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After an introduction to the nG~d and scope of balancing in machinoryj 

single cylindc:r~ -in-line. V- • re.diEll.end opposed engines ll."lVG been cons:iOO:ll 

in succession and attempt has bean made to shot'! to what degree :it 5.0 pooo.ibJ 

t<> .z;-ea.1:iZG the condition of balance- _ in. internal combustion enginas. An inde 

of unOO'lpnco, dtW to Pz>of. !:iecoot EZ'aolan. haa been added to oach ang1nG, t<J 

ShOVl i.ts otata of' b."'a:nco. Ropotitiml has been tiv"OidGd nllerover two engines 
are similar as far as bo.lanoing is concamod. and the first procedu-rc- is rej 

rod. to • 

. t!atI;v tl.'lmlks arc due to Prof' .. ITecdet Eraslan for his kind di.raction and 

advices vniile this thesis V~$ being ~tton. 
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LIany'moving parts ofma.clrlnas haw'reciproca.ting motion 1.iL.--e that of 

the piston of an eng:i.ne. or rota.t:1.ng motion such as that of the crank shaft 
.. .. 

If' movlng parts era not :in perfect bala.nceo1! ±f' the ports have ve.r:ia1i!.o 
" :! 

moti<>ll :inertia :forcet;"l are sat up that 'tend to IJr,oduce vibrations in tlw:iraoo 
", .. : J 

of the machine. and hence in the foundations to tt'lich tho £.t'D.mG is attached. 

Such v:i.brat:i.ons. particuJ.arly if they occut" at high speeds may produce ox-, 
cass:i.w 'nOlU;l£l. causa undUe mar· on 'the tm:i.c1timry and :ttsaupports. Purthor-

• , • • l ,~ , ~ • , 

, mora if the na.tu...1"3l period of vibration of any part of the supporting frame-

work or foundation should'happen to co:i.ncide with the per:i.od of vibration of 

, too moving part. tnadisirurbanceasaii up could become dangerous. The P1.1Z'POw 

of .baJ.anc:lng is to neutralizew m:h'rimjza these UllpJ.easant da.ngorous vi.bra­

tor-.r effects as' far as rna.y' be· pradiicaJ.. 

'1:he causa o£. this undesirable motion lias intarel:9' in the masses and 

, motion of the piston aasembliesand connected rods. It is not duo to tho 

vibrations .inga.a 'preasu:ra, exploiaionetc. 1l for on eVGry :f'iril'lg stroka the 

t'orce uptm.rd on the cyl.inder head is equal. to tho force douaward on thapiD'fDrI ... 

.so that the not force en the ent;3.ne assembly :I.e zoZ'o • 

.An engine is said to bG in balance. man operating a.t constant speed, 

if ra~tionoat the support remam constant both in ma.grl'l.tudaa.nd. dirGction. 

If' it does not satl.sfy this conditl.on the operation to maL.'"e 'it balanced is 
called balancing. 

t10ving parts may bG in. (1) sta.tio or (2) ~ balance. 

Static balance exists if the, center of e;t'avity of all. tlw mov-lng parts 

remain in a fixGd position relative to thci fJ.:'a.rna of the machine rogardloss of 

tho 11os1tions of the parts. it system is m dy,namio balance uhen the :Wort:ta. 

SIudenl: • 
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forces . and couples exerted by tha mov1Dg maSses art)' m -equilibrium among 

themselves. 

DYHlllUCALLY EQUIVALEUT SYST!:.""'M OF THE COrm3CTING ROD. 
I. 1 - • 

A member is defined as~oall.:r aquivalantto .an actual. member of 

a macld.ne.wid can hypothet1eally be regarded as replacing that aotUaJ. ClombeJ:9 

(for the purpOSGS <rf dy.no.oic ana.lysis). if' it ,."lll exhibit exactly tho same 

raapolWe to given i'01'ees.andthe sarna Z.~actiOIU3 to given acce:tol."'ations. as 

tho original.. 

The connecting rodm tho s:!mple e~ meohanism is a memba~ ili uh1Ch 
. there :1.s no fixed point; al.J. points upo...'1. j.t bavo different motiomi. 

, 'Fig~ lb. shooo a.n:! floatmgl:!nk. having diatr3.buted rJaSa. of' total 

vo....l.oo m. It llaSan accalara:ition'D.6 of its cante:';' of Bl!'avi.ty G end an an.gula.r 

accolamtionC(. and thus :lnQrtia. reactions £=maG and q=IG.a.. Fig. lb. shows 

a rigid f'rall'l& of exactly, the same shape. but t'lOightl.ess" excopt f'or tIm :faat 

tha:t :i.t carries trio massos m:t. and ~ distants. b from the point ti"ll9re G 

woUld be if it \lara au.pe~imposed on tha or~. NOt'! the latter '. f . ~' 

f 

(0) 

FIG. I 

.. ~, 
.. I ' " ~- ..---

,~ 
~, 

1 

t1il.1. bo equivalent to tho fol:'l:l"'..r, d;9n.a.ruically. if the vector sum of tho two 

il1ertia forces i'j}:,andf2 is ~. both in direction and magnitude, and if' too 
moment of f'l. ano. f2 about G :is q., 
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.. This vr.1l.l be a.e.compliahad if 

~. TOO· e.G. of' Ill:J. and IDz js at G. 

2 •. The sum of" ~. and'~ :is still m 

3. The moment of :l.nartia of' ~ and. ~about G: j.a In-
, . , .' . .' . 

:?hess expressed mathematically are: 
(1) 

(2) 

(3) 

Page: 

3 

WhO~ kG is raili.1:lS of gyration of tho rod about centor of grav:1ty-G. Tl!.o 
third may 00 transformed as follo\1o: 

Using oquation. (1) 

- . 2 
{m2b)a + (~a)b= mkG 

(~+ ~)ab:;; ~ 
2 ao =:: kG (3a) 

Bquivalonco thorefO-T'G demands the satisfaction of three conditions. (J.)~ (2) 

and (3a,). 

Lets find the dynamically oquivalontsystem of an actu.aJ. connecti..11g rod. 
--. -" ------ - ------------~------.--. 

~ 
.. -

1
· . .' c~ 

. . >"'t ; 

F\G.2 
'------------------------___ ~, .. _,_ .. _.~._ ..... _ .. ~, ... _~._ .. ~.,.'._ .'. _. _ .. ~J 
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Equation (3a) shows tbat:l.£ the distance a. ;Ls:fixed, b can not bo ohosen 

arbitral"ily butia given by tho relation: 

b~.~G 
-a, 

If' m raplooa Ill,_ a.t D. the position of lllg is a'1.ven by equation (.3a). as a.t 

point E. 

This point E js then the conter of' pGX'C1lOSiOll 01' the con.nocting ~od uith 

respeot to pointD. 

If' 'r.1e. repl.p.ca a mass r~ a.t n and tI2 at A such that LlJ. + M2 .= m. Fig.3 .. 

a. llew system \7i11. 00 obtainod \'lhosa center of percussion may be found. £rom 

._._ I' 

m. GA .. KG 

I~------·-- --
i 

1 1.-: 
~"""-;--------- .,. -t 1 -----'1:----;""1 

FIG.3)4 

~e -~o th~'--'f~~ o;--~~e eo~:;'-~~~~-~o~ KtG) KG-el1d"G~) ~:---;e:ro;~ 
the lleW system 2s not oxactly dynamicaily oquivalent to the actual. connecting­
rod. 

I Date: MAY J.. 1961 
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However w may consider the 00\'1 system ~ea.lly cquivaJ.ent to the -

actu1 cor.!1Scti.ng rod if 00 .i..'l.trodu.cea oorreo"liive connacting-rod momont. tic. 
: 

RefGr'i:dng to Fa.g., 2. 

~.+~=:m 

m:ta + 1l2b = 0-

e. 
~ -= 'tm &: maL 1'.:1 rna 

Ta!d.tlg momont about point B:-

XL + Mom ".l.. 2 

fJl.a + ~i?f :; 0 

M2 1:I-Ym... t!21.::a mn .. 
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1li:f'£erent~'J.tins mth :respeot to tim9 and raplac:ing ~ 'by. uJ • 
dt 

2 2 
n ..... (1-L}o.m $:1-) sin 
wv = 2 2 

(l-oin ) 3/2 

Referring to Fig. 4.~ the rdstoll displacement is given by: 

x = ~ + 2- r eosd - 4.(0 S I~ 

= r[ 1- oosCX+ t {1 .. a~p i] 
Using cosp:: v~_ 520inZ r;x' 

x= r[l - COS 01 +.! (J.- vi -f£dli2 cX·) 
. ~ . . 

(J.) 

ExpWlding tho' tem under radical by binomial series and nogilioc.tir..g tho tell."'l 

af-lier A 2 (Since:A is .usualJ.y ~bout t. :the tOl."mS b~yond the squa.ro may bo 

dropped Vli.thout appZ'Ociabl.e orrol. ... >. 00 gat: 

(2) 
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1)jf'ferentiatil'lg v.tth raapGct ·1;0 timo • 
. , ,. . 

This axpross20n .for P may bo ur2tten 

OCImuSTIONEJJGInES 

(3) 

(5) 

(6) 

The t~;r,n F:r = ~ J cos ex is called too :i.nortia. forc~ of £~t ordor and 

FU =t. m.rJ /1 cos2cx isea:Ued the- inert:i.a f'oroe of: second ordeZ'Gc . 

Tha above. inortio. forces may be detcnmined g:t"al1h:!.ce.lly :for a:D'3 positij 
of the OZ'ank as gollomn 

First J.ot a. aui:tabl.o £orceacal.e be: choson and thon. ro.fcr.t'ing to Fig. 5. 
2 :tat two concentrio circles be drawn with a radius O~~ -= !Dr W and the otho:r 

F\ G. 5 
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mth O~ = mr3 II • Now l.et the crank angle c< be laid off as shown and lot 

the ll.'r.!.e O~ 'be l.ai.dof~ making anangJ.e2 ex nith the horizontal. line ox. 

