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! 	A ie of obliquityf tho 003iOCtth rod, 1ez,000f 

P 	get Cis forco on pt oto 1 

F , 	E ujvr iert piston inortim toroo. ibo. t 
That on tlio c ott rod ibe 

tjn1 component of tho contrtfUi tO O lbs. 

Pr Uet axial load on the rod 	* 
Cooponont of eeit'tfwj4 forco acts nor i 
On tho rod .bo 

z Udtk nOZXt at S iBtflOO t frOfl The mist pin 
inch,) 

strOa due to Ur  
fad tirect 13troa on the x'ed duo o oo2xun tetion.- 

Ctl ar 	nopbob. 
IM .. stream of the material of the rod in .pat, 

ooh oud frLttor (unity for pin end 

nodulus of o ttottcity pet 
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CHAM,A , I 

Tho ao LLn on ,noes is priQ ariiy conconod. ith  

tic dctainatLon of atEOOsoO a partis subjectedto fox the  
aotuol conditions of loc Ung • The sizo of tho past is no doo: od 

that the stresses in.ducodare loss then the strength of the nat rl l 

of UbIch the part its ac O. 
flotr thong t3t1OGD a sttongth aø bas. bow C aa4t 

on por tskoo into ocoomt aU ideal eo 4itfons. They may iud 
a pcitoct locdina, o perfectly Magene a intori &. undor idonl  
ucntfccturing conditions 4 an orderly stress bohnv o.r. Sat w 
dig to d ozorAonco dth the porfo once of ports 'tells aootW.nj 
tzh.toii do intos for frog the idct1 conditions a that' qucnt!j Is 
the rC SOfl for thef 	of the 1) t5, 

n Inc nto A machines as tie aoo them r n 
are the rzstLit of inmonso hit A tri method of testing and at the  

**at of a great, c3Ount Of bazcn effort • cr 	ont . acieAco has 
.von. a bloti to this motbod, 	#irontal stress analysis tti 3 

n 3 in dotomining stresses 4 strength of a Dirt for CtU . 

sece conditions ±i ch includes deviations t 	ideal. 
t mptions .ncdo in the pov31ouo pars. 

w' 
aay factors incte the ezzimontal stress ~a s 

inc.UcoDsible end often the only cothed of solution to c to 
probes a t cmltitudo of 1 roblcts ore met t 4 thpfor tiith it in a 
Loj,orious jab to got into a thooro ticat oolution and a groat roc' 
p. 3t lC3G arc still bring for tihich no thor ticat nolutioi has 
yet ci obtained , oz riacntot ID tress analysis ►y'sis is the iouo z 
in C Ch oast 'rho avcntac of t o c* r ont 	approach I)oc.s oc 

Osgocially ob1ioc If tie c3naldor that it is possialo to dotorzino 

oior.tontaUy the stress distribution in a rinchino part la cet iic . 
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o ,or, tion „ta ut 1notrtn; ti3 naturc of forcon acting on tho 

pert unilor tb000 eircutotaeoo, htch propoci om isobar .y 
in - &ccsoiblo to coy thoorotico1 oothod of anoLycie. 

Going to the Problem of Dt?03s cn&.yat 

of a coimoct ng rod of cn engine;  the cOfVOfltion , tbeDrttioel 

rotliod teIoi3 into conC deratton the co3ponont of gas p ossuro 

corrected for the insti.a offoctc off" .piston & connoctinZ rod 

tt b+ tag otroco ociaod 	the centrifugal  `orcc acting on 
tho rod. UnuaUy the 	 docian is bosom prJxiarLly on ; 

these factors oily. but it can not be dofini fiol said shat 

effect the tcipoz ctuz'oa of ooz have + on the rod wit . runrzinrj 

or the an gina or uhat cif, be the tat : of the rod if the 

aliZOflt to g ?Or or Ste trsion acts on the r . 
The ozoriccntnt nothod is a octod to give 

•u t groptic idea of vciriution of stroaoos € tbus util doinLtolI  

be a better tool for the doi3in fir, The e oil► joctivo of thts 

prGOct Le to develop a oot d of ctrcoc analysis of onto 

parts r1on the emus to un or wing condition. 

o".► 
m 
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IIoforo tii a primentotion9  tii fi.rot 
sstop U to convert the On .no into a tst unit.. The work co' 
rival of tim foi1Ot ng ttcU J' 

Providing euit able oxheuct wratar pipo 
to drain out the water tx'0z2 the lindox' , ackot. 

