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INTRO DUOCTION

A se\f vpropelled vehicle useq  Foy the

eyans poytation  ©F goods  and passengeys on

'S called aukomo bile.

the ground

vanicle design s Ene VeYs imPorYtLtant

sectlon N 0@ automoile engineeying. Tt

cencains e  Following .

. colculation ef YolWing vesistance. afv .

gyodient resistonces FoY the assumed veniue.

~. calculation  of excrssive aviving feorvce.

5. colculation ©OF dviving FOXE .

cyorn The Qbove vayious Values S8YP and

4
THE oxXQ QQ\C_\,DGLth.

5. eyore €ne indicated POWRY  the enaine
volume pYe ssuye ave calcuwl axted .

o grom Bhe above Values mNe engine &peed
and venicle Lpeeds ave lalculated.

1. poy the Vavious values OF  engine speed
spee

the  tOgue., BMEP, Mechan ical efficieny ave liuloty
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g. PlsSton velocity and accelevation are calcwloted,

9. e @hgine cy\tnder 'S deteYm i ned fox

calecu\ating volume, boye and StrokKeaYe calculated

0. Inevtia FOYCE Gas fovce anrd Yesulbant

v nainNRs .
foY (e aYe calculated for  @nQINRS

1. ®yor ENIS Cre  @NIne EuYning mMovn.iat

and Combined T™ a¥e calcniated

oY single aylindey

Now Ene cortect  values of  the accelevation
(2.

TAQS ~xe cad culated
. L and geoX Yolt\Qs a .
avya al apih\tY

porform ance o+ the

3. mnally 7%
destgned ventoie le calcwlated  ond various
iesvan
Adrawn foy AU£€QYONT  PaYAMEtevs.

graphs ar

Above aestgn fully cal culated by

he assumed values o4 Tthe Vveniclae,

us\nag
e 9SS wmed  Values Q¥ taren YO the
pYa celcal WOYKS .
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VEHICLE DESIGN

COMPARISON OF VEHICLES:

To comPaYe amny vehicle the Ffollowing

pPaYaAMereYs oXe TNecessaYy.

. Welght of the venicle.
2. Engine adisplacement cagpacity

3. Engine hovse PoOwey.

WEIGHT oF THE VEHICLE:

1. PYY Weight

oil, arease, watey and fuel whnen (tis transpoYted

by ship Qre huge tYuwck £yom ONe place to another.

2. kerb Welight
Kevb welght (8 the SUmM of the dvy weight
and weignht of Luel, o\\, wateY and gryease . Tt 's

algo termed as unladden welght CuLw.

3. NoYmol ladden we\ght :

Nkl 18 the sum OfF the Kevrb weight
and Paylood - Payload IS the sum of weight
0f PosSsen gerS and Lug9ade. FoY beavy vehicleos

Nl 1S EeYmed as @voss vehnicle Welght (avi)
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PISPLACEMENT CAPACITY OF ENGINE

Tme classification o©f venicle based on the

engine displace ment (8 as follows.

—
ENQINE AcceleYatio Max. pe¥mis
sL. | class of venicle displacement mls2 - siv\e speed
NO. |
’ i cc | KmMeH
|
|
.| smaun cars 800 - 1000 613~ 0:Q o - us
'
! ( M-ROD) 5
2. small Medium caxs \000 - \200 | o9 .1 0B s =130
! ¢ FIATY i
3. Medium cars 12000 - 1500 L 10B- -2 150
(AMBASSADORY |
4.  Medium la¥ge cavs | 1500 - 2000 1085 -1.20 | 1B0-160
: CCANTASSAY '[
5. Layge COYS aBoo- 3000 | 1108 -1'60 | 160-19p
(RENZ) ;
6. Luxuvy CaYs | 3000~ 4000 ' I-1B0 140 -200
| (corDd *
R |

ENGINE POWER (BHP):

HOYER PowY wequived fof PSYOPUISION of vendg:

The wotion ©f the yvenicle woving 0 fovwoavd
divection s Yesisted by aevodynamic &oves Known
wind oY aly Yesistonce , vyoad yesistance. Inaddition
avadient vesistance When thoe vehnicle (& woving Up in
O S\opPe because bne Weght of venicle is carvvied ovey

& veygical drvstance . TMeYefoy we depends on the

Total yegietance and the Fforwara speed O0F venicle.
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RESISTANCES:

D Aly Resistonce C(Fod:!

wWhenevey O body 8 moving it has

cortain awmount of resistance due to aiY- tne
vegistance o4fered by the alY ro ©he woovement

of the venicle e colled as Qiy yesistance.

T+ depends on the following .

