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After an introduction fo the nced and scdpe of baloncing in zziach:‘.ﬂary;
x-aﬁia?. and opposed engzines have boon considex
in succession and ‘attenpt has been m&e o show to vhei degree it is poasibl

smg}.c cylindow, ..n«l.no. Ve o

to realize the condition of halance‘ in interpal combustion cugines.

An indg

of wnbolance, due to Prof. Necdet Eraslan, has boon added to each engine, a

show its state of balanooe

Ropetition has been avoided vherover two engines

ave similer as far as balencing is concernod, and the firat procedure is rof

od fo.
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,1{ DALANCING OF Al EHGINE - )
Hany moving parts of machines have reciprocsbing motion like that of

 the piston of an engine, or rota‘hing motion such as thai; of i:ha ‘crank shaft

cfanen:,me.,"

if mc’mnb parts are not in perfect nalance oz 3f the parts have verinhic

» moi:zon mertia farces am sat: wup that tond to protmc& vibrations in the frone

of the machine, and hence in the foundations to vwaich the freme is a{:ta.chad.,
Such nhraﬁmns, pwtzcﬂarly if they cccur at high speeds may produce ox

' . cess:wa n:r..ﬂe, cause unduo 'ezear on 'bhcx machmery and ite supporlis. I‘m:ther-
, more if the natural period of vi‘bz'a{:..on of any gart of the suppo:etmg frane-

work or foundation should happen to coincide with the periocd of vibration of

' ‘the moving pe.z‘t; the disturbances set up could become dangerous., The pumosa',

of balencing is to neulralize or minimize these unpleasant dangerous vibra-

tory sffccts pg far gg may be pradical.

The cause of this undesirable motion lies intefsly in the masges and

- notion of the pishbon assemblics and comnected rods. It is not dus to the
- vibrations din gas prossure, exploision eic., for on every fiving siroke the

force upward on the cylinder head is equal %o the force dowavard on thezns‘fm,f
so that the net force on the engins aasembly is 2000,

in ongine z.s seid to bo in balance, vhoen operating 8% constont speced,
if veactions at the support remain constant both in magnitude and dizrection.
I£ it dooe not satiefy this condition the operation $o make it balonced is
called balaucing, ;

Hoving parts moy be in (1) stotic or (2) dynemic balance.

Static balance exists if the cemter of gravily of all the moving parts
remain in a fixga' position relative to the frame of the machine rogardloss of
the positions of the parts. A sysiom is in dynamic balance vhen the inertia

Siudenf Date ¢

ARARAT nmwm HAY 1, 1961 RO, TECDDT ERASTAN
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forees and cauples exertod vy the muvmb masses ave in equilibrivm among
'shem.aa}.vasg

’2. DYRATCATLY DOUIVALINT SYSTRM OF THS CONNZCTING ROD.
A mombor is defined as dynenically quva.len'b To an actu;.l r*e:nber of
a machine, aed can hypothetically be ’\agarﬂeﬁ as repleacing that actunl momber
" {for the puxposes of c’tynamic zmalysis), it will exhibit exactly the same
ragponse o g,:..ven fﬁrces, and the same z'aa.ctions o &,mfen accel azﬂa'b:mns, as

- 4ho emg;zzal

. fThe connecting rod in the simple eng,z.ne mechaniam is a member which
there is no f:mad pom‘b* a1l poiants upon it 21&70 different motionsg,

. "*‘is. 1\} shovs any flca‘bing 1 s+ having digtributed mass, of tobal
ve.lue me IE has an accelorabion aé of its contor of gz*av:.ty G and an angular
accalemﬁzcmo'\ - and thus inoriia reactions fema, and g=I,.0 Fig. 1be showa »
a rigid frame cf exactly the same shape, but weightless, except for tho fact
that it cazm.s.es two masaes o, and m, distant s, b from the point w‘mm G
woudd be if it were suserwimposad on the origingl. Now the mttnr

;
R
1
|
-

will boe equ._valent m i;he ?omw ﬁyzun:.czﬂ.ly :;.13’ tho voctor swzx of the WO

inertia forces fl and fa is f, bcth in dimctxon a:ae. magm.a‘:aﬁe, a.né ..:E the

moment of fl and f about G is Q. .,

Siudn » Date: ’ Teacher:
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- This will be acc:omplishsd it
1. The C.Ge of B, and m, is at C.
- 2a me gum o mlan&ma ig ofill m
3e ”he mcmem‘; of mertia of ml and Ry ahcsut G is I

These exprossod maﬁhemé;%haliy ave:

1 e Hma=mb ' 2]

2i ‘
my ; m, = m (2)
nla + mg'b = X = m;cg_ {3)

xmcrﬂ 1;:(§ is radius of @zaticn of i;ha zod about contor of gz'avi’by Go The
‘b!:u:*d mey bo transfomnd a5 follows '

e + (mb)b = nkg
?Isiﬁg eq;:ati{m‘ (1)

- (méh)a + (mla)b‘: = nk>

G
{ml + m,)ab = mk‘g
ab:l:g ' / L (3&)

Bquivalenco therefore demends the satisfaction of three comditions, (1), (2)
and (3a). . |

Lets .;..zzd the dynanmcally equivalan* aystem of an actnal cannectmg rod.
Pige 20 [[—

F16.2
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Bauation {3a) shows that if the &is-z;ama 2 is ‘?m&, b c¢an not bo chosen
erb:.mz*z.ly but ig given by the relation:

G

ﬁ,W/
b o —

If we roplace m, &t B, the nes:z.tion of m, is given by squation (32) as at

point B » :
ozt

This point B is then the conlter of pavcnssicn of tho comnnccting Tod with

ragpeet to point B.

If we roplace a mass U, at B and I, at A such that iy + 1, =0, Fige3e
o nev sys'tém will be obliained whose conter of percussion may be found from

.tﬁu EZQ K'G

e e o o e - R - e

FIG.3, 4

Due to thoe form of *hm actual comeciing-rod '«I'G) KG and GA) GE, Therefem

the nevw sysiem ia not ezacily dymm,.cally aquival A‘f} to the actual connecting-

x0ds

siud'?'l!iﬁRs'@‘ PEHLIVAN ' Date: [AY 1., 1961 TE@EEF, DLCDET LRASLAN
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Hovaver ve may congsider the nésv sy58 :,am dyramically cquivalent to the.

actul connecting rod z.f we :m*brodme a comecb:wc connecting-rod nomont, lc.

Hei’emng ta Pzg. 2s

‘mrmen
mla 4 mab =0
m=fu, plem

Toking moment about yaﬁ.n'f: B

2 ' 2
ﬁBuGLJ maﬁanm%é
a“' at

Roferring $0 Fige 3.

fgain fteking moment aboul B

26 - 2

”’ ﬂt
23 23
'%z:ﬁ'}} %--(lnh)m%ancamgﬂg
s a% a3

In the triongle OAB, Fig, 3.«

sinf sin
r 1

Binﬁn% sinOe ) ain

Date:

Siudjﬁ’ -
MRAT PRHLIVAN rmr 1. 1961

B8, mmopae rasTan




ROBERT COLLEGE Course ; - Class Page
School of Engineering DYHARICS OF B‘&!IT. EIAGHI;}ERY GRADe HE
VA DLab- ‘ BATATCING OF HULTI = CYLIIDER INTERTAL
MECHANICAL ENGINEERING T::lsgl;' : COXnUSTION ENGINZS

‘Differentiating with :v:espec*& %o time end replacing 4% LY we
o . - " at

p .
01’3‘& )W Cos>

af_ Jdweosx  Auw cosﬁ( o ameos O

T cosp
‘ﬂ'l an:?a "3.- )‘,,mga

Differentiating once moro,

&L ) (1~32}w gin O

""""“'2 E~1

at® (3.-) sintx ) 2f2

{__:zs)__‘ {1- 2y 2 gip
£3.~ ) 3/2

e iz called correciive - connccting - rod nmoment

3, ZINERITA EPTECT OF THT RECTPROCATING UASSES TN THE ENGINS UECHATISH.

Roferring 0 Fif. 4., the piston displecement is given bys:

Z=r+leT cosdl - 1(08 B ' A 1)

:r[:b- cosO(-!-’-'{l - 305[‘ }]

Using cosf = Sfl «—)‘a:m"'a

= = r[l wcogd+ X (1 -V '-fsindo{)
. A ! .

Ezpanding the ferm under radical by binomisl series and noghocting tho tox
) af‘t;e'rﬂz {sinco ) is usually about -2'* » tho terms bayond the squere mey be
dropped without appreciable. erro:e), wo geb

z=2 (1 - cos 0(4-32- sin‘eo() {2)
Sfuldenf Date : 1 Teacher
C ARARAN POELIVAY BAY 1, 1961 ZRO. .t'. HECDIT CRASLAY
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Dig erenﬁm»mg mth rssyec% Lo tma,

. : p) ‘ : _
P WIS »

o
where W 33.:_:3 been mt‘ceﬁ .'.or %{;

,,,,,,

i;% (ces0(+ 2 ccszd} . ‘ {4)

8‘3\) 4

‘i‘ha @gli*uﬁg ai’ *I:he :I.nartaa :E’cma due to o moas m havﬁ.ng this aceoloratio

2
T mw‘vi-%u mi‘?ur (coso{+ ) GQSEO(} ’ (5)

at”

Thig exprossion for T may be weidten
2 - ; ‘
P =mew cosd+ mr)S comd X | (6)

The ‘c&m I‘I & m'u% gog X i ca..lea the ::.na:ei::la fma of :E‘.zrsf: order and
FL = o A cos2 X i ealled tho insréis force of second ordez. |

The above imertin Torces ney bc dotormined pravhicelly for any positi
of the crank as follovss

N

First 1ot o suiteblo force scale be chosen and thon, >mferrim5 t0 Pige 5.
jo

let ‘br:o conceniric circles be drawa with a radius 01\1 = MTLT mé. the othoz

Y

" FlG6.5

Studen Date » Teacher :
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with b, = mE) o Tow et $he crank engle ¥ bo ledd off a8 shown and lo
the line 0A2 be laid off making an angle 20 with tho horizonial line oz,
Then if tho points Al and A2 axve projecied on the horizonial line 0%, the
iinos Ay and ca, will represoent FE’ the primary and B Frys the f'econdary
inertia forcos respscitively..