(2) £gozcnt for loading the onginos' 
1hø one he no zrraigccnt of io4ng, As a first viand o*iutio 
a 	 Ac3O!1OtOir 4th 1 dia cotton .Top* as ranzntcd 
an *no of the 	r 	e. ( coo photo*. I ) 

(3) providing suitable odptoro tth 
both awe - f 0 Cads Ouch that 9r003ux0 transducer or 
Indicator ncy be 3,aeed, ( dei of eiepter is dealt with lntor) 0 

£loct ,c resistance strain gages tiro 
chocm o t.roa @x' ns cors In vio r of its ii nt vo g t 

osso of plication, little xaintQnance , sucesstul perfo 	ee 
availability 0 

In o er to measure. etress .a it is 
nocoary to connect the ctrein go i os in a conventional I 

utmato tos b alto*: 

with a 2.qago bridge raving one active 
C vim other der gage for teaporoturo ccxipenccton, it is 

nocoas.cry that +pry gw.jg should not sense an Stress . Under 
use conditiono the output of the brid 9# uiU btu directly' 
ppOrtQuat to the stroa in the active t=* 

iouovor in our problem of detorz1atn13 

the total 	 u3, strocsoa tit variouo points of a rod our e 
tins to otnU a coinponeating gwo  tthich is absolutely de r 
to .may stxocs and at the uca tine should coaponnato the offcct 
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of tc PQratu4vo of to active goo n 

Tho ro .irern is of tho durxtiy ao 

can U 13 Do autazc i up e foUotrni.. 

3) 	 I t sbould be ubJactod to the sczc 
t p r'atU G. 

(2 	 it sherd be intiod at such ~. 

, uco oro U - Is no stoss in Its active 4tLoction. 

14th xofo ence to the first point  
it ai be otd that a very reasonable temperature oquetity con  

ba cs 1t fl+ by p.+ m tho duncy gige in tlio vicinity of the 

native one,. 

TLo second point requires ,a perfect 

t 	f:oe UUrectio o a direction sensing vary little strain. 
Z S is quite a 4ittcut potcti pot 	 to eo vo due to tk cxp3oz 

Ua UY4 of forces and g of of the rode 

.a tri ol, tho dueirn ` gage was placed 
in the poissona tsbion tth rospect to the axialaxiaL straLn sensing 

ca. ?oi: 	e.mt uevo done; 
Yconnectjn case (1) & gage ( 5 

tr1 tch is oaed dam` 
Vie poc o&tpit w c'2,4 C30 	_   

of ec po bs ci do icctto * •  

By c3nr octing gwo (1) 
a*ud in e tornol gn c the Vot output eras..I.5 cc. A that bofia con 
gu o (5 a corn a uts o 0.2 t 

Lo. (1) A (a) = -2.4 mis, 

(1) & calf.= •»i.5 +s s. 

(5) k oat* =- + 0.2 ceo. 



,'ram the principles of noc# ca 

tkicoo a be analysod w `oUotros 

_.E 

CorroGpondtl1 &o the pa e1 expl.onton  
prooauro the conflOctiflr, rod is o tb3cctc.4. to a cram oZtal 

0 pro FO t3t rein SOY 

Ccaorcntia . , try = /~` 
NOVutien the output of the external 

CA 	daaa to takcn into account, It gives th oat value 0' 
stroas to uhieb the raturiel of the rock is bjceto4, boec.eo 
tbD referenceetjoo is solutol7 untratnod.(?rOVidC4 duo 

ttz ioreturo cozpcnnation has been ri o) 
Lieu utth ga en J. 	(8) the 9ngo 

is trinod br an a.3o 	/1.6 irrespective at ihothor 

thoro .is- ny c,.onont of atroao there or not. So is n (1)  

a () are in the adjacont s= of the brie u the not output 

O*J1t3 to — -6 - /- 	 t ' p =0.3 nay, 

thn ctput += ,pared to (1) 4 orts &e ,..: 1.5 	1.05  
but s::^ttnl1y it is ** 2.<,t Thin Mcy be accounted for duo to 

t in that diroct .t 
00 to a1.1# nett the effect of txio 

stroon it txan doatIcd to inJtall cfl external wnotraiZ2Od goo 

ihtch t.Xal act es the tuzxy, 
in ordor to czi pensnto for the effect 

of tcijxraturo v ' the cone cttag rozi, it in neceOsag that tho 

thriy gCc to nubjoctod to tto we o tczperaturo by hoatin3 
tho .=_t•i7 gn%c oxtarnaUy till it ai5wno3 the toiperaturO 09 
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the COXiOCttfl6 rid. 