. Density of Medium ¢olY)

size and 8&hape of venicle body C(AD

»

AcYodunovraic  AYog co-@fficient Ced

a.
A veloclty of the venice (V)
5. Acceleyation AURTO gravity )
C PAVE
Raq = 29 - g f.
2
- Ra = Ka AN =g f.
whexe -
Ko = Ce  _ aerodygnamic congtant = 00032
29
A - prolected Frontal area Ln2)

v = Venicle speed CxMpHD
C = drag Ccoegficient =045

p = density ©f aly.




¢

value of Ka:

1. perfectly stleam \{ned body = 0-0013

2. BaYWy Passenhgey COYS = 0-00B2b to 0°001H

2. FOY wModeyn passengey  cays = 0-0b22

A- Racina CaYSs = 0-0024%5
5. TYUCKS = O-00L]
§. Double Deckey bBUsSes = o006

Froncal AYea !

]

helght
L - WNidch

C - avound CcleaYyance

Fyontal Avea = A= (R-Q) xL
FOY Posgenger cays, A= V1 <o B8 M2
AVR
- cA\CTANCE
RESIST Ra= KaAVvZ2
®a (%5T)

VERICLE SPEED —>
Vo (KMPH)
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rRolling Resistancel Ry):

Raod Rosistance nx RowWing Resistance.

on  the following:

CC(CCOCC0CC0 e ¢

de pPends

1+ Natuxe Oof Yoad Ssuyface.

s. Weight of the Vvehicle.

A venhicle syveed.

1.6 constANke .

it

wheye, o
b= O-0B62B conscant |

v = Venicle cpeed N KMBR,

z
!

' e

FoLLING
pEcISTANCE Ry = (a+BVOW

g (kqf) /

/

VERICLE SPEED —>

v (KMPR)

The yesistance osfeyad by the

suyfaces to move the venicle s col\led QS

e

2. Type of tyYe C Preumatic oY solld YubboeYy)

NN oy @uwW in Tonnes.
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value of Ry { Kaf] Tonnes)

I-  Rail Yoad - 4.35
2. Gyod ASPhalt - b'@2

3. Wood Paring - B b4

4. Groawnice Sets - 159\

5 Wel vyolled @wavel - 26 9)
6. Haxd dyy coy - AB-u6
7. sand Yood - > 65
8. Loose sanad - 28B4 55

Gyvadient Resistance € Rg) -

1te TYesistonce O4fe¥red bY a gvads

to ove up af the venicle (& colled as

gradient vesistan®e . T+ depends on grade Slopg.

Ne\\'\
a2~
wcosh
<8
gg = W 8ing -....... Kgf
wheye, @ - Angle of slope

W - aGgvw oY NLW
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Total Res\stance:

Total Yesistance

yesistance

Ro\\ing vYesisrance .

, alv vesistance,

is the

sum of  all the

gyadient Yesiscance,

Totol Resistance, R= Rat Ry Rg - Kgf (ovodient foad)

®R= Ra+t R¥y

ASSUME FOLLOWING DATA

I keYb weaeilght (VLW

9. Max. Payload

3. Notmal lodden Wt

Ao+ Maximmum speed

AYQQ

B5- Fron cal

Ra

Ry &/ Ra,

.. Xg+ (Leve Yoad)

3o Kg.

220 kg.

130 kg,

120 KMPH,

'8 M2

vV ——>

7
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Vehicle speed

Y (kMPH)

10
20

30

40
50

60

To
8o

90

100
o

120

CALCULATION:

) Rao=
L\D Ry =
G Rt =

v BO WMPH,

Ra. Ry YT
KaAv2 ca+oeviw RO+ BY
Kef wof ‘o £
o 8 688 8688
0576 qQ.2236 q-8
230k -86272 12-16
5-18L (0-Qy \S- 67
Q- 2\b w3 20-13
e b W6 26-1b
20 73b V2 KhOoI(8 | 33\
|
28 224 ‘ 2. 037 ; 4126
; |
36-8bk ’ 13- 67 . s0-m
46- 666 - 35 | 60-9
576 14 A5 . 2.
{
6G. 696 15. 58 86 3
KaAV2 = 0-0032‘0(\'83(502" = 4 4 Kgf.
(a+bV)W = (bt 0-05625-50)113 = 1T Kgf
Ra+ RY = \py + Wlb = 26.-1b kKgf.

/0
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VEHICLE ACCELE RATION :

ol5}

!

ACCELERATION

0‘501\\5962)

veRiCLE

\Y)

Qmax ©-9

\/mQ'I: -

@]

Assume TYOHOX:

it s 69 to

QcceleYyation aAlwayvs

vehicle &peed: The

speed \s

at max-

o sSmooth

dAYaw

Now Fngd the

venicle speed fyom

t0o

ak

acceleyation

\'0% ™is2,

veniclae

acce\eYation

cuyve

- vmax

SN

120

i - [’
8O

SPEED ————>

(kM PH)

108 wW|s<2

= 120 KMPH.