Then if the points· ~ and Az twe projeoted on tho horizontal. :tine ox, tho 

l.irJDS ~ and tXlz 'rr.Ul ropl.'es''1nt FI , the prima-7 and FrI , the secondary 

inertia fo.:.""'Ces respactiwl.y-. 
---~--~-----------------------------------

f1G.6 
/...-_._._-------_._---'._ .. _---------._-----=---

~, pr:Ime;ry in~rtia £orce o Fy fora singlo cylinder has beon ca1.culatod 

for each 30 .... deg. crank position and plotted flith aauitable force soale 0.11 . . ' 

the llarmonic curve A in Fig~ 6.. Simi1e.rl, if the seoonda.:.-oy inort:ia :f'orco Fr -
" 1. ~ 

has peon calculated: and. plottod for A ::: '4 as the ha.rn.onic C~J'!9: B. !rotaJ. 

inertia i'orce~ F, the aJ.gebraic sum -of' Fx and FII :is plottod as the curve C~ 

FmIDAtiB11T.AL COflDIT.IOnS OF BALAlIDE 
.. F ... • 

The bvlancing of all engine requires the satisfaction of' the follm'Jing 

condi tiona; 

a - Ea1 :mo:!.ngof inart-la fOZ'Cos and couplos of :rotating masses (consi.s1 

ing of' tho mass of cronk pin plus the rotat:ing pa..~ of t..lla connocting-rod). 

b- fulancin,g ot' :f'irstoroo::. ... ·inarGia forces and couples of recipZ'oco.til: 

lllllDSag (col'l!Jist:lng of tho piston, rirl..gs. 't'lt'ist pin pJ.us the raoi.!)rooat:i.l'.lg 1D: 

of thocO!lnOoting""l."Od). 
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c - Ibl,1llO:i..:ng of aecond order :in~rtia forcGS and couples of' rac:iprocn.t:iJl 

masses. 

PART n .. TUE SLT1GLB CnrnIDER E'NGIHD 
.cn. r 1 * 

We: uill. considor the conditions of article 4. suocossively and short if 

it is possible to rea:tize them. 

a. - !!.q,tat:t!Y.:> i7.la:.sse~. 

It is soen from Fig. 1. that tT.1..thout countOrtlG2.ghts Fr i: 0# but can be 

balanced completely by counto~ woights .. 
r--->'~------~ ----------'~--------'---.. -"'--~, 

I 
I 

~ 

[ 
I 

..:.--

-- fY\ 

! 

I 

1--_-+-_----1,---

",m, ,t r 
:"' 

t 0, 

--:-r-
I 

... 
l 

O2 

,.f---e-------_t --..- --e-
IY\z. : f(\z 

L-__ -' 

: ' 

FIG.7 

m = mass of emnl: pin plus ro·re.tillg part of conncctinB'!"rod (which I 

is givon by 6. m =Y' tfj:).R~) 
Ill:t. : mass of the CrAnk arm 

Pr::2' r.or+ 2 ~~ 

!iIasa product to balance it ia~ 

mr ... 2m3 ,a., 
In.2~ =, " 2 -: !ill 

SIudenl: 
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The: system j.g symmetrical lrl. th :roapoct totha t:t'ansvaroo plane tllrough contor 

of gra,v:i.ty therefore ~ 'ba.lance :La autome.tically satisfied. 

b- I1lertia :forces of f:i.:nztorder 
I 1 d 

uhero t1p :l~ tho masso£ the piston assembly plus roc:iprocat:.t:n.g part of connec 

ting rod (1 _S ) !1t'f .-
i. v.H. 

'--==-=-=-=-=----=-=--=:---.:..:..:-._=----=--=----=-=_. =--=-=-=-=-=-=-=-=-==--=-===--:::-=-========:::::::::========---------------r- -----------, 

, 
o· 

--:........,:---=:..-C-"'7'"----:------------+---~Io!-.:--r----.-j~-;:;_...--~--.:;,; ...... . I 
rtid;.Lt..J [ .. 0' ~;~ 

;c 

- I 
m r r w ~c 0,5 0( 

o 
,> 

~ IG.6 
I 1.. _ '1-----'" o-

M 02 Ul S \ \1 c< m '('~. u..-

I 

I 
i 
I 

-I 
I , 

I­

I 
-! 

I 
-=_-==_ =======_-==--_ ==._ ==_~ ___ ==_==_==" __ ==_==_== __ == ___ -==. -==========-=-:= ___ == ___ .-==-==_==--._. J _ 

Wa mo.y balanoe this foroe by a countel'Vleir'Jlt m'2 added at tho extension of 

.cr.a.nk arms at a dista.'1co ~ such tha.t 

2 ,2_ 
- In r 1.),7 cos C{ + m .2a.z LU cos ~x. == o. 

p 

Student: 
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:But tllj,s is notsatiafacto-.ony. Beca.use thOl.ll1:h tie can 'ba.lo.nce Oi component of 

unbalance. \7a introduce an unbnJ.o.nca in thC't vertical. plane n:l.th maeni-tude: 

, 2. .,..,.,,,, .,..,.... ()( 
"'..a 2 .... 2 LV g~ 

We 1J1t'J:'fl.hsw a battGr condition of balance if the Illa:xJ.mumVa.lUOS of horizontal 

and vertical. components of unbalance is equaJ. to each other. '.:i!his :lnp1ioo: 

Automatically. 

a.,.·· Inertia :f'o:rcesof second or-Jar . . n.lI. 
Il1ertia. force of second ordor is given by; 

. "2 
F __ = - m ruT.:\ cos 2 ()( 

J.J. P 

TIl; s ;forco can not be balanced by a countOl":lOight atthll oJ::tension of' crank 
a.:t."LlS, because th!:;; component of the force c1:uG to the countou6ight has the 

component cos at • tJhorooo 1nOrtio.. forces of tho aocondorder- depond upon tho I 

component cos 2c(. Counwrrroight must rota.te nth a. speed of2 w to take cDrl1 

~ tho socondorder forces. whioh is not posoiblo oY..oopt :for opecioJ.. constr'ul: 

tiona such as· tho Lanchest-lr m.;rthod. Thare£ora, 

Student: • 
AHlt.R..4.T PL'HLlVAlI I Date: 

MY 1. 1961 .. I Teacher: 
PROF'. nBCDET ERASLJill 
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HOWever VlO may apply tho motllodof he.lf balancing to tot-ril inOrtia 

forcos duo to tho· rec±.proca.-ting maosas .. 

. 2 
~~urcoa()( -on ox ax:i.s 

.-'On oy axis 

."....., ....... 
Equat:lng mo.xiral:lm vnJ:I;tes of tho- ox and oy components of theso fo..~es, we got 

From \7hich follows: 

Inort:!.a. moment of SOCOlld order is bala.ncod automatioally. 

d- a0DR.ec~-e.g-rod oemont, 

Corroctivo COl1l10Cting-r-od momont, 1:-;n.ioh is givon by: 

2 2 sinO< 
Lle =(1. .. L)ma tv ) (1 ~ A ) '2 h 3/2 (1-A sin(:cx) 

I Teacher:. 
PROF.nOODBTERAST..:A!I 

----------~-
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. R<\'L!I.nanm OF lWLTI .. CYLInDER 11lT.e!HNAL 
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is not balru:lcod and. co.n not bo bD.lanood by countorweights. 

Index· of UnbalencG ,i ali. 

3.3 

20 compare the dagt'00 o£ balr'l..'leG of ol'.lgirt..ea of different typos tl."ld tr..i.th 

rl:iffarent nunibe~ 01' cylindors" an indox of unbaJ.anca duo to J?rof. Uocdot 

Erasla.n., ~ 00 uoad. Tho method is to assL.::;o. valuos to oach :1.tem a. hI: c, d 

above t'lhan thSy wa automatioally balancod, complotoly balancod. by countozo­

\7oights. pm:-tially- balancod by countol:'VJOighta and Vlhon thoycan not Do baJ.anc 

od by countcrtlaieJrcs. 

Tho values llS~:d.g1led w:l1.1. dopend. on tho re1.a.tivo impo:t'tanoe of tho f'o:roos 

and couples involved aa far aG b,nJaneing is concerned. 

This is done in the tabla below: 

., 1 

~ PI FIX 
STATE: OF llUu'UIDE Lb.' Mx LIu tic 

•• . .11 .. ttl 

1. Automnticallyba~~ad 0 0 .0 0 , fill . , • 

2. Complotel:y balanced by 2 2 l. 0.5 cOUlltol:"\laights 
, iU •• 

3. Partin 1ly balm.1.ced by 
J 3 1..5 0.75 aou.ntorwaights , 

.. QZ ~. 'eI r .... T.- ¥I.' 

4. Unba1.a.nce 4 4- 2 1. 
fA • 1 .. , . 1 

I 

, 

I 

Sum of these vaJ..uos in n ce~tain ongine give the index of 11.Yibala.7lCll \Jitich rlilJ 

be GhO\ilt by nu • 

•• I I 1 , 
no!! ot' cy1.:L."1.dor Crank angl.e Ii' l? F:t.-r u ~ IiI!! I1I DU r I r c 

• . . 
1 0° 2 3 2 0 0 0 1 a 

, 

Stu1dt~ PEllLiVAN I Date: trAy:!.. 1961 I T eay1J:!Op .11BCDET ERASLAE 
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1?f!.R~ III .. mtJLTI - CT.LTIIDBR EEGnr~S . ."'., 

Eng:J.:nes uith more than one cy1:!noor 1!JD.y be ar.t'Ollgad in c1iffarent uo,ys. 

The ftm.dame!ltaJ.a.~monto are: 

. -

.t\~ -- In-lino enginG 

B. ... V- EnginO 

O. - Radial engine 

D. _ - OprJoood ong:iJla 

A. - ITI-LTIiB ENGINE 
r 4 

J.) !iSle - stroke cycle - III t\'lo-oyl:tndor wo si.-roke engine tho two eran};:o 
360 0 are ofi'oot by the angl.e '2 -= 180 .. 

a .. R,otati:$ ~§.; 

Ra£err.iug to:Pig. 9. 

-~ = cOu£'J..'terwaight 

The system :ts symmGtric vlth respect to center of grav:l:t-yo. Therefore 

Fr'= 0 Auto'Oatically 

The system is not symmetriC uith ;v.<lSpoct to the tro.novcrse !>1an:.) pasoing 

tlzrough o. !l:.aoreforo 

._S_t_ud_~_: ___ iU1_~_P __ E_::_L_fv_AN_--.:.---,--,-~1 Date: HAY 1. 1961 
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15 

.... -=::::-:--=----.-----~--........... ==--=--=-.=:::=.==.-.---.-=:---1 

z 

Fl G. 9 

I 

i 
.1' 
i 
I 

Counterrreights ~ are addod to tho extons;ionof' cra.nI~ a.rm.s to 1Y.l.L'1Uce it 
~lamically. 

1% =~h + lllJ.aJ.l. 
c. .~ 1. 

b- Inertia·· forces' of' first ordar . yr. * F ... 

by:. 