Our object is to CLfCO tbo axia stress only. €30 

the r os Oro placid 	so that they may CQnac the r0quive 

qu 'tity. &toin goj coos ore placed so shown in the fvllo 'ing 

dtrc3 . 	 I 
2 	 'z. 

3 	 3 

ao ro4 is cicc 	toe with cloth first c4 then 

.ti r cvtone to rc1ove d.l rem cater troa the .uirfece. 

Tczetaco is snoothed off fro .fit and mzino.r cartchc8 Dy 

xb, eery cloth avorit, Then once t ain the race .i0 

t oat rtth stone 4 finally vth lieu r Oni3 to I? CVO 

xW ace e* 

4. very thin 1» 'or Of strainsage dent m3ppltCd on  

the .irfacc uherc the aa;O; need be aountod +rid then nlXozrec  

to dz7 for about hcurse This racduro gives a bettor 

jalation resiotcnce t th .'opoct to the o 'tom i Iio fin  

stop con i tcd in ottc1ttU3 to 00508 uit3 0 ItbrC1 comt of 

cicnt end o coat of octiont ojpUod over the zzontod gojo foams 

protection oatuDt moistU.(o or ails 

sIo IOC t.o r dO.rOd tqttho the troin aGo t 

a 3.4 ctrnt L .aziblo tYi1'othe dia of ouch otrund vuo 0.0070' 

Z tibolo cot of #grjoc tioro Copt covered by Scotch ptvar t O 

to ,>r 	t .t .rte ioe 1 * (C1C O* The. soldered 1oce on 

boiflf tcO out of the r coosamfly posed the pre lon of 
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tho f&tiguo fa ..ouro of U c uiro strands under t. .runnin 
cunt tions of the on ino. do pr blem was solved it tho foUo t rj 
aznOrs +~ 

I t the first st eo the loud uiros were Dunchcc1 t 
a si.nlo unit by r rappin them with black tape and t an verticaUp 
oA cr d attechoc to a uoo-don pLeco fastened to the oxhaot cooling 
Bator pipe*( Boo Fig. I ) 

Tha Drob2erl that crone out of the vos that wo 
allotsccri extra length of t'.rc of the lead for the reaip eattQi 
of the rod. Luo to this to free lon nth of tiiro was gett;, 
twist* I10 cnXine rcc running at 350 R.?, I ; the wire ire 'ctttnr, 

ctiatd 	. reloaced at this rat* 

Picotte bcinC aoro fluxible th copper did not got 
4acd, but the t 1es inside . got ruptured o n, to tatLuo,~ 

This tiiet eas reduced by haven a Longer leadti re;~. 
to.Qtoned to the Edon i4cco at a aruch ht j;her level. dun such  
high speed t ► bunch of wires cttcincd sufficient inertia to 

fly to the path of crank and foul 4th it. sfa Basalt at this 

. the train gc gos tro p lcd off rbaa the lead wires , ►t 

~a up with the err kshett. 
The next stop n s to attach a piece of *ron rod of 

&t 1/40 din to the Tire bunch w ich it vas hoped w;I 
prevont the riiroa froi getting tsi#rated than the rz i u• loth 
Ls_5 in nctjc , ho tree Length or the rodarcs guiued thr C a 
a ,slot provide at the c4 of a conduit Pipe. The axrangczio  

toile owing to the dif' ' ,cults oxzrieneod in ceding the  
siq>porti.ng rod to s proper path. 

The next a ga nt tried wua to too up a ti t 

COU413.t pipo attached In a similarr 9a .on to the engine frc-arc► 
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end eo3inc dotan very close o the path of travel of the cooctinj 

ro4 ( coo fie;. 2 	) This also fi~urod buccly o-ring to the 

'ati;, io of the zaot l 4roo &ns3i ie the fLexible iriro. 