\fmooc

f¢xom  Vehicle data

fox THhe venicde which (8

speed 20 WMPH.  The maox.

occuxs ot Yo of A M um

of TR venicle

zexYo.

NOW . WsSIng this concept

oS shown in figuve .

accelevation <or diffFevent

cuyve.

the aboVve

12
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Te  excess Aviveng Force.

cor = M x Fo kgt
3 Ka,
wheve, W = NLW
a = acceleyation
ko = A cceleYyatbion consStant €0 -A)
Q = Acceleyation Aue o Qyavity
Fouy gpeed | Three speed
o}
value 0F Ra | aeax vox Geax boxX
.. B
ToP &reax 09
©-90
M aeax o 81
08
Lo QeoX 0-&85 5
\  Ceay o080 080
DRIVING FORCE , DF = EDF4+ Rt --ro.- kg f.
wheyxe.

EDFE - Excess Driving Fovee W wg¥f

gt - Total Resistance in kgf
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A dyiving  hoYse poweY at the vyood wheo

g proportional €O the ftoral Yesistance oand
4ne EOF YO Qive R eq uive d accelexation.
vehicle speed = —100% ) sec
3600
Walt ocukxpuxr = DEXVXIO00  «g-m|sec .
3600
DEXVKI000
vl e = B2V P x Ll HP
AR 2600 1P
onp = 2EXY  np
210
syvaxkae HP = \L\xXxDHP
Ax BAP
Trdicoted ne ‘
tup » BRP >DRY

RelaTion Between Engine YPM ond vehicle speed:

ety N — e engine sPeed in Ypm.

speed of Yoad wheel = M. ~vpm.

@ Ya
G - @eax Yatio

Yo - AX\e Yeducktion

1 HP = 4126 5 wWotts.

f('((““(((“(""““"((“Q(Ql((!‘ll
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= _N_ x 2% Rw ™imin

pisrance Tyaveled 'i
G Ya

vY ‘who_e) | vty

R * gffecrive wiheel YOA\US -

venicle sveed, NV = L-——-— x 2R \?w) 000
@ Yo

- (R ()

o= ( moo> & Yo
v aRX 60 Rw

N = 5bB% GYo
\"2 ?N

ASSUME . teox Yoatio , @ = V|

Axle veduckion, Yo = 3 oY A

wheaeel Yadius, Rw = 028LkLk 03 ™.

GRAPHS:

»///’—51\ Hp

I\ // /\\\ BH P

POWER P : DHP

THP, BHP, DRP ST
(os)
(€5 ®)
4
/// oq qu'x \/mQ‘}C

VEPICLE &PEED. vV (ECMPH)  —>

S
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ENGINE

3PEED (v vs ND

N (P

VERICLE sPEED — 7
v CKMP\—\}
CALCV LATION ¢
venicle gpead, V= 90 KMPH

Q
|. BEXC@SS priving  FoYce. EDF = LTV;'> (Ta)

5. priving FoYce. DF

o\ N :
3. PYIVing no¥se POWEY, v

i

DHP - 9-3',49. HP.

Ti

6
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4° BYOKe hovse Powey, ?:H?= (-Tx DHP

= 1l X 29. 42
BHP = 32 3b2 WP

5. TIpdicoted NoYse poweY, IWP= WIX BRrP

PiX 32°362

1

a5 b NP

e

268X NX @XY&

b. Engine Speed, N =
Ku

268K BO XV X4

= e

03

N = V16T Ypm

NOTE S

. The poweY ovailable ot Engine cylnder Is

colled a8 ndicated ©hovyse powey.

2. Te poweY ovallable at ourpbux  shatt of

o engine & talled as BYOkQ Powey.

The PoweY available gt Yoad Yood wheels

s called Driving hoYsSe powey.

13



o
5§
0w
S Xl
{4
oy
P Iy

= RATION

]

|3

PN
[

SPEED Vg A

£

VEHICL

) e PREINTANS : :
! Hu i » . I SRS QU B PE ey D ST

V‘vnvnvvvvvbbv\vbﬁb%bbbfbﬁubbbbbwbvv.vvvbv;v



F

HRAK

-

ED

—
-
L

POWER Vs VEHICLE &P

S ’

&0

o
N
T
o9
3
'
)
(A
w
il
Y
0
E
U
T
m
>
W
~—

p

CEVFYEVLRYERIIDDIDDIDIDIDIDD )

2D



2\

<
8

GINE  SPEED ]

VERICLE SpEED Vs EN

R ERGwE SRl N : e 1 1
ISR R ST 5 ; T : T {

swo,w,»,w,,w.,m-..Mﬂw,\_,s\,«/«ayaffveuv..uwvuvvvvv



f(‘(((‘((((f(f((((((((((((f((‘((((((f(((I

TO DETERMINE BORE X STROKE !

