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Abstract : As global carbon emission regulations tighten and the market for eco-friendly vehicles expands, research focuses
on improving energy efficiency. This study proposes a real-time torque distribution method for four-wheel independent drive
electric vehicles, considering cornering situations and tire longitudinal slip ratios. The optimal torque distribution aims to
minimize the error between the actual and offline cost functions by estimating each wheel’s speed based on vehicle speed,
required torque, and yaw rate. Four approaches were compared: uniform torque distribution; conventional optimization,
considering vehicle speed and required torque; optimization, including deceleration and acceleration during turns; and
optimization accounting for cornering and tire slip. CarMaker and Matlab/Simulink were used for the simulation verification
of the torque distribution method. The results showed that the proposed method significantly improved energy efficiency.

Key words : Estimation(52%)), Optimization(Z]Z3}), Torque distribution(2=. £4)), Yawrate(2|°|E), Longitudinal
slip(F3F &9)

Nomenclature : wheelbase length, m
p : front wheel distribution ratio h : C.G height, m
T : total torque required by driver, Nm + tread length, m
T : driving torque, Nm ly : distance from the C.G to front axle, m
d . >
T, : regen braking torque, Nm l, : distance from the C.G to rear axle, m
b . s
n : motor speed, rpm V. : longitudinal vehicle speed, m/s
" : motor efficiency v, : lateral vehicle speed, m/s
: . . : - 2
B : side slip angle in vehicle body, rad a + longitudinal acc.eleratlor;, m/s
Y : yaw rate in vehicle in body, rad/s &y + lateral ac.celeratlon, .m/s s
P : front wheel steering angle, rad g : acceleratilon of gravity, m/s
C; : cornering stiffness at front tire, N/rad M, + total vehicle mass, kg
. . . F, : longitudinal tire force, N
C. : cornering stiffness at rear tire, N/rad e ’
w : wheel speed, rad/s F, : vertical tire force, N
ry;  :effective tire radius, m 54 : longitudinal driving slip ratio
' s, : longitudinal braking slip ratio
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A : moment of inertia about Z-axis, kg/m’
0 : gradient, deg

R, : rolling resistance, N

R, : aerodynamic resistance, N

F,R,all : front, rear, all

FL.FR,RL,RR : front left, front right, rear left, rear right
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(b) Optimization results considering cornering only
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Fig. 3 Front/rear torque optimal distribution map
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Fig. 5 Vehicle motion from simulation result

Table 1 Torque distribution scenarios

Case 1 Equal distribution

Case 2 | Conventional optimization (for identical motor’s speed)

Case 3 Optimization considering yawrate only

Case 4 | Optimization considering both yawrate and wheel slip

Table 2 Energy efficiencies for distribution methods

UDDS Energy efficiency Improvement ratio
(km/kwh) (%)

Case 1 7.185 -

Case 2 7.306 1.68

Case 3 7.373 0.92

Case 4 7.374 0.01

ol ], kARl A Bl Y BE SR,

=¥ vard), A3 AR aelolEE a3 A&

T Sk Aol 48, adlolEst £¥S 5 aEd Y

A, F 47 B I RS Ve R olyA] a8

& A= vl skt



90 H

80 |

70 1

60

50

40

Driving & Regen Torque
Distribution Ratio [%]

30

20

160 180 200 220 240 260 280 300
Time [s]

Fig. 6 Comparison of distribution ratio for Case 2 ~ 4

Az o R A &% 0~ 90 km/h, 2EO]E 0~ 10
deg/s 3 7} 9] 0~0.45 goll A 3 A} 471 W
Eoll A GAAR] M) S BYTh whE S A
ﬂ%—?% ado]EZF AL, go|EVF A-dFF Y
T B &% xjol7t whAlste] Ao, o] F a1eg B
o]l “&él o] /M =7} o EFASHA VERRTE
ZA UDDS 3 Alvhe] ol A 457 5 vl 2
H] 7]E dubA] 2l iH ol 1.68 %, Qo] EE 11e
B ) Ao] adlo]lEE areehA] o8 71E A
1H1}0.92% AH] SFES RPom gHo 2]
R are e B el H&él 01 Qdo]ExE L
B}l 3712 0.01 % FES
S E%UP U iyl &9
4 _/;:1: ]’“Lr’i

o

=] Q

i‘ Eﬂll

N
by
N
HU
i_l
W
_?1_,
z
3
T
N

7Hs 13160~340s 3
I t03%i Al A Yehd, 2 o] E ¢} Ele]
Eo] HlaA AR= A3] 7Hks Aol A A
2 a0 e FEE RS SR 4 919
3k, AQb HA ) WY R=150 me] A3
UDDS AlU2] 2004 w5 &0l 2] tiv] 2.63 %, 2.8
o|ESt £HE dHA] b= dubE ol ¥R i)
0.93 %°] 1] 7|88 e
Fig. 6 UDDS AUzl QoA 7}7<r0] Tz =
160 ~ 340 s -7+e] A ol ¥ & v]aste] vERd 1
Holth 53] 200 ~ 220 s2] F-7Fol|A] Case 29| H/F E
3 ol vl TF 100 %A= 8ISt 4= 91 01, Case 3,4
o] A% B Buj v AH 100 %= AukjolS ghel
& &= gt} ol9o = g @0 e} H 7Tt =4 YEL
LH= 200 ~ 300 s7RFol A Case 29] 7491 Anbgo g
AFHT TF) o B E97} 718 %] = v, Case
3,49 9= Fauch dael o B BV s
A& E‘Mﬂ A0 Y 3ol whet Case 2 ~ 49 3 4
A5 B3 v AR ] dEbA = AlS ER1s 4

o]

x

£ M|zje] 2y £3 ey

32 8 &% o HEic Hlw

Ak Aol A 0] FE AL AT M3, Fh7HE
oMol Ao EE oSS 9% 4T A2 2H
% o) Zo] T8 2.810]th, webA, o714 ShA] AN H)
A T TRl EA BE SRS A4 SER

pr ok‘i

WheelSpeed FL
680

—Real

660l - = Offline |

y
640 . o

§ 620/ | N
== \Y
Z 600 ‘\
S 7 s
580 R
560
60 70 80 90 100 110 120 130 140
Times[s]
(a) Wheel speed of front left wheel for Case 2
WheelSpeed FL
680 T T T T
~——Real
= = Offline
660 Bl
640
g 620
=

Z 600
580

560 [

. L . L L . .
60 70 80 20 100 110 120 130 140
Times|s]

(b) Wheel speed of front left wheel for Case 3

WheelSpeed FL

—Real
- = offline |

L . . L . L .
60 70 80 920 100 110 120 130 140
Times|s]

(c) Wheel speed of front left wheel for Case 4

6 x10° slip FL

—FL
- - -FL offline

Slip Ratio

[ 20 40 60 80 100 120 140 160
Times[s]

(d) Slip ratio for Case 4

Fig. 7 Comparison of motor speed prediction accuracy

Transactions of the Korean Society of Automotive Engineers, Vol. 32, No. 12, 2024 957



Seunghoe Heo - Wanki Cho - Seung-Han You

Table 3 Motor speed prediction accuracy by torque distribution

method
Wheel speed MAE (kph) Slip MAE
Case 2 0.3207 9.78 x 10™
Case 3 0.0520 9.35 % 10™
Case 4 0.0139 1.53 x 10™*
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