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COMPUTERISED CALCULATIONS OF AUTOMOBILE

CLUTCH ASSEMBLY

Col.Dr. SAID ALI HASSAN *

ABSTRACT

The calculation process of automobile friction disc clutch assembly
has been aided via the creation of a special computer program .

Input data to the program is different parameters of the vehicle
and road . The program will determine the design dimensions according to
materials used for the clutch assembly parts and design parameters values.
It will perform all required calculations , checkings and modifications
required for the complete design regarding the friction plate,pressure

plate,clutch springs and clutch shaft.

Sutch a program beside helping the designer in his main job,it gives
him also the possibility to study the influence of some design parameters
on the assembly performance. As an example for the study of changing
design parameters on the performance,a special routine is written to give
the effect of changing the thickness of pressure plate on the increase of
its temperature during the clutch slip . another routine is written to

study the effect of road inclination angle on the clutch temperatur rise.

The presented program was applied to make the calculations and

analysis of the Jeep car (GAZ-69) as a real example of applications.

* Lecturer at the department of Motor Vehicles » Military Technical

College , Cairo , EGYPT .
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INTRODUCTION

The clutch is a device located between the engine and the gear box
to transmit the torque of engine , to enable the take off run of a car and

to enable a speed shifting .

The construction of the clutch can be very different , we can divide
the types of clutches according to kind of connection between the driving
and driven parts to: friction clutches and hydraulic clutches . According
to shape of friction parts to : cone clutches and disc clutches .And accor-
ding to kind of force to compress the friction parts together they can be
divided to : clutches with peripheral pressure springs , clutches with one
or two central springs , semi-centrifugal clutches , centrifugal clutches,

and magnetic clutches .

Design of one type of these clutches for specific automobile and
road parameters has long calculations . Many components are calculated ,
checked and recalculated perhaps several times . Different standards for
friction plates , splines and springs are used . Are required also stan-

dards for materials and their properties .

By means of the program described , however , the problem of design-
ing a friction disc clutch with peripheral springs can be solved by the

user with minimum effort .

The computer facilities make the problem of studying very wide ranges
of design parameters feasible whi!'e such a task needs a huge effort for
hand calculations . As an example , the influence of both the thickness
of pressure plate and the road inclination angle on the temperature rise of

the pressure plate during clutch slipping is given .

CLUTCH ASSEMBLY DESIGN

Procedures for calculating different parts of automobile clutch
assembly are given in various texts on machine design , some of which are
[1] and [2] . To have a complete design of an automobile clutch assembly ,

the designer starts step by step calculating and checking of different parts

of the clutch , mainly :

b e
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-Friction plate ,

—Clutch shaft ,

-Pressure plate ,

—Clutch pressure springs ,

—~Clutch damper springs .

Many parameters of the vehicle and road affect the design and checkings of

the clutch assembly , mainly :

~Type of vehicle ,
-Yehicle weight ; G ,

-Maximum engine torque ; Memax R

-Engine revolutions at maximum torque ; ny ,

-Final drive gear ratio ; i, ’

-First speed gear ratio ; 1y

-Wheel width ; B , rim diameter i dpjpcoeff. of tyre deformation; )\ ’
-Efficiency of mechanical transmission ; 7’ s

-Inertia moment of the engine ; Ig. ,

—Coeff. of rolling resistance ; f

-Maximum road inclination ; e .

The standards for friction plates , splines , springs and materials are
also used . They will be stored in the program and later used through the

design process .

ALGORITHM FOR CALCULATION OF FRICTION PLATE

1.Determine the overloading coeff.8 according to type of vehicle .

2.Calculate max. torque transmitted by the clutch :

Mc1 = Mepax - B
3.From the standard of friction plates determine the friction plate size :
outer diameter D, , inner diameter Di and thickness ¢t .

4.Calculate the average radius for the friction plate ;

Ray =+ ( D, + D; ) assuming equal pressure distribution

= 2/3 ( R3 - R% y 71 4 B~ R% ) assuming that P.V=constant .

5.Calculate pressure force of springs on pressure plate :

L.

-l
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where :

no of friction surfaces ,

i
M = coeff. of friction between pressure and friction plates.
6.Calculate the effective area of friction plate :
2 2
F =Tr/1+ ( DO - Di )
7.Calculate the specific pressure on friction and pressure plates ;
p=P/F

8.If p is. l&sS than max. limit STOP , otherwise GOTO 9 .