PRESSLRE

P. xgf)cm?

T ‘r\/—'ﬁ“"v,— —*"I—*-—'“[”*
2 2 4 s . 7 3

YOLUME . v (cc) —=
oo =

PV- DIAGRAM oF OTTO (YCLE

Let Pi, P2 Pa Py OYQ the PYRSSUYRS at fney points.

Vi,va Vg V4 axe the volumes at co¥ney points.

\c - ¢learvonce voluwm @

Ng ~ STYOKe oy swept oY displacement Volume.

Now.,
. . Va+ Ve
compYe ssion Ratio, CR= v

AsSume. the OM-Ratic of dthe engine

Ves 2
Vs + )
c-R=9 = \
. Vg = 8

iIs 9 and

22
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PI- Suction pYressuwrae ond thust be \ess than atwm. Py,

Pi = 003 t© 098 Wflcrww2 - petvol Engines.
Pr= |\ kKaflecm? | plesel engines.

2
Armosphavic Pressuve = \-02% waflcm2

FOY CcompYe SSion  sLYOKe,

?\V\'? = PaVa

v v
V .
Po = L Q—",\"'_) = P\ C c R\
' o= —P ~ com
Take, ¥ = Specific heat YOX\o = w 32 Fox P.

V32
Py, = 0QB (a)

271 kgflem?

‘FQ_ =
' LT 5 Wit
Explosion Yatlo, &= —— = 42 0 4
2

d= Y3 . 43

—————

2-

Pg = AR 210 kKaflecm2

FOY  edxpansion Jtvoke,

9
PaVa = P4 Vg
¥

Pa = Pa L%)

23
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Pp = Pa (a‘)

Take, Y= 34 TFoY exponsion StYOxe.

B
P, = 4] ( —%—)

. | cm>
PA = 3.9\ KQ’F .

Trtermediate Ponts:

o) CcompYession Styoke: (V=1-32)

Pa \la'? = P\V\NP
Po. = W (iv\‘a)
N _38_)\'92
Wy e - fo \% 2

b) fOY Excponsion styoke: (¥Y=\34)

3 v
PoVg = = T Y

= B i\%—)

7

L ST T -\%—L)
\

Now., DYaw the PV diagyam wuwsing calculoted valugs

24
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COMPRESSION gSTROKE ¢ (Y= +32)

¥ 132
Paz R(E)= cae (L) = 1 xoflcro?
e
LN 3\"2> kg flcm2
Py = Pa '—\'f‘;> = (—:1-> = |34
~ 4 \V32
‘ 'y = 11623 kgflcm2
Pe - Pbc%): \'5’J—L+Q4,> b2 g
ve )Y 11023 (—§-> ,'31_ 2.065 KIFf[Cm?2
Pd = e ( "‘@ = = -
¥ 3% SAn3 waf|cm?
Pe= Pd (Q@— = 2.0b5 L%) = 272>
Ve
Ve \Y 23 :,_>1.31_ A'0D2 K3lCm2
Pz FPel ) 217123(3) =
NE K 053 -1)\'31— b-A22 Kglem2
Pg = P‘? ( VS) = 4 ( 2 =
P = .20 kg4£lcm?

Py = T4 27 kg £ cm2

ExPANSION STROKE : (Y= ¥314)

7 \ 34
\ < = .
Pg, = P2 (._\.(_39_‘> - "M_.Q')( z.> = 29.3k kGFf|om2
? 2 |'3L)' 178 l 2
PR = P\ ()= = (3) = rouw kglem
v\ ol \ (é)"a“— j$ 5898 KJliCm2
Pey = P£) (—v—e—\'> = 1 4 =
-3l 5
Nel \V_ 1892 (2 - 8'5aus KSltm
Pd = Yoy 7(;\'>~ nees ()

"5“: L1316 Kglom>

PCi = Py (Vd|>9: % 6 (%)

