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Modeling of the Powertraini System and the Vehicle Body
for the Analysis of the Driving Comfortability

Han Sang Jo, Jin Ho Park, Jim Hyung: Kong;. Jang- Moo Lee
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Abstract

Actual and strict - definition of the shift quality for the powertrain system equipped an automatic
transmission must be understood through the acceleration change of the vehicle body, which the driver
directly feels as a shift shock. For this reason, it is necessary to concurrently analyze the characteristics
of the powertrain system and the vehicle body. This paper presents the mathematical model of the
vehicle body, which is based on the equivalent lumped system, to append to the developed model of
the powertrain system. The concept of tire slip is also introduced for the experimental relationship
between tire/road and driving force. Using the developed dynamic simulation programs, shift transients
characteristics are analyzed. Theoretical results are compared with experimental ones from real car tests
in equal conditions in order to prove the validity of presented model. In these tests, the system to
measure the vehicle acceleration is used with various speeds and engine throttle sensors. It is expected
that the presented’ modeling techniques can provide good predictions of the vehicle driving
comfortability.
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Fig.2 Subsystem modeling of powertrain system



AT 4 e AP FHACAS AFA e 24 929

ENGINE MOUNTING 7 T
Kew  Cow e
Ku Cu

SUSPENSION
Kn Cun
Keus Cyug

2%
"~ 4
. Ry
T/M input - D/HIVE SHAFT |
Ke Ce T Ko o

~ Ko [ TIRE
]/ K Cu

Fig. 3 Simulation model of vehicle body (front
engine, front wheel drive car)

Fig. 32 % AAe #AntA 4 2dldg
st} me{ =l & 24ES YEhd Aol
A71A dF whLE RO AFW o Iy
AEE 571 A3 42 vedger, @
£7] £8FA 82 d2"E F5FE sty
7 2oz RAFIHY. IW FEHL
AR &892 Eelojs 73 F& AA A=
g a2y, o5 A ZdF S A9
e B ARES, ¥ (bushing) §3 2L o
2 HAY LAEL nEsdol stEE, B JF
o At BREA ket wax B o
TollAE Bolojg drtAY ARz Asgk
el A4 248 AN F/HHoE 1Y
th. Fig. 4% °12¢ XA 22¥ FHE g

e, oldl AHgd JHES de 2ol A"

=3

- @744, PHEE aela Elelel: Fig. 49 X
AlE F7He] &EwE shAh

- B3 AWES A oE(stator), EHA 53}
Ao vy 3T,& FH EAO 9L F
A @gong BF FASGH

- CBOl , CBO2 53 Z2 EE Ho¥y &4
B2 A4 A4 842 aHAH

- ZE B AEBAl HE Ale 2
o, 59 9L FAHAG.

- AR HY, Y%, 7E5F & UR 72
7+ (internal structural damping)E 7FAE F 3
84282 nHHAPT

- A3, At 221 I £FES M2 5
#A ot}

- AR HHALF (o) TAEE WS 29

E/G, T/M
w") Housing v B

Tin Wi c
Kun Cwu Coos Wp o~ 3]!” E
y

i

Universal
joint

ret] Caue \ \ i \ Ih
Front wheel ./ ‘/ Tut .7 E
T Wy Fy
T

Rear wheel /
Tn

X

ASSSSISNRY
V222277774
n
=

W

(a) Rotating Motion

K
R 8"5‘& Ry 9

& Body ©

~Tn

c
‘sus UN T Cen
Unsprung f e Mounts
Mass Ru Ry
Fu Fu

Rear driven whee! Front driving wheal

C

(b) Translational Motion
Fig. 4 Modeling of subsystem 5 (vehicle body)

&9 FAHT A g}

- Fig. 49 EAE 2459 vEF 724
g Y] 8459 FAL FE3) ad.

- FY™2 Z<¢lE(universal joint)e] &
AlE At ,

- tREY AFH gy AZweE 7
d ZAEE HHES FAHAG.