It vns concluued Fran t.he above i. failures that 

the i4rca worn fatling due to high frequency of roverst of 

stzecuos in the tiros. 
It tree then decided that If the rolotivo motion botucen 

tl cxiocting rot cad the load wires is reduced to a minim= 

tlea tics c'ay expect a catiofoctory life of tno ziroo. The foUouing  
orrcotzont was done uhich proved to Do nuCOSt oven for a co3tin" 

ou 20 hours of running of the engine. 

.& forged stow link 40 x. I" x having tuo baler 
of 	?diaat two ondaut fixed to is piston t 	.ghastud 
ubici troo kept tre3.dod to the pint ,: Suitable boating ties provided 

such that th link can t vo freely on the stud. The other eM of 
the link tras fitted to a floating link which is fixed to a ac ve s 
boos c rrjsd over a pin trhich in again supported on a stand 
ocretred to the engine frc o. The can4ote detail drauiag of the 
cctcr4i Is given herotzttho 

How the vhGlo c uncb of tiros was n do Into a s a&Lo 
rat covering vita. Scotch pa_ or 	The load tires trere chanacd 
to 23 strand flisiblo tiro each having a die of 0.00 inch. 
Ucicia plugs tore attached to each Lire end cud broight sat thrcigh  
th rc :acing Make. ( The re cent con be soon in phot3 Jo 3 
and fig No 3 	) 

w has boon dia+rasscd before that the tc3porotuzo 
of to ccti o c4 tho day n o should be t I o acme, ' 'o noc to 

►ti t connecting rod tciporaturo • To uoanuxo thin a co oi' 
ccntcsi thomocoplo ua wood for the pur rase, 
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T,e roquirc1 lcngthz of respective Area worn u. 1dc: 

in ua rcury ore. Ono of tiro 3uncti )n was plocod on tho atrfa : 

or t red.. It u is bci4 in its vlaco by scoth paper tape. Lo 
tliorniocouplo rircs also uoro taken out in tho sno fazhioa 

the strain gazo lcaia. 

T2 other juac on of the thermocouple was ploecti In. 
v1dc a narrow Labe tiled ui' h petrol and the whole tuba was ,Aamt 

ias4.caa s e o$Lask kept filled nth ice# 
Tho Qtput iou1 or the ttieraz)ctxple worn connoc e 1 to 

a portable tlQ pQtontio etor. The millivolt ro ing of tho 
1otcntiozioter for a null balance gave the tonporaturc dircct1j in 
do,rcc ccntLgrane from a celibration carve Brun before i1 not  

iuf At, 

For a theor icel aeiy8is and determInation of s cos 
at ó4.ffurent configuration of tho rots we need to have the corro&  
you .x. X161no presuros. So an arrangement was provided in t 

net up to give a rccor of the Ces pressure Yarlotion within the 

engine cylinder, 

A p, czoolcctric gic_; up was availaW.o for use * It as 

aetuelly a quartz crystal and In Cory stable and versatile in  
dyn is moaso tank, Vo precisely convert applied prQSCurOU 

to olectric char, o ; i ols. They feature high linearity and 
rootability over on ortrcnely lido ran ,o of pressures cn4'fora 
charo nansitivity from very low to very high to iperaturun.. The 
bLg1: rater&. froqunncy w ieh results fr0z2 the usc. of ri U c 
tr *aUuc.:or 4ltcicats alXote ricasuromenti Q ' high rroqucney prcawro 
v ri ction and the feat ri sQ„ tine components of ozplo+ ion cad In-- 

torni . coz3bustion engine vressuroa* Initin. probed on the  
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trisuUCOr c 1GVntn in rttcr thza one utmonphor port it.S:in; 