A [eR

25
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Ver \¥ g \ V3
Pp, = ra ( \,b‘> = 6-7316 (-=,—) = B415 X9lcm2
Ve \Y 1\ . K 2
Par= B (2 ) = mws (F) - 4578 Kgjcm?
Py = 3.9\ ka+f lem2
tompyession ExX i
o volume | pYessio kS‘Vti\i’vOKe PaNSioN  stroke.
o v Py P PY. P
NO. . . .
(ce) Point . Point
Kgicm Kafcm2
| o N - 27 3 7427
9 29
2 2:0 9 6-q322 | Ve
R s o £ 40663 £ 7oL
4 a0 e 27723 el BRI
5} 3-0 d 2:0b5 dy 8 5945
6 6 O C b3 Cy 6131 b
7 7o b -3y oy 5'u1s
€ | ..
o} o - 1o oW 4 B1g
-0 -
9 ‘ ©-aro 4 . a-aio

ACTOAL PV DIAGRAM :

IMEP =

(Avea Of P-vdiogYam x scale £actoy inyaxis x DF

Longtn of diaQyam

o' F = Dlagyam factor.

26



Indicated Mean effective PYOSSUYE = 10 to 12 kg[cwm2

Assum@. Dlagyam FaceoY = 0°9

Tis TIMEP is avalladble at maXimum B HP Point |

. EMEP = at+ (NIo0o)* C (Nltecod®

WheY2, EMEP - Friccionol woon eff Presswwe

N - Engine YpM Qt max "8HP.

o'B6bar2

028\

o
I

o 0B271

(a}
U]

FMEP X LA X ™M

Q—' FHP -
&4 500 X 100
wheYe., FHP - exictional Wovse Powew.
n = —';;{- For 4-5 engine.
LA = V200 - \300 CC.
3. TIHP = BHP + FRHP
wneYe — ERP - TIndicoxed hovse powey

TIMEPX LAXN
AB00K 00

]

INP

w= N
2.
"

LA =

¢ € € € € € C ¢ CCCCCCCOCCUCCCQCCCCCCCCCCCCC
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AFERY calculaking LA, tYy To check & up
fhe vaxiation Lotweern ©re assuwmed Value of
La, calculated value of LA . Tt ™MUStbe within 57

I the Vvoviation (S woYe chonge the assumed

value of LA suitably and ~Yecalculate the

colculated vVaue Of LA uwntil  gou get the

vaYYa tion potween these 0 within S 7.

Afray finding La fidx the YO of cylinders.

I£ LA > 1600 CcC ASSUMMR No of cylindey as S\

ASSue no Oof cyvwnday as Fouy.

5 To FIND BORE (8) & STRORE(L):

e BsL > Squawe engine

15 B T undey squoYe engine

engine.
1 BLL T ovex Souoxe engine

FoY undey Sguave englhe and over squave enqfne
Hhe oX: Yatio ‘oetween boYe ond StYoke s

BxL = \+2

using NS tind B&L .

LA = %‘-Ble_ > B=z=?

e

2

FOX sguore enging L=8=7
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BHP X 4B00X 100 X2
BEP =
LAXN

P X AGOD
ToYgue = T
OTN

@ RAPHS:

v N Vs Mmecn

a. YV Vs BEMP
4‘ V Vs DF

NOTES:

L The moc- ToYgUe must be avalable at 6o 0f Vmox

. PYiVIng fo¥ce and roYgue CuY¥Yves TOUSt be

ex act\y W similary shabe.

= same |
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CAL CULATION?

AY@Qo, x 8 Fx DF

ITMEP =
Lenarhn
- 37 xBxr 09
16
TMEP = O kOb2® kglcem2
emEP = a+ b(Nlooo) ¥ C (NItooo)?
o 5622 + 0-281 Csslbllom)+ 0-0521 (aalbllooof‘
evEP = W03 kgalcm?2
FMEP % LAXYN
FHP = —_—

AS00 x \00

2. 402X 1475 X KQos

!

A.500 X \00
FHP = \5- 03 HP.
THp = Bn?P 3 WNP

= B2-5+ 2136

- b1.B WP

THP = THIEP X LAXN
4 500%X\00

o5 = 1040635 XLAXTSS

4 w00 X100

LA = \B30 41D cm3
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6.

‘1 .

NO of cylinders :

LA <& V60O CC

rouy cylindey engine.

70 Etnd Bove a scyoke:

FOY sQ(U\,QYQ eng@ines,

IRP =

b1-BDHP,




 C C C ¢ ¢ C CCCCCCC 00ttt oo oo e

BHP X ABOOX lOOX 2

BMEP =
LAX N
_ B2.B X 4500% 00X2
1530415 X 28\b6

B8RP » 4500
e M

Tovque, T = R

525 x 4600

]

2K x 38lb

T = 9852 NM,
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PISTON VELOCITY X ACCELERATION:

BDC ——- -~ 77

Let., )
@ = Bove diametey

L = stroke lenqth
Length of the connecking vod
stroke ength (L)

n =

. L
~ = cronk vadiws = =

In the £Q., the Piston weved Ffrom THDC at a distangex

L -
Now > = C“L*—-’i—.) co

Erom +ne £19, o= CDOY DO

Co = £ Cosb ¥ n-Ccosb

wheve 6 ond ¢ are Shown M Fig.
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x= (ot £)- (& cosd & nL cos ¢ )

= L (1-co=® + 0L (\-cos$)

sin2® >
(1-cos®) ¥ (- Qs €h1>

- L
* = Z
cd = \— s\ 6
e (ee] -
wheve, o
From Bne fgure
ap = 5 sné

AD = VL sing

% sin® = NusSn ¢
St ¢ - sind
2w
. a2
siare = 3SW6
4n2
cos2§ = \— sin2$
_ |- sio?s
402
cosd - \- Sin?oe
4n?

BY Binomial theoYem .

e T o, R e
e .~—-—-———/—

n
L\-'x.) = \ -
B 2\




¢ € ¢ € ¢ € € € (
|
« ¢ € € € € € € € € € € € € € C  C € € € C(
« ¢ €

‘/’2.

(‘—OC ) - - A sin2 b + b3 sint
2- 4 n2 2 —5 -..n,x.w__@
lentto
. 2
1- S\D26 isxn'-\-@
gn? ax lo ¥
cosd = s\n2 0 : .
VY S neglecting higher ovders.
2n?
. o = = (- cos) ¥ N\ i!iz.——s
gn=
e = £ (1-coe®) ¥ L sin*6
= = 8n
Velocity of ciston , Ve = __?\._"’f‘-
dx
| .
Vo= %[ -esme 317 L. (2slnecosS 48/d)
- a8 L oat L s\n2
N oW, de 27NN whave N TEna’
- -~ Engine Ypm. akt }
d__t o A max- BrP
- "N -
Np = = L stne 4+
oo &Q_ T sinz@l
- S\n O cemee s ©OO
L C X i | sec
Vp = ANL | sine 81028 { ... misec
bobD n

Lo
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AcceleYation of Piston., Op = _f'\_\,/_‘f
' dt
6000 A dt
22
op = ToNEL coso + 2320 1 .......... v |s™
6 000X30 =N
N
wheye, 48 _ 28N = —/—=
ac 6o 30
N - Bngine speed ax max. BHP
L - Lengon o srtYohe \n CYO
= V72 -2 FOY sauave and undey Sguave.
w = ~2  fov oveY squave aengine.
GRAPH !
Q060
20
\\ N Vﬁl’ocr‘Y ,t 7000
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15 \/ ‘ N
\ { / \\ ACCELER BOOO
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¢ / \\, \ ,/,f) \ 5OOC)
N " ;
P’STO 5 ‘\ \\ j! \ 1600 4
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CALCULATION
0= 45"

. veloclty of prston

X 2
Vo = N E sing + 20280 s
3 boo0 4n
_ Kx3816XT863 . gaa)
6000
Vp = 120832 wmlsec .

~. Acceleyation o4 Prston,

2, N2
XNEX L
®P= R XN X & [_COSS'F _CES_EP:( g2
30X bOOO 2N
2 2
_ ® % 38\ xT1-869 x o0-707)
30X b0O0O
op= 4442 O ™| sec?
Ly
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INERTIA FORCE., GAS FORCE AL RESULTANY FORCE :

Inevrtia Force:

Due to the acceleyation q Yecipyocating

ass On opposite fovcae 8 <reated and it
s caled as Maevtia  forvce.
Trerkia Force = ma = —%‘--a,
TF = —.‘&2‘— Dp
since, inevtia force IS acxing verti cally up
add @ negative sign . Here , ap is accelevation
. ; a
of oche Piscon m s
g - Acceleration due th gyavity

wW - Weight of *rec(p\—ocqtmca PaYLsS (N Kgf

Here, Wl is e weight of eiston, Piston Pin,

iskoh  YANQS Sivclipe and  one third of the
®

: elght -
Comnecking Yod ¥ 9
T F = - 75_9:._.'\’3_" LCoSG-\- Caiio -------- ‘<8F-
- 3 rexet
wheye, IF = Tnevecia Fovce
W = Weight Of Nec\pYo cating ROYES
= (Wt of reciprocoting Pavts fcm] x Bove Area e
_ (wtleen*x B B2 .
- (’ J + BN .,
Ww = - X3t

Lb
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From the fFollowing YTable we com £%nd the

Weight of the ey el a Pavts.
welght of Reciprocating PvPAYLs pey
cylindey BoYe
_em? o sove Avea
2 tm Aluminium  alloy T pPistons
Pistons n xgf. wgf
. o 0\%
“10 o0\
80 O O[L’_ o020
Qo 0 -O\B 5 0'Q22
loo ,i
00\ | 002y
o 0-0I8 | ©: 026
120
o019 g 0 02%
130 0-02 6. 630

GAs FORCES:

DU £O the Pressuxe of the gas n e
cylinder and  Ccombustion chamber a cevtatn
force g eoxeyted on wne Piston. T™e fovce due

to gos presswe o.ct‘ma on the eiston Crown

& \ndwm as gas ¥oYce.

