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SXEODSiSH

A number of investigators have studied the application of

oscillatory energy to a metal undergoing plastic deformation.
Their results have shown that oscillatory stresses reduce
both the stress rcquired to initiate plastic deformation and
the friction forces betwecen the tool and workpiecec. The
first two sections in this thesis discuss historically and
technically the development of the use of oscillatory cnergy
technicues to aid metal forming with particular reference
to wire drawing. The remainder of thce thesis discusses the
rescarch undertaken to study the cffect of applying
longitudinal oscillations to wire drawing.

Oscillations were supplied from an elcectric hydraulic
vibrator at freguencics in the range 25 to 500 c/s., and
drawing tests were performed at drewing specds up to 50 £t/m.

on a 2000 1bf. bull-block. Ecuipmcent was dcesigned to measure

e

drum

Qu

the drawing forcc, drawing torque, amplitude of die an

oscillation and drawing speed. Reasons are given for

%

sclecting mild stecl, purce and herd aluminium, stainless
stcel and hard copper as the materials to be drawn, and the
experimental procedurc and calibration of mcasuring
equipment arc described.
Results show that when oscillatory stresscs are
applicd at freguencics within the range investigated ¢
(a) There is no reduction in the maximum drawing load.
(b) Using sodium stcarate lubricant thecre is a

ncgligible reduction in the coefficient of




friction bectween the die and wire.

(¢) Purc aluminium docs not absorb sufficient
oscillatory cncrgy to easc the movement
of dislocations.

(d) Hard aluminium is not softened by
oscillatory cncrgy accclerating the
diffusion process.

(¢) Hard coppcr is not cyclically softcned.

A vibration analvsis of thce bull-block and wirc showcd that

oscillatory drawing in this frcguency rangc, is a mcchanical

process of straining and unstraining the drawn wirc,and 15

o

)

depoendent upon the stiffncss of tho matcerial being drawn
T N L)

o

and the drawing machinc.,

Directions which furthcer work should
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1. Introduction.

In 1955, Blahs and Langecnccker (1ff‘performcd an experiment
in which they suncrimposed oscillatory encrgy on the
applicd stress during a tensile test on & singlc crystal of
zinc. Surprisingly, these vibrations substantially rcduced
tha otp ss neccssary to causc plastic deformstion. This
incrcase in plasticity was also obscrved by Tarpley ct.

s1. (2), when joining two picccs of metal with a single spot

b

weld. Tarpley showed that the picces being joincd could be

c

'y

rcadily swivelled about the axis of the weld as the weld
was being subjected to oscillatory cnorgy. On rcmoval of
the cncrgv source, the woldment abruptly rcsumecd normal
rigidityve.
Tn 1957, workcrs at Acroprojccts Incorporatced (UsA)
(3), obscrvcd that oscillatory cnergy also substan 1tially
rcduced frictional forces. HMctal comnoncnts with interference
fits woere rcadilv asscmblcd when subjected to vibration.
Thcey further observed, that the apolication of vibrational
cnorgy resulted in a minimum scoring of thc mating surfaccs
snd a rcduction in forcc nccessary to perform thc asscmbly.
The poseible potentisl of apn plying these observed
nhcnomona to mctal working Proccsscs was soon rcalisced and
conscaoucntly, interest in the cffcct of oscillatory strcsscs

on the deformation of motals begen to incrcasc rapidly.

. TG N e TS A o
Tytensive studics have beon made in thc USSR and the Uba and

3% Numbers in parenthcscs designate refecrences listcd at end

Of t j_Sa




T
in most cascs gquitc remarkable results have been rcportcd.
As a rcsult of thesc findings, some oscillatory strcss
technigues have now been patented and applicd in the meotal

worlizing industrics in thesc countrics.,

A

Ruesults of investisations can bo summariscd bricfly
as follows :-

Comparing a metal dcforming oncration in which

[ea

osclllatory strcsscs are anplicd with a similar non-—
ogscillatory opcretion, it appcargd that ;-
(1) The loads re-uircd to schicve the deformation
arc rcducced on account of
(a2) A rcduction in strecss nocessary to initiatc
plastic dctformation of thce mctal,

(b) A reduction of friction botween the

'

3

v

doforming mcetal and the tools.

.

(2) The strain to fracturc is incrcascd.

(5) The deformaetion is more uniform, ic. thc
rcodundant doformetion is roeduccd.

(1) Wwith somc rcoscrvation, the rocduction of yicld

stross is diroeetly pronortionasl to the amplitude

(6]

of oscillation.
(5) The ratc of work hardening is decro scd.
(6) within widc limits the frogulncy of oscillation

has 1littlc or no offcct.

In vicw of these cncouraging results, 1t was dccilded to




-

initiatce a thorough invostigation into the application of

inal oscillatory stresses during wirce drawing,

AR

studving gsuch veriablos as @ -
o) dreguoncy of oscillation
b) Amplitudc of oscillation
) Drawing spocd
d) Rcduction of arca and
) Diemct.r of drawn wirc.
viith ¢ viow to obtaining optimum drewing conditions,
This thesis, (i) dcscribes the historical and

1

tcchnical devclonment of tho avplication of oscillatory

P

; T P AT Qe I s s A amncac s The
cnergy to metal working procosses and (ii) discusscs the

rescarch undoertalicn to study the mochenlcs ol wirc drewing
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2. flistorical and Tecchnical Rcvicw.

2.1l. Introduction.

The application of oscillatoryv cncrgy to a metal
undergoing plastic dcformation has bocn studicd by a numbeor

of investigators (3). Their rcsults have shown thet, with

the superimposcd oscillatory stross, tho doeformetion may

a

be achicved with significantly roduccd forccos, T
rcduction has beon obscrved under conditions of purc
tinsion and during actuval motal working opcerations. Tho
nagnitudes of the roducticons renging from barcly dotcctable

(

to as high as 80 pcr cont.

The cffcets of oscillatory cnergy can be considorcd
to be twofold, nam.ly a surfacoe offcet and a volume cffcet.
The surface offcet relatos to = roduction in cxtornal
friction between the dic ond the doforming metal, vwhile the
volum~ cffoct apnlics to internal changos teking placce
vitnin the deformineg metael under the sction of the oscillator
stress woves. The mochenism underlving tho phonomnon of
reduced stroess necessary to initicte plastic dcformation of
nometel, has not yot bocn adeguately cxpleincd. It is
thought that somz, or oll of thc vibrational cncrgy is
absorbed proeferontislly at digloceation sites, but the modc
bv which the cnorgy is avsorbed is not known

The folloviing sccetions of this chapter, outlince the

historicel and tcchnical development of tho application

of oscillator

v cnergy to mcetal worlring procossces. Sccetion
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2.2. dcscribes carly work on the cffcct of vibrational
stresscs on the mechanical propertics of matcrisls, and
scetion 2,3, discugscs the mcchahism undcrlying the
obscrvaed veduction in stross nccossarv to causc viclding.
Scetion 2.4, considers the reduction in cxternal friction
and discusscs thoe moechanisms by which the cocfficicnt of
friction could bc rcducced. Scetion 2.5, describes the
enpplication of oscillatory cncrgy to various mctal working
proccsses ¢.g. forging, rolling, coining, cxtruding ctc.,
culminsting in a scperate scction 2.6, on wirc and tube
drawing. Scction 2.7 discusscs the implication of oscillatory

cnergy to thoe motal working industrics.

2.2. Thce Effcct of Oscillatory Strocsscs on the

tcchonical Proncrtics of

As outlincd on page 1, Blaha and Langcnoecker first obscrved
the phcnomecnon of a rcduction in stress nccessary to initiatce
plastic dceformetion of a mctal whion ean oscillatory strcss

is supcrimposcd on tho stcadily applicd stress. Thelr

cxperiments consistcd of supcrimposing a vibrating load, in

the dircction of the spicimen axis, on the stcadily applicd

@}

load, whilc tensile testing singlce crystals of zinc. Th
. ) 5

freqguency of oscillation thoey chosc was 800 x 10 c/s. A

shoar stress—-strain curve obtaincd from thesce cxperiments

ig shown in Fig. No.l.




The dotted curve, curve 'A', shows tho offcct of
apnlying oscillatory ~-nergy intermittently.e "o is
th:: noint at which oscillatory cncrgy wes apnlicd and
13 marked by a sudden roduction of shcer strcss of
evproximately 30 ner cent, This lovel of stross was
then maintaincd until the oscilla 1tory cncrgy was
rcmoved at voint b, vhon the shoesr stress rapidly
incroased to its original non-oscillatory lovel.
Curve "B was obtaincd b continually straining theo
zinc crystal with = supcrimvwoscd oscillatory strcoss.

Langencexer ¢t 2l (4,5,6,7), obtain.d similer rosult

03]

whon tonsilc tosting single crvstals of sluminium ond

~

cadmium =and also with polvervstallinc specimens of zinc,

aluminium, cadmium, bervllium, tungsten and 18-8 stainlcess
3
stcel at froquencics in tho rongc 15 to 25 x 107 ¢/s,
Langenecker further obscrved that the megnitude of stro
duction was indepondont of the fregueney for the above
ron~c, but depundent upon the amplitude of vibration.
fdditionnl investigations by Ia ngoenceker, Colberg
and F den 1962 (8), end Lengenceker 1963 (9), using
6
frooucencics of vibration wp to 10 ¢ 8., furthcr confirmcd

3

tha obscrved roduction in the steadvy stross rcguired to

initiete viclding. Durins these inve stlgations Langcnccker

ot

thot ctresc—-strain curves obteoincd ot room

oy

2150 noto

temperaturs under vorious conditions of oscillatory strcssing,

roesombled curvos obtaincd undor non-oscilletory conditions
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at clevated temperatur:s.
Fig. No.2 comparcs streoss—strain curves obteincd
bv Langcncckor for singlec crystals of aluminiunm
obtaincd at room tcomporeturc under conditions of
supcrimposcd oscilletory cnergy, with stross strain

curves obtaincd at various temperaturcs under non-

Z

oscillatory conditions. The curves also show that

i1

U

-l

-

the vicld stross for aluminium cIo almost raduced

2

to zoro, when oscillatory cnorgy at 323 watts/in.
is applicd to the crvstal.,
buring thoesc Tater investigations, Lenpconccker obsorvod
that no changus appcored in the vhvsical propcrtics of the
metals after the application of oscillatore CNCrgy,
provided low emplitude oscillrtory strosse waves wore cpplicd.
If, howcver, oscill-torv striss waves word apnlicd heving

emplitudes oxccecding a critical velue, this valuc being

dependent on the metel, pormanent chenges in the physical

G

provertics, warticulsrly in strength, ocurrcd. For cxamplc

Langoencclor notod thot the shesr stress of singlc crystals

(

of zinc ond aluminium was increascd by up to five and throo
timce rospectively, whilc the ductility rcemeincd uvnaeffccted,
when the crystals were supjoctoed to oscillatory oncergy
cxcocding the critical vzmiue.

