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CHAPTERT]

THEQEETICAL CORiSIDERATICES

PART 1 Dynonamoter Beaudrooepts

Tvio rogoironemta that pre olunyd in opposition in dynemomator
decign are sepgitivity end zisldity. The sensitivity of o pgooil
roceareh dynomonoiar chonid b0 guch thot doterminations cre acecurste
to vithin < %% Thot 16, Af & dynomonotor 45 designod for o mean
forea of T00 pounds, omo pomnd incremapto should be aagily rocdablo,

loze doforuntion i oacnociated with the cporation of overy
dyaamnnater, DHovovor, o dypagomsior should bo rigld onoagh 50 that
tho eulting oporation i net ipflueneed by the cecompanying doflectlonce
Froquently, the dominating ctiffness eriterion in the patural froquonecy
of the dyemocotor, A1) machdne toole oporate with cone vitrations,
and in ocrtcin outting oporaticny thoce vibratiaons nsy howe lerge
onplitudoc,

In ordor that the rocorded force {or the actupl out) chall not
bo Anflucsaced by eny vibrating notlom of tho dyooogmoter, 1t's antural
froquancy ouest be larpo {ot leact & timos ca lorpe) compared to the
frequeacy of the oxciting wibretion, For purpoces of onalycls any
dynarcoetor can be rodueod to n macs cupported by o craing, The natural
frequency (K} of ocuch a oyotom is cqual to
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In renoraol, e dynanometer ouct cepsuwe ot loast tuo Roros
conponents in order to defermine o twve dicencionpl recultont cutting
forecs In 0 throe dinensicnnl cutting oporaticn, threo forec eom-
pononts are necosoarys while in driiling or topping, only a targus
aod a thruct ore rFequired, It 1o wcuwally zoot convendent to moaours
force relgptive to o set of restanpulor coordinntes (x,y,3) ond 4t
is pdvienble thnt thore bo no eroicesencitivity betwoon thece cazponento,
Thot ic on cpplied foree in the ® direction chould five no resding
in 7 or g directicnp. If mntunl interfaronco of the force nonsuring
clasemts existo, detornination of the farue ocooponents rogquiros the
polution of cirultonocuo oguationn,

Thic provento the irmediate intorprotation of the dete, vhon
c¢eriain of tho electric trannduserc arc cmitebly Lacoted ond connoctod,
unventsd stroln capondnt can ofter be cuncelled eloctsdically, How this
ooy e dono wdll be subneguently illuciroted,

It ic convendent to uSo a systom heving s lirear anlibratlon,

In cuch o enss, the foroe is deotermined with the preeision with whieh
e strain inergnent oen bo moosurod reiotive to an arbitrory datum,

If the oysten lc mot lincer, it is thes nocoosary thot tho goro load
paint be oeeuratoly kmewvm oo w2ll o the straln inerenent, 5Shis
introduees an additionol quontity that oust be earefully meecured,

A dynamazeter shomld be atable with respect to tlpe, temporaturo,
and bucddity once o onlibration ic mnde & it should only bave to be
chegltod ocobolonmily, lany axloting dynstiometers nos dovieazs for
the ceparation of force ¢ocponeats which ievolve frictiom, (1,e,
rollars, balla apé silding surfooos) Az friction conditiog oro
uguolly vordable duc to diyt, tecperature, ote, cuch instrumanta oao

of 1irdtod usefulneccs s’
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Forga moapurerent o variety of devices have been usad to
meacure foreas in dynomometers bot the two componont lethe dynamo-
meterd asg dazignod here ic a olre reoictance straln gaugs typea.
Prionciple of opsration ef stralm pauge A straln gauge works
on the primciple discoverod Yy Lord Kelvim that when a conductor
15 stretched, itn realntance inereaces. 1f, there fore, & conduator
(the strain gouge) is bonded intimately to the surface of a specimen,
then any suboeguent straln in the specimen 1s experienced by the
gauze, rosulting In a change of resicgtanca,
As the stralns no?mnlly axporlenced In atructurea are omall
(mirco inchos / inch) The change in resistance of a atrain gauge
is also sma)l (micra ahae / ohm} and therefors & Wheatstone Bridge
netevork ic usislly used to mecasure these Yary small values Flg. 2.7,
The four armo of the bridpe may be made up in various ways
atcnrding to the type of neasurement roguired and the fostrumentatlon
uzed, For measurement of atradéa ot a point, a single nkraln gauge
is used as one are A., 9ith three fixed rosistances making up the
bpddge B.,; C, and D, Moct statle =traln recording insdruments have
two rdeistors built in C. and D, and the other two arms are mods up
of the gotive pauge cemeantsd to the opecismen and o dunmy gauge
(compensating gauge) cemented to & piecte of slmilar materlal which
experlonces the aame temperatura conditions z2a the teat speclosn
but {0 unntrained, This i1s ecalled a half bridge. It gives temperaturo
compenaztion and c¢lipinate=s apparent atraip dus to thermel expancien
ar contraction of specimen. Instruments incorperating tve fixed