9.Choose the nearest bigger dimensions of the friction plate .

10.If there is no more dimensions , GOTO 11,otherwise GOTO 4.

11.Change the material of the pressure plate to another with greater .,

GOTO 5 .

ALGORITHM FOR CALCULATION OF THE CLUTCH SHAFT

1 .Choose the material of the shaft from the given standard .

2 .Calculate the approximate inner diameter of the shaft :

(T

3 .From the standard of splines ( medium row ) determine :

z=number of splines ,
a=width of splines ,
D=outer diameter of the shaft .

4 .Choose the length of splines 1 according to length of friction plate
hub .

5 .Calculate the mean radius of splines

Rsp=(D+d‘)/4.
6 .Calculate the tangential force

T = Meq / R,

7 .Calculate the hight of splines: h=(D-d) /2.
8 .Calculate the total effective area of splines : F = 0.75 z.1.h .
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9 .Calculate the specific pressure : p=T /F ,

6 10.If p is less than the maximum permissible STOP , otherwise GOTO 11 .
11.If heavy row dimensions was chosen GOTO 13 , otherwise GOTO 12 .
12.Choose heavy row dimensions of splines , GOTO 5 .

13.Choose the next bigger dimensions from the standard , GOTO 5 .

ALGORITHM FOR CALCULATION OF PRESSURE PLATE FOR HEATING
1 .Calculate the free tyre radius :

r =B + dpjp /2

2 .Calculate the dynamic radius of wheel :

rd=ro-k
3 .Calculate the road resistance moment reduced to clutch shaft :

G ( f cos + sina) .ry .1
io . il

M. =

4 .Calculate angular velocityw = ny / 30 .
5 .Calculate the inertia moment of the car reduced to clutch shaft $

6 .Calculate the dissipated heat during clutch slipping :

w? . I. . I,

L =0.5
Qw8 3T+ (Ll JI,
Mc1 Mc1
where I, = the inertia moment of the engine .

7 .Choose suitable dimension for the pressure plate according to dimnsions
2 i of the friction plate .
8 .Calculate the weight of the pressure plate :

-
Gpp = =~ (d3 _da¢) -h.g.§

where :
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10. If dt less than permissible increase in temperature’STOP , otherwise,

GOTO 11
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outer diameter ,

inner diameter ,

ickness of pressure plate ,

density of pressure plate material ,
gravitational acceleration .

9 .Calculate the temperature rise of the pressure plate due to slipping :

¥ .:L

, where :
427 « € « Gpp
= coeff. of dividing heat energy between clutch plates and
flywheel ,

specific heat for the pressure plate material .

11. Increase dimensions of pressure plate , GOTO 8 .

ALGORITHM FOR CALCULATION OF PRESSURE SPRINGS

1.Choose number of springs ;z

(

2.Choose wir
(
3. Choose th
D

4 .Calculate
Pg

P
5.Calculate

T

6.Calculate

z=6,8, 10, 12 or 14 )

e diameter;d

d=2,3,4.5,6, 9.5 or 13 mm)
eratio D/ d =6 or 8 , where :
= pitch diameter of the spring

force on one spring :

=P / z , where :
= total pressure force on friction plate .

the torsional stress :

(1.2 -1.4)P D 1
L] L ] S L] 2 . Trd3

actual torsional stress T=T .k , where :

4C - 1 0.615 D
+ c
4C - 4 C d

7.1f Tgis less than permissible value GOTO 9 , otherwise GOTO 8 .

8.If no.of springs ¢ max. , increase this no., GOTO 4 ; otherwise , Choose

L-smaller no. of springs , GOTO 2 to choose bigger diameter .

-
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9 .Calculate number of active turns of springs :

6
G . d%
Bact ™ where :
ac 8.D3.c ]
G = modulus of torsional rigidity ,

c = spring stiffness .

10.Calculate number of total turns :

Ntot = Mact + 2
11.Calculate spring deflection during clutch disengagement :
y' = 2(5 , where :
O = clearance between pressure plate and friction plate .

12.Calculate deflection during assembly :

0.3 . Pg

y=
5
13.Calculate minimum length of springs :
Ipin = 1.05d ( z-1 ) +(0.5 - 1.5 ) ngep .

14.Calculate free length of spring :

1
lfree = lpin *+ ¥ +y °
15.Check the possible placing of springs :

2 T ( et ) should be greater than z(D+d) + (z-1)L.; ,where :

Lc1 = minimum clearance between two springs ,

R, » R; = outer and inner radii of friction plate .