gno&surcient of negat ►vo pr wurcn to absolute zero. Though vC 

muca .tObLQ for dynix is Qoc1urez3cnt8, +got with suitable plif-

iorc static ,prossuros ci Sao be iuoro4 and in Loci this V }ir.-

ci92.c if nd In static coUbration of the trans cer« 
_ 	 s R G"i 	L 	 a t' 	 'F 	

-'f. ~ 	 l 	i ML► 	1 - 	4 O 

,4uurtz metal ,pros-uro transducers prosents ao 

prr;~..c in for teporaturo auasur mutt. liish tcmper°aturo -or. zcc(s 

Caro . Installation boccist. of IO )r .n of $.Insulation25U1 	rO: at 

of tL•: rens1ucurw ' hi.o ne+ c it "tes the use of to aadue r uit .a  

wi 	.. o led o ,iter uborcby Its tciporaturo is kopt tondo 

In nom. pr, sstu red ,wring installations the pro or use 

of coals rind gesIets is noco s & to cnzuro tr.:ublofrea and 

le:oof operation;* Tho scelinjsurtaes of cavities cud;p or 
aunt also DO SniCOth , CICZ1 Ond flat, so that oUoctivu sow,: e 

Do n :,.c uithout application of az s i o torque which night ,room 

dtcztrars for the t r s<h car eioont5 and threads, 3ool is 

aLso zcqj4rod for good nnintonanco of thrds, 

The o ~ ,ia nta. enijino hay: a halo tapped in the 

head oud cylinder cover uh e t :o trmsducor was docidod to Do  
fitt..d, Suit to thuptors. ucro c:osigncd and fabric tod 	por 
.raAn,; ottache . The paintL to nato in an adaptor dig 	arcs- 

(1) 	2bct there skould be no differentialo wioz or 
conta?uc ion botweon the 	for enc the transducer due to tca 	c r 
aturo chnga, This bRieo ioa .,uito of tows when the materials of 

'htCh choyarc rido ore diTTaront and a chcn o of topeouturr tCIeG 
pL co.k !.hen ouch thing h , cn,3 there is every possibility o 

tc , curs gottin j ed. read In 3ovora c sC5 of thermal s"erasGin, 

it rii1xt spoil to Chula G.yc 40CM,, To avoil this it is & ruy8 
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?rofcrda to Itvo both th::i cdcptor ticilo ;)f acv antrial t.o. stool* 

(2) 	In a diesel cy1c i ho comproc ion r4tio of va, 

&u a Vor7 iIporttint boor .nZ can tIZC officicncy of tb en;n„, tiL4 cI 

i71 tarn Is dopor~dcat on t : oance vo1uino at the and of otoo 

of t 3 on ,no. is point noods that the triAnsducor shou1L be 

p .aecd tort no to the oa4niuo which ; act doiid.s the c L tc`: ' 

cu be ao a1ort aspoe4bic, Final consi.orations in rpe is et 

of It.;. .c:nZth Is 4c finoc .:. h ving, zufficiont muitbor o ' t. oL:,!z to 

on c: o vita► both the en 1no as voU as tho picas up. 

uuortz crystcl jrossuro truaiuecr are very nuck case. 

e$t Lo to f2oicturo, t oia re lotiors down ti o insulatIon insulation 	 OCitc 
w4 ccxziotirnos it coos do :3 to such cn extent that it stops ivtna 

out ut. In one such inotico it stop od ,i rbng output rfsr 	oz; 
irnonttttzrn. It trae not ri jht by baking in 	over to US 0C and 

keapi 3 it in a d ssic atur for hors. 1oonuhilo an &..tsrnstive 
arrcn ;rncnt ; s rigged ud for the record of pressuro. 

Leon &.tscassed before 'ors that we iroivde4 a ii 

nothniaz to teo Uioload tiirod +rzt.. a3ip was taken of that c üchha' 

td.i for t king a. indicator diagram. 

The pros:urs ic up adopter aria roilscad .►y a other 
€ .t for rl ch f »tie .n t r x indicator. A cord was taken oa :fr zi  

the £10 tin link and prescod over a small puUy gave a rcta y► 
ootio., to the indicator ate. This correspoa4's to a lineor :.so on 
of t riiaton on a reduces scale. 

accorains of iiine proasuro uith an in4icotor - 1j 3i ►atoll 

not? ;r observation, Thia tics to define th arm pos tton s a 4 4 

oso loocopo, so as to nablo us to evaluate the atroso 

CorAco iondin , to iticulo crcnk snlos, £his setup is tizZ.z, .a,; 

In ' li,u 'olUo ytn„ pera rajhs. 