Inertia n.O!i1Dllt of first -order is given by: 

~liacouple can b-a balanced by Do cormter coupJ.e produced. by con.'1torcroights 

tr'2 placed at tho extension. of" orank al.'"ms, Fig. 20. 

I Date: !lAY 1., 1961 



ROBERT COLLEGE Course: Class: Page: 

School of Engineering GRAD •. HB 
DEPARTMENT 

OF 
MECHANICAL ENGINEERING 

Lab. 
Design 
Thesis 
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COM3U~JTION mmnres 

1

: 

I 
I 
I 
I' 

i 

I 

r------------------------------'---------------------' .. --------' 

I 
I 

1:', - :.,,' 

p 

p -/1-_, 

FIG. 10 

.............. 
~ compono:uts of' this i'oroe- on ox and oyaxis are 

',' '2 
-n.... mt'.... "'0'" rv. J::,A. m '-2'" W ....... V't' 

!Cho .moment oi" F about 71 - m"';scan balance llx if 

or 

2 ,', 2, 
- 2m riSh cos r:J.. + 4 mt2rw 11 eoaCX-= 0 p , 

m 
mt ::: . .:..11, 

.2 2 

16 

Bu:litho mocent of F about x. -axi.s ~ u:n.baJ.nnced. \10 uae the mothod 

of' hoJ.:f'-balancing -to p.D.ve the same dioturbonco about x - and y- o.xos~ 

Student: 
Jl.RARA2 J?3HL1V".tm I 

Date: 
HAY 2, 3..962 
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AiID 

a - Inertia :forces of second ordor r. •• vn , 

~otal. inertia' f'OZ'Co· of second ordor is given by: 

Fn "FU :I. + Fn 2 " ".'p'L"'~ ~ [ cos 20;+ CO" 2 (0\+ 1\)1 
2 

FIr:::: -2.mrl!w A cos 2 ex 

17 

',fu-1g :foree car. not be balanced byoountorr;sights. bacause these uaights t'llwt 

revolve \7itll .a. speed of (2w-) uhioh is not possib1e u:i.tllouii usillg opocial 

maoh9.rdsms. S"..lch a;g the Lanohestsl." mac!1in!l. 

No. 

Student: 

Automa.tiCFt11~ • 

. lii .·eO·· Automatically o 

*., , • of cylinder crank anglo 
, 

2 180° . , , 

Date: 

]I' F r .X 
, 

0 0 
; 

aR..ll.'liAT 'PEl'ILiVIJr t1AYl 1.961 

F • 
, 

Ei ~ S ...... 11 nu n r II c 
, , 

2 2 J 0 0 7 . , Ut_., ,.-~......-.. 

Teacher: 
PROF.. nmnBT ERASLAIJ 
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p;", ~ 
! 
j 
~ 
1 I 
I Y Frz 

F,.. '" 0 

1 
FIr -fo 0 

BALAnOING OJ? t1ULTI - OYLnmm In:i:El11I1AL 
COI;lITUSTIOli· mmnrf:;S 

- . -- --.- ! --
j 

! 

F: 
M.-;f-O 

Mnl! 

f M1I2 

F.l1 . 

L, j::: I 

I 

I 
FI =-0 -Mr*o I 
M"j. 

I 

i 
i 

! 
i 

. V 
Mcz I 

i 
Mn =0 Me = ° l=IG.1I 

, 
: , 

------- ~,---

____ -'-- _. ___ -----1 

--- - --------------------'------------'-'---------

2) :i1'OW--Er!n,'>O!ro cycle - Since equn l fL"l"ing intcrvo.1s roquL""e the cranks to be 

ofi'set by tho angla\2.P = J60<t Ol"" 0°-. theqonditionn for inertia balancinG 

are- e;:ectl.y thoze gLvell ror one ... cy~indGr !mgine. t'r1.th doub~od values of oo..roos 

involvad. Index of unbalallco then. iot 

... III __ 

m~ 1ly II II m c nU 
I J t '" • r , ".N , .. , 

2 J ,2 0 0 0 1 8 
..... , 

1. Tim TnPJ:?":.C':l1.Jll!DE11. illiGIriE 

In the baJr:ll"'l:c:b::lg of tho t&~u-cyli;ncbr engine it i.:il.l.\lZWcesst.u?'lJ to dio­

tillgu:i.sh botr:Jeon irr:o-stro1.-o- and foU!'-stroka typos.. Por tilo tr-/o-st-roko eng:i7t.,e 

tho -cran.li:.,..:ofiso-tangle- m· 2 j = 1.20° and :tor tho £om"-stJ:>olm· 4 ~\ =: 2400
.. The 

angles a:ro:. equj,valont to e-acllothc-Z" and :result ill t1i.~w (or Iai:l:Tor image) 

crank B-T*rw...gemonts • 

. 8. - Rotat~'1; massos 
•• _4 I ....... we.. 

!Co eoe i:f the rotating l1laS30S are· in static and. ~o balance, \10 

iL~VI tho f'orcetmd momollt diagrom using Dalby's m.othod. We fiz>st competo thO' 

mana produc.t and !!laSS torqU'~., oho\11l in tho t,;,,'b1.a 001.0\'1: 

Stude!,.!..:. • 
AlU'IIlAT P2TTI,IVAN I Date: 

MAl!' l~ 1961. I Teacher: 
PROF.. Ii;;'"'OD.r~~ ERASLAN 
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• r 

m .. . 
m 

.-.:-- .-

Radiuo 

D.i\.LlUiCll;G OF iillI.TI ... CYLTIIDBR n!T2R1iAL­
C01IDUST!On m~G~S 

.. 
I&aS!3 Distance tJass 

Product From B Torquo_ 

!!l1" 2a 2rn:ra 

mr a 1!l!'a 
• b 

lDr 0 0 
'lit' T. 

Automa tically 

3.9 

I'1ooont polygon is v..ot oJ.osad" therefore tho oyn~em is ~cally u.nbnlanae~ 
r---'---------~-----===--------------_-_-_-_---______________ .-.:...-________ ----·---·----1 

1 A . B 

Fu _ 

o o 
'---------.-:..----------'---:-----'-----------~------- .. -... ------... _-----, 
__ ~. ___________ .. __ .. ~_. __ ••• ___ A ••• <. _________ L _".__ _._ .... i " ___ . ___ .~ __ .~_., " .. 1 

However by two ross p:t>oduc·lts o~ and 011 c: - 0D::t replaced on B and A planes 

resp-3ctmva2y. in the d-i"''''oc-tion shot11l in Fig. 12~ 'we w;y balo.l'co thO momont 
,of' rotating musses. 

Student: 
APJ.RA.T PDHL:tvAN I Date: 

rliAY ~. J.961. 
Teacher: 

EROF. HECDET };.W\SYJJ 
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20 

COUlltortteights ·.can·r..ot-be· placed at trJ3 planas'A andB,. ':b1steadwG' pl.acG t11011 

at the ne:i.ghpom;a· crank arms. at both sides or tho pJ.n.n.es as -in F:lg. 3.3 • 

. " V3 
2m..r:. ;::r-mr 

J.. 1 2 .-
~rJ. ~ lFftnr 

b - InaJ.:'tia forcos of .first order 
. . . ..., ~ 

FIG. 13 
'3 

PI '" - =3 Lao"",+ cos ('01 + ¥) + coa <" ... rl~l 

I 
I 
I 

PI '" - =J ( """ c<... (- t cos ex -:vI Gin Ol) + (-t "os'" + vI e:In "" 

Student: • 
A.1l.JUlATl'mLIV.fo .. U I Date: 

mAY 1.* 1961 
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21 

To find the unbalance of moments of £irst OZ'dcr. we p:rocead o:JreCtly an 

00 did for rotating masses. Tha mass product to be addod to m. r,. , s to 

balance the .first ardOr tlowont 20 given by, 

t'il:lal.~ minclud.es reciprocating part of eonnea'fiil't..g rod. Hamver this mass . 1> 
product introduces au unbalanced moment about pm other axis. Again using 

tho method or llal.f baltlnCing, the .mass product to. ba added, roducos to 

0. -. Inertia forcos of" second ol."d.ar __ ,- F r 41. 

Inartia forces of oecond order are given by, 

Fn = - rAp""\'] [COS2tX + cos2 (0< ... §! ) ... cos 2· (X ... ; lj >J 
F:u .:::- nlpr;l,J lO'OS2 C< + (- f cos2 CL!o~2 sin2 eX) + (.f aos2e>< =}iaid 

F n .:; 0 Automatically 

i:nartie. moment of second order .in not zero,; and can not be baJenced by ! 

, 
counter weights. 

d ... Opnnoct;9r;.-rod moment 

Total connecting rod moment is givon by; 

Student: • 'u'i ARARAT' PBIILIVtu.' I Date: y ru:l I T eacn~r .. : m"l 1:'n,-MA 1. l.;;1V. PuO], .NZ .... ,uET ..:u.l.i\.SLAN 
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22 

Expanding sin 0< 3/ in Fourier o~:i:'i.os and nog1.octing the ·cerms 
(1 _A2Din2c<) , 2, 

\lith A to tho 5th and g;raater powars. \Ie ~t 

" sip ,0( ~/ = 
(
'l ' ,2. -2) 2 J.-lIsmcx 

9).2 , ,"),)2 
(1.+ -il) sinD< - -T sin 3 cx-

2be otilor 1."\70 toms also are expandoo. iuaer-J.es~ to give t A 2 

quantity in parantlwsis. T"oon 
s:Ln. a ex for tM 

I 

.. • t" . 
F::U !l 1L mI ! !:l n 

'r J. c U 
Ho. of cylinder cronk angle F Pi ~ 

J , J 

3 1200' 0 0 0 2 3 '2 1 8 .. . • n • 

a. POW - C-:tLTI1DZR BRGnE 

3.) ,1!:o'Ur"7ptr"*e cy"cj.e,- TIl? four-cylinder- £ou:zo stroke OllginO 1ms a crru:lk 

offset-of f!L= 1800 and consequently. :in l.?3spect to inertia. :forces and DOnlon 

it is aqui~~lontto two-cyl~r two-stroke er~s built to~ther. Of the 

possibl.e. crank arZ'aJ.lgom-~nto, the symmetric one shoun in fig. 3.4 is by far tl'~ 

bost GilleO trith it both sta.t:i.C and dyt..mnic ba.1~co of rotat±ng l)arts are sat 

iiad. 

a - Rotttting rnpo~ 
As it is shoml in Fig, ~5 

AutoElZ'.tically 

I'\. = 0 Automa:t.-1.ca.lly 

I Date: tl1lY 1. 1961 
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Thi.T,A!lCInG OF nUL:er - CYLIJID1S'..'£? IH:;.'IERHAL 
COLillUS~IOU EnGInES 

~ .. ------~-.-. --.. -~. -_ ..... -. --~-- . __ ._------------'--Ii 

4- I 
I 

i· 
! 

