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Abstract In next-generation electric vehicles, research is being conducted on an in-wheel
motor system that directly controls torque by each wheel to improve total cost and driving
performance. Accordingly, in this paper, a study was conducted on an algorithm that distributes
the torque applied to each wheel in a torque vectoring system applied to an in-wheel motor for
driving an electric vehicle. In order to implement a vehicle model that applies actual vehicle
characteristic parameters according to vehicle driving and steering, a simulation was conducted
in the MATLAB Simulink environment, and it was confirmed that torque distribution was
performed according to the proposed algorithm.

Keywords: Electric car, In-Wheel Motor, Torque vectoring system, Torque distribution

% Corresponding Author: kwak@changwon.ac.kr 2) AAdistn Av|esty), 35 A A
+ This research was supported by Changwon National 3) LGX“} H&A A%, 354
University in 202372024. @A SR, FEAR
Manuscript received April 02, 2023 / revised May 18, 5) FHAAAEI A, TF5 AR}
2023 / accepted August 17, 2023 6) Fhugta 7]y}, wal A}

1) zl—OJuHsl—"r A 7] x‘al—_u}y ;q]lx{x}

_35_



A Study on the Torque Distribution for Improving the Turning Performance of a Vehicle with Torque Vectoring System

AT A AAHeR g THS APV 9
7} = AFe] g wiE Al AFstel uwhet
2ol A A7) AbEARe] A A& ol

2 Holi dti(Jamie et al, 2020).

71252 A 7)ol wH e wel, 7]E

1 Zldn-line) W21o 1M FE5AE 2
A717bE 2 H el 7k A= B Wl
215 7] of (differential) 7} oFd Z+ EHo 4
RE] o] EAE Alost= <l # KB
of tiFyEa Aok A M3 A AUEE
A7171 91 W F Syl EA WE
(Torque vectoring) A]Z~€12 1990d ] 3wk
B Aol gkor suv oAl ARE
A WYy =dojBal Alxgle] gk A
(Jonathan C et al, 2005), E2 HE# Al2=HS
Aqge A7) AsARe]  did A (Behrouz
Najjari et al, 2022)%5°] °]# A1 At}

HT EA AYHE A 2" z2s7|olE Ao
sk WA ByolaE Aojste 7 7AW
o] F= AtgH Ao 7IAA FAQA AE

5 F3te] FEEES wEste 71Ee] A
&% Fo] wpEE zpolrt SEAd A
dolle Eart AEHA F7)d] Ea W

)
_ o o =
29s A8 45, F9 2o 594

o

V2 o T ST

o

Al 2=glE A gste] 2] Driving reference
2 AlQretedct. Fig. 1 &

sHE g o 2 2H

=3 W Alzde] Hgw Ao A3 Al

Apol & UERIL

With Active
Torque vectorng

Without Active
Torque vectorng
%

Fig. 1 Turning radius of the vehicle

with torque vectoring

2. AlEBlold & T4
21 HA AT ZHY

Jd & EEo| B3 WEY A2ES X84
o2Zx 7} o 7hsiA= EA A HeS
sk7] flste] AA A % FA 5 5
sGetrHE HEA1A 984 RAdYS 7] ¥
3 MATLAB Simulink $74olA &4 =4
TEstal B WEF Ao AlEHlA A
33kt MATLAB Simulink 374 &
B Aol g AAZE Al B AS T3

1 zkFe] 7 Aol g Ea EulE B
Aoz g1e  ri= o]Ho] Utk
=R A= MATLAB Simulink®] 3D 3
|4 AES w4709 #ol e A

ox Mt oV

e

Do i go mo T L ol
e oy
84N

o
2

Driving way
oo ao
gear gear
T
it |

Yaw moment Battery

fl Engine torque
Motor torque v~ % |Motor torque
i

H i
D e o D
gear gear

Engine torque

Fig. 2 Vehicle model with in
wheel motor system

_36_



Journal of Korea Society of Industrial Information Systems Vol.28 No.4, Aug. 2023 :35-43

S:

