizadvantages

(1) Skill required,

(2)  Plant reguired,

() Security.

[4)  Lirnited Tife of cernent,

Pronfitest Metha!

(11 Grling—100%; proof stress 1o all liners.
(21 Chrysler —speciul shear test.
evitlie shent test,
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