EXPERIMENTAL & ANALYTICAL

INVESTIGATION OF STRESSES
In Anl. C. Engine Connecting Rod

OK?“OORKEE CE‘,,, :
/;\/ “ Library Acc. No: '%, e b Un

Sunil Kumar Bandyopadhya

THESIS

Submitted in partial fulfilment of the requirement
for the Degree of
MASTER of ENGINEERING

in
Machine Design ( Mechanical )

MECHANICAL ENGINEERING DEPARTMENT
UNIVERSITY OF ROORKEE
ROORKEE

1963



3s

S

Ge

Te

s; Q a | B 1 E '!" a

' Page.
CiaPiai I

Introduetlons seevcsssasseovsavennss |
CilaFithd 11

Bxperimental FrocoduM@eiecaceveancsnses 4
CHePR&R 11X

EQQMGM;QI. ObsorvetionSevesessssus 19
CHarThd IV

Anglytlical Procedulre sssecessnsvsnses 22
Anglyflcul Correlation(Tables)esessse —
Conciunions & DISCUSBEIONS sensrsnvaesss 25

Appendix 1
Seuple Calculatlong sesssssessnonsss 27

ROFerancCiSevesessensssnnossnssssnssesns e 3o

v woion 6 O v waem



ELBRIALLEALSA

Cortificd that tho diosortation ontitlcd
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GLOASANY (P SYNBOLS

-3 Qrank anglo neasured Lrom I.D.0 pooition of cranksdoprecs
Angls of obliquity of tho oonnocting rod, dogrocs.

P He$ gao foreo on pioton. 1bo.

Fyp Fquivalont piston inortic foroc. 1bo. ¢

Q  Threunt on the comoeting rod 1bs =B = Pip

cesgb

Py Aminl ecnponent of the contrifusl foreo 1lbs,

Pp  Het oxinl lond on the rod 1,

Fy  Conponont of oentrifusal force acting normliy
on the rod lba.

i, Dendine ncoent ot & distanes x from the wrist pin
(1. 4nch.)

iy otreos due to i

fou Direot stress on the red duc %o sotions

A (Orose sectiomnl arcs in Bges inohs |

Sy  Tiold stresc of the materisl of the rod in pof, '
coleim ond fadtor {unity for pin ond )

% nodulus of olootielty pel.
radiun of ppyration 4nch,

e (3 ) () Qmenme



CHaPTER X
118 sl GO o
' Tho dosipn engincer is prinarily concorned with
tho detosmination of stronsos o part is subjected to undor tho
actugl conditions of lociing « The sizo 9of tho part fs so dopiped
that tho strepscs induccd arc loss thgn the strength of tho natoricl
of uvbich tho paxt 19 neado.

Rov those stross & strongth as hos boen eccapaied
on pmpor takos into geocunt cll idonl conditions. Thoy nay includo
o porfoet lomiingy o porfoetly honogeneeus natorial undor idoal
onomfoctuping conditions gud on orderly stress bohaviocur, isut oup
doy o day oxporionco vith the porforaonce of parts ftells somothing
vhich doviateos Lor froa the ideopl conditions & that frogucantly is
tho resson for tho follwee of tho ports,.

Hachine porto & mechines as ve gec thoese dayo
are tho result of iomonso hit & trial method of testing and ot tho
coat of o great cacunt of huncn effort . Bxperimentsl acience has
givoen o blow to this mothod, Ezg‘ﬁmnﬁal atross snelysis tkms ..
aimg 4in dotormining strogsos & strongth of o port undor cetual
sorvico conditions which includes deviations from oll idenkt
posunpiions npfdo in tho provious parg.

Hany foctors moke theo exg{i'imental stross paclyois
indioponsible end ofton tho only nothod of solution to conploxn
problias o A nultitudo of problons ave mot withfor wich 40 4in ¢
loboricus job to got into o thoorcticol salution ond a groot ooy
proticas nro still) lying for vhich no theoreticol golution has '
yob boca obtalned , czporincntol otross cnelyois is the gnouor
in cach cnsone Tho cdvontosze of tho ex;friaentol approoch BocsaoD
oopociclly obgious Af vo conoidor that 1¢ 1o possiovle to dotomaino
oxporinontally tho stross distribution in g mochine part in petucl
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oporotion witbout knowing tho naturo of forcos acting on tho |
part under thogso circungtmmeos, which proposition isclooarly
in-gecasiblo to cny thooroticol mothod of anplyois.

Coalng %o the problem of stress analysio
of ¢ connoccting rod of cn engino, tho convontional theoritical
notliod takos into considoration the coaponont of gas prossuro
corrpetod for tho instin offcets of piston & connocting rod &
tho bending streoso couscd by the conbrifugel foreo neting on
tho rod. Usunlly tho £
thogo foctors oaly. but 1€ con not be dofinitely said vhot

Snnexain dosign 48 based prinarily on ¢

offoct tho tcoporciuros obroos havo on the rod with runniap
of the ongino or vhat will bo tho fate of tho rod if tho
dignont is inpropor Or Semo trsion acts on the rod.

