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The paper presents a short description of power transmission system of passenger car

adapted for disabled people. The car was equipped, among other things, with an automatic
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clutch, which enables automatic coupling and uncoupling. The mathematical model of

power transmission system was presented. The particular attention was paid on mathematical
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model of a friction clutch. The presented model was used to estimate the value of regulate
parameter of automatic clutch in order to minimize a pick-up during start moving.

Experimental verification of presented model was made. The run of moment acting on a
drive shaft, getting from out-door experiment and computer simulation, ware compared in

time domain.

car, transnission, automatic cluych, mathematical model

1. Introduction. Constructing the vehicle suitable for
disabled people in majority of cases consists on equipping
the cars, produced in series, in cover equipment enabling to
drive the car by people with disability. The construction of
this equipment should ensure a proper safety level and the
drive comfort [4]. Such equipments should not make the
driving properties of the car worseafter beinginstalled. One
of the basic equipment installed in thevehiclefor disabled is
the automatically controlled clutch, working without of the
necessity to press the clutch lever. This salf acting clutch
should make the starting the car and shifting the gear
comfortable without the increased frictional wear of clutch
plate. As showed the preliminary research, the speed of
clutching in should depend, among others, on the speed of
pressing on the acceleration lever. This paper presents the
mathematic model of passenger car powertrain with frictional
clutch. This mode allowsto investigate the response of the
powertrain to a specify way of steering the clutch.

2. Model of powertrain with frictional clutch. The
driveline is a fundamental part of a vehicle. In the field of
dynamics modelling of vehicle powertrain alot of research
has been carried out recently, and different model are used,
depending on the purpose of the work [1— 4].

The present work will show themodel of a passenger car
powertrain enabling theanalysis of the way of steeringadry
clutch on longitudinal dynamics of a car, particularly in the
process of start moving of a car. The model doesnot include
the vibrations of high frequency and noise which appearsin
powertrain system. When modelling the power transmission
system, the main attention should be paid to modelling the
frictional clutch, whosetask is not only totransmit the drive
moment but also dumping of torsional vibrations which are
transmitted from the engine to powertrain [2]. In order to
adequately control the clutch, a model that can accurately
predict the response of the driveline to aspecified clutch input
isneeded[3]. For thismodel the variousdriveline components
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Fig. 1. Powertrain model of passenger car

need to be specified. These include; the engine, the clutch,
gearbox, the differential gear, and the wheels. Also external
forcesacting on thevehicleand driveline need to beincluded
intheanalysis. Firgt, aclear understanding of clutch operation
iS necessary.

The structure of the powertrain model isshown in fig. 1.

When the clutch worksin dlip, the equations of motion of
powertrain can be derived as.

‘]Mjg&M :Mnap' My

Jgls =My - Mg;
3y =i0i Mg - M y;
Jeithe =My - Mg @

I =Mp - M,

where: J,, — engine moment of inertia, J,— friction plate
moment of inertia, J. — gear box and fina drive moment of
inertia, J.— wheel rim moment of inertia, J, — tyremoment
of inertia, j,, — engine angular displacement, j— friction
plate angular displacement, j, — axle shaft angular
displacement, j_ — wheel rim angular displacement, j, —
tyreangular displacement, ip— gearbox ratio, ig—fi nal drive
ratio, M__— enginetorque (see), M, — torque transferred
by the dipping clutch, M — tyre moment, F , — tyre
longitudinal force, F, — normal forceof driving axle, R,—
tyreradius.

Ms:Cs(j s~ iplg] A)?
MA:CA(j Al F);
Me :Cop(j Fol K);
Mo = FaRy +My;
My = Ryp X xf.

When the clutch is engaged the degrees of freedom of the
system are reduced, and §,, and g are now equal. The
equationsof motion of powertrain, in this case, can bederived
as.

(‘]M +Js)f&M =Mpgp - Mg;
Jfa=i,igMg- My,
Jefe =My - Mg,
‘]K;&K =M - I\/Iop'
Equationsdescribing driving system were completed with

the equation of car motion in longitudinal direction . The
arrangement of forces affecting a car is shown on fig. 2.

mMy&=Fy - Fxo- Far,

where: m — vehicle mass, F, —air resstanceforce, F ,—
longitudinal forceof rear wheels;

Far = CxAr pz ;

¢, — drag coefficient, A. — frontal reference area, r, — air
density.

To determine longitudinal force affecting the driving
wheels the linear mode of tyre was used. Dependence of
friction coefficient in longitudinal dipisshown onfig. 3. The
longitudinal force F  and F , may be determined through the
dependence:

Fa = ”(51) Fa; Fe =Fuf

where: f — rolling resistance coefficient, s, —longitudinal
whed dip, for driven wheel dip may be evaluated through:

)
Rifik
2.1. Engine. The engine torque is assumed to be a

quadratic function of the rotational speed of the crank shaft
and isproportional tothethrottle plate position:

S_I.:J-'

e aM - M5, 20
Mnap:hpgl\/lmax-gwl\lmx_—w’w'\l; (Jg‘M 'WM) :,
a

where: h —throttle plate position signal h, T (0,2), M__
— maximum enginetorque, M, — enginetorquefor angular
velocity corresponding to maximum power, w,, — angular
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Fig. 2. Car with external forces
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Fig. 3. Dependence of friction coefficient m in the function of
longitudinal wheel slip s

velocity corresponding to maximum torque, w,, — angular
vel ocity corresponding to maximum power.

2.2. Dryfrictional clutch model. Theclutchismoddled
as a system of plates pressed together viaanormal forceF, .
The normal forceisafunction of the position of clutch fork.
Thedependence of normal forcein thefunction of clutch fork
position for a selected clutch may be determined by
experiment on a special research stand.