7 ||
TG P |
SR |
a2 N LA
30 TEEA

0 30 60 90 120.150 180 210 240 270 3po 330 340
. Crark dngleg ‘Cie‘ﬂ"ccs
FIG.6

"Thoe primery mc“i::u. foreo, F.. for a single cyl:izmer has heon calcu_.awd
for cach 30 - a8 c:mm: pos ..“E:ixm and glcm&e& with a suitavle force scale os
the harmonic curve A in Pige 6« Similerly the secondary inortia force Frq
has beon caleulated and plotted for ) s%-as the harmonic curve B, Total
inoriia force, ¥, the algobralc sun of F and B, is plotied as the curve C,

e EE;B&LHZ‘AJ E’G‘”B‘{“‘TDHS OF Bz‘m}‘c..,
The balancing of an engine mt;uires the satisfaction of 'bhe follm:mg
conditionss

aw- Balzmcﬁ_n.g of dinertia forceas and couples of roitabing masses (consgisi
ing of the mass of crank pin plus the rotating pert of the connocting-rod)e

‘ b « Dglancing of first order ineriia fax’ces and couples of wociprocatiz
- mosses (consisting of the piston, :zzmgs, wrist pin plus the reciprocating m
of the connecuin&,-m&},

St denI ' Date : ) ) Teacher :
“ARARAT PIHLIVAE ° mAY 3, 1961 FROF, UECDET ERASTAM
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¢ = Dalancing of second ovder ﬁ:acmia forcea and couples of rociprocatin
jisrsieialc iz o '

d = Dalancing of corvective connecting-rod moment, .

PART II - THE SINCGLS CYLINDER FNGINE

He DBATAGCIUG O SIHGLE CYLIUDER BEGTHS,
Te will considor the conditiong of ardicle 4. successively and show if
it is possible o realize thom.

a - Rotating masses
It is seon from Pige To that without comztema.gm; Fr ¢ o, but can he
balaﬁcc& eoup etwly by counter ’:ze...gh'b&

b 2
oM
. : m'l \'[ m,
L e - - r &
éL I . -
0 K 0 TE
B ' a,
: ¥ A _
e —_ _e_ .
Me] o G FIG.7

n o= mags of erenk pin plus ro uuting pa:«:'a of comnecting=rod {vhich
is glven DyAn = -—:ﬁc.’i,)
= masa of the crenk arm

m, = mass of the counterveight fo be added.
Fraom+ 2 n,a,
Hass product %o balonce it ds:
o+ ?Zmza.g
8y =

Siuéeni : Date: . Teacher:
ARARAT PEHLIVAD HAY 1, 1961 TROP, HSCDET DRASLAN
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The systen is SMQméal with respect to the transverse plane through cénte;'
of gravity thorefore dynenmic balance is automatically satisfied.

Iire @

b = Iportin forces of fims order
Insrtin force of first order is given by:

2
: Fz = L’ipm- £o8 X

vhsre 11 is the mass of the piston assombly plus rociprocating part of connecs
tingrod (L-2)1 o |
L CeBe °.

.....

Fie mprwicos o

FIG.®

./ 2 .. . -
mo,w sth BN AL P ot

Ye moy balance this foree by o counierweipght m!é added a% the extongion of
Lcrank arms 2t o distance a, such that

t s EX
m 2&.2 a,mgpr

Then
2 ot 2 mon
- m P cos i+ mhoa, w CO8 X = O
P

Sfudenvt :‘ . ’ Date ! Teacher : By B "
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But this is not satisfactory. Docause though wo con balance oF component of
mzba:t.anca, we dntroduce an unbalance ian the verdical plano with mag;z,uadc:

2 _.
- %8, sinX

Yo may heve o batier condition of balence il the magimun veluss of horizontal
and varticasl compo*wn of unbalance is equal to each othor, This implion:

-’ m?z&u‘}?.' + n? 25"2‘*? = m‘?.‘aZ";g
and
mlo2y = Egi
This condition is kmovn as half balancing.
Inertia moment of Tivst order is saro due Lo symetzw.
I‘II =0 . Azi‘?:oxaai:ically.

¢ = Inertin forces of second ordor

Inexrdin fozee of sccond ordey is @vm bys

N

g . 3 .
FIZ = - mz)?uf deos 2 X

This force can not be balanced by a counteweight at the extonsion of crank
arms, because ithe ox component of the force dus o the countowsight has the
component cos , wvhereas inertia forces of the second order depond upon the

component cos 20, Countorwoight must rotate with a speed of 2w to take cort
of the socond order farces, vhich is not posgible czeepit for specm constzy
tiona such as the Tanchesior msthod, Therefore,

Pyp # 0

Siuden Date : Teacher :
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HC:"?BSTQ.E o may apply the mothed of helf balancing to 00&.1 inortis -
forces due to the rociprocating moosesS.
Falp4Fppe- TS {ecos o+ dcos2 XY on ox axis,

Porco duo o tha counterveight I, at a é.ismca:aa,

Iiaa?_w cog X . O O axgig
and
~ e, edn X ' on oy axig

Bouating maximm velues of the OF and oy components of these forces, we gob
e " ‘ e 2 .2
From vihich followss

: He {l+)) 4 .
e, = - - =2 (0,5 +051) m

?.
Giencral Hotors company sugzesiz the following formula for high speed engines:

tye, = v {045 + 0.361) o

Inertin noment of socond oxder is balanced automatically.

d Someaeting~rod m&menu,
' Corroctive com«cc‘m..nga-mo& EIGYBOZL&, rh:e.ch ::.s given by.

LY

e = (1 -Ehad M - (1_\?;1%(

)3/'2

- Studen Date : Teacher :
“IEEARAT PRETIVAN | "™y 2, 1962 SROP, [IEADET ERASTAN
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is not balanced and can not be balanced by counterweighis.

Index of Unbaloncs

To compars the dogres of balancs of engines of diffcrent types and with
diZferent number of cylindors, an indox of unbalance dus to Prof, Hecdeb
Braglan, may be ussde The mothod is to assign values to cach ifom a, by ¢, d
above vhen thoy ave antomatically balanced, complefoely balanced by countewx-
woights, partially balanced by cmmermights and when they can not be bolanc

ed by couterveighis.

The valucs agsigned will depond on the yolative importance of the forces
and couples involved ag fer as balancing is concorncd,

This i done im the fable bolows

o A . 1 Prz
SPATS OF B&Iu‘iﬁ{}f} ; e &) HII e

' le Iutomatically belanced o 90 2© 0 O

2,  Complotoly balanced by , 5
 comterweighis 22 1 05

3,  Partially belanced by g |
counterweights 3 .3 15 0.7

4o Unbalance ‘ 4 4 2 b3

Sum of theso values in o cerdain ongine glve the index of unbdalance vhich will
ba showm Wy n.

For a single cylinder engine ve may form the index of unbalance as Bibws

3t . o % f2 vl £a ‘ . . 4] § ‘ A ‘ »;' T = T
Hoe of cylindex Crank angle I‘r I‘I I‘H sz ‘KI X‘III L"c B,

1 oo 2 3 2 o 0 ©0 1 8

SU4ENRAT PENLIVAN | Pt mav i, 1961 | TZ0P,mECDET IRASIAN
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PART TIT = HULTT = CYLINDER INGINDS

Ezzgmes with more than one cyl.ndor nay Lo avranged in different RS e
The fundamenial arrangements arss

| Ae = In<line engimo
By =V - Bogind
s = Radiel enginc
‘ B. ~ Oproged ehgiz’ze

Vo will considor thom in auuee.;.s..on with differont :mzzzbe:e of cylinders,
!i. = IT=LIT0 SHGTHE
b ZHs ’.Z“‘?{}-E}EL“‘EBJR I"??G"Ii.a

i

1) Two - stroke eycle - In fwo-cylinder two s*i:z*oke enging %he fwo cranks

are offsst by the aagle -~9~ = 3.‘809

a = Botatiag mnoses

Referring ﬁc ?i e 9.

n = nass of crank pin plus rotating part of connecting mod
o, = 1nass of cronl am N

" m, = counterveisht
The gyaten is symmoetric with rospect to cender of gravii.‘y 0. Thorefore
= o Auntomatically

s
&
r

The systen is not symeiric with respoct to the tranoverse plane passing
vhwouzh oy Thorefore '

u,#o
SOMRARART P TIVAT Petet my 1, , 1961 e

SRASTAN
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)
Db — =
FIG.9

[ s

Gczm*berngzzi:s za,a ave added 4o the eytons;r.on of cram! arns o halance it
dynenically. '

Zm,8,1 - 2myo.l « Znch = 0

m, - xR+ miagl
T %y

b - Inertin forces of fivsi order ' |
. Sinco cvonks sve uffsed by 160°, ineriin force of first ordee is givon
bys

Fp = = ,ﬁyr‘g | Lcos X + cos (X 3 )‘_\:

- F =0  Automatically

Ine rtiz momont of first order is given by:

fEI = - m§rcu' 1 \, 208 X cos (A -+ }—)

.