During the poriod 1957 to 1961, Fitzgerald (10,11,12),
doveloncd o dovice in which specimens woere clemped in

comprusacion and subjoccted to a sinusoddelly vaerying shcear

PN e
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stross in a dircction pernendicular to the static clamping
strcess. Specimens of aluminium, zinc, and platinum werce

4+ e Cd m ‘t f a3 e S ex = 79 3 - 3 — - - e N

tusted o reguencics of vibreation in the renge 100 to

500 ¢/s. Under oncillatory stircss conditions, Fitzgerald

o

obscrved shcer S

oy

r=ings much highcr then thosc which hea
bueen rocorded vndor stotic conditions. He concluded thet
this wes due to o roduction in shenr stross reguired to

1

causc plastic deformation. Thus Fitzgera

*'tJ

's cxperiments

}_J
o

provided indopendont confirmetion of Langenccker's findings.

N

In 1957, Nevill end Brotzen (13), further
confirm.d tho work of Langcncckor ond Fitzgereld by tensilc
tcsting lov carbon stocl wire with o supcrimposcd oscillatory
strces. Thov summericced thoeir work by stating that -
4 2
(l) In the frocucnces ronge 15 x 10”7 to 80 x 107
c/s., the decroasc in stross nccessary to initiatc
ng indenendont of the fregouncy of
vibrations (Fig. No.3)
(2) The obscrved reduction in strcss was
dir.ctly proportional to thc amplitudce of
vibration (Fig. Ho.lk)
(3) The decreasce in stross vwas indcpendent of the
prior strsin Tor vrluows of nverocgce permancnt
clongation up to 15 per cont (Fig. No.5) and
(4) In the temporatvre rangc %20 to H0O dcgrccs

celsius the yicld stross rcduction was indcpendent

of tempurcturce (Pig. No.6)




Other investigators, Sicgel 1959 (1l4), Oclschlagcl 1962

(15), ond Scverdenko ond Klubovich 196l (16), have notcd

he phenomenon of reduction in the stcady stress rceguired to

initiate viclding from tcsts..on coil springs of copper wirc
and singlc crvstals of zine ot frioquencics of 0.8 x 106 c/s.
and copper wirc ot a frooucncey of 23 x 105 c/s.

Melceke and Horris in 1962 (17), doscribed
tensile tests on purc zince with superimposcd oscillatory
strcsses at a freoucncy of 20 ¢/s. Thoy obscrved thet under
the influcnce of the added cyelic stress, the specimen could
withstond strains more thon 100 per cent greoter than thosc
possible with non-cvelic straining. They further obscrved
thnt this increasc in strein to froacture was indcpendent of
the initisl stroin and nroporticonal to the stress camplitudc,
Helcka summeriscd his work by stoting thet the coplicotion
of »n oscilletory strcess has the semc cffect os o risc in

tomporoture, thus confirming the findings of Long.ncckcer,

Wevill ond Brotzon, ond Fitzgoerald,

2,3, Th., ‘lcchenism Undcorlving the Obscrved Reduction in

Yi..1ld Strcss.

The mechanism undcrlving the obscrved reduction in yicld
streces wrs first considercd by Blaha and Langcenccker (L),

[

Thoy belicved that the rcduction was duc to an intcoraction

—

botwoon oscillatory stross waves and dislocations such that

the siress requircd for deformetion was rcduccd. Nevill and
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Brotzen (13), cxpounded thosc comments by stoting that the

strength of o given metal depended primerily on obstacles

to the moveiment of dislocations and henco any rcduction in
yicld stress would heve ﬁo involve somc mochonism by which
thuse obstrcles could be overcome, Heloks and Harris (17),

cndorscd thosce comments r~nd concludcd furthcr thet thoe
anplication of o cvelic stross supplicd the cncrgy to impart
dvnamic mopility to the dislocations, thus cnabling them to
overcome obstrceles not rendilv surmounted by & static strcss
clonc. Lengenceker ct al, (L,5,6,7) and Oclschlagel (15),
providid cxperimentel ond theorctical data to substantictc
thcse concopts of cnorgy abs sorption, but they werce unable
to rcach ony conclusion on thc mode in which the dislocations
cbsorbed the wncrgy,

evill ~nd Brotzen considercd threc mcchenisms by
which dislocations might absorb OSCill&fOPy cnergy and
overcomo obstnclcs nemcly, rcsonénccg rcloxtion and
hystcresis, However, thoy wero uncble to obtein corrclation
hetween their cxperimentel findings andé thosce thoeorics,
They concluded thoeir work by attributing the phcecnomcnon of
rcduced vicla stress to o mechanism of & supcrposition of
steady =ad olterneting stresscs. This mechonism for reducced

vicld stress was goncrally occeptud, but Longenccker,
showed thet this interprcetation feilced in some coscs. For
cxample Langonccker statcd thet the theory did not account

for thc 100 per cent rcduction in yicld stross in zinc,




I

cluminium, steinless stcel, beryllium and tungsten, which

he hnd obscrved -t roon temperature when those metels wore
crposcd to oscillatory CNergy 27
f QO ~r 105 s

of 20 x ¢/s. Langencekor exnlained lorg

t ~ frcouency of vibrotion

¢ stress
rcductions by stating that dofoets in o mctal, such as
dislocations rnd srein boundrrics, absorb sufficicnt cnergy
through inclestic scrttering of the oscillatory strcss

veves that the scrttered ~toms approsch melting temperaturc.
Within milliscconds, tho temperature of thesc atoms is

reiscd ond the stress rocuired to causce their mobility
suddcenly decrceoscs, Thus the metols con yicld under the
influcnce of oscillatory siresscs having m-ognitudcs much
lover then the vicld strcss ot room temperature but compareblc
to the vicld stross at clevatcd tomperaturcs. He summariscd
his rcmarks by likcening the obsorption of cnergy to that

of o tcnmporaturce risc ond concluded thot since oscillatory
encrgy wos absorbed prefoerenticlly -t diclocrtion sitoo ond
thermel cnergy woas obsorbed by 21l atoms, the epplication

of oscillatory cncrgy wos a morc cffcctive method of rcducing
the stross neccssary to ceusc plastic clongetion of 2o metel,
Lengencecizcr demonstroated this concept when he showed thet

the yicld stress of aluminium could bce rcduccd to zcro

cither by o given thormel cncergy or by 32 pcer cent lcess

oscillatory cncrgy.




-] 2u

2.4. The Effcct of Oscillatory Encrgy on Friction Forcos,

It was outlined on page 1 that workcrs at Acroprojccts
Incorporatcd (USA)(2), noted that oscillatory cncrgy
could substantinlly rcducce frictional forces. They obscrved
that oscilintory activation could reducc the sliding
friction botween o nlastic shcot and ~ stceel surfrce to
ebout onc-scventh of its non-oscillatory veluc. They 2lso
notcd thet vibration ceffcetively roduccd friction forccs
between two contect surfaccs when thev inscrted o stcpped
mendrcel in a2 tuobc end where the clearsncae botween the
mendrcl ~nd the insidc of the tubc was pro
decerenscd to zero. Thcy further obscrved thet the scoring
of thc meoting surfrces was minimiscd.

In 1959, Boborykin (19), invcstigsted frictional
conditions between the workpicece and tool vhen forming

shcot steel specimens round a former using a vibrating tool

N,

~t o frooucncy in thoe range 16 to 22 c¢/s,. lic notcd thet the
coctficicnt of friction betwecen tool snd workpicce wes
roducced sisnificantly, epprocching the veluc for & highly
polished, lubricatcd surfocc. Also in 1959, Fridmen ond
Lovescue (20), cerricd out a scrics of oxpeoriments dcsigned
to studv the offcet of vibration on thc cocfficicnt of
rriction botween metallic surfeccs. Their cxneriments
consistcd of measuring the forcc rcquircd to slidc a stccl
block down an inclincd planc which was being subjecctcecd to

~ vibretion pcrpcendiculer to the hlock movcment. They showed
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o8 o result of vibrations ~t frc
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cocfficicnt orf friction coulgd be reduced almost

Cgquencics in the

7z
107 to L2 x 107 ¢/g,

Pig. No.7 plots the results obtrined by Fridmen

~nd Levesque., The percecentrge reduction in the

coxfficicnt of friction w-s dyovm ngeinst the

ooviLr Input to the vibratory trensduccr for o

nilthly polishcd stccl surface subjceted to

i
6]

vibrotion ot o froouence of Ll x lO3 ¢/s. Tho
curve shows: () thet the highcr the tronsduccer
power input,the grooter the reduction in
coufficicnt of friction cnd (b) for = trensduccr
input of 16 volt-rmpores the coofficicnt of

friction con bo rceduced by 100 per cont,

“nd Levesque ctitompted to cxnli-in thnc moechronism of

L forccs s follows : They described the contrcet
cen two metnllic surfrcees s being made of o

vory asmell welds formed ns o result of the load

PR N

he surfoces nnd tho'plasticit'of the surfrcc

;

icg, “hon one surfoco moves reletive to the othoer

2

arel Mmoot Aarc: I - el o
minute volds must bHe sherrod, thercforce o force

denendent on thoe strongth of such wolded junctions must be

P T R o
vxertod to s
fhen 4T
crech othu

un hotwea

o TWo

)