The oxporimentol mothod ig azpoctod o glve
us o groptic idon of varlotion of stresses @ thus will definitcly
be o botisr toel for the dosizn vork. The ovjoctive of thig
projeet 45 to develop a mothod of stross onplysis of onging
perts whon the ongine 1o undor running condition,

(i
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Boforc tho exprioentotion, tho figps
step vos to convert the ongino into a tust unit, Thoe work coipe
riged of the following itcange

(1) '?zovidzug sultable oxheust vater pipo
to drain out the ﬁater'frmn the ¢ylindor jJeckot.
(2) Arregonent for loeding tho onglinoOse
The cagine hed no orraageaent of logding « 48 o first hand solution
a rope~broko dyncaomotor with 1% dip cotton rope was mounted
on ono 0f tho flyvhooelss. { 000 photose 1 )
(3 Providing suitable odsptors with
both nalo « fonplo onds such that prossure trensducer or
indicater noy be ploced, ( design of edepter is dealt with lotor).

fOR STRal P

Eloectric resistance straln gapos wore
chogon o8 stroos Oransducors 1o view of 4its light welght,
case Of agpplicotion, 1ittlc maintgnenge , sucessful perforagnce
& quick avallability .

In oxdep to moasuro stresscy it 4s
accopsary to conmect tho straino gougos in a conventionnl
vhontatonos bridges

tiith o 2«gagoe bridge boving ono potive
& tuo other dumny gogo for tcoporsturo conpensption, it 4o
noeoosory that dugmy gage should not sonse any stross . Undor
thogo conditiony the ocutput of the bridgo will bo dircetly
proportéonal to tho stross in tho getive om.,

Houovor in our probdlem of dotoroining
tho totol axdnl strossos abt various points of a rod our oin
tas (o inotall o componocting gogo vhich is obsolutely dumay
Lo any stross ond at tho oo tioo should componsato tho offcet



of tcaporature of the activo gage -
1ho roquirements of tho dunny goaso
cen thus bo sumnod up on £Ollovnge

{1) It should be subjected to the scag
t.mper ature.
({2 1% should be installed at sueh a

ploco vhore tﬁfi:-a is no stress in its active dimc?ion.

{iith reference to the first point
it nay be sold that a very ressonpble temporature oquakity con
bo nodnteined by plecing tho dunny gage in tho vieinity of tho
cetive oncs |

Ilo second point requires a porfect
strain froe direction of & direction sensing very little sirpine
ihis is quite g difficult problom to golve, due to tho caaplox
naturo of forces and geomoiry of the rod,

| AB o tﬂa}., the durmy gege was ploced

in the ;missm*a fashion wvith rospect to the axial strain sensing
gozes. Following expréments vero donose

By econnecting gago (1) & goge (5)
vhich 18 pssuned dunny »

e |
BTho pocs outpul ves-2,4 <o g_.. '{:E_

of 0cops boca doflcection «» — T DUMMY
By ‘cﬁmecting gage (1) '
and =1 external gosc the pogk output vasel,5 cas. & that botuoon
guge (8) & oztorngl vos ¢ 0.2 cms,.
1.0 (1) & (B) = =2,4 ¢cas,
(1) & c8te= ~1¢5 cuig.

/

(B) & 0Bz ¢ 0.2 0.
\/



Prom the princlples of nochanico
thcoe nay be ounplysod as £0110UD.

<

-

Coprooponding &0 tho poek explosion
pressuro the connocting rod 1s subjected to a naxioven gsiol
cdaprossive strain sy — € o

them 5 Reddcl stroim = M€

Circomforenticl Stresn = M€

Ilow wvhen the output of tho oxtoragk
Gury goge is tekon into gecount, 4t gives the oxget value 0f
stress to vhich tho mpterial of tho rod lo subjoctod, boccaso
ths rofercnce gages is rcboolutoly unstrainbod.(Provided duo
tcasorcturo conpensntion hos been nede)

o with gages (1) & (5) the gage
(5) is strainod by en asount M€  irrespective of vhother
thoro 45 ony com.onont of otross thore or not. So whon (1}

& (5) oro in tho ndjocont arng of the bridge tho not cutpub

cromts to —6- ME = —((+M)E If U = 0.3 sayy

ghen catput coaporcd to (1) & oxnte 49 = <13 '% 1,5 = ~ 1.05

put cotally it 18 = 2,4.t his moy bo pceounted for due to

coopnnont of eny indotorninato stress progont in that dircction E
g0 to olliminato the coffect of tuis

atroos it vap dosided to instsll on oxtornal unstrolned gege

vhich 11l get os tho durmy.

Ia ordor to componsoto for tho ofioch
of tcaporntura of the connccting rouy i% 1p necessary that tho
durmy goge 48 cubjoctoed to Lho 530 tcaporature by hoating
the (womy gnso oxtornelly €411 it posumes tho todperaturo of



tho congceling rod.