When the clutch is sticking, the engine degree of freedom
isrigidly coupled to the clutch disk at thefriction interface.
The two differential equations of the engine and the clutch,
can hereducetoasingledifferential equation. Thesticking of
thedutch sugtainsaslong asthetorquetransmitted through clutch
remains bel ow the maximally transmittabletorqueM,

It isassumed that the moment transferred by the dlipping
clutch isa function of thenormal force F , pressing together
aclutch plates, according to the dependence:

My =sign(w,)nF, (ax ) Rsm(w,)

where: n— number of friction interfaces, R,— activeradius
of the clutch plates:

_2R-R).

3(RZ- R?)’

w, — relative angular velocity of clutch plates, isdetermined
regarding:

WW:(j&M 'jg‘S);

n(ww) — velocity dependent friction coefficient, is
determined regarding:

b

m(w,) = me™

where: m — friction coefficient for w,, =0, b —constant.
3. Experimental verification of presented model. In

order to verification of the presented model the outdoor

My [Nm]

0 1 2 3 (s 4 5 6 7

T T T B
| | |
T4 - I—===-= - - — 35
| | |
64 --——~— - - - - ey C —30
| | |
54 —— —— e e S e —+25 _
g A
o e ey S —20E&
= =
> | | | o
3 - - (e T —T1s
| |
24— ———— I—===-= t-f- S — 10
| ! |
1+--—-—= e il —T 05
| [ |
0 T } } 00
0 1 2 3 7

ts]

Fig. 4. The selected result of experimental investigation of start
moving vehicle
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Fig. 5. Drive shaft torque obtained from computer simulations
(MA_sym) and experiments (MA_bad)

experimentswas carried on, while vehicle start moving, for
selected regulation parameters of automatically controlled
clutch [5]. Thefollowing parameterswere measured: throttle
plate position angle (fi_op), clutch fork position angle(fi_s),
driveshaft torque (MA_1and MA_2), engineangular ve ocity
(omega_M), driven wheel angular velocity (omega k1 and
omega_k2), longitudinal velocity (v_x), longitudinal
acceleration (a x).

In fig. 4 the results of experimental research for the
sel ected test of start moving car can be seen.
The obtained results was used to experimenta verification of
prepared powertrain mode of passenger car. Astheinput datato
smulation, thethrottle plate position angle and the clutch fork
position angleobtained from outdoor experiment was apply. The
average torque affecting the left and right drive shaft obtained
from experimentsand computer s mulationwascomparedintime
domain. The sdected result of experimental verification of the
modéd isshown on fig. 4. Theobtained resultsalow tomaintain
that theprepared mode describeswith satisfactory precison the
phenomenaoccurring in thedriving system of a research car.
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4. Conclusions. 1. The prepared model of a powertrain
system provides good agreement of the computer simulation
resultsand experimental result.

2. When vehicle starts to move there are significant
resonances of drive shaft torque, which gives dynamic load
of powertrain and deterioration of the driving comfort.
Regarding this, it isnecessary to havea suitable steering the
clutch in order to diminate these di sadvantageous phenomena

3. The prepared model may be applied to determine
steering parametersof self acting clutch to provide optimum
loads of the powertrain and driving comfort during vehicle
start moving.

4. Asthe simulation results show, steering the work of
clutch should depend, among other, on the run of engine
drivingtorque.

References

[1] Pettersson M.: Driveline Modelling and Principles
for Speed Control and Gear-Shift Control. Linkuping Studies
in Scienceand Technology, ThesisNo. 564, Linkiping 1996.

[2] Skup Z.: Damping of Vibrations in a Power
Transmission System Containing a Friction Clutch. Journal
of Theoretical and Applied Mechanics 43, 4, pp. 875-892,
Warsaw 2005.

[3] Dassen M. H. D.: Modelling and control of
automotive clutch systems. Report number 2003.73,
Department of Mechanical Engineering, TU Eindhoven,
Eindhoven, 2003.

[4] Grzegoiek W., Wojs J.: Analiza obciNeiec ukiadu
napkdowego podczas ruszania z miejsca pojazdu
wyposaionego w automat sprzxgiowy. Archiwum Motoryzadji
4, pp. 359-371 (2006).

[5] Wojs J.,, Janik T.: Badania wpiywu parametryw
regul acyjnych automatu sprzkgiowego naruszanie z migjsca
samochodu dla niepeinosprawnych. Czasopismo Techniczne
z. 7. Politechnika Krakowska, pp. 707-714, Krakyw 2004.

OTpumana 23.05.07

C. Banwyak, 5. Botic
MaTtemaTnyHa Mogenb CUIIOBOI TpaHCMicii aBToMoGins,
OCHAaLLEeHOro aBTOMaTUYHUM 34YEenJIeHHAM

Kpakiscbka nonimexHika, Kpakie, Monbwa

HasedeHi xapakmepucmuKku mpaHCMicii macaxupcbKko2o asmo
05151 HenoeHocrpasHux. Oemo ocHaweHe asmomMamuyHUM
34ernneHHAM. Po3pobneHa Mamemamuy4Ha Mooerib makoi mpaHcMmicii
i docnidxeHo OuHamiky aemomobins 3 Memoto MiHiMi3auii 3pueaHHs
nid yac pywaHHs 3 Mmicysi. [lposedeHa ekcnepumMeHmarsnbHa
nepesipka MamemamuyHoi MoOeri i nidmeepoxeHa ii adekgsamHicmsb
peanbHUM ripoyecam, Wo 8idbysarombcsi y mpaHCMicii.
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