3 

I 
I ) 

2' 

i. 

FIG.14 

___ ... _. __ J 
t--b-:;-tnert:k9:'rorcieS'-OJ:~ firSt oi-der . ----.. -----~-----.-... -.-..• --.. ---'"-.--.. -.-

• I ._I'A. j 

-t:7 =.n. w~I' .... 

Automatically 

Au.torr..aticall:r 

r
---~-- -..... -----..... -" .. -. --... --.--.. -.. _--... -.---------------.- .. 

14 h.+h. 

I 

Z 3 

Frt' Frl 

Fr3 

I L ________ . ___ - ----~--~---. ---~. "----_. 

St-ud~ni: • 
. ARARAT PBH11YAH 

Date: 

I 

. h _ .. h 

. 2 , 

Fn. 

fn 
Fl"'- 0 

3· 

MI3 I 

MI1 

!!lAY :L, 1961 

4 14 

L \ 
} 

/ 

Z. 3 /. 
I 

fn ~ f i ~ 
fJi 1')]2 

Fn3 ! 
M~l" 

Fu-z 1 M-'l~. 
FIi:1 

.I 
MUl FIG.15 

Fn t-o .Mu ",'0 

Teacher: 
?ROl? ~ ItBODBT BR.ASLiJJ 
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c - !H~J?tm fO)."C,es of" second 02tc1£l~~ 

24 

h"Onl Fie. 3.5. j,t is seen that the £orcos buil.t up and the forco polygOI 

does not elosa. 

!l'his £orce CCll not be balruloed by CQuntc~j-eiGhtg •. unless 00 use the Ta~hest 

systom 

AutOt1at1cally 

d - . qp:n110ci;i..'11l1j-ro~ rnCID'~nt.. 

Tota~comloci;t..:og-rod moment for- tho system is:. 

We fo:i."Z1 tho indox of ullbalnnce 

,ltv 1F rI _ 

110. of oyJ.:l.ndor 
._ .. _ ..... t# _ ............ __ "'- ... ........ il -

4 o 0 2 0 
".. . ..... 

I Date =M.-'LY J.. :1951 

o o 

Ii! c 

o 

n u 

2 
'" 
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25 
"- I 

r-----------~----------~----------------------------------------~-------~ 

I:t-

4 

FI G. 16 

---------.-------------

\­

I 
i , 

I 
I 

"I 

I 

I 

TllOe a..~JlS3mel1t shor.:a in Fig" J.G -:lsthe- mont :frequently mot in pract:1oo with 

tiD :firin,; order l. - 2 - 4- :3 or 2 - ,3- 4- ~ 2" 

a - Rotatint:; masses 

Porco- polygon cloGes~ therefore 

F C"O r 
AutQr.at:1ca.lly 

Uomont polygon does not close 

BOGAZiCI UNIVERSHESi KUTlJPHANES4 
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BliliiilWIIIG OJ? iJGL'i'I ... CY'IJIIIDRt1 IHTBHHAL 
C01illU3TIOn BUGnIES 

1-
1
'---.-----------.----------------.----.. -------------------~~A~~~---·------------==----------------------------------------==---=----~-I--

I h ----;~- h --ii;;.j..-.- h B , I A 

2 
3~-------r------~ 

'I 

f t"J IE;--------;f 
Fr ..... 

Fr,.,o 

3 

Mrto 
FI3 F14 

Fr = 0 

3 

4 

Mr i' 0 

e/ lll 

\ ! 
/ \21 

) I 
/ I , 

, FU3 1,11:3 

Fn '" 0 Mn:: c 

FIG.17 

The .. illert:i.a. mooont due to :rotatiUgmasaes can be l>a1a:unod completely by two 

mass products on ;:: .... o~ TIithan a.TJ.gle e to vertical cmd l'l..av:b.lg the 'I!la@li­

tude; 

on=-o~ 
Vio =-:3 

on' planes A Oll 13 as shown in Fig. 21. Instead of ::roplac:tng masses on p1.anon 

A and B* 1.7e Z'~placG ·iihem at tho oxt(msion of cra.n:i.' arms ~ and 4, with 

Student: • 
AHAHAT PEELTIl'lilT I Date: 

NAY 1" 196~ 
-------~-------

Teacher: 
PROF. i~ZCDE~ Ez'lASL..4.1I 
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R\Ll\UCDiG or JJ.tJLTI·. CY'-.J:HD;.:;R I!1TI:.limAL 
COIIDUSTlon BHGIllES 

b ... InOl:'tia. forces of" :f':irst order 
_. . • I 1111. 

2ho force poJ.ygon closes aa ShOft.a in Fig. 3.7 

L1omout polygon does' not 01080 and rcsul tant moment is, 

!4 = - mr...t via h cos ex ... p 

27 

As before this moment can be balanced by ~ counteX'\70ights added at tho ! 
.:;;. 

Qxtension of cr<mk 0-""'mS 1. and 4 with the same angle e • 13u.t as ro l:lad soon 

in provious nec'~iol1g tMsacount-erooights crea.te an 1.Ulbelance due -GO term 

ainet., Thel."Ci'ol.->e \10 use the ~thod of h..,1:f' balanc:l!lg and chose countorvroigh1 

!5oment polygon closes also. 5.lheraf'ora 

~.. - 0 
'"~I - Automatically 

d .. fjom1Elc t:ipfi"'r.rc\ nome~1t 

Co.TJr£!cti:!".g-2'Od moment is g:i.ven by 

m =0 Autooatica.lly a 

Stude[l~j h n ,,~ .... ·'f.l":" ·-,"';7 UT. 
JUw..'Ui.:l: J. ... .t!sn.u_vh.h I Date :E1AY 1., 1963. T ~fIDF:~nECDBT ERASL.lUl 
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• 

BA.L!\na!NG OF UULTI ... OnnIDER IrITERNAL 
~(I:muSTImr mUGINES 

, 

'.-=l I 

No. of oylinder Cral'lk D.llgl.o F .,.. ]'I :r FI! ti r • ~I 

4 90° 0 0 0 2 o :5 
F P 

" T L 1 

9-. lfIVB-cYLI!IDER ENGINE. 

28 

Cran.'ltan.gl.a offsot a.a )60 = 72°. ForfoU-.""'-s'troko ensinea firing: mtaz."ii'~ 
is 12..0 a. 1440 

fil.'"iIlg order ~ .. 1 .. 4 - 2. - 5 -.3. Four t\7o-atroko 
ing ~to:wlo. 'is 72° and fil.'ing order 1 ... 5 - 4 - 3- 2. 

<>Il{Iines 1'ir< 

a -Rota:f!:too fllllSoSS 
Force polygon clooes. therefore 

F=- 0 r 

ZT 

crDllk w. Mass RatU.us 
1 I 

l.. m r 
.. 

2 m %' - • • 
.3 m: X', 

, 

4 m r 
, 

:5 .m r 
, • • • 

Eass 
product 

• 
rnr 

• 
I!ll"" 

mr 

:znr , 

tar' 

Student: 
AltARAS! PEIU,lVAlI I 

Date ~ I' Teacher: 
mAY 1, 1961 PROF .UBCDET £RASLtm 

-----~------- ______________ L_ ______________________ ~, 

I 
I 
1 

I 
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29 

I A r----,.'----C.. a -. 5 .. _, -----, 
I, 

5 2: 
5 

3 

I 
I 

~ tV\uz· 
I . 

I MIl. 
I . 

t1 ~ 4.18 mrd :r ' ,... .' .... 

_I 

e = tan 

Thin mOOlOnt con be balanoed by ttro Iil.D.OG pz'odu.ctson and o~ placod e degrees 

from vertical on A and B planes: 

Student: 
ll.RARA5! PillILIvAll I Date: 

!JAY lot 1961 
Teacher: 

PROF;NECD3T Ea~S~lll 
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Lab, 
Design 

Thesis 

131\.1A!Wrma Of' !ilULTI ~ OnTIIDBR I!)TBR11AL 
C011BUSTIOlf illiGnmS 

30 

Those oountoZ'\..'"'Oighto ~a.n no;!; be placed. on A and B pl.rul.Gs. but a.t tho oxtenrriaz 

of :first and. lestorank a:.'"'InS u.ith 

8 m,r1:d Q. 4.18 mrd· 
. ~ ..... , - -. 

b -·InG~tia.foroeg of first orUo~ r ... , 

Faroe polygonclosos, Fig. 18. 

FIe 0 

Moment dingrum does not clcse.. Resultant mOOE'lllt 1laa too mo.gnitude.: 

This moment can. bQ: balancod by mans produots ~ end on·'2 on B and A ple.u.oa 

rospect:lvol;r, . with tho 'l!la-gnit-clde .. 

on"' :::... on2 =:1.18 mr 
"2 "4 P. 

Then~;a introduoo: Ollunbalanco:ln tho wrtical pJ.ano duO "to siilo 'torm. 

therefore" \;0 usc l:liLlf-bsJanning. Then ' .. 

e - Inertia forea of second order .. . 
TllO forCo polygon 010008, 'thorefore 

Bomont polygon does. not oloso 

I Date t 
t1AY 1. 1961. I 

Teacher: 
PROF.NECDBT EPJtSLAn 
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BAL.lliOlEG OF t1U'!tTI - CYLII1DBR InTEruIAL 
COm3tJS:CIOrr S1iGINCS 

.'3l 

�--------!...--~--------------------11 

d- . qOmlaoMEa-rod nomopt 
COD..'I1octi!:l.grod momont is b~VOll by: 

"2 2 ' J 
(1 -) sin ex) 12. 