Our object is to p.nso the axial stross only. G0
the gogos oro pleced oxiclly 8o that they moy sensc the roguircd
quantity. Stroin gegesos ofe placed es ghown in tho followving
AEIrI »

2 2
- (—- ’r——'D——L __9 NI <%

O_+—4r— ) =
= ~

2ho rod is clocicd vell with cloth first ond tihon
with: acotone to reaove chl greesy naber froz the surfuces
Tho cuvfece 18 sacothed off from yust end miner seartches by
Fubbing csory cloth ovor i%, Then onco pzaln tho surfacoe ia
trooted vith scotone end finally vith liquoz inonia to POQOTO
y acolonce
BOUEL

L

A

E

B _GadLSs -

A very thia loycor of oirain gage ecaent applicd o3
the surface vhore the goges nood bo mounted ond then ailoucd
to dry for gbout 2 hours., This proccduro gives a botter
4nculotion rosictonce wvith pospoct to tho certhe Tho fingl
stcp consiotod in sticking tho gomos vith a 1ibrpl cacunt of
eccaont ood o cont of cocnont avplicd over the oountod gogo Lo
protection agatnot noisturo or olil.

Ll OG-

Tho ieci virc coldorcd witho ¢ho stroln gage Ues
o 14 otroné flomblo wircytho din of o.ch strund vas 0.,007%
iho vholo oot of goges wors kKept covored oy Secotch povor Lo
to .rovent it {rom nocheandcal doaafee The soldercd lesds oa
bodng tcsen out of tho goajo psseably posed tho proslica of
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tho fatigac falloure of iho uire strands under tho runnin:
conuitions of the onging. di:o prodlen was soelved in the following
OcAncerse

In tho firaet instence the leond vires were dunchod cut g
o single unit by wrapping them with black tape and tohten voriieally
off md abttached to o woodon pieco faptened to tho oxhaust ceoling
uator pipe.{ sco Fig. 1)

Tho problen that arese out of this wos that wo hed <o
allow gn oxtra length of wire of the leod foy the reciprocgtion
of tho rod. tuo to thisg thie free longth of vire wss gotting
twipteds. The cnoine wos running ot 350 R.P.M; the wiro wero getiing
twigtid ond releoascd at this rate,

Plestic boing nore fluxible thon copper did not pgot
deangedy but the wires inside got ruptured owing to fotigue.

This twist vas preducod by having s loanpger loed vire
feotcned €0 the wooden picce gt o rmch higher lovel. dut such
hipgh speed the buneh of vires ottaincd sufficient inertia to
£fly to the path of crask ond foul with 1%, As o mosult of thig
okl tko stroin ptges vers pulled off whon the lead wiroes ot
wound vy with the crookshoft.

The noxt stoy vas to attach a piecc of fron rod of
chout 3/4" dia to tho vire bunchy; vwhieh, it was hoped wild
provont the wires froa getting tuvisted whon the nimioum loagth
¥.8 1u getion. The free longth of the rod was gutaed through
a glot provided at the cnd of o conduit pipe. The arrangcacus
follcd owing to tho digficulty oxgrienced in guiding tiac
supporting rod to a propor path,.

The noxt arrengeacnt tried was to toke up a bond
conuudt pipo abtoched in o similar fashion to the engino frunc
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end coxing down vory closc Lo the path of tpavel of the coanociingy
rod ( ooo flg= 2 ) iIbis nlso figured dpuly ouing to the
fatiguc of tho notol wiroes inside the floxible wire.

1% vos concluved from tho above XY fallurcos that
tho vvirc wore £alling duc to high froquoncy of roversal of
stronsos in tho wiros,

1% vas thén docided that if the rolativo motion Letuoca
tho connoceting rod ond tho lood viros is reducced to o minioun
thea o Ray cxpect o satisfoetory lifo of the wires. The folloving
grreagonont was dono vhich proved to bo sucoss oven for g coabine
oun 20 hours of running of the cngine.

A forged stool link 31/4% z 1" x 6° having tvo holeos
of 3/4° dia ot two ends vas fixed to the piston through n stud
which voo kept walded to tho pliotons Suitoble boaring was provided
such thot the link can movo frecly on tho stud. The other ond of
tho link wes fitted to o flooting linis which is fixcd to a moveblo
fiéna corried over a pin vhich ig ngoin supported on s stand
serevcd to the ongine freno. The aoaplote detall drawing of tho
sypica i3 given herouith, |

How tho vholo vunch of viros vas nzdo into & single
unit covoring vith Scoteh pn or toge. Tho lood mfas wera chpnged
to 23 otrond flixiblo vigo occh having a dig of 0.00 4nch .
Boua plugs vore ottachsd to each wiro ond egad brogght ont thraengh

tho geiuvcing linko. ( The nrrpngonent con be gsocon in photo o S
end Lig flo 3 )

Ao hag beon discussed beforo that tho teaporaturc
of Sic cebiwo cad tho duomy gogo should be the seaey Ue necd o
knotr ¢h0 connceting rod tcaporaturo « To noosuxo this a copper

constrntoen thornocopplo ven uged for tho purposc.
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The roquircd lcenpgths of respective wires wore woldod
in o Qorcury orc. Onc of tho Junction wgs ploced on the surfger
of tiz Frode It wus hold i its ylaco by scoth paper tape. Tic
theroaocouple vires olso vore taken out in the szne fashion as
tho sirain gage loads.