3 e o o @
mlaa-mp:mhcoaoe

This couple can be balanced by o counber couple produced by coumborveights
nt 5 placed at the sxtension of crauk arms, Fige 104 -

Studepti sRAD PEHTIVAN Pete!  may 3, 1961 TS, NECDET SRASIAG
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Forco produced By m‘z iss
Pa m"az:*é

Tho components of this force on ox and oy axis ave

..... Ny -

. 2 . 2 .
Tz = mb,r5 cosX, Py = m'zr‘% ain

The moment of T gbout y = axis can balance ‘EI if
"~ 2 N > 2 . s
- cmpruh cos X + 4 n'rw5 h condl= o
or

a
* au&g
: 2 a

Dut the moment of ¥ about x = sxis remoin unbalamced. Ve uvae the mothod
of half-bolancing o have the same disturbanco abont X - and ¥ -~ oxoss

2 v ' 2
- ampfw o+ 413"21\§ how i m‘.zl‘uy h

Student ; Date :

Tea . . . e
AHARAT PIHLITAR HAY 1, 1961 PEOT E0DET SRASLAN
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-1
AWD 1
e el
e =T ‘

c - Inertia forcos of second order
. Dotal mrts.a. forco of secona o%’der

givm b#;

FTI 2= -mp:.w }(:ccs 20+ cog 2 {0\+ W ‘ﬂ

e, T s
i v O T

, 2
For = —2&93'“,— leog 2

This force cor nek be balonced by countorweights, bscause thosa welights mst

revolve m.th a spaeﬁ of {2w) which is rot possible without using opocial
mech,hzisms, such as the ILanchestor machine,

- HIE &l g Autcmaticall »

@ =~ Comnsectins-rod moment

f*..no( + sm(O( T)

’ ;Ji = a{l 33} 7\ (1 -)\2} mw [

The te**m m*hasm is zevo, therefore
0, =0 Automotically
A"

 The force and fioment diagrem for eacch ilsm io showm in Pige, 1l

Ve Jorm the index of unbalance:

@ Fembye 1 el (o )|

To, of cyl?.n&gr cmm; angle | Fr Fe Fﬁ B IEI B.. B, =n L
2 180° o 0 2 2 3 ¢ . 0 7
Student : Date ! " Teacher: -

ARARAT pranivan PROT. HECDET ZRASLAY



ROBERT COLLEGE Course: Class: Page :
School of Engineering DM:IGQ OF 1Y, MACHINERY AL, BB 168
DEPARTMENT ok ‘
: OF : Desi;*n BARAVOING CF MULTL - GY::..I’D R IDTORUAL
MECHANICAL ENGINEERING Thesis’ CCUDUSTION SEGINES '
]
Fri g Abdes Fii A Mz2 i
{
,; |
i Mrs Mry %
i : i
i Y Fr2 ) ) » Fiz
fFr=0 ' .‘Mr':)&O’ Fi=o0 SMr#o
Mﬂ',A . o M, i
1
1
. ; : -
¥z SV e |
Frdo  Mu=o . Mo Fle. it

2) Tour-siroke cycle ~ Since oquel firing intervals rvoquive the cronks to be
offset by tho angle 5% = 360° or 0%, the conditions for imoriia balancing

ara exacily those g:.wn Tor ong-cylinder en,g,..m, with doubled values of momoos
involvad. Index of umbalance then, iot

[ u

-

lioy of cylinder cronic emgle F, Ty P 0, H H. H =n

2 %°»c® 2 3 2 © 0 0 1 8

Te TR TIREE-CYLIUDIR BHGIND |

| In the baﬁmcinﬂ o'? tho thres-cyl .;»3(3.,:9 engine it i3 wanocessary fo dige
Tinguish bofwesn trio=strole and Fourestrokoe iypes, For the tuo-sivolke engline
the crank-offsed angle is 3-5 = 320° and for the four-strolie 43“ = 240 Tho
angles aro oquivalont to sach othor omd result in gimilar (or T nirror inage )

c:ra...: ww,gmmen*ﬁs.

o = Hotatine pagcoes

we

fo see if the roltaiing messes ave in static and dynamic btalance, o
draw the force and moment dlagron using Ba..by's methode Ve Lirst compete the
mass product and mags torgue, s}mx}n in the table belows:

Student: v . ! Date : Teacher .
MIRRARAT PEMLIVAT HAY 1, 1951 FREP, ECDET ZRASTAN
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: Thesis .

, PR ' ass - Distance fass

Ho..  Hass  Hadiug Product  From B Toxque

i n r oo . 2a 2rwa,

2 m I il a biicuch
3 om 0 e o o

Porce polygon is closed, therefore static belance provails automatically:

- P
F,=0 hutomaticelly

dwmant 1301,}'1_,0.:1 is not clcsafl, 'merafom f;he sysi:em iz ﬁynmically unbnlanced

:
‘

A - e 2a— 5t |
' |
o sy 41
4
|
Mz' zw ///t; . wi
" : ' Fsi M1 gga S TEE T
“mry ‘mro - : : /\’-‘—/} S
‘\_\
Fig ) ’ \\_ .
: ‘\‘
. e \
Freo Mr 40 ' . Freo - : My +0 Hew g i 1o
Ty I -] 2 S S R . o) * e
) : . -

e RUSGT Si e i b b s 42

However by two mass prcéac s onl a.n& on = - an.. mp}aceu on B am& A nlzmes ;
respooidvely, dn the divection shem in Fige 3.2 we poy balancs the mcmom;
of rotating mosses.

__od Y3 2mwa V3
03} oy s s . Se———— ———— ¥
on,, =eom=a 2 T2 o 8=
Student : ' Date : Teacher:

ARARAT PRHLIVAT . HAY 1, 1961 EOF, HNECDET ERASLAL
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cmmm:.qhts can-not-be placed at the plancs 4 and B, dnstend we place tho

at the neil_.,hhw_. cmnk arms at ho‘bh s%f;»es ci’ uhé plana.; .avs in ‘..3.
TROTL o o o e
G
e "‘-%m
U .

N

b - Inoxdis forcog of first ordes
[

al imri;"n foree of firgt order is given bys

- B \‘cas K cos (N :?l) + cog (& 4‘,_%11‘)]

L. o=
T
—Pi = wgk cos o €~-*ccs (-sg,isizzot} e (~w005x+%sm&)
T oz
Ty = tically
Stud : . Date : Teacher ; :
“Cbapan pommivAN "y 1, 1961 FHOR, GECDET TRASTAT
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Po find the unbalance of moments of Tirst order, we proceed oxacily as
wo. 4id for raﬁating pesses, The mass pr 'ﬂamc% to be addod tom, », * s toO
balonce the Pirst order momont i given byt

whore m dneludes reczzzmcaﬁmg part of cnmec‘f;:mg rod, However this mass
nrcd"ci, iﬁtrcducea an wnbalanced momeunt aboud $he other axis. Agein uwaing
the method of hal? balansing, the mass product to be added, roduces fo

nr

0 = Inexwtis lorues of <*econc. ordsy

Inertia forces of second order are given hy:
-l 2 i 4T
’E‘ﬁnamgr,.w cos2 X + cos? (“-:-w—-)-rsasz (x+ )
% | 3 " ’2“ : O é’ ~ ﬁ : . 1 ~ v”“ i
P, == m?r,\w tcosz X (=5 cos2X+ 3 ﬂiu?.d) + (=5 cos2X =§291n1
E‘JII = O Au*&ama :Lcally

Tnortia moment of second order ia nob mero, and can not be balenced by
countor welghtse ) :

ﬁn ¢0

d - Connectincerod nomant

Total comnecting od moment is givc » bys
2 2,1 &I
E»g - (l .,‘j‘_,)m“;-,}(l -) ( .;,:LnO( “+ sﬁ.n(d 4" 3 J
@ - Za® ¥z [1 VPain (o + 2y ) 2

* : " 3 3

[1 \ pin (Ow-%—)]

u .en : ‘ s Date : eac
SPRaRAT PRILAVAN | o DAY 3, 1961 Te*NSHoR, TECDET ERASTAT
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BExpanding __ sin X 3 / in Fourier gserics and negleocting the texms

(1 =Pain®) -
with X to tho 5th and g.?sa%aﬂ nomrs, we get

' 2 :
P
{ ?gm..g.}-%fga {lwi- )s,,_nc(-.:zosin 3w -~
1« )esin

’.Ehe'aﬁhe:e tvig 1 terms also are czpanénﬁ in se:zx}.vs, *Lo give

4"‘m!so :

-
A% gin BX for the
quenti *s;y in Pcmtlﬂ:‘ulnt Thon R

i = (1-5)ans 2% 30

This moment can not be balanced,

'The index of unbalance becomz.

Ho, of cylinder crank aagle T, Ty Fop W, M. B, n

v el
3 - 120° o 0 0 2 3 2 1 8

B¢ IOUR = CYLITDER SRGIHS _
1) Four-sivchke cycle - The four-sylinder four sircks ongine has a crank
offset of -ﬁ-ﬂ- = 180° and consequently, in Tespect to inertia forces and momen
it 4= equivaslont to btwo-gcylinder fwo-atroke engiues built togethers OF the
poszible crank arrangoments, the symetric one shown in fig. 14 is by far th

best since with it bhoth static and dyunomic balance of wolating parts are sat
fiod, .

o - Rotating msst
Ag i% is showm in Fig, 15

F_ = o Autonatically.