"\ "d 

in sor:1.as 

and neglect tho tamS tdth A to the 5th igt'Oater porol's 't1Il got: 

Tlla other toZ'mS 'too con be expended in aOJ.'>;tos to giva the valuo 

2. C . ' -
(1 .. 9 ~, \sin 0. .. sin (a(" } 11 ) .. a:ln (ex .. ~ 11) .. sin (0< ... ~;r ) "" a:ln(e< .. ~1).~ 

sin a ... sil'l(a ;. or ... o:ln(a + 2b) + ''t... +oin [a + 

Student: . . .• 
l1Rft..RAT PE'BLIVAH I Date t 

nAY 1, 1961 

1 Sin(ll~) (n - 2) b := ' 
Sin(~) 

n,-:! ) 
sin(a + 2- b 
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Lab. 
Design 
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BAL.4\llCIlTG OF r;lUL~ - CYL!nDER DIT.srm.liL 
corillUS:i:ION BUnDlES 

IJ = K lCI +.2i) Sin~Sin (C( + ~) 
c 8 s~ :> 

sin 611 12 1\ 1 
sin 3j sin (>~ + 5 ) l 

5 

:Both torms a..:."""O z~ro. therofore: 

II = 0 c ' 

Tho index of twbala.nca beoome: 

, ~ 
F':If F. Il !J M Ll n r I II r I II a u 

72° o 0 -0 2 3 2 o 7 

10. ~ SIX- CYLTIIDER. EnGInE -

.32 

In tho aix-cylindor four-stroke, onaina the cranks of cylinder that fiJ.""e 

. eonoocutivelya.re· ~f£sat ¥ = 1200
• In oach plane 1200 :from each other ttro 

cranks are plaoed. 

a - notat~ maasos 

Both forco and momont dia.grams close. ~llero£ore .. 

lot = 0 Autonat1.ca11y r 

ill=- 0 Automa. tically r 

b- loort:i.n force of first ordor 

Both force and moment dia.grarno elona t thel""G:fore 

! 1--------------.--------------;---------------1, 
Student : ~ I Date: 6 I Teacher: 

ARAR.'l.T PEHL:tVAN . !.lAYI. 19 1 PROF. ITBCDET El1i\,SLlUl 
----------~--
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l1ALAlicnm OF UULTI - OYLIlIDER nI!CJ.:....~AL 
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c - !nert:ia. £0:000 of socond order 
.. I> • ;z I 

~I =·0 Autooat1cally' 

d - C0l111octBtg-l."od momont. 

Oonnocting-rod momont :1a 

33 

Thetorm :In. pE4-a"'lthosio. if oxpanded ;in Pourior sc:rios und the tol.'tlS t7i til 

1;0 the 5th and· gl"eate? pameS aJ:e neglectod !tlc bacOnlos: 
~ ~ .. --.. -... _-_ ........... _ ....... - .... _ .. -......... - ... ----... -

! A 

1.6 

Mrl 

:::~" k:<. 
Frs· Mrs 

Fr=.O Mr=o 

A· 

: h h 

Mll 

Date: 1l.1\.Y'l, 1961 

h 
~ 

L 
B 

L6 

l'., 
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I P.g.~ Class: 

GRAD.t1E 

J3.UAl·mnm OF b'ULT! - OYLnTDER IETEroiAL 
COUBO'STIOn 3TIGnmS 

It can not be ba.1D.nced by counterweights unlOBO by tho !:,o.llchoster system 

\"7he:re diemet-or of second gear W.!lst be chosen such tl'..at "ilhen eronj/" Z'otates 

t7.ith el"t.gu1er speedw~ it w4-1l J.·cteto rrlth 3W-. Eouever dUG to )13, its magni.­

tud:;) .is not appmoiable. 

~ index of un'OOlaTt..co 19 shOMl in tho tablo belOtlJ 

a:t:lBla 
F' .. 

No. ofcy~dGr -era,nk Ii' PI F Ll I5r fl M n r II r II c u 
... , 

6 120° 0 () 0 0 0 'a 1. J. 
I •• 

Student: 
ARAPJ\~P 31IL1:V1Ul 

Date: 
mAY 1.,1961. 

Teacher: 
PROF .H3CDBT ..i'JaASLlill 
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Lab. 
OF 
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Design 
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13ilLlmCmG OF trI.J1TI .. - CYLInDER IllTl[fu"11lL 
COIJDUSTIOIl EUGIl'1J3S 

l_. __ -

13 - V-rIDGnmS 

n. v-a PT..JU!E CRAnK - SIIAFT mmnm .. If _ • • 'I" 

In thio types c..~·are in the same plelw as shOtJ1l in Pig. 20 

4 

i 

2 3 I 

FIG. 20 
, . I· 

I I -------.. --.----... --.---. ___ . __ --__ . __ .~ ____________________ ._. ____ =-~ -I 

a - Rotnt~ .. passes ~J Baltw.cdug of rotating masses is the samG as tbat of in-llno engines 

tha excoption thp.t mass of' thE) .rot.at:U:ig pal. .. ts i_a :i.ncroa.<Ja(l m :includes mass 

As it is seen £'rom. Fig.15 .. inOrt:ta. £O~OI3 and IDoo.onts era ba.la.~od 

tluto?"o.ticaJ.ly. 

F e 0 Automatically 
·r 

r1 ;:; 0 Automntically 
j?- . 

I 

o~ 
! 

b- Inertia £oroe o£ first order , * •. 4Tio 
FoZ" four-otroko cycle. firing interva~ l.S 8;: 90, Thorofare tho ang1.J 

betrJcGn banks must oJ.so be 90°. 

Student: I Date.: Teacher: 

liR.A .. ~\T ?B.:G,J:VAE! 11AY 1, 196J. PROF. IIECIBT. ER.ASLtU1 
----------~~------------------------
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BALl-llTCING OF 811I:TI- Cyr..J!lm~R I!ITL.."lliAL 
COBBl1ST!ON l:}1iGIUES 

FI +- P* + pI +F" '0'0' .... " 
Il 12 I3 ,. 3:4 

7,i,1r:erJioo oach ba.nk Ims. duo to ~!lotry about the transvoJ."SO p1a:uo from CQ:n~ 
of grt.lv.i iy. ~rn9.flir. b~"'..noe. l?'~sul. t:Ulti total inort:f.c. mO~:lt to V~l"·li.3h 

o - Inortic'J. :rome!; of nocond t)X'(~vh" 

.. ila:r:ting ,.;. 0 :eel i by B., and ;ettingequati.on of' second order forces fori 
, 1> I 

each 'bailk. m got the following rasul t: i 

F-n 0 B cos 2 lX. 
.1._ 

FU2 I: B cos 2 to( +IT) 

Date: 

!eft :bank . 
P' =- 13 coa 2 III . 

FfI2 -= ,n cos 2 

FII3 = 13 cos 2 

FII4 ::: 13 cos 2 

WAY 1, 2961 

i 

I 
! 

i 
" 1f 

(d +_) 
2' 

311 . 
(ex +-) 

2 

(Ci-+U) 
2 

(<A+ll) 
2 
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Lab. 
Design 
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BAlill.nCINa OF HULTI- CYLl!mER I112BRIUl!. 
. CQf:lBUSTI0I1 ErmINes 

, 
= 48 Gas 20e 

rlG.2.1 

., 
, , 

This forco is aJ.ong :or - axis., Fj,g. 21. and can bo balanced by tho Lonchostoz­

method Oll1y~ Inortia moment. ofS9condorCler vanishes :for both banlro. no it 

is shotm:fo:r four-cylinder .. i'om"- st--roke :in line ongin9.5' Fig. 1.5.. Tllorcf'ora 

d- Oonnacti..::re;-rod DOID-;}:nt 
J l 

Toto.l C01U'loct-t...ng ... :rod momont is g:lvan by.: 

tl= 2lt . sin d. " . + L • sin <C1+2 1 . _ +". .. sin., {o< +-\T) , , ( 
~ .' 

o (1. _ A2Sin~x»)/2 [1 _~2silf(cx+ t >J3/2 LJ. - }2gin2(ex + 1) ~ 3/2 

+ [1- ~~~~:!::J) ] J /2 1 
Student: Teacher: 

PROF; . lil:XmBT ili111..;jLim 
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Lab. 
Design 
Thesis 

" no. of cylinder 
, 1 ; 

V-a ?lima shaft 

v-a FORD EITGI!:t.s ... 

GRAD.ME 38 

Rl\.LA1IDnm OF !i.'i{J'l:T! - OY"'.w::UDffi Ill'J::ERIlAL 
OOIdBUSTIOl'f BHGINES . 

It - W' 

Cmnk angle F F_ FII tl Ll.. L1n: m nu r J. r J. c 
I • 

180°. 'tt =900 
0 0 2 0 0 0 0 2 

II I 

In t..1Us ~o.ont. Pig.22 ora:nl::a lie in wo perpondicl.llali1 planos. 

Ca:i:' Gng:t:nes arc US"'u.ally of this type. In order that fir:i..ng interval for 
.'~ 0 . 

four-stz>oko c:i1@.Jlas Oos = 90. the angle bet\1Con banks, 11 '. must nJ.so be 90 

2. 

4 

FIG.22 

, 
I 

~----------------~--------------------------~----___________ -J 

Student: • 
ARARt1.T P3II!.XVjlj1 

Date :, 
t1l\.Y 1. 1.961 



ROBERT COLLEGE Course: Class: Page: 

School of Engineering 

DEPARTMENT 

OF 

MECHANICAL ENGINEERING 

DYfUlli1IOS OF Dm., LIACHIrlilllY GRAD.BE 

Lab. 
Design 
Thesis 

BALANCIHG OF nUL~~-CYLn1DER nlT3RUAL 
cmmUSTlon ENGInES 

a - Rptat.:tptt masses 

39 

Due to symnoi;:ry about center of ~v5.ty the 1.nortia force of rotat:l..ng 

maooosis balanced a.utorlUltico.lly. Fig. 17. 

Fr :;:. 0 AutomuticnJJ.y 

In co..~idorinG tho :W.ertie. moment of rotating masseo ro divide rlr into triO 

parts !Jrx and !Jr.y, moments of ro·1iat:i.ng masses about x- and y-axis ro.spoo- ! 

tj.valYIl 

ZliOao "oOt'lonta oan bo balanced completely by ooun-terweights in t40 Y - ~ a'l'ld 

x - * planes, roplo.ced at tho' e1ttensiona of crank arms. TllGrefol.'>G thO'U.gt1. 

Il ./;. 0 ... ±t :i.s nossiblo to IllO.ke it so 1 __ counter UGights. r· - ~ . 

b ... Inurtia forees of first ordor I I - ,_ 

Donoting- m.. Z"J. by A. m wr±te tho inertia :forces of first order for 
[} 

aacll bonk" ro£erring to Fig. 2.3.. I ! 

Stu
dAiULi1AT ?BHL!VlUl 

Date: 

taft bank 
,t .. r ••• 

\ 
F'= .A cosec< +...l..) 11 . 2 

P' :; A cos( (). +!.. ) 
12 

FI .3 :: A cos( ct + 2lT ) 

Teacher: 
i1t\Y 1. 1961 ?ROF.n&~DE~ ER1~SLAn 

f! 
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~.' 
, 

I 

Student: • 
ARARAT J?EHLlVAN I Date: 

B;\LA1lCING OF tiULTI ... ' CYLInDER InTEPJIAL 
COmBUSTIOn ENGnlBS 

m 

FIG.'23 

I . , 
.\ 

I 
i .. ---~--~.---.~-~:......-~.~ 

Left ba.nk .. 