The 9as ProssuYe s  acking on the
Plston cyown and combustion chambey and

the oLmosPheric eressure (s acang on the

47
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bottom side o4 the PpUston:. The net gas Foyce is
equal to the lottowm difgevence between he
eiston cyown and the  OPMOS

pregsuye OM the

phovic  PYessuwe ok ottovn side of the Ppiston.

cylindey Pressuye = Gos PY — BaCK pressuve.

BacK pressure = 103 xgflom?

I5 we wnow,
cyonk anale Wwe co easi\y deteymine 3as

foYce - ance PISXON srQaNkts fvom  ToC and

st that Tme =0
o o
O - \80 > PpoweY STYOKe
\80 - 360 L exhaoust StYoke

apd - BHO suckion StYoKe

sho 42D > COMDYRSSION  Stroke-

- DUXing powey stYoke - PYess changes fyom

M AX L tTHuLm co TN L uLm

o. puUYing exhaust and cuckion sStYoKes the

pYessuyYe i alsnost constant.

3.  DUYing CompYession stYOKe +the pressuye

changes £roTh  YOLQiTAUM  to  ™axXiwmum

Qas Presswuye SO ZeYo o <120

4%



Il(l(((((‘(l(l(l(llltGl(ll((((lll(((((l

CGtOsS PYRSSUYQ may be

EOY  exhaust

EOY  sdUcEon seYoKe

FOY Powey and

con oe deta‘(m'\hed

assumed as.

\-16 kKO Flecm2

= o.ag to 098 waficmi

YO

cormpression

£Ne

sScYOKe Qas PpYessuye

Py Alogyawm.

bsoluke Qas presswye eac\‘stih% N e
The <
a co\ be sorained fom dne PV dAtagYam.
cy\indey |
tnis \E \s Necessavy o Aind the distawnce
oY \
I whteh | Tne piston has vryavelled fyom the
oY
a of Lvhe  stroke foY poweY StYoxe)
top en ‘
\ YNt
ghe  Cronis e tuyned  Enrough diffeve
whevye (
\ b
\as Fyom™m o to g0, This Ccan be Aone Y
ongl\e
Y \ elow -
consatructing tre dlogYom as descYylioed b©
D2
‘8 8DC
\
/ ‘ “" ‘. :DB
. % | \
- - \\ ; i “ ~ \ '! ~“\‘;\\ oo A
----- < Alp Ay Ag A1 As A3 A
9 BD D¢
y Ca ¢
“«‘ S C3
N "’\/64
C7 C() CS
< ~STROKE LENGIH— 5 1 \x e
i ? _
P 3
covmp e
T
BDC
vV ——
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(A= Lengtn of connecting Rod =ML

AD = Base \ength of pv dlagyram .

AAn = L

pYow \Wne cA as shown n figure - TYOMO C

dvaw a circle Likh Stmke 'ength as &

Alamecey  at point O

pivide  This civxcle nto 24 equal Ppaxts, le.

each segment is B9 WiEtn

\ /’ Ve v A .
on CA @S o Yadiusg  cur ¥ cs ok A Ao \2

sow o \ine AD conveniently at any angale £yom

A. such Tthat AB \s +the base lengen of the

py dlagYyom . NoWw join A with D

ovow \lnes poxallel &6 Al D  TaYOUg AW, AD -

Now We hove points Du . PIo ecc on AD.

Txans foxms  these polnt i pv  dlagyam,
COTYOSPonding to these POINES gas pressure
con be detevmined £x~or  Pv- diagyam

in ooth PoweY and o PYesSSion  Stroxg.

c\ , Ca, C2--Qs centyes
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RESULTANT TFORCE":

Twe algebyic sum  of thne gas 4fovce

ond neYcio Loy
RE = (Gl T ¥
CAL CU LATION
2 2 20
TF = W TNTE (cose Lost
9 gxioH

2 162 % 1- 869
x> x 28 e R 1'295

. -068
q.e! Lg x\o¥
1. E —shah wat-
W = Qu-t\c_ml) A "fT B B inom
- o039 X s (1se)?
W = 068 KF
GF = wl\index PY X BOYE Axea
- (@as PY - BACK PY)X Z ed*
I TR -1 DE (1869 D%
G F = 23548133 g f.

gives tne Yesultant fovce,

5l
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TURNING MOMENT :

[ao- o+ )]

Gas fTove

through the

Wil B2 acting on the walls of the engine,
Tucning Moment = PcROP
We can determine Tuming moment 2 side tnvust Nou.
op = = cos [ao- o+ d)]
ob = L s (e+d)
TuTNing Moment = PoXobd
= Z;Z‘q) - _L_;__. s\n (8+ )

connecting yod .