Tho other Jjuncfion of the thernmocouple was ploced ine
glde o narrov tubo £i1lcd vith petrol and the wholo tubc was ploccd
insicdc o thercosflask Zept filled with ica.

Afm autput loads of tho thermocuple wors connocted to
a porioblo the patontiometer. Tho millivalt regding of tho
potcntioneter for a null bolance gave tho tooperaturc direcctly in
dogree centipgraue from o cez.,igration curve drovn beforc ofii sot

in front.

For a thooreticnl sislysis and dotermination of strosses
ab aiffurent configurstion of tho rod we nocd to have the COXroge
ponding englae pmséuras. So an arrangeniont was provided in tim
set up ta. givo g rocori of the zos pressurc vaoriagtion within tho
engine cylindor.

A pleozocloctric ple: up vas available for use « It was
cctudlly a guorts crystal and is vory stable gnd versatilo in
dyacide ncasuromonts. Thoy prociscly convert gppliced preacurcs
to ciectric chorge clgnals. Thoy fopture high linserity and
royoubgbility ovor an oxbromely video range of pressures cnd Bniforn
chor e sonsitivity from very low to very high temporaturcs. iho
high ratural froqueoncy which results from the use. of rigid ¢uariz
trengducer clipents gllovg noapsurenent of high froquency profsuso
variagtion and tho fast rige.tino components of eoxplosion cad inw

toraul combustion engino pressuress Initia. prologd on tho
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trgsuncor cleacnts 48 grogbor then one otmosphor poraditiing
mogsurcaent of negativo prougsurcs to absulute zero. Though vory
muci suitable for dynoaie ooosurancnts, oyt with suitableo gaplife
icro static prossuros cga algo Lo moasured gnd fn faoct this Lline

el le 4f used in gtatic calibration of the Cronsducer.

wuurtz erystel prosoure transducers presents ap
prousa in lovw teaperaturc acasurcaonts. High temperaturc wors a2cods
carciuvi instollotion boeousi of lowering of insulation rocistcace
of tlL. ¢ransducer. “his noccasitutes the use of tramsducer wvibia
wavoy «coPled edapter vhorcby its temperatursc is Kept douvas.

in gl prossuiv measuring iostallations the proper use
of souls and gaskets 18 nocossury to ensure trioublefrec and
ledinioof operption, The scoling surfaces of cavities gud gdepbors
must olso oo smooth , cleon gnd flat, so that effeoctive scal cu
bo niue vithout gpplication of cxussivo torque which might provo
Glsgstrars for the tCransducor slomoents and threands. Bealing is
also required for good maintongnee of thrads.

The expfimental englue hou a bole tupped in tho
heod cud eylinder cover wvhore the tronsducor was decidod o bo
£itv.de. Sultablec zdaptors vore vesigned and fabricutod ws por
drowing ottacheu, The points to note in an odapter ddsign arcs=
(1) Thet thore should be no differontial cxpunsion or
contruction betwocn tho sdgptor and the transducer due to LCayEDe
aturc chongo. 2hig buconos ulto ob¥tous when the materials of
vhichh “hoy arc mede oro difforent wnd g chaenge of tempseature tckes
plgec. Vhen such . thing hoppens there is every possibility of tho
&tsro_puri;s gotting Janmed ond in soverc cuses of thormal stresoing
it night spoil ¢he wholo gysica. To avoid this it is slwuys
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profercbto to hrve both tho cdgptor ncdo of scmo nalriol feoe olcol,
(2) in o diesecl cycle Yhe coaprossion rotdo of vau c.gino
hug « vory importunt boaring on the officioncy of the enginec, uwuich
in tarn ic dopoudent on the@eoargnee volume gt tho ond of girose
of Tl onginc. This point neods that the trunsducer should bo
placcd vory noar to tho ongine vhieh LGfset demeands tho cdgptow
shoulu Do as short as posililey Final considorations in rogycct

of 4%, length 49 dofincd oy having sufficiont mumber of thrordis €O
engcs0 vith both the engino as woll as tho plck up,

Juartz cerystol pressure triansducoer are very much Casce
eptible to moisturo, {lolgturce lovers doun the insulation Fosisicies
and gonetimes 1t goes dowa to suceh zn cxtent thaot it stops jivdng
cutput. In ono such instmces it stopped giving output durin, Cxupw
imentotion. It was sob right by boking in sn over to 115 9C md
keeping it in o dbssicgiop for hours. Hoanwhile an zlternative
arrongement was rigged up Lfor the record of pressurc.