0, =0 Au’kamatieally N

- Stud : g . Date ! .
Sudgisrar PeELIvAN "' Ay 1, 1961 &of\.:::m:al ERASTAN
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T b - Ipertia forcés of fivsi (}“der
Both £irst opder fowce and momont polyzons close.
Pr=o Automatically
Hy =0 - Automntically
sl
i L h. o8 h‘ :
' "
b h -:t-(-!nz->'
23 2 3 v
Fra[] Mes £ F14 f] Wiz £ Tus i~ Fx P-%nz['T
Fus ‘
R Mri ' Fre Mit g ) Meid
ri ra o inr . I v FB'Z :
Mra M]:/_, Y Mxe
- . Foi b
LY Frs LY Mra LY F13 l..i Wiz L LY Mo G.A5]
} ) Fr=0 Mr=0 Fi=0O C M=o Fn?’:O }A’n i : ;
K____«.w__m_w.w SR - T . ek J
Siudenl - - - : Teacher . !
ARARAT PRULIVAY HMAY 1, 1961 "ROF. EE0DET BAACGLAY |
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¢ « Inortia forces of second order
, From Fige 15. it io epen that the forcos bm.lt up and the force polygol
doeg not close,

}3‘21 = - 4 mﬁmg Y oeg 2%

Thig v”oms can m}a. be balanced by counterweights, unless vo use tn“ qa.'zczze i
systen

& = Conmociinzerod moment

Totel comntciing-rold momend for the sysiom iss

1, = (L - L) anZ A3 »‘AE) 2 gimX 2 gin (X 4T)
¢ | =3/, g, 3
(1 - W"L‘:m x) (1.) sin { X+ )]

Yo form the indoex of unbalanga

lo. of cylindor crank angle 3}‘? ?I biy 1 KI i .

s w® o

o]
fxy
o
<
L]
<
3>

2) Tuo-givokc cyclo - In the four~cylinder tv'o~s sroko png:"ma thoe cranks of

cylinder that fire consecutively are offset '-3- = 90° »

Stedeflisnnn prurivay >y ¥ 1, 1561 ze e’ uz0032 ERASTAT
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FI1G.16

The arrangement chown in Fig, 16 is the most frequently met in practic%e with
the Pimdng ordor 1 « 2 w4 w3 001l @3 =4 =2,

a =~ Rotating magses

Poree polygoun closes, therefors
Er =0 hutomatically

Homent polypon does not close

o VI0 B
S

BOGAZICI UNIVERSITESI KUTUPHANES!

Studept; . . Date ; . N ——
“RRanar PrmivAT gAY 1, 1961 I TeBS05F, DLCDET ERASLAIN
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— ' - —
A s)

4

» f14 u
Wr3 ) ' MIz
M" Mll, e
‘g . Wrz . Mze
Fra F1i . Fi2
Fl‘l e Ml" - rﬂ.i FEZ
My y Muz
T 16
Fr3 | . Mr #o0 S i Mr #£o RETER Mo
Fra ' : F13 F1g r My = o
Fr=-0 FI__O =0 T = O

FIG. Y

i

The inertis momont due o roltabing masses can be balancod completely by two
mass producis on = = 0313‘ with an augle O o vertical med hoving the nagni-
fudey :

on = = 0B, = %—Q ne

on-plopes A on B as chomm in Fig, 17. ZInsiead of roplacing masgses on planes
A and B, wo zoplace them at the oxtonsion of crank arms 1 and 4, wiith

m, T, =

Date : : Teacher:

Student ) gy -
HAY 1, 1981 PR0OF, HNECDED EZRASTAN

ANARAT PEHLIVAL
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b = Inortia forces of first order
The force polygon closes as showa in FPig. 17

P.=o0

toment polygon does noit close and resulitant moment iss

e = wm r& ¥i0  cos

I R

As before this moment can be balanced by fﬁa counterweights added at tho
oxntension of crank arms 1 and 4 with the same asngle 0 » Bub as we had sosn
in provious sections these counterwoipghts create an unmbalsnce due to torm
sin(l « Therefore we use the method of half balammb aud choss countorveigh

Tio
¥y =45 ¥

¢ = Inoyiis *?o'ﬂc of secsnd order

Porce polygon closes ag shown in Fig 1?, Therefors

?II‘ = o0 Aubomaiically

omea%: mlygon (310330 plso, Therefors

»

}“"TII =0 fmuo..atica.ly

d = Comaciine-rod momezz‘b

Cormeciingerod moment i3 given by

< T
e sin (a(-;--.?-*}
_E = (3. Iz) w A(l - 22)\ DD -+ Z
| 0 22472 2 1 5]
(1 =2 gin™) [1 Rsﬁn ¥+ ﬂ

‘ 37
wﬁ {O( +Tf} I’ +- S'..‘I‘ {O( 4= 2 ) 31 ‘X
(2 ~Pornfox 47 )] |2 = o’ + B ] T

b4 . =0 Automatically

SudptiARAT PEHLIVAN Pele'ay 1, 1961 T3ENSHF, MECDET ERASLAT




ROBERT COLLEGE | . Course: | Class:

Page:
School of Engineériﬁ.g, DYTIANIIGS oF Dm. ?xiAGHIIm . GRAD 18 28
DEPARTMENT Lob ,
OF Desi'n BATATCING OF IULDT « CYLINDER IOTERIAL
MECHANICAL ENGINEERING | Thesgis COEBUSTLON BUGINEs

“The indexz of unbalance becomo:

o Q.f: §y3,$zad§r' cm mz,:;la 1; F E‘ I ﬂr IJI ﬁII a.
4 - 9®° o0 0 0 2 3 0 o 5

Qe TFIUB=-CYLINDER mﬁm, '

Cranl e.nglc offsot ig 360 = 72°, I*c:e four~stroke engines firing intorvel
is 320 _ 1449 £ivine ovder ig l1e4-2=5=3 Four tvo-gtroke cngineg fir.
mggaewm.s?agan&fwmgnrder..a§~4~3~2o

8 = Rotalbing massés

Ii'wce polygon closaa. therofore

I‘ = 0 ‘
, » !
' Hass Digtance Ilass o
] ‘craaz: 1o Haos i%a.ﬁius prcﬁuct from B Torque ‘
1 o z m  e=4d ma
2 b <ol | b= 3d b
E m o ® wm  e=2a me
}}4 | n z o 6. mrd
] n r iy o o
" Student: Date ! | Teacher

ARARAT ’F’Eiﬁﬁ'.'?ﬁ’ LAY I, 1961 : i"lOI’.MbDE" .IRAS '%II
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i

M1z
‘ Fi2. My
{ Fra
\ F1a

l ,./M;:_,za.l%mrf

‘\ Fis // Sy :o:-‘f‘ } -
\ * Fi=o L’ . M1 F 0 Fira s i

~Homeat polygon doos not close and has iho maghitudes
i, =48 mwd

-t 344

O = tan = 55%24% with the vortical
238

This monment con be balanced by two mass products on and on, placed © degroes
from voxriical on A and B planes:

omy =« on =220 TEL 3 0405 o

Student : Date : Teacher:

ARARAT PTULIVAN : iAY 3, 1961 DROFNECDET BRASTAN
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Those cmm-f:a:mexgms can nc’i; be plecod on A ond B planes, but at tha czixensicxr
of fivst and last crank arms with

. Bmmds4lBmd

j‘*lwé'ésm“

b= Inez*tza. forces of fmt order
Torce polygon ¢l cses,. z:i.g. 18,

E*I « 0
Gomeat dicgrom does nob closes Regultant mopent has tho megnitudes:
I o= Y?I?.IB B rcd coso
I P

This moment can be balaacaa' by naag products on, and ;m'é on B and A planes
respectively, with the m;ni‘t:ude ce

| o am

¥ o= e o :
only =« Oy = mT

Then va mx:z’oauca an wnbalence f - the veri,:.ca.. nL.nc due to sine Torm.
therefors o use halzn‘balam.nm. fThen .. .. .

"0:@.‘E = cné M&’mmr

¢ - Ineriic forco of socond order
‘The force polygon closes, thorefore

Fyp =0

Homent polygon does not clome .

mmﬁo

Student: i ) Date ! Teacher:

ARARAY BOHLIVAH _ MAY 1, 1961 PROF.HECDED ERASIAN
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and can not be balancod by counter weishts.