resicstara are uswally of Lho oull balaace type, in vhich out of

balance sipgnele are corrected by meane of a alide wire vhich ia

callbratad dlrzetly in percentage change. Thils aoyatem
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hos tho edvontage of hoing indopemdont of in-put woltmo, but it

is snly oultable for atutic or alouly ebkonglng cteoinc, For mceoowving
icode or digplaogecusnis 4n a ealisrnted oSystem, the cignol con bo
inercesod by molking nore than ono are of tho bridgo octive, Ino tidn
cage oteain gonpes aro used for all four arcge of ¢ke bridge, huoem

as fall bridre, and tho pipnal i fod directly to a galvepcucter,

a rpalvopacoter recarder, ar o scasitive Liero-comobor, The optimng
for moansuring londs or dofleotdons is the contilewer beon vierw
gaupan As and G, pro oountod on the uppor surfecc ond Go ond Dy oo
tho lowor surfece molw 0il four sroc aotlive. The chonge of rosiobonon
of poupea A, nnd C. A ogqual and oppnolite ta that of paupe D, aud Uy
zn that the oimnal obtained is foas tizec that froo o singlo active
goupe ond io wmally sufficienily 2Zaryge to &rive u iou roolstamen
=50 ciero-armetar dircot with on onorgialpg volbage of batveen &
and J2voito D0, Alicrnadively, toe signel esn be yut dirceetly iﬁté
o galvanmigter rocordor to gplve & porzanent trace aib fregueagdcs uagp
20 3,900 cyeloo/Geo,

Tho dlscdvnniare of the obove syetonz, ubieh ard ¢zlled defigctisn

uothods, an opposcd to the puoll belanca eotbod, ia thet tae slpgnol

abtainpd ic dircetly proportdanal to the applied volioje, suklag
sorn kind of wvoltage ciebilldzmes suzply usccsuury o mecuraly uort.‘qi

Bonded strpain gouse copstruction Fomded eirain goupos consial
of f{fine natal wirv of G.03M to $5.007 in, thlelmerss, degeading oa
thy type of gsupw, forudng a prid psitorr ublsi is mountod o a Lackdag
makarinl oG shows in flg, 2.2

The gouges cre onmufacturad with Adflering mMetol and backing
anterlnls o8 LECDSEET Ve

Czupe faglor The gaupe factor 1o the reladionship betwasa the

ckange in vesicicuce of the gouge ond the steeln; and in defined as
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difficulty in cbtalping mood beat trancfer betwwen the tuvn without
ﬁtﬂenaﬂitting ctrain ta the dummy hlsck, OFftem it is prefersblo to
vaibtain tho dunny bloek at o kacvn conctent temperaturce cod eallbrate
Ehe aotive pouge ogeinot temmeroture,

if the twe ooldered joints on o geuso nee ot the soce temparaturo
then the?thurmml 0«0, £'c will bo evunl cpd oppooite spd wvill conaal
ouk, ]

wien wvoriddng at olevetod toempevrsturcs a ckack for seroy c.i.f'c
cheould alvayo be male by diseonreeting the pownd supaly to the bridpe
and varying the tomweraturo of the spoeincn, IFf thore aro -evo-
shiftc with tooporature and thooo can not be olluinetad, o groph of
porc=ablft cpoinct teoperusture Mot bhe pods ord amed B aosroot
readlin-e oode under load,

Copper har a bigh teoupernture confflcient so that, anlthcugh tho
lend reopistancoo oo wsuclly low, tho errars introduced by leads in
the Lridge edroudt bailnp aither in an olnvnted Eemperatuve arca or
oub}jeotad to varylng tonporaturas ecn bo poprseloble,

It ia sivayc proforobie to comlete a bridpe ~t the joint of
peanurelent in grder to keen the lengths of wizw LZn the hridre oo
chaort ns passiblae, Thoe errors introduced by lons Jepds ex-~torizal
to the bridge cireuit are ponorslly neglicible a port fras volinre
drops

lopis in high tenperature gones ghonld elwoys be kopt as zhort
a5 noasitle, Thoy cheuld bé ﬂﬂtcﬁud for learcth and resichtrceo, and

I"i.
bound. . tosether so that they all peses throusk the pose cnviranmnnt-( g
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PART 2 Mechanlce of cutting
Theory of Srnat and lierchant

Although an attecpt bnd been made to oolvo this problﬁu by
Piiepanen in 1937 the firot complote analyoie resulting in a oo-
called shear aorle colutian oas preocsented by Ernct and Herchant.