U
i

~rt the motion of the surfnces rcl-otive to
r. Thov concluded theot vhen o vibrotion was st
. - /_, g p LR

a) A . . S 343 3 Sy b "',r"]f
two such surfrccs, the welded junctions bronk

hee~uvse of the force vxcrted on them by tho ~cceleration
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of the wave form amplitude, The
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2.5. The Avplicrtion of Oscillotory Encrgy to o
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concluded thet tho ve tion of hordnoeés, the distortion
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structurc, ~nd the deformets

ion losds were lenst

vhoen vibrotion wos anplicad, All those ¢ffcets worc
~ttributied to o reduction in friction, Sogrishin9 15659
(T5)7 : mrnov o ond Shostakov 1950 (Eh),obtﬁincd
simlilor rooults vhon

1 oo fregu neics in
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pronLrtilies

force roruired

cel and aluminium nlloys, both

vibrotion, in which thocy
"nd othcr mechrnicel

oscill~tory londs ~»plicd nt

friction of up to A0 nor

~tion of un to LO nor coent

por cent. The procision ~nd

Doris wes clso imoroved.

similcor rosults vhon upsotti ng

using frocucncics of vibrotion

, Kernov (20), ~lso sttempted to

detoernino
lon~ding

ol orme

ion undcr conditions o

be reproesented g o power

p=p, (dn, )™

dcform-tion W' courl to,

- forging -

s ~nd dh, rcprescnts the
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'nd 180 ¢/s. He obscrved thet the
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differoent stecl ~1lloy spcciming, Curves '~

©
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ac Sch roprusent non-oscill-tory forging, ~nad
curves ‘h' osnd tat

osclllrtory forging

Pleischimrkoer, 1961 (29), rivorted on forging

out on ~luminium -t freoucncics of vibrotion

—_

~tnlic-tion of cn

flov of the tust picce

180 ¢/s., no benefit to plastic flow

Kluhovich, 1961 (30), ~nd

o
)
i
0
e
é
"3
,._)
p
o

on upsutting

vith supcrimooscd

conner cvlinders

froquencics of vibr-tion

o 9
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c/s. respoctively. Thoey noted thot, under
P + ~ lale
nacill tory stress, the lonG 1O chuse

b produced by 50 to 60 per cont. In

Lunio Lo




2,5.2. Rolling.,

A poper by svnficld 1963, (3)2 n o

symposium held in

th s me veer on tho Cffcet of the “nplicrtion of oscilletory

to nmctnl working pProcesscs, reported on rolling

tests performed on norroy atris o o -

tests poerformed on norroy astris duminium, stocl ~nd
commerci - lly pure copper. A trencducop iea dove
vhen incorportted inside the rolls ~pplicd » r-dicl mods
ol vibr~tion -t “n unspoucificd frocguceney in

B T
the ultr-~sonic

. Lt s obscrved thot,vnder the ~ction of *the

or londing, th. roll s

rcducod

E PR A T ey e e
tions in thickncess per noss

N - NP L, - STy 4 TR e e [a I T
cere possiblecv.ge. 220 to 530 por Similrr

T 7 WU S A ke ~n i s {2 A1) . 3
In 1961 ,Kobayashi, Zoch rov ~nd Thomscn (37), publish.d
resulte on colining tests performed on pure lond and ~luminium,

with ~nd =ithout the emplicrtion of oscillatorv cnergy.
Expoeriments wers perfermed on n LO tonf, hydroulic proess

] - - ~A
wmyich hed provision for supcrimnosing an oscillntory lond,

~t 1%0 ¢/s, on the st-~tic presc lond. In the rbscencc of
- ' = 1, - - *i
~ lubric-nt it vro obscrved thrt, with ~»nlicd vibretlon

i 1 ; Cowe s duced by 35 poer
~+Hion prossurce wes roduccd by 35 por

L . ini The o effoc ~luminium s
coining ~luminium. The smoller ¢ffoct on ~luminiul

. - -7 vrmm o 1
R R e oy . . Vi
vibrotory stroés wes smell comnared Wi
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coining stress. When o lubricant wes employed, it was

o
obscrved that the non-oscillrtory coining prossurc wes

oo = T o e 1~ o A VYT v s A o N N . .
lower thrn thot requirced for unlubric~tod spocimens coincd

with = supcerimposcd oscillotory stress., Purthermorc, 1t wes

noted thet for lubricrted spceimens the cnplicotion of

oscill~tory londing hrd no ¢ffict on the coining prossurce.

From chesoe findings Kobrynchi

i oleconcluded thet the

cffoct of "pplying ~n oscillrtorv stross to reducce the

fig. No. 13 shows grrohic~1lv tho rcl-tionshin
between taoe ~ver-ge coining nressurc.  ~ve  ~nd
the shrpe frctor 'h//lp) o oblnined by Kobryvrshl
tenls (ho/do = rrtic of" initirl height to initicl
dirmoter of spocimen). Curves morked 'n, roefer to
unlubricoted coining with - suncrimnoscd oscillotors
1o.d. Curves merked "', rofor to non-oscillntory

nlubricrtod coining snd curves morked 'c! rofur to
hoth oscillotory -nd nen-oscillrotory, lubricrted
colning,

b, bLxtruding.

. e e
Jon.s cnd ¥-ronis (3%), 1959, describod cxtrusion tosts
. NSRRI I T J R T | 7 <k

noerformod on lord snd oluminiun tubes, hot ~nd cold, with

. e SRR A =

~nd without the oonlic tion of oscill~tory stresscs. A 15

for vibrating the

e
~
)

b

-

tonf., l-bor-tory prcss viiich h~d provisi
dic, rem -nd contoincr in tho dircction of ¢xtrusion -1t

% - . NI . 1 sy T T+ 7 ., . N ,O
o0 x 107 ¢/s. whs uscd In the ¢xplrlmente It wns obsirve




ne rate of

extrusion, the press force was

eye) 1Ced <7 I 0N - .\ 1 . P - .
reancaed by 15 to 30 per cent under oscillatory conditions
P B SO S BT > . e ) A

anc. sinllarly for a constant extrusion force the rate was

300 per

cent. The maximum effect from

v e 71 : 3 13 NP . 3 ey .

sceillatory Joading ocurred when the container was vibrated.
Gimilar results and improved surface finish have been
shocerved by Tarpley, Yocom and Phepsant (3l), 1961, when

cold extruvding and pressing ceramic pellets,
Zefeh e Dimoling, BDecen Draving and Stretch Forming.
N T 5 - . -
Peacock 1961 (35), descrihed dimpling tests performed on

~

nocilin stresacs,

Lory

the rection of dimnling a
Z

O =~ s P .

of 0,8 x 10 in., It wvas obs

4-

9

emperatur:

T OOMm

under osc

\49

R T R
arsnle with

tho

atory conditions,

Langenecker,

se forned

I'ountain and

superimposed

41

apnlied to the die in

07 ¢/s. with an amplituds

served that dimples formed at

illatory condi

with hecated dies under non-

T A ~
U ONCE

(36), reportsd

syoewn Torming tests nerformed on copver, with and without
the of ogscillatory encrgy. Cups were formed by
scillat the nunch in the dircction of forming at an
yoclTied frecuency in the megacvcle range. It was
ohaoorved that the 200 1hf., forming forcc reculred under
non-—-oecillatory conditions could be reduced to 70 1bf.,
vhon on oscillotory stress vas applied. It was al
chserved that a greater denth of cup was obtained under




vibratlonal conditions and that this depth was dependent
on thec magnitude of the vibrational energy cmploved
&} AL g e
[ 3 Y v artr ] o PN
Similar results were reported by Rosenfield 1963 (3)
= 7

e DNerTormineg o,y Y NI TE RN -
vhen performing deep drawing tests on aluminium allovs
al 1 - L1t (3 J De

D 5, The Anplicatsas
cele 2DC fpplication of Oscilletory S#resses to Wire and

4 & r."\ 5y s [N ate T oy y v
0L, Tarpley and Kartluke (37)
restigation into the application of oscillatory stresses

o Vs oy i ey o Na S 1Im -
Lo the drawing of niobi U, Zircaloy-2 and copper tubes,

ving with a longitudinal

z
e A e £ O N - i i i
ac dic of 20 x 107 ¢/s. the specd of drawin

Q

as ancreescd L3 times for copner and 100 times for Zircaloy

~ (IR} . ~ Al e U i i . - Tmy o 3
2o hiey obscrved further that the load on the die was

-
i

reduced by L0 to 80 per cent vhen dpawing copper and 15

per cent vhen drawving nioblium,. fHetallo ogranh e amlmﬁ;nllurgioal
cramination of the finished tubes dravn, with and without
svperimposed vibration, showod no quantitative difforence

in mechanical propertic
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Following the work of Tarplcey, Boyd and Haropis (3),
rcportec on nulti-oass drawing tests carricd out on very thin

v observed that the drawing tension could

lic was
Herallcl to the axis of drawing. They further

that, for a msiven vower input to the oscillatory

L L og e
2

transduccr, the reduction in dreving tension became

» reported on a preliminary
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progressively smaller g

Headins aring (3

)

s the dI’awing

speed was

increcased.,

obscrvation is shown in

reported on plug dra wing

with and without

that, with a
_7‘
stress of 20 x 10”7
NN SRy SN 4 = T A N -
C/ Sy ne tuboes could be reduced by 50 per cont in two
successive draws, Thoe reductions were achicoved at a
L 212 VWi ~ O] L L < U 3.
Crawing spced of 125 ft/m,, snd the tubes dcereasced in
e C .. _
sizce from 0.61 in. outside diameter and 0.0378 in. wall
RN Qo i 7z . : 5 N
thicknees, dovn to 0.3%36 in., outside diamcter and 0,018 in.