As has beon discusoced bofors that we proivded g lias
nechgiiay to teto the Zcnd wired out. Halp was taoken of that nochoe
nisn for taking a indicateor diagren. o

The prossurs ploik up a&a;;wr ves roplaced Ly caothep
edpptor vhich £18s in €0 aa indicator. A cord was taken oul £ron
the flopting link md prcssed over g small pully gave a ralwy
notios to tho indicator drum. This corresponss to o lineuar wuotion
of tuo piston on a rpeduccd gsegloe,

decording of wngine pressure vith an indicabtor usupitgted
anobler obscrvation, Thio wes to definc the Qrenik position 0a Ui
oscilloscopoy 80 8 to encblie us to cvaluato the stress .
Corrcagonding to porticwde eronk angles, fhis setup is exdidoc
in . follmiing perasraniiSe

The enpgine is 4 and stroke disel one and camplotes i¢o
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cyclo in omory 720° of orcak robbtion . IJow the ccm shaft hes 4¢s
ppecd roduccd to half by a perdir of crossed holical goarse shis
noeag Ghot whon tho ongino suns for 720° the ccn shaft runs Lor
3c0%,

Ag ghovn in tho figuro4a stiff irron wiro sbout &/1G7
dia vos hold through serov at tho ond of ths cm shaft. A sintlor
viro vao fixed to g wooucn otrip by means of scrow end tho
veoden picos lotor hold on ke ongine focme, Phe load wiros fren
tho vocuan insulpted wire is led to tho -vo of a 67 bottery
tho + vo of tho battory voo €od to the terminal narked 'A* onm tho
lovor boa of tho oscilloscopo. Thuo wires vore so bont that vhoy
touch only whon tho suction strokeo of tho enging boging 140.
at 09 erank popitiou for cach eyclu.

A8 tho two wiros touch g woltaze of tho bgttory wvith
roforonce 0 tho ground is ayplied to tho lowor bocm. This gives
@ pip on the oseil.goope { sco prints of oscillograph records )
Thus betvoen two pips 13 750 ° of the erank revolution of tho
engine,

vPrinciplos= It 48 difficult to strein the connocting
rot meehz:niéauy oo the oiress systcm in the rod is a complox
ofe o Undor such clrcunotonesg oa oloctiicol mothod 4o applicde
Hith tuc 0llisn bridge aaplifier 1o provided o col of 10 cclibrating
roplotorts. Tho knob marked colibration are morked wvith nunbors
vhich arc mulfipliors to rogpoctivo posictaences such thot tho
proauct iso ono nogolk.

The rcbive aro of tho bridgo wvhen shunted by o kncim
rosictouce proaucas g net chouge In resigtonceo, vhica is oguivolcat
o a ¢ortoin specific siroin and honeo gtross, How vhen such

ghunviag oecurs cn oulput voltoge rosulfs gnd thoe born on tho
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opcilloscope pgots dofloctod. Thon under cll sinilar settingd
of tho lnstrunonts, the dofloction of the oscilloscopo boa
is progortional to that computcd otrons, 80 vhen o signeal Lo fcd
to tho oo chennol thon with osinilar gotn of the caplifior
ond gensitivity of the osellloscope the outputs wvo get are dll |
prapaz%al end hoence wo moy dotexnino the rospoctive strossos
ounilye
lxnoginentntion se

&l1ic associalod give a roedy fornuls for usc
uith SR gngoo cad the aplifier nedo by then,

sbup for o B goge bridgos

.-“«uda'-r

Geco Toctor > Tiow of ectivo
= liiepo inch / inch of stradn.

Tho foallowing oxcupleo vill nmake it cleawm

totion = & Oocilloscopo sensitivily
Gogos © L& Be = 2 av/e.
Colibrotion sedtdng = 3.

Béfln._. of tho boera 1 Bo8 cmb.

Thogoforo otroln o % " %__

arns

= 278 nicroinch/ inch
§0 , 0 otpoos © 278 5 10™° % 20 z 10°C pos
= B3¢0 polk
Bou 2.8 cus. dofin. = 8340 psoi.
Honco 1 ¢ase doflna = 3070 pdi
Tho £inol stop tkup proviues s hendy tool for intope
proting the sipgnolo £ros %hio pode , of goges vith oinilor goin
sebbing ond scnodvivity cdjustaont.
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Tho eopper coantonten thornocouplo vhich wan unced
for noosurFing pod tcaporoturc wos colibratod boforo use »

Quo Junction of th2 thoroocoupla vas ploccd in hot
vator polocd 1ittlo moro then £09C ond thon cllowed to €00l
Tho eofid junction vaos maintcined ot 09C,

Tko folloving obgorvations gove tho calibrotion
curve cbhachod horovithe (SGCMP’T)

1e-6,

Tcaps 4n S Bage &n 0V Teape.in °C By e o 4in oWe
& b PR &0 2,02
78 D34 43 1.85
75 S+17 45 1,80
72 3400 ag 1.70
70 2,97 39 1,80
15 2.20 36 1,456
€8 2486 33 1.4
o7 2480 30 1,26
66 2,73
é3 2,61
€2 2040
55 2,39
&3 2:.2@