& ~ Gommocting-rod rnoment

Comecting rod moment is given by:

13 T Sin()( ; ’3551 (O(%-m) . f.’ri!l {L‘( 4%"’?“) ‘ ‘
e T8 3 21 ' 2 .2, :
{1 =) smu} !2 [l n} sﬁ.a et )] 3/'2 [2. ) gin (X '-%JJ ):13;2'
GTT : ;
_sin (0(”’5 5in (0<+ )

T ..
[3. “)2gsn’ (rx- )] P [::. e 1 +§I)]3/2
| vhere K = (1 ~~ 3’.¢} a mu%)(l »}2)

If w egggnéecz \ smO\ 3
' ‘ (z ] s:ino() /2

in serles

’ C\\'\J
and neglect tho forms with ) to 'Lha Sth ‘proater powers we gots

nq
s 3 ss(?l.«:agA )smaz.-% gin 30 53
(1”)5.3:;9() /2

The other "Izez’ms $o0 con be exponded in pories o give the value

s
(14-9) )& m0\+ain(u+-)4 in{0<+i—)+sm {0<+-~)+ in(3(+--~)

2
- 5%»[ smBO( + gin{30 & w== ’r Y} %+ ain(30 ¢ o= 127 + gan(30 ¢ 127 :ixx(;*uhrzg~T }
for the quantity in paventhesis
Uzing the identitys
b
e w- - ’ ) "‘5.1’}.(21 3}
gin o + sinfa + b} + gin(a + 2b) + esee + Sin ‘_a + (2 - 1) b s =i
' h sin(z)
2

gin{a + ng 3‘ b)

Student: ) Date !

eacher o
ADARAT PZTEIVM? HAY 1. 19561 T PRQ& #HOCIET ERASLAN
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9% | gin gin 6T hy
I, = £ (1-;- 3} ain(ow } s__njﬂain{}d el |

52.1% ‘ 5

Both torms aro zero, therefore:

.I‘.‘{c:x{)v

T}:c indez of 1mbdanca becoma:

ey 73 i1 anle g » PF. P H ¥ Y 3
Hos of cylinder Crank ang..e 7, I‘z PII i - “I: dn L:c n "
5 72° o o 0o 2 3 2 o T

10, SIX = CYLIUDSR EHGINE
In the siz-cylinder four-siroke engine the cranks of cylinder that five
‘consecutively are offset %‘“a 120° +« in cach plans 120° fron each other two

crarks ore place&,

Foreo and moment dlagrams ars shown in Pige 19.

a - Rota'b:mp magses

Both forco and moment diagrams closo, ﬁhaz'efoﬂe,
F.=0 Automatically
4= o0 Automatically

B

b « Inoptia force of firat ordex ,
Both force and momeni diagrams close, thoereiore

=0 Automatically .

iy =0 ﬁutomtical;sr .

Student : Date : Teacher :
AUARAT PoHLIVAT : , NMAY 1, 1951 PROF, f:}'u{a'DE? ERASLAT
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. esis
¢ - Tnorils forco of socond ordox
Both force and moment diagrams close, therolore:
. Fyp = 0 Jutomatically
Oy =0 Aulometically
d = Connoctinmerod momont
Gonnecting-rod momont is given by:
2T,
. K[ 28&0{ Zsin{o\+3 , zsm(“(-yw)
—— > -y
o = F| @ Paubar’fe | [T Fout(xs 220)%F2 |3 ~Vout(ns 4“)]3.”
The torm in paraanthosis, if oxpanded in Fourler scrics and the tornms with
©o the .:vtiz and g:?ea"aa:e DOTRZS ove negiscied ‘;'Sc bocomest

Mrli M1z
MI3
M1z
‘A . M!S . M::o
0 . ) .
o CFIG. 19 1
J Siudiﬁ) inRAD DIHLIVAT Date: 1y 1, 1953, | T““*fér.rw:)zz ERASTAT!
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_ it cam not be b‘..lmceé'by counterveights un..assrilxy the Ianchesicr system
wvhere diameter of second peer muat be chosen snch that vhen cm._n.}: motate |
with enguler speedw, it will woiade with 3w, Hovever due to ) , its magni—-;
tude is not appmqiabla. ' |

The index of umbalance is shoma in the table bolows

ﬁcf of cylinder cm aﬂg,.e ‘I‘ v _Fi FII i‘z- f“,t fln uc nu
;
i
Student : . Date : 4 — Teacher:

ARARAT PIALIVAH UAY 1, 2961 . |  DROP.NECDET IRASLAN
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Thesis

— - _ -

B = V=EHGINES

1ls YVeB8 PLANE CRAUR = SHAPT FHGTHD
Ini,hm typescranssm in the samc planc ag shown in Pig, 20

i

FI6.20 S D i
1

a = Rotating masses
Baloncing of voiading messes is the same as thet of in-lino engines mtq

the excoption that moss of the rotating parts ic incronsed m iuncludes mass of
crank plus rotating paris of tvwo gomveciiug«rod,

As it dis soon fiom Pig.l5., inertia forses and momonis ave balanced
aubtonatically,

‘ }.“r.—: o Automatically

b = Incrtis force of first ordox , ‘
A _ :

Por four-~ctroke cyclo, fiving interval is %-‘- = 9(39, ThersXore the angld

betuwcen banks mat also be 9&, . . i

. ’ |

: ' |

Student: Date: Teacher:
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Taling A_

" Right bank

yoa = A cog X

Ppp = A cos {0l 4 T

®

g = A cos (0 +2T3

r

Ilz.‘.ilz + P

13 4 F
Theroferss -

- -
£ Q

T6ft bank

7Y, = & cog (™ + g- )

i1

F’.g. = A com (0<+ )
I FiB:Acos(U-:— )

57

?4'*“‘“"5 {“‘*""’,.“._.'.,_Q,

FI}. + I‘z,, * .'t"is

."A...:. PR
*PII;GG

of g,mvmy, Symamic balance, resuliing € otal inoriin "amezzt to vanich

=0

c = Inoxtia forves m’ pneeond n:et}e'r*

l}ano'i;..nd ~ 5 Z‘w 2 by B and setting oquation of ©

cach bm, e ga'b $he 103.3.ovﬂ_ng rec'u_:a.

Right banie

=De X
111 Becos 2

=

Piga

P

o {)\'» TR
IIB?E ccszl( -i*'(T-)

}?Imchosz *

= B caos 2 {O( -%ﬂ)

Zofh bavle
FiIZi. = B cos 2 {dk ,,._.g. )3
: P"”’Q" Bcaﬂ.’% (O<+ 21 ).
FIIBeBGQSE (o4 24)
1"1:4 = B cog 2 (O\+ 5W)

econd o*"dar Porceg for

-1 prf, W can 'z:mi. e the i’ollomng squations foz* each banlke

|
.fﬁl:ewiue cach bank hag, ane to "ymje%z*y about the y?’anavm’se plane fron cenr,l

| Stdenparar prmnivad

Dafe! gAY L, 1961

Tepshssy HECDET

ZRASLAY
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+ I

o ' -
Frry * Frze * 113 zm ® 43 coz2 gm. zxz zzs ® PII4 =« 4B coa2
A T T S T - T “““"‘"“.‘{
. B . L . d. ) r‘ . -
\"j- g e : o | ‘ ‘_‘-”Z’&: = 48 cos 2 'A ’ ‘
LA ‘ . . S - ,?
it I 4B cos ‘ . L, 4 } “4Bcos 2% . )
' N i YL . /} | | |
£ . : Fr =\f2-486c$'2xx :
2,3 X~ o - ' 4Bcos 2o
Fl16.2!

‘Uhen those two for**as su:meé. up vec'tovmlly their reszlmt bacome: -

o 2
: A TR X
Fop == 4 V2 m T Acos 2

This forco is 2long x = axis, Pifg. 21 ond can be balanced by the Lanchestor
mothod only, Inortiz moment of second ovder venishes for both banks, as it
ig showm For four-cylinder, fomr - stroke in line engine, Iige 15. Thorefora

Mo = 0 lutomatically

a = Jonmsetinc-rod nomond

mtal connacting~rod moment is mvan bys

- T
u = 2K s..noi : s:m {o(-a-"l'). ey sin (X + )
° (=) o<}3/2 2 =) %amf (e 3 ))22 P’ =2 Zain (o 4 ﬂ]3/2
: ' sm(“ﬂ-%) . } :
[“ - ) 2ain (o(&él)] 32

Teacher

Student : Date : j . R .
e I PROF3 HECDET ZRASTAI

ARADAD TINLITAD
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whore X stands for (L ~3) ami)L -F) |
The term in paranthesis is zovro, thorefores

ﬁc m O

The index of unbalance become:

) L q - ‘“' 7' - '3 "5 A . io - & ‘ b ’; 3
Hoe of cylinder Crank a.ng..e‘ F, I‘I Fyr ﬁr ﬂz HII dc a,

V-a?lameshafﬁ 18?%@:95"3& o 2 o o - o 2

12, V=B FORD EHOTHE
In this c.rmgament, Fig.22 craniis lie in two porpendicuiaw planog,
Caz enpgines are waaily 0.. this typc. In order fthat fiving interval for
foup-atzoks o;.g’mas e -=a 90° s the anglo beitueen baunks, B must also bo 90

D* .. vy s
Students  Date;; I To3818%, UECDET ERASLAN

ARARAT PEHLIVAS

Y 1, 3961
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Thesis

8 - Rof&a‘izm A 1asssg
Eua to symeiry c,'aau'{: senter of gravity the lnerila force of rof,ats.ng
mosses is balancoed auvbomatically, Fige 17.

Ez = o Aubomatically

In congidering the Aneyiie moment of roitating messaes we divide H, into fwo

paria lrx and liry, nomenis of rolating masses aboub X e and ¥y - axls rospoc-

tivolye |
Cie R

irx = 2 pgrwh, clockwise

ey e 2 Wil o amter clockwise

These - mamenua can bo bzlanced ccmplaﬁely by counterweighis in the y - = ‘and
" - plazzes, replaced ab the extonsions of crank arms, Thorofore thowsh
L, ‘& o0, it is possible to make ﬁt oo by counber woights, '

b = Incpiis forceg of fiz's'a o:c'dez.n
I}m_cim ] - ml rw 'b;g' A, wo write the inoriia forces of Lfirst order for
cach bank, roferring fo Fig. 23,

Right bank . Ieft bank

le.-a A cos o\ P4, = A ccs(<>(+~)
Pyp = A cos{X + ';:_,‘E ) | PL, = A cogl = S )
Ié = 4 GOS(‘D‘* 1)) w FIKE- = A ecos{\+ g )
Prq = 4 cos{Os 20 F2, = & cos(ot+ 2T)
¥12 '-"“an * f‘:ﬂ% =0 Pl * P ¢ Ppy v T =0

Student: - Date: ] Teacher: . ..
ARARAT PEULIVAN HAY 1, 1961 PROT,HECDET ERASLAT
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Therefore,

P = 0 Automatically.