Undor non-oscil

reouirced three draws to obtein thi
ren, aring theso tosts Hainwari

improved the
matcrial, particularly on the
In 1963%, Scverdorko and
arawing tests on covner wirc, wit
anplication of oscillatory stress

in arca of A5 per ce
longitudinal oscillation of tho

AP R
AR NS

rcauccd hy

Robinson (39),

st Station commonced a

latory

nside

=nt. They obscrved that

50 ner

Drogramne

conditions it

s overall reduction in

ng also showed that

finish of thc

the tube,
Kluhovich (38),
h and

T~ an S IO,
Cs, MXnerimcents werce

67 ft/m. and a rcduction

with a

10”

of work designed to




investigate the

activated dies,

die

Lron

drawing speed of 2,0 in,/s,.

be r

sunmer 1900

drawling load 1s devendent on the amplitude of die vibrati

DOWE

-2l

N N i
“rawing of wire with Ultrasonically

ra e
1€ < te 0 S il
t18 Initial tests, with a longitudinal
oscillation of y 3

£ n o 20 x 107 ¢/s., showed that when drawing

r vv ey g 41 - | 4+ 3
J1TEe wWith a reduction of area of 1% per cent and a

the drawing force could

~Avieo e hs = - Zin IT -
cduced by up to 39 per cent, llis results up to the

; have shown that the observed reduction in

[l

on

independent of the drawing speed in the range 0O to

r input to the vibrating

npany of Canada (LO), confirmed the observed reduction

tie load when drawing steel wire at = speed of 1.0 ft./m.

ugh a longitudinally oscillated die at 27.L x 103 c/s,

binson and Boyd, they were unable to

=ct any reduction in drawing lcad for drawing speeds

ater than 1.28 f£1./m.

Nosal and Rymsha(ll), published results
on steel tubes, They showed that
reduced by 20-L0 per cent when an

NG
of freqguency 20 x 10 c/s. was

sunerimposed on the normsl drawing stress. They attributed

:5 [

e load reductions to a mechanism of reduced friction.
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2.7. Implications to the Metal Horking Industries

It will have been noted fron the previous sections that bv
g b

P U IR Tt TN o 3 Ty EZRY SN O - b 4 .
aoplving oscillatory cnergy to the workpiece during a

(@8

matal working process

N

./' . el
> (1) the forces on the tools are

N RN o
reduced, (1i) the metsl flows more roadily and (iii) the

1

product guslity is improved. The implications of thesc

ndustries can be summarised

T S e 4 la
(1) Since the bower reqguired to perform the

operation is reduced, then t

e capacity or the ability

iy g e oy el ~ maxr Tk w1 PP | « [ s
compact macnines may be purchased, eg. smaller rolling

- — e e N T 1T shF i o e S cor Ay 1 o
milles with fewcr, lishter stends, smaller and

(3) The reducnd loads may mean that greater

recuction of arca per pass will be achieved and therefore
& comnonent may be formed in, for cexample, two operations
instead of threc,

(I1) The reduction in load may zlso indicate that

the number of interstage anneals can bhe reduced.

- o s 3 1 T
(%) The reduction in fricticnal forces and smoother
finished surfsces mav mean that the lifc of tools and dics




(6) Lubrics

sonme case

of

paten

t Ty T
cnerTy tecnnliauce

tion reguirements n

ay be less stringent

s the need fopr a lubricant eliminateq,
8 1nvolving the apnlication of Oscillator

J
ig

e}

7iven in Appendix Mo, 16,11,
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5. Discussion of Published Work

on Osc1llatorv

Wire and

Tube Drawing,

As a result of Tarplev'a =
A preliminary 1ﬂV€St10athﬁQ a

number of research workera /
HOrkers have reported on the

o e ] o~ T T TS C e A . -
of osclllatory stresses to wire and tube drawi

qJ [GAs) 't 7 Z2LOors ’}’1 ay oscC 1 (1 e 1 3
X ¢ 124 L ” Llated uk d <
moac & t f " e Tuenc i 50 ]O ;i- he raer . S
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4lscusses these publications with varticular

refercecnce to

vhen applying
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The first extensive study of oscillatory wire drawing WaS
rawing wo
undertaken by Robinson et.al. in 1663, Their programme
A 104 LM diit

AT an T edd Wir Fha 7T o o 111 o T
sponsored by the U.35. Naval Ordnance Department, was

designed to study the feasibility of applying oscillatory

energy to the drawing of metals, and to study the effects

.

of high frequency oscillotory stresses on the mechanism
of plastic flow.

During thelr early tests, Robinson et.al,

(39 and L2) freguently found that when drawing with

superimposed oscillatory siresses, practically no oscillatory

to the wire. Investigations

o
Ja
o)

showed that this was due to poor mounting of the

transducer assembly and it was found that 1n order to gailn

i
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carly tests, Robinson obs i
an 5, O0DINns Dserved thai the 1 - .
Y oad-time cur
ves

snowed neriodi a9d T4 :
showed periadic load fluctuations varying in amplitude

from 30 to 50 per cey wh e A
from 30 ow per cent, when shopt lengths of wire were

being drawn with superimposec :
being drawn with sSUupcerimposed oscillatory energy. Fig.Wo.15
= O e = © LY o .

-~ I 4 Yo e s =t P S35 5
shows ©thils phenomenon with g load flucty

O per cent. Purther analvate ~e 11«
LO per cent. Further analysis of this problem revealed

T P s A e .
tl.’l(,’-!. fu OJ..L_L,_\/T & t Lh(ff' LT'QU.Q:}'lC ':)f thc forc P--‘i‘ que CUT‘VE} Was thc
~ s L4 s > W ()

vatem operating at its intended re

o]

onant condition. At

peg

D T T, i) . .
olnts 1n between these ohserveg troughs 1

S ) A . a7 - -~ N . = hy
periodand could be related to the drawing speed. fde found

thist the resonance of the system could be maintained only

AN e - o 73 ey N [P 3 P - 1N 3
wnen The wire length between the die and the gripoping jaws

wes egual to multiples of a certain distance., In order to

L

eliminnate the characteristic of varying length, an isolator
J > () 3

ryetem was designed which could be placed between the die

a3

end the pgripoing s, L‘he isoletor consisted of a drum

round which the wire made a 360 degrec loop. The effect

=

of this isolator was to damp out the motion of th
[ -y . - . o - Ve - b N e T
lon~ituvdinal waves transmitted from the die along the

5

length of the wire. Robi

)

nlaced the isolator at

™

S0

different vositions from the die and obtained sn optimum

vation of arproximately

I)
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distance for dr g, T ] i
lrawlng the effect of isolator position

lative to the die is shown in Fig. No.1l6, With the

isolator located at an optimum position it was found that

resonance could he maintained during continuous drawing
“ - P Slis s
resulting 1n a force~time curve of constant amplitude

similar to that shown in Fig. No. 17.

The ohenomenon of critical length has also been
observed by investigators at the Steel Company of Canada.
During their tests thev found that the distance between

the dle and the gripping jaws was a very important parameter,

and that significant results could be obtained onlv when

thia Adigtoence hed = vt adin o wval1l v R 24 ;
this cdlistence had a certain value. They showed thot the

was L.0625 in. ond the measured critical diec-to-gripping

critical Doint was in reality an antinodal noint and that
when the length of drawn wire was equal to this distance,
or an integral number of half wave lengths, then resonant
conditions prevailed,

further experiments vnerformed by Robinson et.al.
arain stressed the importance of optimum coupling between

the workpiece and the transducer, and the need for precilse

location of the die with respect to the longitudinal

stress waves., These later tests slso showed that with
the isolsztor in position a staticnary wave was sSel Uup 1n

the wire between the die and the gripplng Jaws. The




,;zo

consenuence of this was that in addition to the high

oscillatorv energy input to the die there wes also

localised ene
specificd

points along the length of the wire. These

points of maximum heating corresnonded to antinodal points

of the stationery acoustic wave, Robinson showed that

provided the wire was dravm sufficiently fast then this

ED3
additional hect could be absorbed in the volume of the

dravwn wirc., However, if the specd was reduced and thc power

inout to the transducer high, then the temperature at

0]

-

(o}

locaelised voints annroached the melting temperatures of

o

e
W

e metal being dravn, snd the wire broke,

Thise local meltin

@)
I_.‘)
o
(@)
=3
@]

luring oscillatory

%) !
activaiilon of the die, has nlso been exbPoriencced by

J

ceverdenko and Klubovich while drawing copper wire at a

[or8

Z
o L 5 ) T m T N oy A 49
frecvency of vibration of 23 x 107 c¢/s, Ihey observed that

R
|

oscillatory stress waves werc propagated ajong the wire
resulting in the wire becoming heated at the exit from the
dic. This hecting vltimately causcd breakage of the wirce at
a distance from the ¢
wavelength. In order to attenustc thesc induced oscillations
a movshlc isolator, similar to that developed by Robinson,
was incornorated in thelr exnerimental anparatus. Howevoer,
unlike Robinson, Scverdenko and Klubovich calculated the

vosition for the isolator on the basis of the following

doeliberations,.
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They considered that point 'of

the position at which t

under osclllatery conditions chanesed
B @t o

=

o=

WNCT e

in the wirce at sections 'cf
as follovis -

o T - 63}
U, = B, sin =(x
1 1 a
. )
U, = B. sin ~(X
3 ) ~
st <. [&is
vinere ‘B{ and "B.' wore the

oy o PR, 2 N { ~m [
Since the points ‘¢’ and 'bH
then the Tollowing i

(69'{?) =

Por continuity at point "o
can be written
B, osin = ¢ + 3_
1 a :
The forccs at ‘o' wer

T.A,

&
O
|

1C Araw

O

1

» (see FPig. No.18),

2 .