Mf2 :: - ~ coso: 

Teacher: 

BAY 1. 1.961 mOll'. lfECDET ERASLAU 
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GRAD.MB 

B.o\LA1IOIfiG OF irtJLTI .* aYLINDER !ltTSllliAL 
CODEUSTION EnGmBS 

4l. 

Their Vectorial. sum. Tr.t:U give 11:- I£ m call e. tho anglo r~ i'OJ."L1S with 

Om -a.."tis then: 

r.rrL h:t. sin c\ + l~COS ex 
tall e =- ............... '.:::= -- t .. I.' - , 

rrm ~ cosi){ -:-- ~ sin ex 

donotinB 

~ cos\X 

~ . by tan l['Dlld d:i. viding both denomirlator o.nd llUIl01Xt:i;or b1J 

.~ get: 

or 

Therefore if un replace couniior VIOl.ghts at the e~"tension of' orank arms a.t 
an anglo tp :: tan"'l. ~ and rr.i.th a magnitude such that their moment \;iU 

balo.n.oei~.· the inertaa. moment of' first -order vr.!.ll be ba.lD.nood completely. 

0- Inertia forces of' Docond order 
. .,.- ... '" r • 

The polygenoi' inertia foroes of seoond order, Fig.J.7 .. oloses ohom.:ng 

that they we o.utomaticallybala."1Ced. 

Lil~G'Wiao tho Doment poJ.ygon for eaoh b'"'-:olt closes~ thorofore-. 

Idzr ::: 0 Automatioally. 

Student: • 
.AR.A.lli\~ P3IILIVAN I Date: 

11AY 1. 1961 
Teacher: 
PROF. m::ODB~ ER.ti.SLAl1 
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BALAnCInG OF UULTI .- CYLTh"llim. IfITZfUUu.l 
CO:mUSTIOTI B!1GIIlBS 

Total. COJ:l.llact:tn,z-rod. moment is given by: 

. I . sin ex . am (0( ... ~ ) 
tI =2K . - + 
c (1- )2om2f:).) 3/2, , [i~ )2s~«)(+~ ~)/2 

sin (eX ... ~Jl ) sin (ex + 21\) 
,+. ••• . + ---='-~---~~ II - lsm2

(cx + ~.;rr ) J J /2 [l. - :A 2a:i,n2(cX + 211~ >J 

where It = (1 - L) am 3- A (2--l') 

::'ho quantity in peranthesio vanishes, there foro : 

, 

, - - .. ' ~ " . , -, u no, of cYl.inder Crank' anglo F PI FII IiI ~ 11 11 n r r II c u . " 
v-a Ford 90° '0 .8= 90. '0 '0 0 2 2 0 0 4-

t .. , 

Student: ~ 
ARfuiAT p.:JIILrJ'AN 

Date: Teacher: . 
PROP.N3CD.i:.""'T BRASLAD HAY ·1. ·1.961 
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BALANCIHG OF r1U1TI .... CYLInDER. IHTZRIrAL 
C<x~mlJGTIOlI EUGnmS 

For 1'our-stl. ... oke engines the i'irillginteI"VUl is .7i~ = 60°. therefore the 

ang1.e beia70an -l;lw ba.nks. 9 .. ~s 60°.. Each bo.:3k of V-12 engine is exactly J.jlte~ 
6-cylinder in-line cm.~s.. ~horoforo·tha bpjnnoe condition of rotating maD-

seu. first order inertia iol.'CO'o .'a:nd second order inertia. forcos are exactly 

the same as thD.t of" 6-eylilJ.der :U""l-line englno. Ynat is: 

P ::: 0 Autor.n.a tioall'" r. .. ~ t.l 

rJ= 0 Automatically r 

b- Iwrtin. :force of'. first order 
I· , 

0_ Inertia :.force of second. orda:!' 
, T • 1 • 

tIxI =0 Automatically 

d -.UO'P..nec t;i;PG-rod Bomont • PF 1 q,,, 

Total COll..'l}ctir..g-rod Domont i.s: 

sin (~ + 180) sin to{ +2401 .. am. (01 + 300) 

+ [; _ ~\2siu2(cX + "i'aO>])/2+ [1. _;J2s:tn2
(0<+ 24~)JJ/~ +l:t-rsin2 (X+JOoj 

Student: ?Tl"l'" +rr~~T 
.ARAR.~~ P 'u1.l.U.J.\l.H.U 

Date: 
ttfty 1. 196J. 

Teacher' • 
pllO~~n~CDBT ~ 
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GARD.f.!E 

Bl'UJUIOnIG OJ? L,-uLTI - CflLINDER D1TI..1IDAL 
COL1IDSTIOU mmmZ3 

2 2 
(1 - L) eo 111 w ~ (1-1 ) 

!To. 

• 

\ 

U =0 
C 

of ~yl:inder 
• .J 

V-12 ... 

il*ts:; .. 
e F PI F,._ 

~ -!. 
• 

60° 0 0 0 
Itt.¢ 

TnB RADIKL EHG:rnB 
._ F 

• , , , ••• g ~ t'Lr M nU r- _I c 
I 

'0 .a '0 :0 0 
I • 

44 

!l:b.e m~ engino c~siats of ~identical. reciprocating mechanisms 

maldng aqual angJ.GS ec.i U uith one another. In Fig.24 a radial. engSno o£ 

f::1.vs·cylinder is $hom. 

1 

1 

i 

I 

I 

The zondial ang:i..:o.a t'lith D.U avon nv.moo:::- of cylinders is suita.blo OZl..ly £or 

two ... s"tJ."okO use. The more important ;f'Our-~i'T01ro cng:l:I:1e raqu:1.r0o an odd r.:um.oozr. 

ofcyl:111ders :tn order to havo constont .:firing :1.ntervaJ. •. 

Dale :li1AY 1 2.961 • 
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B5 

B.U,llliQIlIG OP t?'ULTI '~ GYL:nmER IHTZRll'AL 
COnBUSTIo!~ BJ1GIllES 

. , 
, 

FI G. 24 i; 
1 .j' 

-'---------------- .. _-----_._.-
. ________ -.1 

14. T1!REm .. CYLINDJ3R EflGnm 
• . 360 o· .-
The anglo f) is e C J = 120 and i'ir-illg order 1 - 2 - J for cl.oo1ro:loo 

l."otation. 

a - Rotating. manses 
Inertia forco duo to rotating mss is not Z.3rD", but can 00 maoo so by 

oountel. .... ·'IOightn by o:motly tho samo mothod mused in the singl.e cyJ.inile& 

Gngi'P0S.' ~..e only cb?.!lc~ hat."'G is tho.t the macs of the rotat:tng parts io 

inoreased due to tltroe oon.nocting rods. 

Inortia mODont of rotating masses is zero due to fl3IDIllOtl."3' a.bout 

tT.an....<:tVorea plane fl .. om C.Got of'· tllO· shP£t 

Siudenl: 
A..'W' .. 4.T PZU1Iv JUJ 

Dale: 
IlAY 1. 1961 

\

. Teacher: 
PROP~U!;}(}DBT ER:\SLAli 

J 
I 

I 

I 
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:i.lI\LArranm OP !:lUI/EX- CYLIlDlm IlJTZPJULL 
COHBUSTIOn EnGl1I3S 

FIG.25 

L __ _ 

b - Inertia ral~e o£ ~~~3t ordar 
• • ........ • III 

Page: 
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I 
I 
I 

I 
I 

Wo 'bTi to 'the inert:i.a fO-~es o£ first order for g cylmders :in g~n0raJ. 

and. find. thoir COmp0!l01liis on two perpendiculeJ:" a....."..jg as iT - e.nd:t - a:rlsof 

Fig. 26. 

ow 2 cos ()( =: -mrw -1l. p 

2 21T 
FTI') =r- ID rev cos (<X _._) 

.:..4- p ~ 

2 411 
Fr3 :::- - m rw'· cos (o<-~ ) 

11 n 

2 
- III r Lv~ p 

Date: RI\Y J.. 1961. 
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ThO' components of those foroeson Oy - wds are:, 

47 

Ir ---~ 

_~_ 3 

/ 

/ 
\ 

FI G. 26 
~_______________________________________________________J 

T.I ' -' ..:X:y .... 
2l 2.1T 2li 4 If 4 ij .. m,."ru.:r cosc,'Z+ cos (o:._-q-, ,) cos - + OOS (Ol- - ) 000- + 

.t.' =tI g. ~ Z 

+ cos (eX _ g.(~ -.1)],) coo 2($. 1).] l 
. ~ g 

Usillg i~ellti ty; 

(}03 A cos :a = t [cos (A ... B) + cos (A .,. B>l 
2. 1[" '4IJ FI'U' ~_ m rUS ~ g COSe{'" 006:):+ OOS (ex-ryo-) + - - - - - + 

'41 'p - !'3 

.... "OS ( 0( .,. 4(:r. ; •. 11] ) l 

I Date: 
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BALilnc:mG 0:2 ;mUrI - CYLniDZR III:rB1111AL 
COr.lBUSTIOH ElfG!!ms 

, : 

! 
I 
I 

1lga.in using 1;1113' idonti ty: 

cos G' +cos(a+h) + ~ - - + cos [a. + (n .. l.)b 1 Sin~b ( 
:: .. cos a + ~'n- l} 

sinE. 2. ~I 
\ 

1 4 
with a. =cx. b .:: .-g:- and n = ~ 

F_ g 2.. 
J..y = - -2 In rw cosO< p 

2 

! 

i 
I 

I 

I 
.1 

I 
1 

I 
!/:ho Ox cpmponont or too first ordar forces J.ikowisa cen bo found to 00; 1 

g 2 ~ 

F- =: ... ~m l?wsinOl 
.LX .::;. P 

Tho l. .... .,)slutautof FrY' aufl FIx is at the crank a.I'1!l direction and :Lts mag­

nitude'is gj.von by: 

This .foroo can be baln:nced by cO'l.mt{n·\-reich~D, cO!Jpletely.. In case of' 3-cyl.:'l.nl 

dora .. the oountsl."Vlcight is; 

Tlle inertia moment io zero automatioally~ 

I Date: 
ttJ\Y 1. 196~ I Teacher: 

PRO~.llEaDET &~S!JUJ 
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13AIJLNCInG OP k'1iLTI - aYLnmER I1!T1mNAL 
CO-;;il1USl£IOH E11GIHES 

, 2 
- m ZO"\vu cos 2. c<. 