FH A H3 elo]o} Alojo AL FEHLS
Elolojo] &£¥FIe] #BAZAN wdy o
Wong®dl| Jatd, FEZo| o5 Eololo] A
d FEEIE Eolojgk XHite] A EH(contact
patch)ol| ZH83}A Hof, Elojo] AREL UZ5
3 ofd thgHE ATHEe] golo] g b
A=A €k weld dA] elo]oe olFAFE
A A g Aozt FAHY, o8 g4
T Zo] glolojo &£yolelm Ao Fr)

o

A

e

hod
T

Xy

i =1 - e driving (19)
i=1 - M braking (20)

Xy



930 B S Z A

T
q ; .
/ \\"\\~
[ ; T
g / EPeak Value u_p*W ‘
[4 i i
) / Ki : 3
3 / Sliding Value u_s*W }
{ f ; H
L Y
1 20 ® 4 % 6 7 8 % 10
Longitodinal Sip 3

Fig. 5§ Change of tractive force by slip ratio

A71H xye AF X, b Bolo WA 1
gl e, 89 IdH £EE YeEdY. T3
Fig. 55 A¥&o2 F3 golo €4 i 7%
FoM HeHe 758 Fyod #FAE JER
Hojth, dutq oz FYo] 15~20% o]3loljA] o]
E2 AYB/AE o|FY, gy g T 4
P2 & o) g & g o

Fy= K;(i) x i. 2

ol HlEAFF K;(i)E E29 79 el
FH, 2%, 283 xd94" T g3 IS
won olg AASE @A U ulAAF 4,
T 01~097t7] ¥ #g Zeth duyoes
OlARE ZRAA o] e 0.5~0.79 & A
o @8 AETE FS FES AFFAP v
g i Zomz oo FH JF2 FAE £
Rew, TETE AL ot Ak =% &

Al wys 00122 £PFE AN A7 24
A o ey 27 A4F £% 0.5 misecE
71Z2o 2 thed & Adhoc ¢nIAEL HL3)
o BorAg AejE FAsAY

= - by wuy—xy

Pe 0.55ign (- wuy) 22)

when h;- ., < 0.5m/sec
G2 AFAC g 2EdYE sy} A9
A FER ANIAES depdrk

0° 6w = Ti= 5 Tou— Coo 0 @3
0' (l.)‘,g = Tout_Ka(eﬂ_ow/) (24)

- Co((l)g" (Uw/) - CBOZ [2F]

ST - %G Y

Ly 0y = K,(85— 0.)+ Co(0 25)
= 0u) ~ Tus

I;r a)‘bﬂ = wa—hfF‘/— T,-f”‘ Tef/Km- (26)
(reffgtr_xUN) - re/fcsus(reffa)tr—_ xUN)

Iyoy = Tu—KyOy— Cyoy+ 22T, 27)

Ty _

Mh«ﬁ;.” = k/ K,,x,,— C,,x',, (28)

My xgw = Ifm(feffefr—xw)‘*'cm(
7ey0r— xuw) ~ Kun(xun—2v) 29)
_CUN(xUN—xV)

. T,
MV Xy = Ft/_h—, -Fa'“Fg

+va(xw—xy)+CUN(xfm—.x'y) (30)
— Ky (xy— xg) — Cgy (xy — x5)

My x5 = Keu(xv—15) (31)
+ Can(xv— x5)

0= Bg=0 62

Vg @y =10 - (33)

o714 Az v, UN, Ex 2427 2%, d7HA 2
A™ vEEAY AR &FE YEhY, »,=
AHAY $7 fE A2 BFE dehdoh 2%
o) Mg 2% Fig 49 EAST =§ A
% golole] HHBY I, AFo FA WA
o 9]¢ Aog HHsSg M uEE ALEHIA
LB A o #Hge FIAEL FF
#eAY, FEAY, ¥/1AF 12851 FvAY
2 7Rt Hgsen !V A§% 3§
7 Agae FEAYL H928 BT ¥
o tg# L& A& ol&Fg

Ty = pyhsMyg fromt tive (34)
rear tire 35

oL,

Dot & omy o
lo

Trr = ﬂrrhrMVg

23 siME 98t Y g

A, AFRE U FAA"E mds 3}
FA 2dE FAE FEE TEEAH  Table 1
# o] JEelt, o2 FHAYAY &
A a4 T2IPLS POTAS-MSM] HA 28 ¢
A8 E AMSET. W B Z2aPe ddi)
©]7|(TCU : Transmission Control Unit)e] W& &
aFo we 222 ZYA/BYla F &9
240 ZF/EY ¥D T A o A9 &5