=]

ng force acted and

as-

sin wt.

oscillatory force,
the displaccments of particles

and 'b’ could then be written

conditions prevailed,

in cguilibrium and thercforc

au,
= (0)

ox




Substituting the derivatives . .
ng derivatives of U, and U2 into equation (L)

l a a

W o T . W w |
o ,LJaAaB CcCos C - = ISG‘A'“B9 cos

ole
o'
f
=
W

w
Bl Cos — ¢ -~ Bm cos w b = o . a _ a
) = < a LA w = By (6)

0 ) 7 7 sev11at i Aana 7 [als /A N ;
By solving ecuations (3) and (5), Severdenko and Klubovich

AT Ay ey e R AV RN > Lo e - - 1 .
obtained the following expressions for the amplitudes

P

3
Dy e
2

B, and
4. 1 r{_

sin = D
B, = 3B a
_ o W )
sin — (c + D
> ) (7)
] o
<L
o - B &
“ © Y 5in & (¢ 4 )
a

and conscrucently the resnective strains were
W R
. sin — b
ol a
L w
1 0 a
ox W -
sin = (¢ + b)
© (8)
ain &
. in =
ol e C
B 2 (x - b)
c. = —= = B cog — \X -
2 0 a
x LW
sin — (¢ + b)
a
. L . oA . ~ . Tt
Severdento and Klubovich then sclected the valucs of 'c
LW , A _
and 'b’ such that :- sin — ¢ =0 and sin = b o= 1
3 1

resulting in the strain at the cxit from the dic as follows




o
K
o]

5 o8 % (x + ¢)

(9)

TrAam Fhia ot 10o1 1
rrom thls equatlon they observed that the strain in the wi
a e wire

and consequentlv the liberation of heat at points 'c' and
- A o a

LIPS 1 e

o' would be a maximum., They concluded that under these

conditions th

-

e wire leeving th

¢ die would not be heated,

fests performed with the isolator positioned at these
J - KD

calculated antinodal poi

(@]

traviy withoult fracture

=
[©}
b
(€3]
C
o'
CJ.
@)
(@]
T
@
o
"‘T‘
O
O
w0
o
|_I
'_1
'_1
[%y]
ct
@]
H
LA
4

vhen the drawing process was stopped, or

the wire wos dr-vn very slowly, they observed tha

I

wire could still rupture due to considerable localised

No reference has been made in the published
rapers on oscillatory wire and tube drawing, of a force

vericitlon helng present in the drawn material between the

0N

die and the gripning jaws. It is thought that s t

oy
)

5

ome o
osclllatory energy would be transmitted from the die to
ting in a force variation being induced 1in
the wire ag it leaves the die. Investigstors studying
oscillatory drowing have used low fregucncy response
instruments for recording the loadmeter output signels.
ave been severely

As 2 rosult of this, the signals h

Fros

attenuated and hence any force variation present in the

- - - g 1 3 3 3
wire has heen concealed. It will be shown 1n this thesis

NRTENE.

e

B R e E  S

o ——
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the amplitude of oscillation,

It the oscillatory drawing

brocess can be considered

as a wire Tixed risidly -+ ; o . ]
as f re €4 rigidly at both the gripping jaws and the

die, while the die was hein:

00

subjected to 5 sinusoidal

displacement, then the force variation can be expressed as
= d kel (=] i

n o KeA B
A

R wl, wx .
= - COSEC — cos == sin whe
a a a

«

(page 135, ¥echanical Vibrations : Seto).
Mhis analvsis over simplifies the problem of oscillatory
drawing ond gives high values of force., By substituting

experimental results obtained by Severdenko and Klubovich
when drawing copper wire, it is seen that the force variation
is small, ie, less than LL.5 per cent by comparison with

the non-oscillsatory force.

Por example: - X = 0,0016 in, peak to peak.,

N

A = 0,0019 in{

7 x 10° 1b7. /in. 2

w = 23 % 107 c/s.

5

x 10 in/s.

89
i
Q__J
o
4
P
i

% = L = nosition of isolator.,
i > 3 4 - n 3y 3 AR Pl . ~ I A - Y
iherefore the force veriation Filp 1bf, The recorded non

heir instrumentation

: : Sy I . ~F bRy
oscillatory drawing force = 90 1hf., but

ahle to record force variation.
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The nos

induced in =2

It is still not clear frop

coincildont with or cven above

Ty s
L0

~36m
S1011lity that there is a force variation
metal i

- Bheclmen undergoing blastic deformation

hele ISRt + 7 - = LI}
red by the Rajority of investigators
gators,

e literature vhether there i

6]

“s Or vinether a stress variation

vhose maximum value is

{
G

v stress,

been observed by

and
[ S Lo s ] (- R . : 3
nen vensile testing sluminium and stesl and

abos oo
SILreEs

by (1 ) Bovd

P A

srehn 10 6

drawing as presented

]

TY ey
DOV

ing viro

Hgrovis conmsidered the process of

JLL -

L

in its sinnlest form and ne slected

friction ot the die surface, (b) work hardening and (e)

N s A
redundant




Therefore the Work

xpended per

unit volunme vhen

i< /d’;‘(\' . ..(,1‘(). o V;J-lr.(:, 1Y T Qo Lo
( L Rt ) - Jod CT oS8 S(,C ul(‘n f‘I’O ] [2g I3 A tO _A
2 13 d e 2 -

) A
Wo=Y In, —=

is

ATl o the “mor dones S - R . .
Aleso, the worl donc in producing unit

j—
@

neg

!
C—f_
jny
O
)
o
t3
@]
,_l

6]

e
o

uni

i

O.A., 2nd therefore thce worlk done per Vo

—
<
=

D
I_l
02}

ST + o + "f'* e vy o Sl i = g 3
erual to the drowing stress, o, and therefore: -

A
c =% 1ro—£
AP

~

effects, work

Dince this exnres~ion

hardening and redundant deformation, Boyd and Maropis

-

infroduced an . empirical efficiency, and therefore

Ly on,

A, B Ay

T

$ )
Res]

1

1

~
N
~—

5
¢
3
¢
T

™

b the theoretical drawing force obtained from

1

equotion (1), snd ¥ = the actual measured drawing force.

i e 1) . T
bovd ond W
o
o

nowers snd droving velocities, the effect of applyin

oscillatory enerpv to t

‘wronis concluded that, for a range of oscillatory

the drawing process could be expressed

A
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in terms of 1ts influence upon the crawing effici
.- A VY Lehy L -~ -.IC 3

[ERRIN ] Ty e~ e ~
(e derivebior of

5oeguation is coneider

0
(D
[P
2
@)
5
o
o]
3
D
(&
S~

¥ o= a constant,

In oricy to toks sccount of

Lhie nowe:

"3

input to the transducer was cXpressed :

in > ol =snerov mer unit time, ond the drawing velocity 5

=1 to the volume rate of flow through the

pronortional

b
C

tities

v

|
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Simo! cnnlvasis of wire and tube drawling developed by
- ~ b ey NI M ANTIYS L AT N T 7 I -+ P ~
o et 1. onowe correlanion With xperimental resulis =2nc

considered a sotisfactory method for comparing

)

oacillaotory energy when drawing #¢ifferent

\1m. Lovever, this comparisoi is limited to

B

Jectrical

B 3 71
i1 Ceali

chno

ive Lransducers, tho actual

ent upon the

in the die will be depend

the pafticular apNE;

~ounlins and hence

on




of oscillatory metol vorking, I

present

1n that it does no+ incorporate

it
——~'r

ory to include the nhenomensa

sary to cause plastic deformation
fTicient of friction. The high
GO per cent recorded by Boyd
allov vire with o superimposed

thot hHoth

nomena of load

a value of 0.025 for the

e

i
Jad

Rymsha published a naper o

1)

(o]

o

—

nd the
. ey 7 =
was presented as follows

a Gie wage oscillated, the

[ith the direction in thich

e i, No.10
die surfocc. (see Fig, No.19).
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Point TA! -
PFOLNT A on the contact

surface moved &1ongwthéldié

R Y ak i by EETE T S AN o -~ S ~ov - :
profile with o velocity of V.© snd also u<111 vted at a
Mmaia o3 [

roy ity V.o o2t on anelae las " . .
voelocits fp 2t an anale 'y' to the die surface,

fosal and Rywmshe postuloted that -

/ R4 A 15 N T T
(1) vhen V, < V. cos v

14

at point 'A!

oo N - R e ey - [N N
recrion simulteneously with the chrnge in

s 01 Sl ey B o
thhe dirccetion of e 09011Ldbojv VPj‘QlLV“ At certain time

ity the nmers & font 4 TA a A .
fiehan the period "1, the relative velocity

N Semed A eA g 4 4 - HIE TP TN S ey S
coincided with the displacement of the metal clong the

o N A £ !
ntact ocurfoce g Fln s ) .. ., EETE . o .
contact surfrce, o st oother times 1t ves directed in the

s

onnosite dirvcecilon,

(ii) Vmen V >

Then the direction of tho reletive velocitvy alwavs

iT/Q + 2t_ ) the force of friction was ncgabive (ie. it

Fal

omvosed the advencement of metol in the die), and for the

time intervol (T/2 - 24, ) the force of friction was

r)

nositive (ic. 1t assisted the motion of the metal by

thaet the ratio of

the sum of these two time intervels to uhe difference, ie.
T/Lit, was the cocfficlent of reduction of mesn friction

force, They gove the ratio the avmhol 1.
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here o=

thierefore

wt 1

118 V = 3 Y el A
also V. Ve COS ¥ and therefore
v
oty = sin Th A (3)
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ol dic oscillation,