The engine in 4 and stroke disel one and calotecompletes it 



+ 	 ' 	 L , 	, 	I
t  +~ 
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i3 

cyclO in O OL" 7200 Of rcn1 'atttion • iTott tho Cc haft; hz:a $ :3 
opo, a duct t to half by a <c rlr a.' cz'oised #Ducal. goarn..~bic 
Corms lbt WhOf thQ onino rums for 7200 tho Cc bctt run fc 

*Thotn in tho ficuro4a stiff irron tiro bout , 'Ion 
dL c uan. hold Wi t. , scroll nt tho end of ttr oi shaft. A ojt3or 

biro "00 fLxc to a uoouen Quip by nnons of ncro end t 
adc a piano Iatu : bold on 	en .no f o. ` rho load tn face 

tho tioouon insulotc4 uiro is led to the -vo .nf a 6 battery 

the -0 ye Of the battory too and to tho terminal marked 'A' on tip 
loci r betm Of thu nuci ..osco, o.. s.` o wires loam so bare Chet thcy 
tctici oaly uhn the auction to  1w of the engine begins i.e. 
at 0 0 Craxu pai.tiou for each t + .o. 

40 the ttro tiron touch a vol t s o of the battery j4 . 
reference to the trOuud in op1Lod to the 3.ncior bores. Thee divan 
a pip on the os la noupc 	see prints of oseiUograph recozdo 
Thus bottroen t ro gips is ?0° Of t .e crn revolution of the 
engine. 

£.Pr moiploL,1 It In difficult to strain the connecting  

:x mothacaUy on t.hu of so nyetczn in the rod is a con, oc 

• Under ouch ci u etenccoen oloctticat riot: io apljcd, 
UiIth tc 	.in , r ijo .,14tfior in proviuod a cot of 10 c br t 
rO sintnrO0 The Luiob nuke4 colibratlon .arc marked with nunbo 
uIzLL Ors IrnitiJ3iOrl3 to re actiti rmsLntunces such that the 
p?Gcuct in one no 01MO 

Tho cctive arz of the bri4go when shunted bg o L!2GZ 

rcaiatcnce pro ucos a not c tige in roniota co tihic1 Is c iv cit 
to o CO2tajfl npUC .f C atrCtn and ho ico 3trQ33* flOJ UhOn such 

in4ag ooc a €n outpat voltage rcnults and the born on the 



ozoi1ioocopo gets lofloctcd. ii hou under c.U. sitzr cot tin;o 
of tz uitrurionto, tbo c oZoction of tho + c onco?o boz 

is oortiona1 to that c putcd atroos„ So uhcn ra cignol in fed 
to tizo the ocao chcnnol that tiith ciiii.r goin of the Q91ifia? 
wd oonattivity of the oaciUoco,o tho outputs uo got are oil 
prapar 	end hence ro ioy dotociino the roopoetivo otr0000a 

\ 

.1 .n 4000ci3to giro a reedyf5zui.o for uoc  
x URA i ngoo cad the cipiifior i o by Lam. 

for a 2 gogo bridt;oz 

g; ,actor 	rio. of c*! ti VO oZ3c 
= O" inch I Inca of strain. 

" Ve tooling o mplo tyllU nico It clear# 

f9 

a ctior 	3 

thoo 	 SO 

Criibrctlon setting 
Do n0 of the bon 	•x 2.8 cna. 

278 atoroincW inch 

834  
l3ozi 2..8 cap►, dater, a 8340 psi. 
Zonco I c loo r1 3 	.n* a 3070 ii 
iho tna , Stop tau iiroviuoo a bey tool for to 

protin the .rjnca frorn thto 	, of goon with oili . r r get 

oot .a t.n4 oonoitivity casuctient 





IS 

th3  .j $: Q41& s (.see Ii 5)  
Tl o cope' C 	cntc ' ho ioCcuuplo i4ch wao Ua 

tar ucc nZ rod tc crot uos cclibratcd boforo uo 
Quo ,unctLon at tbo thotiocou10 i oo p3. c cc4 in hot 

uator rntocd 1itt1oiioro tIn # DOC rnd thon nUotod to cool. 
x . O czi4 unotLou was mkt ctne ut 00C  

Tho to tin Obao1vntonEJ , ovo the calibration 
cu r o Ctt ucZzc I2c 	th. ($e fl .w)') 