I
To find I,-iz.,; o refor o Flgs. 22 and 23, and tzke noments about x-axis.
2 r v . ' i
& . ._’ . ’
. ) X !
W\ / 6 LA T
‘}{‘ % thR
' MIL . x
2 H
. ;
FIG.23 1
-

Ri@rb, ixmk
‘ "'El = Ahl cog X

fixa ::'Ahe 35310( |
}‘114 = Ahl'cosa

s

- »3;9:8%\ baxle B
myy = - Ay simX
ut. = - Ahz cos X~
Hi[} = - 3‘}2‘1 2inX

i3 = = by coso

Mo == 2h (ial cosd = by gino)-

Hpg = - 24 (hl_ eind + b, ¢80

|

Student :

Teacher:

‘ Date : . -
ARARAT PEHLIVAN | HMAY 1, 1963 ; PROF, NECDET BERASDAN
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Their voctorial sum vAll give . If we calle, the angle I fovms with
Om - axis thens
aﬁmghl sin *!126980(

HIR by cos ™ = b, sincx

tan O

acnoting U2 by tan ¢ and Qividing both domominator and mumorator by
1, 005X ,hlma coty

. ton Ok tan @ )
a0 = i Naanp~ 2 (4 +P)
or

D =C+lp

The magnitude of I is given by:

» \- M B M T 2 i ianr ettt oo S
1. e V(IR + L} s2n2yV, 2  , 2
LZ { } = D w hl + h2
Therefora if wo replace counioer mights alt the exiension of cyeunk arms at
an angle q? = ﬁaﬁ*l 3’2_; and with & magnifude such that their momend will
valanos H, tho snorti3s moment of first order will be balanced complotolye

¢ - Incrtin forces of sscond order
Ths poliygon of inerdia forces of second order, Pigel7, closes showing
that thoy are automatically balanced.

»IIgO

Tikewice the moments polygon for ecach bonk closes, thoroforas

i =0 Automatlcally,

Student : Date

Teacher:

ARARAT PSHLIVAN 'HAY 1, 1961 0¥, FECDET ERASLAT
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Total comneciing~rod moment is given bys

ai_ncf S sin(0<+-)

sin {o(-x- )

gin (x+ 27)

[1- ) sin (o-t-

vhers X = (l-.a) amw)(? ~))

The quantity in pavanthesis vanishes, thercfares

iicco

Yie form the indox of unbalance

EZ

Hioy of cylinder Gx‘anxs aaale r, Py I‘

I.IILI

n

?

220

0,

;4‘

V-8 Ford 99“ 0= 96°0 o o

[1 - Casn(c + 211)]3‘

Student : Date : o
ARARAD POHDIVAN - - IAY 3, -196%

Teacher
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13, V=12 ZUCINS
' 720

- For fcur—s‘aro‘re engines the fiying intervel is T2 60° , therefore the
angle betucen the bonks, 0 . is 60%, L“ach bonk of V=12 engine is ezxsctly like
Gwcylindor in-line engines. Thoreifors m:z b:..?.anca condition of rotating mag-

gew, Tirst order inertia Fovces and second Qzﬁer inertia forcos are czactly
the same as thot of S-cylinder in-line engine, - That is:

8 - Robabing mosssy

Fx* = ¢ Automatically

iﬁir = o Automatically

b = Inoxtio force of, fi:esi:r order
FI = o Automatically
*“I” G Au omata.ca.lly
c - Zine:etia Porcs of spocond ordew
Py =0 fmtopatically
L‘{E = 9 Automatically

d = Qonnec bing-rod momont

Total connscting-rod moment is

. 21{ 3mo< + sm (ﬂ 4 oG} ' s:m {5 3120)
| (2 -2 sine’/e {1 =2 %sm et 60)]"/2 [1 =) Zaanfx s 3.20)]312

am (A + 150) gin @<+21§-0) Ly ein Xy 300)
|z - = ) 2ai (ol + 180)]3/'2 2 ) stn? (o 240y]°/2 L}.-fsm (9(+30€}]

Teacher

Date ; -
StudetiARAT PERLIVAN I "'y 1, 1961 - | $5i5F, nzcozr SRASLAD
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Thesis

VIRE K= (1-I)a mf ) 2= F)
The torm in paranthesis is zero, herefore:

Hc e O

Vg form the index of umbalancs

Tiow OF cylindor @-'7 Ry Py Py By M Iy “,c 2
¥-12 60° o o 0o © ©o © 0 o0

Co ZHE RADIAT, ENGITN

The radial én,;,w uonsz.nts of & identical reciprocal ing mechanisms
malting equal an.gles Da '--rd:bh one anothere In Fige24 a radial- engine of
five cylixzde:? is shom.

The rodisl engine wilh on evon number of cylinders is suitablo only for

two-gtroke use. The zéam- important i‘our—syi;z'oke engine roquiros an odd nunber
of cylinders in order fo havo constant firing interval. |

Date :

Teac
Siude;&j?‘[@mg ZES HLIVAT TIAY 1, 1961 - |

El uF.L}uuDS ERASLAN
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Y
B8,
A B2
/ — .
: Bs // | x
4 tol
B, 1) X
B
Py
i

THRED = CYLINDER ZUCTUE -

14.
 The anglo 9 im 6= 339
rotation.

& - Rom*:mr masoes

CIunerdis
countory

Gr‘.gle.uuq
increaced due to three comncciing ois,

nod
erﬁc

orbin nomont of roiating masse

tranavorse plene from Cl.Ge of the sheft

Automatically

¥ =0
o

ses is o

120 a:»é fwing or:}ev* 1=2~ 3 for clccmse

force dus %o rogatmg rasg is nc-’a zern, buet can be made so by
eighto by cxaeitly the same method we used in the asingle cylinder

Tho only change hers is thot the macs of the rotating parts io

ero due %o aymmem’y ahcu‘ﬁ $he

-

Date:

LAY 1, 1961

- Teacher:

I"‘RGL .11..:\: oy
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i —
| . ) I
i i
i :
|
4 X P
3
. B, B,
o Flc .25
b « Ineriia foree of T3ivst ordary -
Yo wrilte the inertis forces of first order for § egylinders in genoral

and £ind their comporenis on itwo perpendicnley gxis as ¥ - and T - axis of

Y

P, = mp:ewz coa

ok
2 2T
FE:‘: 51 e mﬁrw cog {CX-g
2 XA
FIB E S mprw cos (0<~g )
2 o 2( = 1)
I“zz" - m?z’ W BQSS.O\— = 7

“Studegtamian PRILIVAN Date! mav 1, 1951 Teaghen, NECDED BRASTANR
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.

StudghARAD PEHLIVAL
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The compononds of these forces on Oy - axis aves
T . %
4
~
\ 7 %
ﬁ \
o
"
@m s
FIG.26
]
| 2l 27 2T 4T 47
k F - T 3% ez (X O i 08 = L% o080 (’\'. PRI GO e XN
Fpp = =B TS| cos + cog (X g_)éug oz (V== ) cos g
C B - T !”.—v ZT |
5
Veing identitys |
_ . ' : |
coa A con D= %[GOS (A + B} 4 303 (fi - B)] ‘
; |
\
2 1 ‘ ‘ 47 o |
Fzy" .._.m?:ew 3{13003\’&4'&03:)4‘003 (§<~§fa R - w
2 o ‘” |
'+ con o0+ 2E520) |
. >
Date:  fAY 1, 1961 TeEer, UECDET ERASDAI
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_ Aga,:x.n using uw identitys

cos o+ cosfath) + - - - + gcos La&: {n«:’a)b‘] = T cos [a -s--g--—--l‘z b
a? 2T, Y . l}' . rt
vith a =X » b= -g and n = &
~ L on22 g cosois 2R2L E=1,7
PIyﬁ”g B}:fw [% cosD(»»p»szméﬁ. cos (K e = 2T}
= ‘

The socond torm in pevanthegsis in gero for :9>2’ ramulting

The Ox component of the first ordor forces likowise cen bo found to bos |

& 25
. . i xd o
, F.Lx."”' Emp wain

Tho wosultens of Py and Py dis at tho cymnk arn direction and its mag-
nitude is givon bys ‘ ' ' '

E:N

by

o -
1572

1
P

This force can be balanced hy sountermweighis, completely., In case of J-cyllx

dors, the counterweight iss

mll‘*l u%mp? |

Phe ineriia moment is zero aubomsticallye.