83 2.18
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_PICL = GF g= (see Photo-l)

'Zb;a piczo cloctrplie proosuro pick up poodo calibrpovion
oach tino boforo usc, It 40 bocemoe tho insulation ropiotconco
of tho pickup chenges froa tino to timo oving to pormoation of
Roiglurce |
Tho procecdure edoftod wvas to ploco the plckup ¢a a
Docd volybt gago tooter. An cdoptor was $o bo nodo £or uso with
it ( soo fig= 34 ) ' 4
Holghto verg placcd to note the dofln. of the seopo
borie vuring enlibrzotion tho timo constant of the cha:geuczplifmz
uscd vith it should bo &n ths YLong ' position. It 10 alueys
dosirpule o usc g lowor gonoitivity on the charge eaplifsr and
o highor scadstivity on tho 5eopo. |
Rospoetive soncilivitics wore recorded. Tho fallouing
obgorvations lod to cdlibrobion curve ( soe fige784 ). |

Opetllopopo sonpitivity = 1 v/ea, time = 0.5 nuoec/ca.
Chargo mplifior o 8 nov/peb.

1o, B T PEaBORRG TGatput ~
1, | 25 pol. Ok e

2s 8 ® 0.2 ®

3 | w0 @ Qb ®

4, 20 ° 1,0 *#

Se 300 ¥ 2.0 *®

G 00 = 4.0 *®
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EXPFRRIETR < PROPIR
Ench run during ozporinmontation conoioted of tho

folloving 6topiite

1) Choeking tho lubrication oycton .
2) Chocking tho go:lant oystom,.
3) thoeking of tho Luel pao oo ond punp »

The ongino wns started. Aftor 1t hod attained o
oteady opcod, ftho lead wiren wereo forned inte o requinite
bridoe swith noconsary eonncotions ond fod o the Ellio Bridgo
ammlifior. Tho output of tho bridge anplifior is fed to tho
wpar bean of o dual boon Oselillogeopd. Soncitivity uos adjusted
$111 ve got o rcasonnble outpubts. Thioc o indlsated by tho
aren tho sigral covort on the BeOpe sereen . Adjwinento of
L fforent knobs of both the tridpge naplifior and the clioscépc
vere made $11) ve get & repesting oigmol.

ftrain Rogordinmi-

Tho Duaont csollloooops canera providod with o

{120 ) £1lo holdor was usod for recording . The £iln used was

+ TIDUY 200/8 © ASA. In onsh enoo the nporture sotting we £8.
J4th o reacomablo intemsily sotting of the light baon, and
poxirun gealo 1llunination of tho oseillocoono ¢ho photogrophs
vare tnkon « The tine for which the ohuttor wno loft open wao
banod on tho £ollowing oinplo onlenlation.

The swoep rato on the oscilloocops vas 50 neoce/en.
ond for a gpot of lght ¢o travel £ron o ond to othor ond of
the seroen it has %o cover 10 e¢n» Thon total ting for uhieh L0
chuttor hao to rechin ppon 10 ogqualdio 59 = 310 = 5O0NWCCE L.Ce
1/2 cooe. such that wo got only one tw:go. Phio is irroopoctivo
of the popition and iswtant vhore o chubior opons.

Boforo ¢ king oach photorraph tho fomporaturo



18

of the roforcuso gone oo ogunliced with that of netive one by
odding ot vator and ellowing sono tine to 1ot tho whole bath in
vadeh reforones pppe o fmacrocd to attodin the onno tonporaturo.

Innedintly aftor each photo-praph tho ongine wao
otopped to Teoord the goro lovel of airain. (aro boing %aken onecoe

apoin €0 ooo that tho teaporaturo in both aotive and roforoned
rage wao oqual. Binultanocioly with 1¢ onlidration wmo also doie,

4 nehodule of photographs with indientor 8leprens io
mintainod and it ono also rocorded vhich ganes eorrespond to which
phote ond indleator dingran. \

Af¢er gonploting ench run, $he oot of photoo {nosntéves)
 Eept 4n markod oovers for urthor uso ond &nalysis.

Tho exporinont wos confustel for 3 ouch stations,
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2
3¢

Se

6s

7
8.
Do
10,
1l.