{Fig, 2.5 4 p- 11)

R = recultant tool [orce

Fc B cutting force

Ft = thrust force

Fu o shoar force on shcar plane
Fn = noroal force on chear planc
F = friction force oa rake face
# = shear oogle

oL = tocl rake angla

T - pean frictiop angle

Aa = crops=gscction area of uvncut chip
t1 = undeforoed ¢hip thicknose
t w chip thickanebo
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In this cnalysis the ¢lip 1s assumed to be a2 rigld body held in
equilihrinn hy the action of the forces tronsmitted acroas the chip=
tool interface and across the shear planc,

For convenience, in Fig. 2.3 the resultont tool foroe R. ie ahoon
acting at the tool cutting odge and ia resolwvod into ceoponcota N,
ani Fs in directiono narmal to nand alopp the tool faco respectivoly
and into cornponent Fn and Fn normal to and along the ohear plane
reopectively. The cotting (Fc} and thrusot (Ft) coopononkts of tho
rasultant tool force arc aloo chown.

It 15 wssumcd that the whole of the resultant cautting forco 1o
trapsoitted acroas the chip-tool interfaco and that no forco actks
on the tool edge or flank (if.e. the plonghing force P = 0}

The basls Eroot and Herdhant'a theory onc the ouggeotion that
tho shsar angle ¥ would take up such a valuo a5 to make the vork done
in cutting a ominfmun. Since, for given cutting conditiono, too work
dong in cutting it proportional to Fc it vac neceasary to develop
an exprocsioo for Fﬁ in termo of ¥ and then to ohtain the value of
P far which Fc 1z o olricum.

Troa Fige 2.5

F.__ l coo {ﬂ +# 7 = Q":) [ TXFEIEFEE T ) (1]
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whera 3 nhear strength of materdul on the okocr plane

A = arca pf shear planc
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S5tress 5 = SB Thio aooumption ogroed cith the oork of
Bridgwan wherc, in expericents on poly crya=-talline metala, tho
dhear otreonpgth waa shocn to be ‘dependont on tho noraal stroan on tho
plene of shear

How from Fige 2.5

Fl.'i = I oin {# +T= ) srsasanssarvenell)
and Fn = En nu
= Sn ﬁn ....-.----.¢---(9}
ain E
Froo (B) and (9)
Eﬂ " EEEHE.R sin {ﬂ.+jpil*) --a-chop---n-l{1ﬂ}
A

o
Combining equation (5} and {10)

= = En cut(ﬂ'+'T- oir} iilllll""i.'-(11)

and fros equations (7) and (11)

5 © s

[+] -r--;neo.-c----(12)

1-% tan (f +« 7T~ )

This equation shous how the value of 5 oay be affected by changea
in ¢ end is now ingserted in equatien (5} to give a nev eguation for

Fc in terms of P 3

1] Sﬂ hq [+14]a] ( T.-iﬂ) libi{15}

F
N06I49 ¢
ain® cos(p « T=®) I 1=K tan{f +T=o)

It is now assumed that K and Su aro conetanta for the particular
work matcorial; and that nﬂ and ar¢ constants for the cutting

operation. Thus ea. (15) may be differcntioted o givo tho new valuo a?

18257149,
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4y = cropp-poctional arec of undoforaed chip

T = mean angle of friction botueon gady znd toal (:tm"‘FfﬂJ

7
B

taol rake caple
From (7)) and (2)

‘l--+4'1’l'(3}

h_l

ﬁ% cnafﬁif-%}_
Fow by paomelry

Fe = Raos(Tax} u.""u.. (4)
Repca froo (3) and (&)

Yo = B kg goa(T- | srszmepecakD)
sin B coalfe = )

Egquasiona (5) may now be differentiales with respect tao @ and
gquated to cero to {ind the value of ¥ for whipgh Fe is ~ minimum,
The roquirad velwe is given by

2F +T - € = 090

(4]

evavasenaril)

Herchant found thet this theory goave (ood apreenent with experimental
resullts cbisiced wien euiting cyptostic ploziics Duc gave ool AgTOdw
went lor ciesl Machrlaed with o sirtered cearbide tool.

t should Do noted &hat, in differsntiating equation (5} with
regpect to £, it was susuved that A, apd would be ia-depeadent
of J 0n ragoasiderins thess assuapticns, Merchant decidsd to laclude
in o now tuesdy e relotloaship

5 = Ly, + B S wassngemanl?)
Ghiicl Indigztas that the ghoecr msirenpsih pf the materizl lnorcatses
linocrly with ineresse in norasl siress on the shenr plane fikié.a,5}

&b mero npormal,



- 16 =

The resulting expreaaion is

Eﬂ 4-:'.-'5" = c Pt EgARERREE R R Y FAS (1“}

whers = ecot™ VK and is a constant for the vork

materinl., (1)
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