Vv
A

uded thot fo

ed to -

r smell values of wtly

VK cos Y
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b
=L D~

2 corrry et ol et g P S e e
SyosubstITuling in equation (,‘_,) , thev obts ined
: Lol 2CL

20 cos g,

ToeWoeXed COS g

DE e Cos v 6)
LU0 cos a+l) o)

Nogcal and

(6), that the

importunt factor affecting the ce . i
importunt factor sffecting the cff Uiciency of the oscillatory

draviins vrocess was the correct om ion of i
Dobrocess was the correct selcection of the oscillatory

atlonship. A high oscillatory

n
O
D
)
-3
)
~
[}
—
)
[
—
"l
o
@]
~
2
T
-
o
el

snocd could he obhtrined under grcecat technical difficulties

but, 1t would not bc cconomically acceptable. It was therefore

sideroed noecessary to scloct a range of VD/V’ ratios
-~ a J I‘L '
that would wmroduce an econemic reduction of the droawing

n the rcduction of

Pun

Toros with o Pofru@v“ﬂdinw incrcasc

NRCE DeT POABS.

then consideraed the following equation -

. R ) - - o [
WNeTra P, o= tihce dr

P, = the force roguired to overcome the

resistance to dcforma tion

-

- the total drawing forcc with superimposcd

Loy T
occillatory cnergy.
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reduction in contact

deforming metal, They

with a greater velocit

7=

4 . L .
time between the die surface and the

assumed that, because the die travelleq

r T ¢ T~ 4L 3 s b
0v than the metal pelng drawn, therc

would he relative movan

1 )
i

metal, when the dice

P s - PR L . IR
This nestulate is cons

obgservatbions made (ur
in this thesis. It wi

dle oscillation speeds

This obgcervalbtion shovw

4

reduced and therefore

VRS moving in the dire

Smery betweac A4 ST 3 .
1ent between the die and the ceforming

ction of drawing,
ed to he incorrect be >cause of
ing the resesrch brogramme described
shown that, when testing with

s greater than the @ awing epeed, the
the deformation zone, It was
ccause the elastic recovery of the
sufficiently larce, that contsct
metal and the die was always maintained,
ed that the contoct time was not

rendered Hosal and Rymsha's postulate

mesningless, It was thought that there could only he

rel

.“-\

rtive movement bhet
drovym when the velocil
velocity of stress pr

amplitude of the

cxtension present in

ween the die and the metal being
ty of the die was greater than the
opagation in the msterisl, or when

die oscillation was greater than the

the drown wire due to the non-oscillatory

The magnitude of the

denends on the load be

e
the surface asncritie

friction forces between two surlaces
A N - i

R L3N e I 1 )
etween them and the 'ovlastlclty of

> ative to
<. When one surface moves relativ

SO
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ther 9 Parce cofos - . . ‘ \
the other a Torce sufficient to overcome the sheap strength
of welded jJjunctions must be exerted. If the opplication of

oscillatory energv results in a lowering of yield stp

ess

T, b e "1’\ N T
of & material then

stress of these veldnents

e Yo e A N NN
must alsc me roduced and e the

3 )
F A i

shearing reduced. It was concluded th
LJJL( [P 155

phenomenon of & reduction in friction forces is closely

ansocliated with the vhenomenon of reduction in v
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[

icld stress,
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i
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CouP to pe followeg by thisg

amme, very little work
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epplication of oscillatory energy
N Lol e
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8, and therefore this investigotion

phenomena of
reduction in Triction

metal forming. An
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N

SR = e e -
¢ drawing with supe

[==p

rimposed

stresses was initiated, the

to study the effects of such

oscillation.

oscillation.

in area and

wire on the drawing

Tar as may be possible both

etically, the optimum parameters

Wire drawing was selected as the

9

e
G OLT wWas

JESS B =} 7 E
he ptudied hecaus

1{

désirable,

W s

state

i

ces Q} process

dic could be readily oscillated.

desirable to maintein a cons stant

. P . T
stress when drawing, (ie. if tube
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wa i H
vas selected, in order to pPrevent a

s s . .
variation in radial stress, it would Dbe

necessarsy i g
C 38ary to draw the tube with a Dlu,:
L 5o

Thi TO 1 7 - 113
his woula present additional engineering

en trying to sunport,or
oscilllate, the Dlug during oscilis tory
droving,)..

.5 I SE N S|
(1) ecause there was good understanding

of the mechanics of the non-oscillatory

Drocass,

(5) Rew materizl ona

exXnensive,

\ s . .
(6) iaterials are easlly cold
o iversity.

(7) Process likely to indicete ould

havpen in other cold working processes.

It s thought thet, if oscillatory cnergy technicue

drawing, then existing technological
theories of wire drawing could be used and modified to

s - ~ o - — L PN
incorporate the effects of oscillatory energy by the

The drawing tests werce performed on a 2000 1bf.,

ey @

bull-block and the sunerimposed vibrationesl energy was
) 3 N 1 3
sunplied in a longitudinel mode from an electro hydraulic

i

oscillator. To takxe ~dvantoge of modern straln gauge

e

v -~
l -




technicves and dynamic s i - . .
C strain recordlng equlpment, it was

decided to measure the drawing

in series with the die ~nd the actuator, gng Lo measure the
“orcus b ot :3 Ty <3 Wans] N .
torcue by locating a torauemeter on the drun shaft between

he drum and the drive wsms o . ..
the drum and the drive Pinion, Iastrumentatlon was also

LJ‘
m

N —5-’ 2A8UTre the R TN Sy 3 3
clled to measure the CAWIng speed apd the amplitud

5

of’ die oscillstinn,
buring the course of the investipgs tion, it becanme

apvarent that the magnitude 0

b

the force vapigt lon in the
wire leaving the die asg acasured by the loadmeter, differeq
from that oredicted Ly the torquemeter, Tn order to

understand this, a vinration an- lysis of the bull-block

and drive

mndertoken and it bcecame avporent that the
inertis force of the drum Tas an imnortant parameter, The

noment of inertia Tor the drum was measured and additionsl

O

inctromentotion incornoratdd to record the torsiongl

displacoment

of the drum and sheft, furthermore, in order
to obtain a direct mezsuremcnt of the force variation in
to conyirm the analpsis, a strain

tne wire ~nd theorefore

gauoe bridee wors mountod dircctly on to the wire,

e initial slow spced drawing tests were nerformed

L1

gk reduction { areco
with o mild stecl wire (EH.EB)G Five reductions of arcs

ere dravn the values 210g

- s e a3
. - ) + aneed teata at Tizxed
of generalised strein. PurtlLer slow sveed tests,
- fgcneralised strain

P armad with s re aluminium,
reductions in ares, were performed with a purc ¢

A = HG L O a3
o precipitation hordening aluminium slloy (HG.9), a

[N

force by situating a loadmeter

s beling selected to give egual increments
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at increcasing sneeds, un to

obtained for the matericls in 1

L
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58 atbe _7' ~ vy A . \ (g :
rinless steel and a high conductivity copper. 1n ordes
J-copper, In order

1 -
cCNnec:

—
—
™
ct+
s
¥
(@]
@)
bty
]

2f'fect of drawir ]
- WUAWINg speed, the copner was

(SN}

& maxin { ]
@ meximum of 50 ft/p,

AT o e
TR u].\/9 .o numoer of StI’GSS

strain curves were

fie Tollowing conditions

(1) 'as received!

(2) non-oscillatory drawn

(3) drawn with superimnosed oscillatory energy,
to determine the efiect of oscillatory energy on the
nechanical proverties of the dratm vire.

Lo Helection of wode of Oscillation.,

- N e R P
deformation zone during drawine by

Oscilletory stresses could be apprlied to the

IS (5Y A medd e NS - P -
cither, (i) = radisl mode ovr,(ii)a longitudinal mode.,

liowever, to nrovide radial oscillation to the die was a

difficult enginecering problem. Furthermore,it was thought

iy

1wt radial vibrations may result in the drawn wire having

an unculating surface. Therefore,because of these two

i

faectors, 1t was decided to perflorm tiie drawving tests with

th

e die oscilleting in a longitudinal mode.,

te2.  Belcction of Freovency snd jmolitude Range.

deformationcof metals

of vihrotion rar

Work on the effect of oscillatory stresses on the
1 hes been corried out with freguencies

i

a0
up to 1000 x 107 ¢/s.

In order to investigate the anp

this entire rauge of

tresses during wire drawing over th freguencies,




FREQUENCY

0 - 03¢/s '
RANGE 500 ¢/s, | 500 —i0xI0% ¢/5.| 10X 103 —1000X |03
c/ls.
TYPE OF ELECYRO — ELECTRO~
OSCILLATOR HYDRAULIC . MAGNETIC MAGNETOSTRICTIVE |
AMPLITUDE LARGE SMALL VERY SMALL
OF OSCILLATION | + 0.100 IN. -+ o-001 IN. + 0-0001 IN.
UNIT FOR COMPACT. LARGE. NOT. READILY
COMPARABLE READILY NOT READILY .
POWER ADAPTABLE - ADAPTABLE' | - ADAPTABLE
FIG.NO. 27 TABLE SHOWING TYPES OF OSCILLATORY .

SYSTEMS REQUIRED TO PROCESS WIRE

0+25 IN. DIAMETER
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three separate types of vibration systen

would have been
reguired as shown in Fig. Ho,27, flowever, -pr‘eviou's‘

investigntors heve concluded that the results obtained with
ined w

superimposed oscillatory energy were independent of th
3 T ) e
freqguency of vibration but dependent upon the amplitude of

vibration. Therefore, it was considered that for the resent

series of experiments an oscillator which enabled s wide
. shs Lo W Lo

=

renge of amplitudes to be tested, rather than a wide range
of frec_mencies should e used. Thus it was proposcd to

cerrv out the programme of work using an electro-hydraulic
vibrator. This type of oscillater had additional advantages

in that it was readily adaptable to the problem of wire

drewing, and also the additional oower available enebled

O

PO

heavv gauge wire (ie. 5 in. diameter) to be drawn. A

brief description of the oscillator is given in Appendix

LieDe Selection of Wire Drawing Hachine.

o

To maintain constant length of drawn wire between
the die and the gripping jaws, a horizontal bull-block

wos used for the test. The machine was conventional 1in

design, but special care vas talken during its design and

menufacture to ensure that the machine was Very rigid, 1€.