_0|L
oN 32
o
=k

o o
o
o N
L E
ol 0%
52 o
ot
ro,
>
)
o
2

S

[N}
rr
o
(it
t
>
[
uiti}
o

oy
ko

4

>,

>

N ¢
el

vebdT) <l
RE7F ZFEo] Q= FRo|EE
o] &3fo] ApwFe] A%, %—-4%4
& g mE ALy s B9 A7

o® xdste HAH FF ﬁ% w%@«¢
o AA Kl Al~"e Fig. 29} %

FE ouAE Fato} EHS&}
#, $ 49 Z+ Ho EaE wjEse U
AF&-3F A T

(V)

{2, %)

17
~

Slip angle Model

Tire Model

Handling Model

Fig. 3 Vehicle steering algorithm

3DOF(3 Degree of Freedom)ol A2l == =

g9 oY FS Fig. 3% #Zo] A At A&
o] HA E‘Eil dug]FL Fig3ola el 7o)
Steering inputs ¢ H3IH AEH B A x,
y & 7}4%9l yaw angleg ZAASA =,

Handling model oA WAS x, v & £E9
yaw angleg %3}9] slip angleg AA3HA &
t}. Slip angle yawollAl ZA® 7145 %7} Tire
modelo] d#HEo] 7} Ao JA7tH= EAE 4
AatA ok A A mdS 4719 9 4 B
H=Z 53t Fig. 349 =& Al="e] o
3 wdags 7iwto g MATLAB Simulink?]
Simulation 3D System 3742 o] &3}o] 3D A
geoldor g A3 Al 7 Foll TraiA =
EFo dig Ao dAS Tttt

2.2 Handling model

Fig. 4 Vehicle dynamics system

Fig. 4= ##<¢ 3DOF T de
o ZH’LQ% sl da veEd A
T3 A ® = T W 3 3
21(2)¢F Zo] dd 4 9l th(Peikun

2020).

ma, = Fz,Rr + Fx,l?l + (Fa.,

HraF 3]

A9 7t 2

ol A
21(1),

Sun et al,

= G

nt+F, g )cos(0) (1)

—(F, m+F, )sin(6)
ma’y - EJ Rr + F _RI + (EJ,FI + Fy,F'r )COS (6) (2)

—(Fy p+F, p )sm (6)

25 A3 Al dA 2] A3 &
feh Aslgel Aelst Has

EEL%

VII

m VZQ(ZFCR_
2C:Cplp+1,)

(lp+1g)+

AL ot AFEse
4 A tHSmith. et al, 2016).

_37_

2 (4) =

A7

A}, o9}

= 2 E3to AT 978
v A3l&s FFoled 23 EAads

—.—HH o]-Oi

A4k
A} o]
s a2

(3)

)
1Cr)

xde



A Study on the Torque Distribution for Improving the Turning Performance of a Vehicle with Torque Vectoring System

Iy = 1p(F, y+F, 5)sin(5)+
lF(Fx,Fz + Fz,Fr )COS (5) lR(Fy,Rl + Fy,Rr)

Ly
+ T(Fx,Fr + Fz,FI)COS (5)

w

AA M3)& P a4 A& AolE 7|NEe
2 o7y B A3E&s Axlkstd A6G)9%
2ol Yetd 4= ¢lt}(Jinhyun, Park. et al,2013).

M= Lry,—1pF, pcos(8) (5)
+ l]{ yR ]K(fy ’Ydls)

WAE 389 Ao B olgetel A% AA

o 875 E EAFS 2(6)% 2ol AAgt)
R
ﬂotal Mx— (6)
Y
A Fgol oA A A3 Al A
avds A8&d FYp 2gaE AL
23k EAolh. o]E #f8l Aol Iy WIS
] glsl Mol HA% WRe w23
FA EABE WS, 9% Dol Lo 237
& 1A A4S Azl "ol e WPE AA
a7 Aslelr] wEe] Fa F vo] dof

Ui F97h B o Fig 5t 419w
Ao M3 FHL & A A A= o)A
@ ~elolgel dekel theka 2ol

Set the tire angles

L L L
tand; = RTIT" tand = = tan 6, = — \’5; \ I3 \é‘a

R+F

\
500
\

3) ) b

Ry
R

o L)

Fig. 5 Ackerman Steering

A AP AAE fete] 95 Bo| x7
Zuch W Dol 2g4e 47 shel H8 F
e @ gz AN ) A9 Fo] ge
F4e AAn AssA Bk olsh ol o
W ~Eolde Agan AAe AAA A5
7 Fhs et