16.1f placing is not possible , decrease no of springs , increase wire
diameter , GOTO 2 .

ALGORITHM FOR CALCULATION OF DAMPER SPRINGS

Steps 1. ,2. and 3. as in the previous algorithm .

4.Choose Ry =radius of the circle touching the centre line of springs
according to dimensions of both the clutch shaft and pressure plate .

5.Calculate force on one spring :

S max

Rg . z

L
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6. Calculate torsional stress :
Top D 16
s max ° 2 . . d3 ’
T =T . k , actual stress as before .

7, 8, 9, and 10 as in the last algorithm .

11. Calculate deflection due to assembly

0.33 M

€ max

y=
Rg .2 .c
12.Calculate additional deflection during transfer of torque :

0.65 My o

Rg e 2 .c¢C

13. and 14. as in the last algorithm .
15 Check the possible placing of springs

2 T Rg shoud be greater than z . ( Yfpaa +y) + (z—l).Lcl .

16. As in the algorithm for calculation of pressure springs .

SAMPLE PROBLEM

The technical data of the military passenger Jeep car ( GAZ-69 )

is used as an example of application

type of vehicle Passenger car
max.engine torque = 127 N.m
engine revolutions at max.torque = 2000 rpm
weight of vehicle (loaded) = 2275 kp

wheel width = 6.5"

rim diameter = 16"

max.road inclination = 30°

final drive gear ratio = 5.125

first speed gear ratio = 3.115

inertia moment of engine(estimated) = 0.06 kp.m.sec2

The road rolling resistance coefficient is taken = 0.0175

(I
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PROGRAM OUTPUT (Camputer usd : IBM-FC)

—
FROGRAMMARLE CALCULATION OF CLUTCH
1. CALCULATION OF FRICTION FLATE
Mol = 1397 Num
CHOSERN DIMERSIONES ARE:
outer diameter inner diam thickness (min)
180 He
CHECEING OF UNIT
DESIGHN IS SAFE
Foo= DELHH3LE (M omil)
2. CAILCULATION OF CLUTCH SHAFT
CALCULATION OF SHAFT INMER DIAMETER
AUCORDING TO TORSIONAL STRESS. ... ..
inrmmer diamﬁter = 17.7E26E9 {mm?
CHOSEN SHAFT DIMENSIONZ:
CHOSEN L;uGTH OF FRICTION FLATE HUR= 50 mm
inner no o of onter spline’s s+fe
ot o, splimes diam, widbh T
18 & E o .5
CHECKING OF SFECIFIC FRESSURE ON CLUTCH SHAFT
CHOSEN MEDIUM aw DIMENTIONS ARE NOT SAFE
SFECIFIC PRESSURE = S1.74074 MN/mm2
HEAVY ROW JIMENTIDNS WILL EE CGHOSEN
inner no of outer spline’'s effect.
diamm. anlines diam. width arEa
13 10 23 3 1%5.5
dimensions of esplines still not sate
MEW MEDIUM ROW DIMERNSIONS ARE:
inneEr  no of cuter spline’'s effect.
diam. zplines diam. widbh V=
: rea Qf .
cdi am. ] i nes (O R
21 1 B 1T B
v dimensions of s=pliress still not szate
v MEW MEDIUM ROW DIMEMNSIONS ARE:
. JHHPF no of puitor splines e offect.
: mplines diam. widhh ST EE
. ) e = ) AT
; CHECEING OF SPECIFIC PRESSURE ON CLUTCH SHAFT

CHOSEN MEDILM RDOW DIMENTIGONS ARE MNOT SO&FE
SFECIFIC FRESSURE = I2.44478 N/mmZ
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e ¥ N E =T
diam.
=26
CHECH INSG
CHOSER
SFECIFIC
HESGVY ROW
irnner o oof
anlines

)

TEMF.
CHOSER
TEMP.,
CHOSENR
TEMF.
CHOSER
TEHF. a2
CHOSEN THICENESS
TEMFERATURE RIZE 15
IT IS IN THE RaNGE

CIRCUME «WIQL SF
CHOSEM HUMBEER OF
CHOSEN WIRE
CHOSEN RaTio
CHECEIMG OF
design

slonal et
INCREAZ L NN
CHOSEN
CHOSEN Nlh
CHOSER RATI0

L.