CO 

7 
75 
72 
70 
GD 

GD 
67 
66 

63 

55 

3.17 
3..03 
2.9? 
2.90  
208$ 
2.00 
2#71 
2.61 

49 

42 
39 
3 
as 
30 

202 
195 
1.80  
1.70 
1.80  

1.46 

1.26  
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,,.. 	i•.~' O L O 	"U3 	P iti -0 i3k a~ (see M6(0.4) 

T10 piozo e1aot'10 ,LrQOOUrO pick up moods calibr io 

o ch tiuo boto o usc. It to boc o tho Insulation rooiotcnoo 
of t& pidmp chcntcs frut tine to two otxing to pea oation of 

£301 	, 

Tfr procedure &o tad lane to place the pickup Q7 a 

Do c ot1t 13wjc tootcr.. AD tdaptox ao to he nc o for use uitli 

UotchS o store plate: to not* the dtofln. of the aco o 

bolt. )urizia C011bratien tbe time Constant of the ch a+ C .i t r 

uc i uith It zbou1d be in the '.mot , I position* It is a1trco 
doalr j1lO 	USO c lotiOr cOnOit&V1t7 an the charo iiplU3r enn 

RoepocUvo oonoitiviti,o v+ c recorded. The. '4Uouln 

ObCz9Tatiofl3 led to ccUbrctt1on curo ( Do$ fig* 7 4 )  

OnclUacopo eoicttIvi y = I V/= 	time = 0.5 ,00 / . 
"o 	iftor =8 1 `/p b, 

l 	 5 pci.. 	 0#1 czar. 
2. 50 ' 	 002 12 
3. 1OD 	 0.4 0 
4. 230 0 	 1.0 0 
s. 	 300 0 	 2.5 0 
G.  ' 00  4.0 0 
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Itch rim durint3 o 1orimontntion ootwiotcd of th3 

follotitwj o to u . 

1) {iookttvS the lubric tioa oyotcx 

2) Chock lni3 the eon, nt oyDtcar.. 

►) 

	

	thocIdntj of the fuel p - aCo and pump 
Tho onitto i7ne Btrrte&. Afton it h ottinodI a 

ott dy opc o , 'ac, lo-1 t iroo were foriod into a roquiottp 
bridge with n0000e 	eor'tootionzi c fcfed to the I Uta Brt6 o 

n ] .flr The output of the briAgo c ti lifior is fed to the 

u rpor bcar of a dual baau 03atU0000p0. Qonotttvtty zo rw3tcd 

till ra got a rcanot blo output* ' hto is inttoatcd by the 

area the oigzl covore on the scope ocrean * 1duotoonto Of 
dUrercnt Sabo of both the bridge oapiittor an4 the oilloceopo 

were aL40 till re get a repcttng algl. 
tr i floc t 
hQ Duont oeotll0000po sera proYtdo4 with a 

(1 20 file holder' tmo mod for recording w The film ueed ie 

• lam' 200/6 '* .P,. In aaab coo the aperture oottiug ae 984, 

Jtth a reaoonblo iteasjty oGttiut3 of the light 	v and 
rieue oo to illuminationtlludLation of the ancilloaoor~o ho pboto apbo  

c7Ore trkon * The tiao for tieh the ohuttor t7co loft open wao 

biod on the follonieg of to c culctt' a. 

The swoop rata on tt 1O OsciUoacope tiao 50 n*aoc/a10 

and for n spot of light to trvol o Ono and to other and of 

the ocroon it b to cover 10 an. Gaon total tiha for t .cb t o 

obiattor Iaao to rot aia peon to oqt lto 50 z 10 fi.000 i.o0 
ia ooe. ouch that vo Cot onlr Ono t coo. hlo to irtoopoctivo 

of the pooh .on and inctit chow ',ño phut for a nd 
' o£ ore t king o ao i panto ap the to a turo 



of the ro2ozoueo Cpao*on utilisedpith that of iotivo oiio by 

addine hot toater an4 allmdre 000 tio to lot tho vholo Inth in 

Leh rot orono Mao in tzorood to attain the ooro tporturO. 

Xnccdiotiy cXtor OAO)2 photo-c'cph tho onCino mo 
otepped to r000r2 the coro level of ottn Caro botnij takon onco 

again to coo that tho toiporn.turo In both cietivo and roforoneo 

MO tiac OqUi f lSlmultnnocWly nth It ooltbrttoa ma  ado dmoo 

& oobouio of photorpiw ¶iitb indicator atat3reo  to 

raintaiwd and it mo abo roeor4cd which woe correapond to which 

photo an indicator iazo. 