13e
14,

2/

dicnotor of pioton - G,56%

lonzth of tho coanoeting rod = 25,26% (conter to ccantor)

longth of crenk = G®

1ot otroingago otne dia of the rod = 1,625%
length from bigend = 9,257

2nd stroln gogo otne dia of the rod.= 1.625°
longth from big end = 12,625%

3rd struin gopgo otn. dip of tho pod = 1. 6625%
length from big ond = 18,126%

Wedght of tho pioton = 36,75 1lbo,

Hoipght of tho connoceting rod = 34.0 1bs,

Cronit pin dicpotor = 2,759

Crank pin length = 2,75%

Crank shoft diemoter = 2,87
Biancter of tho flyvhoel o 36,5°
Pignetor of rope o AY

Figton pin digaoter = 1,756%
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Let the weight of the connecting rod consideted as
concentrated &t the crank pin = W,'
the weight of the connecting rod considered as
concantrated at the piston pin = Wy'
then ££ ¥ be the total weight of the connecting rod
-~ then We' = W i’l
ﬁp e W ..3.32..

whers bp = the distence from the contor of gravity of
the connecting rod &@ the center of piston pin.

he = the dlstance of the center of gravity of the connge
eting rod to the center of the crank pin .

L = length of the connecting rod.

We' S8.2 14.408
¢ 8 ® S5
= 19,88 1bs,
Wpt = = 15,06 1bs.

Bow reciprocating mgss = weight of piston + Wp!
= 36.75 +15,08
w 5180 lbs
nass revolving = 19,956 lbs,



Tho fallouing Sobdo givos £oeiprocatdng inertis fores in lbs,
copronponding to uiffceront unging gfocdse

B e T B R . N, Ropes  Aobeils
[ AT . : :
. © 106 1336 1267 g0 117
2. €0 435 a0 g W6 3w
3. 18 <07 =G67s5 G325 -85 85
& 180 <76 825 <780 =736 =088
5a 240 =707 =3507,6 832,86 =586 =555
6. 300 436 a0 388 365 342
7. 360 1445 1336 1267 100 1117
8. 40 435 Mo ms 365 343
9 48 <707 667,85 6325 o595 =556
10. 560 o875  =G25 =780 o735 =083
1ie QRO «707 »3057+8 =632,8 o856 =583
12,  G&o 435 40 388 - 366 342
13. 720 145 1336 1267 100 17
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A
q’ Wet We r Y
Wp;t.‘Wt Qf pishm. ' N

With reforencté to sbove fig. the following table gives the
values of Pu snd Pa for different vaglues of speed.

T GGOR.PeNe 300 HaPeH 380 RePais P alia

Bo. angle - e ———— —-
n Fa Fn Fa Fn Fa - M Felin 1

. © 0 440 00 456 0 293 0 360
2, &0 ‘418 136,8 294 128 374 121 535045 113.9
S, 380  826,6 ~104 308 =277 202  «262 <274 =246
4. 180 0 =30 0 =415 9 ~393 0 =369
Be 240  w326,5 =204 308 =277 w208 w262 =274 =246
6. 300 =439  135.8 ~3045 128 . «574 181  ~350.5 113.9
7. 360 © 4 o 415 ) @3 o0 30
8. 420 419  135,8 394.6 128 373 121 3950.5 113.9
8, 480 306,56 =294 308 «277 202 =262 274 ~248
0. 54 0 ~340 0 ~415 0 -393 0 «365

1. €00 #3265 -294 =308 277 «202 = 262 w274 =246
12, 60 »4l9 13598 «384,5 128 -374 121 »330.,5 113.9
13. 720 0 240 0 4186 0 23 0 36%




INDICATOR DIAGRAAM'S ComRESPONDING STN 2




INDICATOR DIAGRAMS CoRRESPONDING STN -3




DIAGRAM - SHOwNnG DIFFECENT ANGLES ﬂ ¢
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Tho tracos thnt Mave bocn obtained f£roa catholo oy
ooeillodeope vhon suporimposod on the theorotical one plve
n fodrly ressernnble speocnont betweon the tuo at peak
pressures. Uith the oxplosion strolke the wnluos coo indely
apftoront. This ray bo 4us to cordain torsion vhidh nm on
tho red. Thio my not beo oo significant ot penk prcsowre,
dud ony dooono significant at othoy lovor mrooouron. Thes
the oomponamt of strcsoen arioing due to Sriot may affoos
tho axial gtroos,

~ The oxplosion enwoes o ohowp chango in stress levol

slpnoet acting 1ike asn inpwliso and f£ollo deom quiekor thon
theorotical one. Thw rato of chango of clopo of the ;rveg
inGteaten that tho responso of tho comeoting Pof in rospoot
of streps 48 not oo prononeed at lover pressures 6s 1t is
&% highaer prospuros. Thic faot ray be duo to the ¥od being
otiff cnough to o otressel by seall prosouwrec. '

| Foaporatare conponsation rothod Lo alse 1inited 4n
acowrcey by the sonsitivity of the pbtenticmoter wede
Howovor tueh ¢are Imo boon faken € note the goro lovol by
ptopping the ongine irmediatoly nfior photograptinn o
ponticular frooe, but it fo smro thed thio nathod io oot
very ncourate .{Error in tenporature gooprucation will omly
rogult in vorying tho gore lovel otrain, but ﬂw whole patiorn
will romedin unchorigod. I$ 1o prosened that otill bottor
sonpainoon could bo astived by ncting thio point carofully)




Pronr tho conbinced photopranh of otrain & protowre
plok up oimnal it ¢an be noted that ponk otrcan ooours ot
explooion point of thoe ayole . How tho arrangenont for looe
| ating the dond contress enn not bo used cinmwlt anconply
. tith thoso, Thic moono that either the mero po oition ox
oxplosion position de indoverninato im s dual chamel
neagurenont ohoro one channel is already Diocked by the
stroin oigrals

gie Indteator dingran dooen act socouwrntely locate
the ponk oxplesion point. Ao cush slight manipulintions
had ¢o bo dong in suporinpooiny the thetzobicnl curve on
the oxporinontnl ono by Winnming the too posks undar tho
aang vortieal tine. This might have gaused oons Lnscouraoics.