P 

:s- m Z"A 3- cos (2cx_.1 1i 
) p' .. e 

') 2 (2 Z - 1. 4-) - m r II tv cos IX- - ~... 11 
P 

Taking tha Oycomponents of theso forces: 

'\ 2 C 471" 2/1 
]lIly = - ~r Illl! lOS 20< + e08(2 ex - 21 coer + 

( g "",:l IT) 2~f& - l.)lf J +o.os 2 ex - ~. 4 1\ COG" ~ . 

Page: 

49 

By tho sa;m~ pTooodu:ro. 'used in tho previous section" Vie a:ro l.ed to tho 

remtlt; 

1. 2 [ sin 11 't"I 1 - 2' m rtlw - cos (2lX - ~"j- TI) 
P .~. 

I 

T1:l!3 i"irst to.rm is Z01."O :for ;; >~. tIlo second tom is sara :for Z>.3. If' tho II 

same pZ'ocetluro :i.s .;repea.ted :tor PIIx, t.~ &-ot the t3W:lG resul.t. lWJ!lcly FII x = oj 
for z) 3. II 

II 

I 

Thel"Oi'oro the inertia i'Orc~3 of second order in radial. anginas is baJ.a.n-i 
I 

cod automatically :for g> .3 
I 

I-------------.-I-:D=-a-:-"te-: ---------"'TI-=-Te-ac-:-h-er-: ---------1 
Student: . 

ARA.R.I\T PSHLIVAN !lAY 1. J..96J.. J?ROP.llECDE2 3HASI.:.tUJ I 
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.. :Now ".WJ imrus'!ii[;a to tho.l.imi~~ :O£thesacond term :?or ;; c 3. r.hich has tl1J 
o 

:f'O:tl.a o. 

Fny =- lnprAJLcoa 2 ~+ co~(2CX- ~.1l ) cos j:n, + coo (2CX .. jJl. ) cos il1.l 
.c 2 r 1.,., . . : 2Ti:L 1. 411 

FIXy'1:2 - tllpr:\vs Leos 2C< + 2" coa (2 ex. -"3 ) + '2 cos (20< - 211) + '2 cos (2D< - 3"' 

+ toos {201- 4"~ 

li':c:y '" - "pl')J[200S 2 il{ + t ( -oos 2C<)l 

F1ry ~-tmp~AJoO$ 2 o-impr ~(2w)2coa2[)( 

3 2 
J? ::: .. - m r A (2t1» II 8 P 

Student: I Date: I Teacher: 
At1A.i11!.T p:sJlLrUlll VfAY 1, 1963. PRop.m1CDZT ElU.SLAH 
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lXu:"l)llOING· OF ;:,rru.,TI - CY.;"'.tIlrOER Ili~dHcr, 
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51 

I .::>· 4_ • :'I .• d ~, d .. ("l _. \2'<7'2)- *...:1, . ;''''d 1...., ~ •. • ~ .. . 
• . SoU..&. 0.. w aenow . vj xan • A..... co ..... q expan.~ . VJ OJ.llCm:l..tl:!. series. 

• .3 ,,/ 3 . N 1. • .3 N sm VI. =- 4' Glll", - '4 am. \A 

r S:ill~..;.= (1. +9)2" s:i.nCX'- }~Sil'l )01 + 
(1.:~ 'A2smlY)"J/2 8 8 

+ am {d_ p -1 2lf )l ;; , J 

+ ajn (JCi - ,Iii ; 1. 61\ >ll 
if. tho quantitiQ~~ .ill 1M."acJ.:ats f'JoJ."il changed by their identities \;a: get the 

following form ror tho bmoo~ 

( . 211 ) (4. 11 )~ amI)( + sin ex - - + sin f)I .. -.3 .3 

2)· . 1 
- 3~ L sin 301+ ajn (301 - 21] ) + ajn ()Y - 4ii ~ ) 

Student: • 
ii..PJU'1A~ PBFILTiTJl1I 

Date: 
fJAY 1. 1961 

Teacher: . 
PRO~. nECDET RRASLAU 
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BALA!iOInG OP ~mYrI ~ OYLTI.ID3R !1ITEillllI1J 
CO£rnuS:rIOl~ B!iGIll~3 

2 
M =K ( -.lL ) 3 gill J.CX 

o 8 

" _. 
• • , 

F~~ no. of cylindor P PI {7 :c 

,3 1200 2· 2 2 
-- • 

l.S .... SEV:!:J11 - cYrJnmI:i"R illmIHB 

The angle betooan ba:nks is 360 = 53..429'0. 
7. 

• i'J i'J ~., 11 nu r I l"l! e 
• . 

0 0 0 1. 7 

52 

Inol.~ia :roreo du.o to rotating masses is not zero. but con bo made so 

by counto.t'tJoights. 

m = 0 r 

b - Inertia roreo- of first oro.ezo 

!rIle i!J.el'tia force (If !'i.-.:.at order VJaB found to ben 

Co U 0'11 <2... W-E..I'3 \,\"5) '3 \\len 

co." 

I Date: 
nAY 1.; 1%1 I 

Teacher: 
~p. N~CDET ERASLAll 

. 
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Th\L.~~o:rnG OF tJlJLT! - CYLli'T'.:Jillt IrtTER!lAL 
COti.!JUSTIOn ENGIUES 

o ..,.; Inertia £'01."003 o£sooond order 
..... ;. I 

rr ::= 0 
~!I 

d -C01Jl'l..9ctiZlg-rod moment 
'_11 T _-. • • •. 

Vie no\? fmml the index of unbal.ance 

-

• . - III' 0 • .. .. .. . . . 1._._ .. 
!lo. oi' cylinder F;tl 11' F II Mz ~ ill Un e I II %* c . ~. . 

":360" 
. • , • . IT • • -. e t .. 0 

, 

7 .- 2 2 0 0 0 0 0 4-7. - . ... 50 . .. 0 

a -llotat~~ nasses 
,r • . --.li1 

Inort-la. :force due tOlJ'(rtuti:cg mosm:r :i.s not zoro but can bo mada 00 by 

oonn:tor 'i-:eigll"to. 

Student: ~ 
.ARJ\RAT PBHLlilAH I 

Date: 
BAY 1. 2963. I 

Teacher: 
PROF. llECD3T ffiASLAH 
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b - Ine3:'t:ta.i"oroOD of .first o!'dar 
• , '141. t-. 

(For g := 9) 

Il-= 0 Automatically 
1. 

c - Inertia forces of' second order: 
•• If ••• ,. m 1'! 

Student: 

F 1:: 0 Automatically 
II 

!;'f =- 0 Autot'Ultiaal1 'U' ':II . - -.:1 

II == 0 AutomatieaJ.ly c 

Us £om the indox -0£ unbalanco: 

ARARA T ?EHLIvAN I Date: 

rJAY 1. 196J. 

Class: Page :. 

GRAD.ins 54 

I Teacher: 
PROF. llEGD3T ffiAS:rJlN 
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Ro. of oylinder 

.' 9 
, I 

e 
40 

, • 

DALimCIItG OF h"ULTI ... CYL:tNlJml II1T3P.uAL 
COllBUSTIOn 111G:tnES 

• II • I-

Fro F l? n Ilx tL,. f:l nU I II Z" J. ... C 
, I --

2 2 0- 0 0 0 0 4 .. 
T p 

5? 

In doubJ.o--l:OU radial. engillGa .. or.:m1t is sioilar to tho trlO-cyJ.indor in-

1:i.no angina, Fis.9.. Tho:t.m&Le betuacn cylindor a.UG is ~lj. fi~J.lJgintGl'Vo.l.' 
& 

4,il c 2lf • PirirlB ord..o-r- :ts 000 from the :Lirat rou •. the nexi; from tho DC:;ond 
2~ ;;;. 
rot!,. Re:fol?'eing tc} Pig, 27. A aud B ara ttoora.:oIrs of £irst and second Z'Ou 

respectivoly.. !l:1lo i'~ order is, f'or .~. = 5:' 

3. - V - ;3 - II - 5 - IV - 2- :t - 4 - III 

Student: 
APr.ARAT P3HLIvAU I Date: 

HAY 2, 1961 I Teacher: 
PROF. NOODET ERASL.I\N 

, 
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l1lL!wCI1IG OF UULTI-CYLnIDEU :mT:ilillP.L 
COllnoSTIOlT E1JGINES 

1 
----~ 

2 

3 

... ; 
FIG. 27 

Fig. 28 $0\70· tqoschomatia position of two rona: a.t any instn.nt men Oral 
. , I .. 

A ma.kes an anglo ex \"Jilth the first crank a.-r,i.S. First rO\l j,s Ura"Gll mth solid 
Ii ,,' 

l±nes and second row ~is nhcmn With dotted linOa. Though the figure is dro.tm 

.for £5."1'-0 cylindors, m t7ll1, conoidal." tl'& goneralcase tT.i.th g cylinders in Cool 

rQ\7 and find the inol'tiaforces and moments due to rotating .and rociprocati1.l"..g 

-masses. 

Stiident: Date: Teacher: 

ARARAT . PEITLIVlUI fJAY 1. J.961 PROF.l1.ECDET ERASLAll 
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llUaANOI!1G OF !ID1TI - CYLINDE..ilInTBRllAL 
CommSTIOIT ENGInES 

a - Rotatilm masses ~ , . 
:Lnor'l;ia, f'OJ."Cadua to X'ota.t:!.:ng tilaGSGS is ooro .. becau.sa two cran!ts &--0 

180° apart :from ea.chothor and thair polygon closes, F.ig.29. 

Inertia mooant due to rotat:1:ng maasas is not zero. as soon :£'roo "ello 
moment diagro.o and oquals: 

This' mOL'lOn'~can be balwced complataJ.y by countort70ighto as has been done in 

nrt:tol.o 6 £01! too-cyll:ndo1." 1n-1im englno. 

1------ ----.--------------.--.---'---.------.--~----_,_--_______ _ 

I 
-

r' 
It Frz 

I M" 

Fr= 0 M,. f. 0 

Fu 

tJ= 0 

Ma 

MI = 0 

FIG. "9 

F!!I 

F.l! r O 

I ______ ----.---------:------------------~----. _____ . _. _______ . 