- - Date : Teacher =
Student: e faraor BAY 1, 1951 RhP INODET SRASTAT
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¢ =~ Inexntia force of socond ordor

Inertia forces of second order ave found for % oylindows in goncrals
Fipy = --.m 1’3c§ cos 2 & | A e

Izy g : )

112 ® 2 soa (2=l
1‘?.T.:i:?_’ = mg?‘ﬁ_w cog (Em-.g }

5] { "SJ T
cog (2 z) ;

, 2 Z-3,
Pprg = = BTAG cos (B0 =S4T

Talking the Oy components of those forcess

: : 2l ' V . 4T 27,
FIIy” -mp;i’,\w [cas 20 ¢ 003(20(-?} 208 -5-5-!- - - .-
- a P 2 - Y7
+ c0a{2 X o == L47) cos -Sg-i-z‘u]
. By %he came procodurc, used in the previous section, we are led o tho
rosults "
S 3 2| gin® L B=3o
FII.:; o - :;mﬁr)w —=== cos (20 =SS }
gin 3T o D=l | |
o —— cos (20 « = 37 )}
san g™ , ‘ S

The Tirst torm is zewo for 3} 1, tho second ferm is zero for Z> 3¢ If tho

. . . X - ¥ ) . ‘e S—— Y -
same procedurs is-repeated for Ppy o go% tho same zosult, mamely Fpp . =
for z> 34 -

Therafore the ineritia forc23 of
ced autonatically Ior $> 3

gecond order in radial engines is balan
Student :

ADIADAI TITLYY,

Date ! Teacher:
3 b2 - ATYAT TImtTYRM W
TUAN DAY 1, 1951 PROT JERCDRT

PN JL"I-MZ
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~ How we investigate tho limit of the socond term for % = 3, which has th
O .

Form =, ‘ Lo
Ea Xty ] P

Fpwy = = 1) r}ﬁ' coa 204+ cog(EC( ) cos--+ cos (2% - --- ) cos L‘l

<F b

P e L, “ZLy 4 Ecos (2= A X w &1
rIIy = sz'\w {cos 20+ 5 cos 2o 3 +F cos (2N = 2T) & 5 cos (2 - 5

-:-%cos ‘{201-:- 4-\1)]

2 A
?II;; =t mpr)w}:zcos 20\4-'-2-"( - CO3 200/]

B 3
,Fzzy""am /)(,50032 c-amﬁr)(‘?w) cos 2 X

o g F s Bz
Likevwige szm ;a formd fo bos

S | i 2
P = ™ 5 mﬁr)w .nzrx‘_-amp.,){ew) in 2

l‘ﬁ = *'%mgr) (26)®

N

Phis fovee can be balancod by mass products

BT, a-g‘ mﬁr) zovolving with a spoed of 20,

d «~ Cgmnecting~rod momend
Agoin considerdng B cylinders, ve write resuliant connecting-rod momont

- | 27
b =<[ Zin O i (O(-“g
e (A =)o) re [z. ~ P (o = 2y ] 312
, . sin (oc - g ET)
" (1 = 2sim P Bt 211)] 22
Student: h Date ; : Teacher:

ARARAT PIHLIVAN . PAY 1,°1961 PROP,,HEUDET BRASLAN
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MECHANICAL ENGINEERING Thesis COUBCSTIOE 2HGTass
2 2.2
Y32 is ewpm&cd fby binomial uo,:cies,

I2 sin o io denobed by X mu -

@ - 2% }3!2 z
If we meglect ) %o the Sth power or groater and using the identity
. .
gindo= 2 pind-% sin 3
_ 4 4 ,
‘ “mo‘ 5 = (22 qé ) smos:a-?sg- oin 300+
(1 ) sin o() /2 ' .

the same menner:

u%""easm{; othor terma also 3
’[ sinel 4 ein (X -'-@f‘-’*> + == + ain <o«-g;1 aﬂ__}

G 2
zﬁaaﬂ% 1+ 2 9X
3}2 ]

kots ave changed by their identitiecs we get the

45 the qmmwae in

following form Tor the bhraco.
2 : o
o _f - v 1 t —
9) } = - ain {O( - = 1 T‘} A b= yoxd? g“ (BKX"‘ X 3“}
1} .

¥ l
,’ : ) ”

The first term is soro fop any #, the second is soro fov 2’> 3

Por & = 3
. i : i
) g 2 zg.j
Téeagé(lbﬂé*§[“mdﬂ-sm{uww}?eﬁﬂ(un )‘l
32 '
= &= | gin 304 sin (39~ 27 ) + sin (3% = 47)

Date i
HAY 1, 1961

Studenf N .
ARARAT PRHELIVAT

CDET ERASTAH
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Design | P S T Ea A W Ao dik e ¥4 -
MECHANICAL ENGINEERING Thesi _ . SUNBUSTICY BHGIBLS
esis )
. 2
LY R - 32 T
H, = b = )} 3 sin 3X
0= -2 (-0 end ) sin 300
E’ha, index of :za’.ia.’lazzaa becomssse
- e e o oo e it T — o
Tloe of gylmde& B .n? F:t I‘H ﬂr d_l. . ﬂe o,
S3 oae® 22 2 ¢ o o 1’7—

35 - SEVEN -~ CYLINDER MIGING

The apgle bobwoen banks is 350 = 51.429°,

o Rcﬁau:u:* nAsss
Inertia foree duo o z’a'ha"mb nasgss iz not zsro, but can ho made so

by caunﬁaz«:&:aﬁis,

W ik
E, ¥ o
Incriia moment is salanr'cé aviom‘az.c‘,.lly.
o=
» =0

b = Iseriis forse of first order
The inewtia forco of first order was found o bo:

=
P, e m 5
I 2 Tprw

N

L . o (L - be
whore % is ths mumber of eylindew, & = 7 This —{o rce can

balanced by Coun‘}erwe]c)\q\'s , given \O\J'.
Student: res s ma Date: _ ; , Teacher:
ATARAT PIHLIVAL HAY 1, 1551 PHOF, UECDET ERASLAT
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SRR A
,mz.«.z «.2 mgr

By =0 Aufnm&ticaili‘}'.

¢« Ineréis fovoos of second order

Prp =0 Automatically
I.EI = o Auvbomnbically . . . ..

i, =0 Automatically

o

Vie now foom the index of unbalance

0. oOF ,‘? «.b o ;‘"‘ T fi
Hoe of cylinder = Efﬂ I‘..£ Fop hz* By EII hc a.
3 ) 1 8 » ——
7 _ «-‘-’-,—1‘::.-9« 2 2 o o ©o o o 4

16, HINZSCYTLITDDR ZNETHS

Tho angle botvoon cylinder axis jia f = =5 = 40°

a - Rotatine magses
- Inertia force duc fo rotaiing masces is not zoro bui can bo mads so by
counter seighia, '

Fg;ﬁ,

Student : . Date : ‘ - Téacher : s o
AT PEHLAVAW HAY 1, 1961 PROF, IECDET ERASLAYE
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Inertin mcﬁav" duo to rolating masses i8 zoxo
ﬁz’ = 0 Aubonmaticolly
b - Ineztin foreng ef first ovder
7 % 2

o g THO

I 2y

{(For & = 9)

FI‘ = o- ”g' -mpru?

his force caun completoly be balanced by mass product
T, = % n, ®

I = o Automatically

¢ « Inowrtls forceg of second ovder:

FII = O Aus»d‘a :?.c‘..lly

(for & £ 3)

Upp = 0 Automatically

s,

@ - Corneciinse-rod moment

i-ic = o Auntomatically

Vo form the indox of unbolancos

Student : Date: Teacher:

ARARAT PIHLIVAR ' HAY 3, 1961 PROF, HH0DHT FRASTAT
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: .f “l‘ b ‘ R T 7 1. 0 8]

Ho. of cylindorx o B VLX ?1‘:& b, UI oo B n,

g 4o 2 2 o 0o o o o 4

17. DOURLE-ROU RADTAT BUGINE , |
In doublo-row radial sanginoes, orank is sindlar to tho two-cylindor in= ]
line engine, TFig.9. The angle bhetweern cylindor azis is o -2-* » firing interval
41 27 . Piring owvder is omo from the first row, the mx‘ fzon the semnd
%%w,. mmr&mg to Pige 27, & and B ovo the cranks of first and second zow

ragpectivaly, The firipg order is, for % = 5z

1—-v-3-n-s~xv-2,-zw4~z:;z

Siudeni Date : Teacher :

ARARAT PEELIVAN HAY 1, 1961 PROF, NECDET ZRASIAR
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¢ Design BARARCING OF HULYT e CYLINDER INTIRVAT,
MECHANICAL ENGINEERING - Thesis ggmm&mﬂr{ ;ﬁsgmm

> .

- Fig. 28 shous the schematic position of two rows ot any instant whon cra
A makes en angle X with the first crank axis. Pirst rov is drawm with solid
lines and second row :z.sx showm with do"ateé} iﬁ.ﬁéa. Though the &g«r:e ig dramm
Lox five cylﬁ.ﬁéers, we will consider the gonerol case with B cylinders in cao
row and 2ind the inertia forces and moments due iﬁo rotating and reciprocating
- ASEeS,. '

Student : o ' Date :

_Teacher:

ARARAT PEELIVAN HAY 3, 1961 PROF,HECDET ERASTAN
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Lab. - BATARCING OF MULTI - QYLINDER INTERIIAL
?‘::::’s‘ COnBUSTION BHGINES

- ROT a‘b.ﬂg magses
Inortio forco due 1o rotating masses i3 zoro, because two oranks az*a

180° cport from oach other apd their polygon closes, Fig.29.