Thoe ozpordmental sot up thot hine beoen doncloped in
thie vay unceds furthor dovelopsont. I may be pooible to
oueloso tho 1cad wires vithin o ooil spring attached bote
woon tho rod O tho fleating link. Thio wil) further lowor
the stroos on tho lead wires and 1% w3y be posaidlo
to yun tho engino contimously vith out trowdlo (of lcod
wiros} for longor howro.

Yerthor work in otress analysis will conprics of
dotormisntions of prineipnl otrose and otrosped in varioun

M reotions on tho rod.



AERTIRIA X

g &-"H“LE Cé&’ 'ﬁlbﬁd‘;_.)ﬂ §o-
4 oraplo celeulotion 4o shoun bolovie

Lot ug tuo 8th pording of strain pgago stn, 2 1
Indicaotor dlogres no = 3
Proa andicotor diogrens

Progouze (p) = hodght of tho diogeca X opriag no,

2D
———— g 20 Dd e
a% x 2008 ©0Q pod

Gos foreo P o p 1 Avoe ©f tho pioton = 20 x 33,1 = 2E0psR

Equivolont piston inertia foreo { Fip )
Uedpht of piston < vis of conue rod concotrated ot tho
~LdEkan nin X

E=2

i
aecleration of piston

36°7s 41505 ((os@-t— Cgf_g@)
"

v 2
_ St-so. 2R. 360 < (c, sz qo
= 222 X ——2—-:—) * /2' s 420 + -4'2')
= + A35 o

@ o Cmnonoat of gan prosoupe corractod for ineortis effectc of
pioton nd sonnoceting zad, aetz.éxg exialy aleng tho rod,

P. Fep, 2980 - 435
C°SCP Cos 12

4; j,m‘a | M ololxevyllaj %ﬁ“ r;b “e! w%? YOJ.

2600 “’_"'

-

-

F.. B Cos(o+ 45) ] l;fas--v (22360 - %(42010,)
o

= 12385 ¢ "”

F, . net a,,:cl load . F;ﬁc;{ -~ 2600341358

= 2735‘8 !b_g_
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Tho bedy of bho rod 49 trocted ns o colunn with pin ondg
subjoctod to wn sdditiongl bonding losd due Lo the ineortip of tho
oscillmting rode The stmaa duc to calumn aetion,

feg o

A[t o, ‘V)J

W L\M‘L Wee :sH mba[s ")owc

thev Mma{ S\'orw‘fiw. (‘“’f“ Clos&

' 1 d . 165,
Now olia a{r“a\.}c s 2 - % LK Zé= o

o Avear: 2zojm’

S) 61$SWOJ = 9o dcofV).'.\’

qu‘{d‘ r" l ' - = 0'484ry

-3 R =
- 28-25
, 90,000 x .Qh-——l—.J

XAX9 B x zox10® O’ et

2/55 &x O 6%4: 1BES I
_ CA + S el ComfprTEsin
phen)
Agaln thcz inortia fores duc to the rotating oass is glven
by Fy =% o
4 F‘h o T Cmbom"
ac'w—ta ‘hmo\”aﬂ

P

- -

Loao DISTRIBUTION

Ilow this forco rooulip duo i;o thwo ro’cation of t.ho CRLlle
Tho exfior volocldy 4o spo ab the piston pin cnd naximun ob ercab
pin cueh thot Shio vholo forco ooy Lo asoumncd to bo disteibutod
a8 o0 ot the piston pin .l nonfnwa of erank pin (seo £ig obove e
Thio incicaton thot tho CoGe of tio tripngular locd distritution
cess o6 o diotoneo /3 L €ron tuo pioton pin,

©ho bonding momant ot cny soction of tho rod is
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M,cg - cohere >¢ s I dashonmce
EXR
from twi const k.

& W has Cace

£ 12-628 ( 26252 ;2.52527
-

' B 2528%

o

= 316F, = 216 xd419 = 1222 Ibr. %C{:

- ds =4 _hg\
Now Z -fav e seckion = I/a z 7’/3’> = 3—:—3-:—2 * ('/3)
4 > 092
; R M,. |/2 s 232 Mx z 2 28 x1322.
MI - _3'40 M( -Im-'tj
O Nek shees - }M,*a(ci
; -3 ’404‘ (86$‘= - |27§" M (W(":)
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