We had nroved for s:lmnle .radial. Ol"lJ:l'ineS that .. - .,., 

Student: 

AP.A?J'l.T PEHLIvAI'I I Date: 

. MAY J.. 196J. I Teacher: 

PROF. EEODET ERASLAU 



ROBERT COLLEGE 
School 01 Engineering 

DEPARTMENT 

OF 
MECHANICAL ENGINEERING 

Course: 

Lab; 
Design 
Thesis 

Class: 

til'tho 'direoti.on of cranl: arms,' ' ~hG oo:me force 2s aJ.ong tho 
Imving lBOo w::1.th too :f:b.~ ona. Thorefore their sum is ZOZ'Q. 

'file 0 Xx ' 

o ... Inort:ta f'orc'O of seoond. ordor __ r t 

For simple- raCl:1.a1 ong:!::laa. Fn baa boon found to bel 

(for ~> 3) 

(for li=,' 3) 

Inertia mOIllGnt ,of saoona ordor iszoro £waWl 3 • 

. 
For simplomdiaJ.angi.nes. tIc bas 'been, :found to 00: ' 

(~> 3) 

Student : 

Pag~ ,i,' 
58 

-I 
I 

'! 

1 
, 'i 
': I 

I 
• ' ,I 

SOOOOda-~ 
, " I 

" 

, , ~ 

::1 
! 

,I 

I 

ARARAT j?t.m:tu'AN I Date: 
EAY1.1961 I Teacher: 

1?ROF.~ NCDET ERASLlill 
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BALl'..ooIllG OF rlUL!E£ -. CYLInDER InTEllUIlL 
C01mtJS2IOn mmrlTJS 

Be .. It 1 e:In . .30< + ,,:In )(0< + 11 )1 
- 2 9';\3 

vIlla1.~ lIe (1. - L) am LV 8 

r~. 0 

~t1 

ThO anglo batman oylinder axiS for eooh rou.B= 1200
.. Firi..ng ardor :to 

1- :r - 2 ... II -<:3- I1I. Fig.30 .. 

----:---~ 

-' 

FIG.30 

I.· L ~----------------.----.:.----~-... --~. 

-------------------

St~dent ; 
. .t\R!1.F..AT PEHLi1TAN I Date: tliAY 1.. 1961. 
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Thesis I 
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a,~ !tota.tiM rna,gsas 
. . . . 

F == 0 r, 

c - Inortia. :force ofoocond, oras~ 
"MA, • • , • . 

No. 'of cylinder e 
* • 

l 
" 0 
3.20 

19 I!' 

1?r F I 

0 0 , 

StudeQt..<. __ • +no 
1~lW!AT PEHL.!.vAB I Date: IiL4.Y 1, 1961 

I 
:j 

:( 

F II !L flu 1'l nu II r J. c 

2 2 2 0 0 6 
• 1ti .1 , 

" 

.... 
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Design 
Thesis 

BA.LAliCmG Of' IifULTI- (r!lLJJ1DSR!n~TAL 
COill3USTIOIT l";HGINBS 

a- Rota-tillS masses 
If =: 0 

r 

tl pO (can bo ba1..anced oomplotoly) r 

b- Inortia forea of ±'~st ordar 
, .... -. 

c - Inertia foree of second ordeJ:' 
-... • r. 

t1xr= 0 

-
d - ,~'pnnocting7rod noment 

nco o 

$ -r I 

, 

F r F I F II t'i r 

7 :0 0 0 
I'r "" 

. , 
I 

"2CO 0 for oo.eh ro"J is ft = .~. Q; 40 .. 9 T 

a- Rotatinb masses d n d -+ " ,- s + 
. B -, 

E'J: 1::' 0 ,F I == 0 

M:t "0 (can be bala'rlaod conpJ.otaly). 

2 

I 

Dr ~ t1 c nu 

2 0 0 4 
$ I I I 

~·o rce. 

I T eac~ftbl? .ITECDb'2 ER.\SLAH 

I 
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DEPARTMENT 

OF 

MECHANICAL ENGINEERING 

Lab. 
Design 
Thesis 

BAIslmClliG Oll' t:UJZ&· 'CIt Cl"LTIIDER InT,;;.,rmAL 
. CmmU3TI0Ii Rl"1GI11ZS 

o .. IMlJ't:la f'Ol."Ce of second. order . . r . 

LL._. = 0 
J.J. 

.. 
tl ': a c 

.. 
0 

. !Io. of cyllI:!.der -
Ii, 0 

9 
u. .* t 

e 
40° 

I 

Fr FI 

0 0 

.. 0 .... 
F. m Y:t ll:tI I!! n II r c u 
• I 

0 2 2 0 0 4 

D. OPPOSED ENGINES 
I 

21 .. SI1!GIJ.:!-OYLnIDER 3iJGD'fE .. , , 
!I!b1s c:o.gjl:lo has tho form as shotm. in Fj.g. 31. !noo cranks are 2800 from 

each other. One of tim pistaD :ta oalled n~ pwtonu• because it is uood 
to improve tlle Gtata of balance. 

a - I$ptatWPi mas.:.~!. . 
. Foroe polygon closes,· tlwrofom 

F = 0 r 

, . . 

Tho system is symoe~.cicaJ. uith respect to transverse plano passing from 
'. . . 

2tO center of grav~t.1. 

Student: 
ARAi~.t'\ IX pE.FrLiv .. 'U'l I Date: 

UAYl.1961 I Teacher: 
PROP. lrBCDET raASLAll 
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Lab. 
Design 
Thesis 

llAI.AlICnm OF HULTJ: ... -CYLInDER IHT8fu~ii.L 
CmJEUS:l.'IOrr EIlGI!mS 

----I 
I 

B 

FIG.31 

63 
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Student: • 
ARARAT PmILlVAlT 

Dale: Teacher: 
PROF .UECDElT E1tlSLtw 
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Lab. 
Design 
Thesis 

BA!JUJOmG OF fJULTI- Cnn1DER ITITEmTl'..L 
COlnJUSz.tOR BnGIIlES 

e - !nert-la £orco of saco-rut o~der « ,r ;,e 

Fo.s."""OG llolygondoos not close and resultant foreo ~ given by: 

2. 
Fn ;::1 - 2m.pi1uj ~coa 20l 

d - q'o-illloc;i(;!OO-:rod IDO?,2!l.!.' 

a a K[.· sin ?- +, sin, (c< -1; ~ 1 . 
o (1- A2sm2

C{ )3/2 L1- A2SV}(C< ... l1)J 3/2 

sim:l.lw to eooh athor. 

l i 11j' 

• .. - F FI Fn u Ilx ~ Li Ii r r c u 
I , 

0 cO 2. .·0 '0 0 0, 2. 
,p , .... vns J 

, • 

In this ol.lginG two p:1.stons l.abeJ.ed 3. end 2. are connected to oranks l' 

and 2. by means' o.f COnl1CCting rods ltr and 2U• As cranks rotate about g - axi ~ 

pistons do roc:'l.prooa.t:1llg motions along tho ;cylinder, Fig. 32. 

e. .. Rot!ltiDr·- ~os ...... a • t. Iii 

Student: 

F 1: 0 r 

N= 0 r 

ARARA~ PEHIrIvIUl' 
I Date: 

mAY' .J.~ 1962 I Teacher: 
PROP. ,!I1:X!DTIT ERASLi\lT 
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Design 
Thesis 

BALAlTCInG OF t11TLTI-CYLInllBR nlT1.:RllAL 
COllruS!?IOn EnGIHES 

b - Inertia :fOJ.'Oeof f:i.1tst order 
. -

Inertia. forcooi' fil'Dt order is givell by: 

P_ =-m rJ cosC\ - m.t r'Y coseC( + IT) J. p. p .. 

PIC- (Ill...r- mt rt)J cos ex 
p .P 

.. 
Thsi' force :is. not zoro and. eon llC1t '00. balanced b;r. counter wights. 

Student: 
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ARARAT PEH'LIv.lW I 
Date: 
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Teacher: 
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Lab. 
Design 
Thesis 

-BALAUCDm OF IJULTI - CYLINDER II~TERHAL 
COilIBUSTION ENGINES 

1 
I I I 

.. ~ 
·IJ 

~ 

'--- :] 

FlG.3Z· 

- sin 0: .. 
M

O 
=(K - X') --~;;;;;;..~"'"!!"'" ..... 

(1 _'A2sin2~)J/2 

where K = (1- L) aml~ ~ (1 - ~2l 

Mo (, (1 - L) am r/: (1' ... Lt) a'm' 

In general two connecting-rods are not similar, theref'·ore Mc .;.. o. 

We for.m the index of' unbalance 

ENGUlE 

T\VO~PISTON OPPOSED 

Student: 

ARARATEPEHLivAN I Date: 

F r 

002 

MAY 1, 1961-

n -u 

o 0 0 1 3 

I 
Teacher: 

PROF .NECDET ERASLAH 
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BALARC:mG OF tnrr::t.'! .. OYLItlDER rUS:BR11AL 
C01IDUSTIOn E11GnJBS 

1. Class notes,. It .... , .................. P.rof. N-aCdot Eraolan 

2. motor l?azoga.l.o.r:L va Haaaplan ...... P:ro.f. llocdat r:ra.slan 
3. Ellgineering D;9na.mics. Vol. IV .... Biazono a.nd Grao::lel 

Student: I Date: I Teacher: 

67 


	Tez5693001
	Tez5693002
	Tez5693003
	Tez5693004
	Tez5693005
	Tez5693006
	Tez5693007
	Tez5693008
	Tez5693009
	Tez5693010
	Tez5693011
	Tez5693012
	Tez5693013
	Tez5693014
	Tez5693015
	Tez5693016
	Tez5693017
	Tez5693018
	Tez5693019
	Tez5693020
	Tez5693021
	Tez5693022
	Tez5693023
	Tez5693024
	Tez5693025
	Tez5693026
	Tez5693027
	Tez5693028
	Tez5693029
	Tez5693030
	Tez5693031
	Tez5693032
	Tez5693033
	Tez5693034
	Tez5693035
	Tez5693036
	Tez5693037
	Tez5693038
	Tez5693039
	Tez5693040
	Tez5693041
	Tez5693042
	Tez5693043
	Tez5693044
	Tez5693045
	Tez5693046
	Tez5693047
	Tez5693048
	Tez5693049
	Tez5693050
	Tez5693051
	Tez5693052
	Tez5693053
	Tez5693054
	Tez5693055
	Tez5693056
	Tez5693057
	Tez5693058
	Tez5693059
	Tez5693060
	Tez5693061
	Tez5693062
	Tez5693063
	Tez5693064
	Tez5693065
	Tez5693066
	Tez5693067
	Tez5693068
	Tez5693069
	Tez5693070
	Tez5693071