-
o
P O

Inertia moment dus to rotating masses is act zero, as scen from the
omonent dlagrom and equalss ‘

L, =F =2h

(Pig, 9)

This momont can be balanced completely by counbormoighto as has boon dons in

article 6 for two-~cylindor in-ling engino,

ARARAT PEHLIVAN

HAY I, 1961

Fei A Mee F11 ‘M1z F12 Mm
A My Mas Fui !
|

Fra F12 Y Mu2
Fezo M,-;Eo Fizo Mi=o Freo Mr=o -
FIG. 29
b = Inextia forco of fiwat order :
Vo had proved for simple radisl engimes ithat
F ., ows 0 :m?—
Il 5 P
. Sluaeni: Date : Teacher:

PROY, NECDET ERASLAL
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4% tho direction of crank nrmsy - The same force i along Bho socond cra.m. axn
having 180° with $ho £ivet ons, Thorofore thoir oun is zoro

¥, =0

Inortin momond of the first order is not sero, and is g von by

V 2 N L
B w2 = B P B 2 Pz
_II e _E; mprwx h {Fiz. 9)

. Thin monent con completely be ’bala:icea;hy counterveighic.

¢ = Ingeiia foveco of seccm& opdeyr
For sinple radial engines, FXI has boon fotm& $o bes

Py =0 ’ {Zor 8> 3)
?mrs:-"g'mg&")ﬁ' | (for 8= 3}

- Fox @ouhlmm radial ohginoss
es T ey
rpe2 (=gl (rE )

Inoztia moment .éf secézzd ‘order iz zezo for any B
i

4 - Comsctinmerod momont
For siople rodinl engines, I, bas been found to o3

m, =8 | IR % §

‘ 3

Student : Date ; . Teacher: . k
ARARAT PIHLIVAN PAY 1, 1951 PROF. HCDET SRASHAM
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Por double-row radlal ongines

<
H, = ’i{\sin 39«’? sin 3{x +7T )} (& =38)
2 g)?

vhors £ = (1 = B) an 2=
The ferm in '{}Z‘Ef.ﬂiei; isﬁaro, i‘,hﬁzngfm
gc},ﬂ.
o we consz.c?.er éou‘bla—rcw :ea&:ml :-ez;gines with different .:mmbaz‘ of cylindora,
ig, SHRED CYLINDIR STGIUE

Tho englo botwoon cylinder axis for cach rov,§ = 120%, Piring ordor io
1w o = II .’\3:6' III, F:’z.{;ﬁi}.

FIG.30

Student: Date : . Teacher:
ARARAT PEHLIVAH HAY 3, 1961 FROTGHECDET TRASTAY
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BATAUQING OF LHULEL - CYLITIDER IE?”"‘RET!SI:
CO4BUSTIOR EUGINES

o w Robading mADoes

'f"r‘;‘?"’,

B, #0 (conte balencad completoly)

b = Inordia force of Zirgh ovder

EI z:‘ya

HI}‘. o f{can be balanced complotoly)

C - martza fonce of secon& oxdorn
Py Lo

'sz""“

d=C zmecf:mﬂ-rod m&mezrb

—

f&cf.:* Q

Indox of unbalence bocomes

Ho. of cylinder

3 e

19, SEVEH=-CYLLUDSR ENGIHE
The anglo botvoeen cylmder

o
azla for each Tow is Bma}%@»

“MdfRana PrLivAn Pote’ way 3, 1961 Te*980F , DS

3




ROBERT COLLEGE

School of Engineering

DEPARTMENT
OF
MECHANICAL ENGINEERING

Course : Class: Page :

DYIANICS OF UACHINERY GRADy HMB LX
Lab. - BALARCING OF HULTT - CVLITIDER -IHTHAVAL
2‘:::: COUBUSTION SNGINLS

8w Rofs&ﬁiﬁgg nassog

F@ = O

1, # o {can be balanced couplotoly)

g

b = Incrdis force of Tirat order

T e
L'x o

Iiy # o {can be balanced completoly)

¢ = Inopiig force of second ordew

4 = Commacting.rod poment

z £
1 {}=

The Index of unbzlance iss

Ho. of cylindew ‘ P P

7

20, IIlZeOYLINNER SHEINS ..

The anglo

for coch o dig O = s

?I = O N

Fr = ©

ﬁI ‘.;E o f{cen be balaonced cm:alately)., 3 M. # o0

smde&gi:fmg DEHLIvAN

Peteinay 3, 1961

Teachs D P JIECDET ZRASTAN
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Lab.
Design

Thesis -

PATANICING OF LULTL o CYLINDER INO SRAT,

'CONDUSTION ENGINES

¢ = Inertia foree of sccond order
P = o

‘ﬁi""

d = Gonﬁséti.ng;»raﬁ nomend
I cc o

© The indox of unbalance bocomess

e

. Hoe. of cylinder

e ?rFIFIIr I.‘inu
g 40° o o o 2 2 o o 4

21, SINGLI=CYLIUDZR DNGINE
This engine has tho Torm as shown in Fig, 3. Two cranks ave 180° from

each oi:h.a:‘. Cno of ihe pistas :Y.s ca?..aé “duzm;r; pmuon“ because it is used

a = Rotabine maszes

Porce polygon closzes, thoroforo

::bs cenﬁez* of gmavi

i

i @0
r R

Student:

Date :
ARARAT PEALIVAN

Teacher: -

PROT, HEGDET

HAY 1, 1961
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F16G.31 ’
b = Inoriia forse of fivst ordox
FI =0 -
iy =
Student : s Date: » Teacher k
ARARAT PEHDLIVAN "' DAY 3, 1961 “*PROPECPET DRASTAN
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G - ine*%rla force of ssconfi ordew
. Torco polygon does not close and vesuliant force is givon bys

o 2
FH = Qmpx'n Acog 2 ‘
Tds forcoe con not be balanced ezcopt by thoe Ieanchosicr mothod
Ll =0
a - Connectinserod momont

81315‘ - . 811‘3 (0( 'a"T}
(1« \as:m o Y2 |2 - - 2o (4 1) ] 3{2

Iﬁc © K[
whore K = {1 = I) amcc Al - )2} and wo assume i;ha w0 copnoeting = ods
sim..laz' 'bc cach othor,

:&c:bmv{}.

Ve form tho index of unbalance

EIEGEE‘/:"P PIFII rﬂIﬁIIﬁeh

 SINGLE-CYLINDER OPPOSED o0 o 2 o6 o o0 o 2

22 = DOUBLECYLISDIR DNGINE (JUNKERS INGIHZ) -
in *Lhzs ongine 'Isva plstons labeled 1 and 2 aro connccted to cranks 19

and 2% by mcans of comneciing pods 1¥ and 2%, As cranks rotate about B - axi

p:.stcms do reciprocating motions alcnu the cyz.,,nde'ﬁ Rige 32,

= Pat-- tine massos
The cravks ave in $he same izlana,vwre;cre'

?rrz O

I, =0

Student : . Date ;
- ARARAT PEHLIVAN HAY 1, 1051 T*550h, IEonET ERA SLaw
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Lab.
Design
Thesis-

BATAICING OF #ULTT - CYLINDER IDTIRIAL
COLBUSTION 2UGINSS

b = Inortin force of £ivot ordox

Inertia force of fivot order is given bys

| | 2 ¢ 2.2 oo ,
By == m2S cosd = ! P4 cos (x+T)

- N
I*I zx - (%z*- mfpx")w cos X

ig m = m‘ipz" » This forco vanishen

I"I»ﬂ o)

HI = va“:‘

¢ = Ireriin forco of gocond ordor

InoPdia force of ‘second order is given bys

52 2 L
4 3 8 e - L i ¥ 1% o
Ty ==nT)y cos 20 e nt TN cos (2u 4 BT)

P

=~ lmrd s w2t W cos 2

' Thai force is nob zoro awd con not bo holanced by counter woights,

12 ! .
By po

d » Comsetinawrod moment

Student :

ARARAT PEHLIVAH

Date:

NAY 1, 1961

Teacher:

. PROF, HECDET CRASLAN
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N2 ,’
I 1
» » : 1 . . :

Y} < :

21 :I: S

‘ ol b in ..
- TR |
Ty

- g — ' —

. : ] ‘2 i v—— L . . ‘ —

- L L1

: A . 2’ : .
A,::us.».a.», e ::‘:“M SOIPIUI, s v“» ‘--..4. e F‘G, 32 g g
m - K — sin X . K sm(x + 1)
¢ (2 =122 [1 = a1 (x -n)] 2

,sing‘

= {K 3
(1= 2 san 0() /2

Xt)

vhere K = (1 - I-) amw )(l‘v - )‘ -)'
| o , 2., .2
eand K's (1t -« Lt} a'mt( 3 1~ ))

H,=0if (1~%)an= (1' - ') a'n’

o # (L~ 1) am # (1' ~ ') atn'
In general two connecting-rods ave not similar, therefore u, #eo
We form the index of unbalance |
meE T, T L, i By B n
TWO-PISTON OPPOSED o o 2 o .0 o 1 3
Siqa;nt ‘ . Date : ) Teacher:
ARARATEPEHLIVAN MAY 3, 1961 "PROT,NECDET ERASLAN
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BIRLTQURAPHY

lq: {318.38 T0TOCsenvnaeessrosserssarse 200Ee Hocdot Brasian

2, Motor Pargalor: ve Hesaplofie..esProf. focdot Eraslan

3. Engincoring Dynomics, Vole IVeseeBiozono and Grarmel

4o Nochonics of HoChINOTTeesessssseslolloHang Bod.Czano; Web,Rozors.

5.' WGB in EochinOSescsenssesove c.F.H.E‘fsi’;iz}e 32039193

Student :

Date : \ Teacher:
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