Bk . CHOS

FRESSURE
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sz effect.
area
16,

mot mafe

L':

DHQFT

T

nimn

AR 11 1]

ATE= 8 mm

P e 2
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CHECH IME OF Tﬂ %;UN&L STRI
design is nob safe!t bt

-

torstanal tr s = HE7.75
THRHCOREASE MO, OF SFPRIMNGS
CHOZERN RUMEBER OF SPRINGS= 17
CHOSZN WIRE DIAGMETER 2 (mm)
CHOSEM FRATIO  D/Ad = &
CHECEING OF TORZSIONSL STFRESSH
clasign %tlll mot smafe DU
brez b

I

~L‘

M minld

-

) n‘

IAMET

3% O o
L'LLULHTIGH

HO OF ACTIVE
TOTAL

DEFLEC
§ .3 ol ol o

SETREMERT

10N DURING S4835EMELY

=
A
- gt
bt o SR AT

eslon iE Mot
torsional s

- e ma—
INCREASE NO.

NS i

-
H
&
4
g o
feeReg R

cesicgn 1z

L— torsional
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CALCULLATION
HO OF GCTIVE
MO. OF TaTaAl
SFRIMG DEFLECTI

: 71 Cmin)
LECTON
2 2B { mimd

SFRIME FITHIMUM LEMNETH

- y oo
= el

SFRING

= f1ien
FREE LERGTH

6. ANALYSIS OF FRESSDURE FLATE TEHE. RISE

FRESES,

Pl

INCRESRE
thick. (nm

4.0
0

Z

o)

&t
7

AR

10,0

11.0

TNCEEASE 1

thick. (mm)
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p—— INFLUENCE OF R3AD INCLINATION ON TEMF, RISE

road inclination (deg) temp. rise(deqg.c)
= F.9R21 461
10 4. 05314519
15 A 187500
i
20 4. 5292107

4.475446

-
G HRDEIRY

e inclinetion(deg) temp, rice(deo.c)

L A4TNALS
1.4%90713
A4, DOH207
A, BROI 2
4, 83507
a4 hx‘:' 49
4 hﬁ,ﬁ#
& r-{ AT
ARk 4. 595144
3 410250
x4 4, 4525707

** o @ o9 o olecem
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CONCLUSION

The calculations process of automobile aggregates can be aided via
a special tailored computer program . I[nput data to such a program is

different parameters of the vehicle and road .

Such a program enhances the capability of microcomputers as a powerful
computing facility on the designer's desktop . This program beside helping
the designers calculating , checking and modification of parts , it also
stores data of necessary standards for components and materials . The
computer facilities give the designers the possibility to study the influe-

nce of changing some design parameters on the assembly performance .

In this paper is given a complete program for the calculation of all parts
of the automobile clutch assembly . The program gives also the influence

of changing some parameters on the clutch heating . This problem can be

a work for further study to analyse the clutch heating up taking into
consideration successive clutching and also the rate of cooling of differ-

ent assembly parts .
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APPENDIX

A PART FROM THE PROGRAM  (lznguage used : BASIC )

5 CLS
10 REM prmgrammah]w caloul ation
11 FRINT Tar(1s :"FF!BRMMMA
12 LPRINT TOR1O) ERAMMARLE
15 FPRINT Tﬁﬂ(lﬂ

LFRINT TaR
LEFRINT
20 REM input data
25 LOCATE =,1i0 &
21 LOCATE 4,15 @
S22 LOCATE 5,15 ¢«
W3 LOTZATE 4,19 @
LOCATE 7,15 ¢
LOCATE 8,15 &
LOCATE 9,25
cLS
?MPW‘ ":NTF“ T%

T -

T
i B i e
e L

1
i
Lt R B ok T ST

tey
g
o
A

ENG 1 NE
F‘E“‘. .Jr.\."_"‘\l:

ArEml Mg M
Cut
FEM CALCULATION OF FRICTION B
INFUT "ENTER RNUMEBES FRIC
EL8
GOSUR 1000
L = w T IJT T . ;.":- t‘,- T T Wit 557558 s e s
FEM CALCUATION OF CLUTOH SHaET
FRINTYENTER MATERIAL CLUTLH S
PRINT * LINS FROC
FRINT © FUMEE
FRINT "1, RIHGDO
FRINT "2 G44200
FRINT "3
FRINT "4
FRINT "5
FRINT "&
PERINT %7

DRALN
DRAUN

IW!&TIﬁN T
JiLF

160 NND
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