. o a
nlain heorings werae used wherever possible ancé clearances

s oo ¢ i3 i nsi re ;
were cut to a minimum. A totiff' machine was conside ed

‘ C illat encrgy was transférred |
desirable to ensure that the oscillatory gy wae |

3 I 9D s :d
from the vibrator to the deformation sone and not absorbe




DIAMETER

OF DIE THROAT = 0-i58 |y (& 4rre
B Mm)

INCREMENT ;
. OF REDUCTION EFFECTIVE DIAMETER -
GENERALIZED' IN SEMI —DIE |  OF

STRAIN AREA ANGLE WIRE

=t o ., .

& C%%) - 0.  (DEGREES) CIN)
0-'105 10 2% 59’ 0-173
o- 308 26 ‘ 5° 5’ 0192
O-511 41 _ 6° 56’ 0-212
0-714 5 g° 25' 0.235
0-916 60 9° 49’ 0260

TABLE SHOWING DETAILS OF SEMI-DIE ANGLES

FIG.NO. 28

i e ¢ i N

AND WIRE DIAMETERS
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comnlete snecification of

Aopendix Ho, 16

L Sclection of Draing
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the system becaus

Q

€ of poor mechanical coumiin?\ A'1

W o P le) 1
the machine wag includea in
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1-[)

Ju—
N
[

ics,

O C

re ond therefore o constant stiffness

o oand the ordos 7 19w i
> and the grimnin JaWs, 11 was decided to

[ [ e e S
varying the material siz

material to be drawn would be O,
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scmi-unele of cpproximately
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n order to nNalntsin a consta ant diam()fer of dy AV
HOT X ravn
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> keep the die

GCoeconsvany and Lo obtain different regd ictions in ares
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setween 10 and 60 ner ] Fin s I
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was conmldered unlikelv that a 60 Per cent reduction in

z» would bhe achilieved under nen-oscillatory conditions, but

v noped thet it would be nossible with superimposeced

cciced that the moximum dizmeter

U

in. 2nd therefore,

A ~y g 5 . . b B LA K - S J 2 S
a 00 mer cent reduction in szrea the die throat diameter

calculited to be 0.158 in. Radius profile dies were

cected in preference to conical dies to eliminate the

R

g € - = B Iy T iius ond ] Z
‘ects of longth of parallel snd blend radius ond hence

)

"}":,__;:‘v C‘]_:"t ((qm()b.pjc;\llv/— r:lr]j_.]_c“‘]” ZONeEs O( N_(IOPT LLOR f’or

tocl sizes. An optimum e-uivalent semi-die angle was
(O per cent reduction in area

de~rees was used, 1n

A
-
et
h
—

ordance “vith Wistreich's (L3), conclusions.

Fig.lo.28),
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DIAMETER _ (? \,/
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T | L - ~ DIRECTION OF
- DRAWING ’
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= sin a.

S Dp=Dp = ?.X SiIE.G.'s————-j——f—Cl),.

IF 0, IS SMALL THEN

X .
— = R. sim a.
2

v s

« X = 2R Sin a. 2).

SUBSTITUTING EQUATION (2). IN (D).

. 2

FIG.NO. 29 EQUIVALENT SEMI-DIE ANGLE




TUNGSTEN CARBIDE

[-025 IN.

INSERT DIAMETYER
¢ { B
| ; g
0-275 IN. 1 0590 IN.
. W R i |

O-787 IN. I

MILD STEEL CASE

o/

—y

DIAMETER ‘D

b

RADIUS 'R’

—————————

2:083 IN. -
DIAMETER
R CiND) D CIND
O- 833 0-i67
0-923 O- 184
[. 021 0205
[~ 129 0.226
{- 250 0250

FiG.NO. 30, peTalLs OF DRAWING DIES
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Hote 1= The enuivale .
e eomus lent semi- die angl o \
8L€ Was taken g
LAY (A_S
the nean ansle over tho ap |
the ne angte over the arc of contact, (Fig. No.29)
= )

’ SUNNT e dha 1 .
fo sunpress the yield POint of the milg steel
DU -

wire,
the colls were given g ade<ne .
L 5 g N a sizing pass of 7 Der cent redue tion

in orea prior to the main

series of tests, Foup further 1
dics were vesuired for this operation and in order to
mointailn geometrical siﬁilarity'betwe@n them and the
die, the semi-die ongle was uned gg 4 criterion. ]
(ie, 2ll the dic dimensions were sclected so that for g
reduction of aren of 6 A

wouls he anproximately 10 desrecs),
ihe dileg were manufesctured from tungsten carbide s

pellets whiich were brezed into mild steel cases. The

accuracy of the profile racius and the throat dismeter wss

checked by the manulfacturer at a magnification of 50

1+

times, gliving ~n accuracv of 0001 in, Details of the

dies are given in Fig. No. 30,

l-—(

ISR Selection of Materlals.

. i G o =
The initisl tosts were corried out using a 0.15
@it T ke materiel was ch
per cent carbon steel Wi, 2B, This material was chosen

et catic-nlosti tress-strain
YBecavae of its char-cheristic elastic-plostlc sTress—sile

-]
=

- T
. AN imnlications. 1n
curve, ite avoilnhilit and 1ts commercinl implicatio

sintain w.iform mechanical propertics

order to try

nlied T the same
and suprface finish, all wire was suppliec from the 5

‘ved in the lowing diameters
2at, ‘“he material was received 11 the fol &

- L .
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0.173 in.s0.192 in,, 0,210 ., 0,240 in

l—] ’/ QNN (;(;{ C’(I alnad ]_ \_&u)l 10(,‘. JOCL W1 tfl a 11038 _1‘ 1a te COQ tlllg o
o1 OJ’I O. I; tn C I.x(’.l t CI 14“]_ 1 S

inci ead 3 e e o
cluded in Appendix No,

16,8,
the neining tests vere performed with four othep
metnls = stainiess stecl, {two types of aluminium and copper
- s PRl
The reasons for selcecting these materisls will be explained
i1l explain
in the folloving sccitiling - N
lLeHePs  Btainless Steel, |
darris have observed that oscillatory ,::
cneray cnn reduce the rote of work haerdening in a material,
fnozn atbi Lo establish whether this nnenomenon occurred —
in osclllatory wire draowing, & uaterial which exhibited a
very hich rate of work selected ic., stainless -

40
stenl. It 'me anticinated that, during oscillatory drawing,

steel would react as predicted by Meleka and ;’

{
)

P
&3]
~
o
o}
[
]
Lt
b
-~
A
2

sl hence the drawing force would be reduced.

”

was,0.,212 in. diameter,

was cupplied copper

: : ! s - [ CoAn snd was
corted to = denth of 5 x 10 to 5 x 10 in., =nd was

- s W . mhate ating omplete
further lubricated with a phosphate coatlni. A comt

U DRSS

i .. 3 S 11 o0 17 ek ,‘ai
snecification is included 1n APDCHS

e fmiam allov
{totion hardening aluminium allol

Lo -
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TENSILE STRENGH
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- TREATMENTY TIME ¢ HOURS)
FIG.NO. 3I TENSILE STRENGH PLOTTED AGAINST TREATMENT -

TIME FOR AGE HARDENING AN ALUMINIUM ALLOY

( HIGGINS 1957.2,
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13 cuenched and then allowed to remain at room temperature,

it will be found that

[N
o+
(53]

tensile strength will gradually
increase and rcach a maximum in about six days. After this
time hae elapsed no further annrecinble chonges in strength
tike place. An improvement in pronerties over those obtained

Y~ - . P B . ] U s . N - N 5 3
b ordinary o aardoning cen He obtoined by heating the

Seed YT A ek R q e r P o
wehed slloy ol temperatures up to 200 desrees Celsius for

short periods. Thig diffusion of the copper

up to a moint +here

further heating results in & ronid decrerse in the tensile

shown in FHig. VWhen

]

v oinvestigators have renorted

5 I - . arreyxpr e .
in much the gcame way as o

S s s e NNl e e S N
encrey aofTects a noterx
e

VRN

oyvature risec. It v thercfore nnticivpated that, 1f a

ion hardening 2llov was drovm under oscilillatory
seting in a way

'

the aiffusion

the wire, As a result,
rece would he reduced

2 sotter condition.

I L L I Wy e
oG thac I1nisacd mat

thig, = »nrecipltatlon

ameter sunplied
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in its hardest condition. A complete specification of the
aluminium is included in Anpendix No.16.8,

L.5.4. Dure Aluminium,

Longenccker has observed that defects in metals

such ao grein boundaries and dislocation sites, absorb

(-

tr

wn
@

S

03]

orclllatory energy so that the reguired to cause

the mohility of the atoms 1s reduced. o likecned the
absorption of energy to a temperature risc and concluded
that, since oscilla

tory cncrgy was absorbed proferentially

Q)

ot dislocation sites and thermel encrgyv was absorbed by
all atoms, ther the application of oscillatory energy was

a more cffcctive method of lowering the vield stress of &

material. In on =2tiemnt to incorporate this nhenomenon

of dislocation movoment ing, a pure zluminium

vas selected., It woo anticinated that during oscillatory

ae

drewing, the cncrgv vould art dynamilc nobility to the

dislocations und hence lower the yiacld stress of the
materinl and conscouvently lower the drawving forcc,

Hote = The mechonicm for absorbing oscillatory
eneryyv ond ascisting dislocation movement, differs from

that for accelerating the diffussion process, although

soth ore dependent upon a rice in temperature.