A7 AN AT FHALGAS FFA ] 2

931

Table 1 Information of each subsystem

Const- Forces . Remarks .
DOF raint f;g,ﬁ,, f;?d (,3 79| Tot Port | (related with state transition
‘ n st forces, and external forces)
Sub 1 2 0 1 1 0| 0 2 1 Engine. torque
Sub 2 2 0 0 4 0 1 5 4 Lockup clutch
Sub 3| 4 0 0 2 5 1 2 Stator clutch (oneway)
swal 8 | 4 Jo 2 la s ] o | IO
Sub 5§ 10 2 5 1 2 0 8 1 Road Load
Tot | 26 | 6 6 | 10| 19| 10| 37 -
Table 2 Input data for the simulation
Spec. Value Spec. Value
My 1300 kg 1 Gear 4.123 -
Vehicle ke, k, 0.286 m Gear 2 Gear 2.250
Hofy Bpr 2.454e-2 . 3 Gear 1.449
Parameter Ratio
Ig 1.4e-1 kgm' 4 Gear 1.062
K () 8.0e+3 FD B 2.650
Kg 1.0e+4 RO 0.3644
] Component
Stiffness Ky 6742 R1 0.2429
(Nm/rad, | Ky, Kn 1.06+5 Gear R2 | 05528
Nm) | Ko 5.0e+3 Ratio a 1.062
Ky 2.0e+1 Max. Line Press. 12.0 bar
AfEE A&EH o2 gaste ANS Fygir ojde) 37HY Yd 2eA, 49 ued W=
wetA Z1Ee WA Zo] zt dE(1d~4m), BEolZ Iga 4w W& Adst= 1749 9
A4 (BEEY : inertia phase, EI IY Hg FYXEo] oy &Y Qid T
torque phase), 58 EHX9 A A%, Ea A }.00
HEl 2EolE e 2R A% F A A9 o A Table 2% A7, AFAE7], AFA 28
Feiet AREe W mE A LHAES I FEAY mdd Hed AdH} 4 74 84
2z} frEdok s MARE Aol Bafde 9 EAXNES YYD o]EF dA EAA,
e b A A L= HWEA 7] Wi WE dud s, 2F Ad 5
Table 194 0o 9B 7)x] ¢ (external & AXIAL AT #HES o] 8IeH,
known force)e LUFEMNM, o714 E dzzz9 4% BAFEH AedE7) R AN A
e zygusse Jebdoh £33 f({) =7 4 5L 9RY BIE B39 AH AT #E
NAHELS AAANA F= ugsod, fie & o[ &3t £¥ E3 AWEH 54 seivg,
—wes © = Fw= Agwsr) 488z 43 F 2AY Ao
W5 BHEHERA olgg Tz oA I 4 HE 5L 9 AGy YA AY BN S
Agoz ARG PE FHElHGue B de - B e aages A gy
transition force)24 A9 AF= AA AAHAHO vpAlgto 2 ApEA Y o7 A4, A9 e
2 golis £dsEe A5AT uddd. A% 5£ o4 2UYA ANE 5T e
549 29X, 2H0HY 49 S, WY gAe] FES ol&sien, e vHRHE
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Table 3 Clutch sets of automatic transmission
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Table 4 Specifications of measured signals for the test

Signals

Specifications

Engine speed

0V ~ +12V pulse

Turbine speed

0V ~ +5V sinusoidal wave

Vehicle speed

0V ~ +5V sinusoidal wave

Throttle valve opening

0~10V PWM with 128Hz carrier frequency

Enging v
speed >
Turbine
spaei

Vehicle
speed

Laptop computer

Accoleration
Slgral and
Thrattle

TCU. Throttle

Acceleratioy &
X

Fig. 6 Schematic diagram of the data aquisition
system for the on-road test
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Fig. 7 On-road test for measuring shift quality
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