R- ResSultant Fovce
Pe - Force acting on  connecking vod

Ps - Side Fovce or side dmust.

cos ¢ = —E; » Pc = Pleosd

Tan & = _?_5; =2 %s= PTand

‘us = &
R= Croqly Yadius = 3

js transmitted ‘' orank sShaftc

At that +time side tnvust
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Tarning Moment

i

PL Y, sinBwsgd + wsd sind j
* osd

PL { sine+ cCose-Tan o] " Tang = SN0
2 20

; sinB
= Pu ts\ﬂ@-\- OS6 =—xF
z v
imo = SIn28
cos6 s\l = ;_—
= P [slne _5,1939,]
= -~ i
= Pt o+ SO T .. xaf m
™™ S0 Y_S\ns s
520
Y. AL P 28
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SIDE THRUST:

=ide trvust is defined a5 Ene TFovce
oY EnNrust ace\ng on the co\tmaRy  walls
duse to o\‘nau\\@(\'tg ok the N ceing yod.
since sS(de Phrust  1s  maxXivurn 0Ny in the

POWSN styo Re e is  enough €O £lnd  slde tnvusc

oo\y FoY poweYy Styoke . W, getween O o \BO

side trvust = Ps= PTand
p= Resultant FoYce.

on Yesowing FoYe,

nLeing = = stn®

s\n @ = =
.=, s\né&
@ = 3\n ("“"5_%—'
GRAPH:
- 2140
BItD — SIDE THRULST P

— 210

/\\Ps .

4 €00~ . 1\

L / COMBIHVED \
= ST \

COMBINED L —_ / <ior
™M ) THRUST
(kaf e 0 \
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12 60— Va . .
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’,r \\ Y o
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PETERMINATION OF GRADIABILITY ACCELERATION: GRAR RATIO:

S
WO S

ASSUME Max. Grvadiabiltty ow 30+0 40x L282]

Giva dlali\ity = wWo Tan®
Gradient vesistonce, Rg = W sinet

Assume Blvst  QeaX Yaktio as 3.\

gYOrn the  gYaph TVs \,

arnd Vv cooveponding  the ene Tmasc alse FlAd Tmax

eind the raoncivrwm  Speed 10 dhe FIYst gewy

Vehicle scpeed For wax Tovyue

CT\

NOW, rind ~YeSwgrance at FlYsy QoY .

Ry, = Ra+ Ry Xa AV,> 4 (7-6+0-0B6VI)W

NOW oo toMnoet = 38 2 °4=?
?S = M 5(“% P KE'F-
sriving FOYCE , DF = RT+Rg - Xgf
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Te @ Yo "t

z- speed @eaY box:

GeaY &Qa¥ YO o TheoYektical
3 G!\ &
|
i
E f G’ 3 (A
1

4~ 8P GeaYy box:

o}

9 {&

P F =
Ria
Te - EngQine Torgque
G = Geat Yaxlo
Yo = Ax\€ Ye auckion
Neg = Wonsmission efficiency
By =  Whee €odius.
flnA  the 9geoX xato and i€ Should
agyee wien ne assumed value witain sy, vayiaton,
speed GreX \ooX
e @»>3, @ssume 4 SP
. od &ear bodt
s &&3. assume 3 SF°

PYactvcal

G\

Cap)

0
1

Geax @eax Yatio E TheoYetical pYQCt(C“q‘ [
1 Gy % G, G 11 (p2)
T e ™| (@) ey
AL Ga | \Gn)va : 69 (G,)'{é (-a8
W Gu | [} : o ()
|
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f((((f’((((((flf(((l((((l((((((((((l((((

The geaY Taros in " gepwetrical Progyess\on’
since  the £op geaY and woRt 9ROY  ove used

$vequenEly tnese  twO  8eay yatio  Should be

as c\os R as possSibiR.

ACCELE RATION®

W_.q e EDF
K= 016 ot X geay

Wl

—tn " a = K' EDF

8 ©: 80 at I qeaqQy
o-gp at W geax

o = E.-g,E—Dj.:_ veeeae mlsz g

" g.al ot W geax.

ana. EDF - pE-Re

W - @vwl In wg f.

VEHICLE SPEED \v) KM PH o>
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