2.3 Tire slip angle model

A ApFo A= ApEFo] A3 W 2k 4
of =¥} HIZFoaH HAR o]Fstil e
ek A 2o &8 dv WIFY Apolvh
AeA HE= AL Slip angleol#k 3t} Slip

angle® B9 A7 £w= 2w £wo wy
oz uy ¥ ok
x
. 4 Vehicle
V, + gy \ longitudinal axis
F
V., + gy
851 atan | 2 =
% vy + %
\\ Y 2
Viy+— b
4 2 \\ﬂﬂ
\
\
2 v
y

Fig. 6 Front Left Wheel Slip Angle System

4m

roh :

Fig. 6= d& #F= & 9] Slip Angle System
of diste] A 19 o]tk (Kanghyun, Nam. et
al, 2015). o]2 ®}E O & slip angleE Z A 317
A A4S g5 2o A7)0 470 7
# 9] slip angles YEFHY(Jongsang, Seo. et
al, 2013).

)_(5];‘[ (7)

_38_



Journal of Korea Society of Industrial Information Systems Vol.28 No.4, Aug. 2023 :35-43

- (Spr (8)

)_61?1 (9)

)751.” (10)

AL R MATLAB Simulink Vehicle
Body 3DOFelA<¢  Coner Stiffness and
Relaxation Dynamics® 1S Ag3tion =
Uey ZAde oa3 2ol A&drt. A11)7(14)
= 7 o AEHE ZYUY AHS YEldh

O
AN

2F
QF;FT

CFT - m ® CF (12)
2F

CRZ == m ® CR (13)
QFLRT

CRr == m ® CR (14)

24 E3 Huf utH

E3 AHE Al2"e Y] o X9
Mg wel B Ao EAE ZF A
AGgo=zy 7zt o HHo] EAF wjEato]
879 9 d3es & FF5 T
2glo|t), wreba F3 sk whel vy e o
Y ARES FJuw ol 7} Heo] EaE AH
i Zo] T3 84 F dholth

Fig. 72 a2 A&y = #4888, 94 %

of FAFTACERY 7 A7 Ag 5 3t

E AAbstE d de] Hagk 5984
4S5 yebd  Aolth(Donkyu, Baek.

-

et al,

FAAe] 8T &ud o8 Age] FEH)

A% F 0T EaPel 2YHW 8T AL
25e7] fetel 2 Ho] £ag Bas 47

A

S Ho| wEHE EA H&o] ZAH s
AW mE Axde Aol TEaE A
T 25 2o 3o Aol #Aglel oA
SHYAQ FEo] JtestrE AT 8T
+ Driving Referenceol| uwhz} =}ako] 7}sf A
= % EATEE A" st BxY 4T 1

g3kl @Stttk 4719 2+ o] EaE &l

7] Qe E WA AFe] A TR R
= Eage ANT Bast At ot o
ol A(15)] mt A, F85 el BEa¥gs
e = A
F 44

= (15)
Fp Wy

w ;
Ly Weos® — 1 gF,, + h(— P F,, — Wsinf)
lpWeosO —IpF,, — h(;*FM — Wsinf)

rlo
N
N,

ATk A(16)7(19)
3 2joltt,

_39_



A Study on the Torque Distribution for Improving the Turning Performance of a Vehicle with Torque Vectoring System

Tey=kp ¢ ke * Tiota (16)
T =kpe o U=kpy,) » Thpra an
Tp=0=kp) * kpp * Tiopa (18)
Ty, = (1- kFr) - (1- kFlr) * Liotai (19)

Table 1 Nomenclature

Parameters Discription
y yvaw angle (rad/s)
§ wheel angle (rad)
C cornering stiffness (kg » m?)
a force (N)
1% velocity (m/s)
a acceleration (m/s”)
l length (m)
R turning radius of vehicle (m)
g accelation of gravity (m/s?)
I moment of inertia (kgm)
w weight of vehicle (kg » m/s?)
m vehicle mass (kg)
M moment of vhicle (Nm)
K coefficient for control
s slip angle
k distribution ratio
F front
R rear
l left
r right
T longitudinal
y lateral
z normal
a aero
b break
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