The aluminium used wes 99,4 per cent pure, and was
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o - - . .

In 1966, Oldroyd, Burns and Benham (50), renorted
on stroin cycling tests which had been performed on a
mumber of different metals. Their tests consisted of

subjecting met,l snocimens to tension-comnression cveles

oi' plastic deformation. During these investigations they

1

asnowed 1 some materials ie, nickel chrome steel EN

no

e

and cold wovrked copner, were ranidly work softened as =

result of stress reversnls,

vurding the preliminary investigetions into oscillatory

Vil e oG] Tt e o I TR P U e e R S
wlre deawineg, it wvas observed that a large stress varistion

e
-
o
]
t+
[
b
&)
Q
),J
@
L3
P
=
r
oS
O
o
|
3
by
=
w

PR T s T ~ <9
wo o 1nduced into the wirce a2s 17

varlaitlon was alvevs tonsilce, 1t wes thought thet 1t mav

be nossivle to observe thie nhenomonon of cyceliic softening
during the oscillutory dravwing of’ certsin metals., IT this

-

was the casc, the drawing forcc ond also the tensile
strength of the finished wire would be reduced.

Tn order to investigete this effect, a coll of
0.212 in. diameter, oxvgen frec, high conductivity copper
vire was purchased, The wire was supplied in a cold-worked
condition, having received a LO wer cent reductlon in area.
A complete specificetion of the copper 1o included in
Anvendix No, 15.8.
ote - This tvpe of lond reduction was not
envisaced when the research programme was initiated bhut

hecause of the importance to metal working of Oldroyd,




Burns and Benham's results,

nclu

1o

,tv O -
effect

L6,

ae

G

Selectior

50~

ail invegstigation to estsbli

e

occurred.

1

of

—t

Drawing Lubricants,

The 1

performed using a dry soap, Swift's

lubrican

vo1ls g

o+

11

et

ial drawing tests on mild steel

Teliximet

form of sodium stearate and was

cificient of friction when used ss a

avoid the usce of s lubhricant

R
WU

to malntaln constant lubrication conditions s this
- ~ 1 oe N 2 ~ e R e - R e et B P e ] 1 4~ - ~
vas also used for drawins the aluminiuam, stainless
and copper wires.

3] eyt o ~
Araviing

= 0,025), and its commercial implications.

P

an

j8.]

soap

steel
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The centre cylinder of the loadmeter was ST oUna §
to size, the outér and inner diameters being calculated ;
to give 1 802 per cent strain Tor 2 load of 2000 1br, ?
wiileh was the maxinum pated canacity of the bull-block. ;

end flanses of +

1 eter were machined interpgrally i%
with the main bodv and larce radii were ground at |
the junction: hetwee them and Thia was ;
consldered necescary in ordef ndency for
cracking duvring heat and subsertuent vibrational Z
WOTKING . of the meter woe desimmed so that it
could be screwed ond locked on to the oscillator wiston, i

mounting » die ~nd ;
the mild cteel cover waco made In two helves ond i
s fixed on to the loadmeter body by 8ix screws. A smell
hole wae provided in the cover to tllow the leads to be |
connec Lo a »lum vhich was mounted on a terminal bridge,
Sivteat
cround surfice of g
i

gensitivity. Prior to mounting

s iy dmete: v1linder was
the gauges, the surfoce of the loadmeter cvlinder was
LA ¢ SRS '-.7—) R Lt » e
oW and

trichlorethylene, Tir longitvdinally
L1 Cn [ o o NS
“ith the cxis of the loadmeter, =hile the remaining eight ,

N nositions of +the
vere lined transversely. The relative positions of th







TORQUEMETER STRAIN GAUGE

BRIDGE
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DEVELOPMENT OF TORQUEMETER COLUMN
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8.

TORQUEMETER BRIDGE

TORQUEMETER CIRCUIT DETAILS
FIGURE NO, 36  °°




dlagrammatioally in Fig, No. %,
{3 @ ®

nonding, cach ge
IZscach gauge was checked for continuity

Vere connected into g

connected this

fully
caused Hy the cotion of eccentric 1
3 ve b0 Ol eccentric loads were eliminated
I i L@
i the pr hid heen connected ;

f

wro found to in excess of 100

AT < BN A - -
Lastly, in order to

moicture nroofl, di-icll wins head

too rapid a risc in

TR VUN SN
he torsuoemeter

5 ] & 500 ohwms cacn, wWere
. CO 2 NN 2] o Yt
s s -« mieh had heen roushaone tegreasct
bonded to the drum ¢ wvhich had been roughcned, 3

. [T - BN |
pean , e T SAVTeS WOero csted V1P e-Un . 5
and clerned., After bonding, the geuges wers tos ? ‘
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o loodmet
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to a slip

cemhly
asaembly

Sy PN
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cetric

oadmeter as shcewn in iz, Yo, %7,
wera suoniled from 2l volt
4 T o~ Y - B
the bridge outnut: recorded

i

nomerer

recordear,

included in Annendix

1s

Couency

)
LD

during

ter bri (,JJ e

1y tested again by the

the construction
Were connected
end

at the drive

brushes

LJ
ihe bridge input currents

it masrvy to orste tivo d.c. wmplifiers in the
cipceuvit bHe the Hridge outnuts a: the galvanometer
inpute. bDetrils of the amplifiers arc given 1in section 5. 3%.
tho circultry specilal attention was
siven to insulaftlon wnd o 1t wns found cssential
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; cable g emploved t educe coy itive effects 1
| moloyed to reduce capacltive effects, and irold
] . D

t1-pin »lugs ivmre used to nrause
nlug Cere used to nrovide good electrical

- S N
e Do e Co  Amplificrs,

T 3

i order Lo mrovide

T N, A e o S
SAOmETLers, 1t was necessery o

i %als TN T e e P R o .
and tor~ucmeter outsuts, ie. o current of the order of 1.5
NS AR SNGA S 1 S Loe

mlllli-amnercs

vere tested but ot the

coximately 100, the pick

v o — ‘o - ] b 3
vere Tound to be eXcessive, To overcome

Sy a it waa Aecdded Jealc : ; i
Sronlem 1t was aeclaed to design and build two Tixed

LI

conlificra,

trannistoriscd and

lers were

govae oo oain of 100 timen. Altheoush the smnlificrs were

it wes possible to chonge this by

or docre:s the first stage outnut resis

RS

two resistors vierao

be anprorimately do

the noloe level and drift

and to

he gtrain goauge bridge invut curront. the amplificrs

"acturcd to incorwvnoraetc the

e
were aloo nooaut
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(1) A Bridge Pnlance - In order to balance the

bridge ontnuts +o zero fo» n

Ty ey .w’}" =) el 1 co ey T} Oy v 3 3
ariable resistonce vas prowvided in each

network

66

rain

o
[5v}

(&
3

zero strain, a 1000

vas ochieved in tvo Ways

(n) To overcone drifting due to small voriations

in the sunnly vol:

predt viere matched g closely as vossible,
(b) To overconc driftine due to temperature

5

varizations in this cmnlifier, each palr of

was incornorated in a heat

connccted so that the aloebraic sum of
the drifts coused by ezsch transistor would be zero.

Resistance - In an ctiemot to providae the

resistance and hence

1ottt fresuency resnons r copeclitaence-resistance

jor]

incornorate inco each amnlifier.

11y commecting the amplificrs in the

o

torsuemeter circulvs, o scries of commigssioning

T NS a3 -+ - ~ oy N e -
were performed, The results of these tests were as

registance to bolance the bridge, and hence 1t
ving necessary to increase the veriable resistonce
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Ry = ACTIVE GAUGE

BZi.Rfi:_R‘i = INACTIVE GAUGES

EI1G.NO. 39 STRAIN GAUGE BRIDGE ON WHRRE

“ . CIRCUIT DETAILS
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) The drift wes found to

TN
N

et
)

¢ negiigible,

tmounting to fonproximotely 25 micro-volis por

degrec Celaiug

Ioing characteristics of the

Sl oA 34 T 3
A nenco it only possible to match esch

Jing the

il

of tho diTficulty of modif

Lo wecent the varistion and to obtain a

N e | o - ~. -~ ~ -
of frecucney resmonse curves for cach pgao

R

used.

detectod,

1s shown in Mg. o, 38

To c¢heck the magnitude of the Force variation

induvced in th

mounted on o dumny length

from the

bondet on the block by the cane nrocedurc os

that adonted when preparing the load and and

thon connected to form threo 2rms of a ‘theatstone bridge

@ 5 T B o R 70 P w St ive raiiorod qere aldomne
as shown in Pig. To.39. The two active gauges were alipgned
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longitudinally with the axis of t

he wire at points “round

the o3 vreirm s
the clrcumfereace 180 degrees apart, The procedure for

NOA T T e S el e - :
mounting each set of active gauges was as follows
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RPN I U
(1) Berore honding the ear

ha T
25T

~
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s the wire was
s degrcascd and cleancd,
2) The gougesn

were checked for continuity =nd
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to esrth and finally "wired-un' to form
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193]

the remaining srm of the “hes stone bridge ¢
Plge No. 40, shows the strain gauge hridge circuit on the

S.h. Modification of D.C, Amnlifier for Strain Geuge

For a given drawing force, tho stroin produced in

taz wire was greater then that produced in the lozdmeter,

wcnee, the strain sauge bridge on the wire recuired an
v o4 3 . Gy e o] . oy S 1~ EER N T T Ao
amplifiier which had a smaller gain than the amplifiers

T

used with the loadmeter and torguemeter circuits, To

achieve this, a third amplifier wes built, but its design was
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DETAILS OF DRAWING SPEED
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FIG.NO. 42
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