Aftor comploting saah rut tho cot of photoo (rtvoo) 

kept in naftod covoro for gurthor U30 and avAlysis#  
01 
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1r, aicaotor of pioton 	rs 6.6 

2.  longth of the cnotingrod = 25.26 (Center to + cntor) 
3.  length of erg* = 00  

4.  lot otringago stn* 	din of the rod = 1*6250  
length from bgend = 

80  nd attain g too atn. 	d14 Of the rod. 	1.626" 

).ongth from big end = 12.6 5" 

60 3rd strn gtigo ate:. 	din of the rod = 1.5625" 

lenath tro I bi 	i4 = 18.12 6" 

7, light of the pinto. 	= 36.7 i.bo. 
a, 3 `night of the connecting rod = 349 lose 
9, Cry pin di for = 2,75" 
1G Crank pin length = 	ice" 
11.  Crank ch,tt dicxoter = 	* 611  

12.  flia3eter of the £3jt, 	= 36.5" 

130. Di 	titer of rope 	c I'm 

14. Piston pin 	 , 	o 	r = 1,75" 



~rr ii i3m t' It fl! 

,Let the weight of the connecting rod conidored 
concentrated , t the crant pin = W40+1 

the weight of the connecting rod dt c nsi tiered. as 

coocentrted at the piston pin =p 
then I ' U be the total Wight of the eoanecting rod 
thex we r V 

whore 	the ditcnce from the center of gravity of 
the actin rod ..4 the center of piston pin* 

h, z the diet and of the center of gravity of. the comae. 
sting rod to the center of the crank pin •a 

L = length of the connecting rod.. 

we'  
X26 

19.95 lbs. 

Up' z 	a 15.05 UUS* 
Now reciprocating mass weight of piston + Up' 

x 36.75+15.05 
= 51.80 lbs 

eO18 revolving x 19.86 lbs. 



fuU.arj1ni tablo tivic VDC&vrocatJ.negoal 	iflortici force in Xbz, 
coz o oudinG to air ci ont w ,nc c, Cdne 

DO L~~ .n~ a}~y.o fit} R. PI . 0 }~ 330 3{~2D~} 

in Do~ Lt#P.ti 1 t i7tl 	r i #L4T M " . 

# 0 1 s 1333 1267 13O 2117 

20 CO 10 336 342 

3.  12D '7*5 .4325 -55 4- 

4.  5 "325 —73+  

50 P.40 4-707 X47.6 X2.8 —596 '.555 

6. 300 435 10 388 365 342 

70 360 1435 133 3.26? 1190 1117 

so 420 436 365 .342  

90 '.707 4 47*:6 i 

104. 540 '.875 ,ass, 25 '.180 .736 - 

11. 600 '►70? .5 '.6325 5 '.555  

120 660 435 410 388 365 342  

720 1415 1336 3.267 IQ U17 

23 

Tlo 

 



m 

W P+WP 

Wf'= -WL of piston. 

21 

With refez'encb to eve fig. the toUowing table gives the 
value& of 	Pa for d tferent values of 5p,ed. 

3aai1 	'444» 350 R.' 340 - 4..I4. 330 .&£_-  
IJo. --- 

Pu P. s PXn 1 

1.w 0 0 440 00 416 0 0 36) 

2, 60 419 135,8 394 2-98 34 121. 350.5 19 

3. %W 3.5 -194 308 ** 292 « 262 02 4 .2 

4.  1.80 0 -440 0 o416 0 -393 0 	369 

50 24) -326.6 .294 -308 -'27? 2 .262 '' -2 

5.  300 419 1.35.8 e.s ` 128 i.374 121 .s 1!9 

7.  am 0 440 0 416 0 393 0 369 

8.  420 419 USA 394.6 128. 374 121. 350.5 • 3.9 
9. 480 3 *8 -21)4 308 wM 292 -262 274 "M 
10« 540 0 440 0 10416 0 3 0 
11. 600 .326.5 ,-294 8 -2 -292 r2 4 -246 

32. 9 138 394.5 1120 374 In 0454.E-5 113.9 

13. 720 0 440 0 4iB 0 393 0 3 
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