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Abstract : Due to the climate crisis and environmental concerns, regulations on greenhouse gas emissions from vehicles have
been tightened. Commercial vehicles, which emit significant amounts of greenhouse gases, are increasingly in need of
electrification. While most small electric vehicles operate only with a motor without a transmission, but medium-to-large

vehicles require a transmission because they have a wide operating range and diverse driving conditions. Increasing motor

size complicates optimal operation, making transmissions essential. Using manual transmissions in commercial vehicles can
increase driver fatigue, and AMT transmissions lead to power interruptions during gear changes. To address this, the E-axle
system, which combines dual motors with dog clutches, was introduced. This paper focuses on developing and testing a
mode conversion control strategy and ASW for smooth gear changes in the E-axle system through vehicle tests.
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Nomenclature
T : torque, Nm
2] : rotational speed, rad/s
14 : vehicle speed, m/s
Y : speed handover ratio
Yy, : torque handover ratio
7 : efficiency
MG : motor and generator
7 : gear ratio
7 : torque distribution ratio
G : shifting gear stage
7 : inertia, kg - m’
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Fig. 1 Configuration of powertrain system
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Table 1 Clutch operating mode with shifting step”

MG2 Clutch MGl
Gear . Sf2 Range Sfl .
Ratio - Ratio
C | D|Low | High | A | B
1 0 ] o o rl
2 o o o 3
3 u e O o
4 o ® O i
5 6 [ J ® O
6 o o @ 7

Fig. 2 Dynamic modeling of powertrain system

Table 2 Specifications and performance of vehicle and motor”

Vehicle Max.
Vehicl ight | 40,000 k; 12 kN
chicle weigh > £ Driving force
Vehicle Max. Climbi
ehicle Max 460 KW imbing 30%
Power performance
Vehicle Max. Motor
160 km/h 230 kW
Speed Max. Power
Mot Mot
otor 1,300 Nm otor 4,000 rpm
Max. Torque Max. Speed
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Table 3 Mode conversion of control phase(5-Phase shift)
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No. Role Description
1 Torque | Change the torque of the motor located in the
control | shifting gear to zero
) Gear Neutral control of the dog clutch of the
neutral | shifting gear
Since the speed of the dog clutch gear changes
3 Speed | when the gear ratio is changed, the motor is
control | controlled within the corresponding speed
range to increase the probability of fastening.
Gear
4 o Dog clutch actuator fastening
shifting
T
5 ordue Torque distribution control between dual motors
recovery

Table 4 Mode conversion of control phase(8-Phase Shift)

No. Role Description
1 Torque | Change the torque of the motor located in the
control | shifting gear to zero
5 Gear | Neutral control of the dog clutch of the
neutral 1 | shifting gear
Since the speed of the dog clutch gear changes
3 Speed | when the gear ratio is changed, the motor is
control 1 | controlled within the corresponding speed
range to increase the probability of fastening.
4 Gear Neutral control of the dog clutch of the
neutral 2 | shifting gear
G
5 R éar Dog clutch actuator fastening
shifting 1
Since the speed of the dog clutch gear changes
6 Speed | when the gear ratio is changed, the motor is
control 2 | controlled within the corresponding speed
range to increase the probability of fastening.
Gear .
7 . Dog clutch actuator fastening
shifting 2
8 Torque | Torque distribution control between dual
recovery | motors
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0
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Fig. 3 MGl actuator control strategy(1st — 2nd)
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Fig. 4 MG2 actuator control strategy(2nd — 3rd)
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Fig. 5 Range actuator control strategy(3rd — 4th)
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Fig. 6 Control strategy of torque and speed
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Fig. 7 EACU shifting control architecture
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Fig. 10 Test result of MGl shifting(4th — 5th)
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Fig. 11 Test result of MG2 shifting(5th — 6th)

£ AE Axs veERia vk MGIMG2 W
Phase, Range " <A] 8 Phase® W& ~3f5la1gl o,
)

832 #AI2AEAZHY =27 A31A A 108, 2023

. Shifting gear & Phase
T T T T T T T
Targetgear
6 Current gear | 7|
Phase
PSS —
N R
2 4
o L I I . . I I . I
13 1135 14 1145 115 1155 116 116.5 17 1175 118
Actuator position [mm]
20 T T T T T T
Sft(alb)
sf2(c/d)
Range(L/H)
20 I 1 I I I | I I I
13 1135 14 1145 115 1155 116 116.5 17 1175 118

Motor speed [rpm]
T T T T T

4000 - MG1 Spd ||
MG2 Spd
3000 [ ~\ q

2000 =
1000 £ L I I N I I 1 I &
113 1135 114 1145 115 1155 116 1165 17 17.5 118
Motor torque [Nm] & Output torque command [Nm]
T T T T T T T T T
1500 L e e e e e = = e e e e e e e e m - - MG1 Trg -
1000 v MG2Trg ||
Out Trg Cmd
500 = N =
0 —\//—/\
500 I I I I I I I I I |
113 1135 114 1145 115 1155 116 1165 17 17.5 118
Vehicle Speed [kph]
T T T T T T T T
sk TraCmd|_|
40" B
20 9
o . . . .
113 1135 114 1145 115 1155 116 1165 17 17.5 118
time [sec]

Fig. 12 Test result of Range shifting(3rd — 4th)

Ao, dlFoflolE] A7t M) FAsHAl o] Fo1A]
= AE geled = Stk o] wl Vehicle speedi= W& 5%
o k= w4 glo] A|&HA 0w Frtstal e AdE el
o Uk
5.2

AT M = e B 7F R B-axle Al Z=F oA
ol def gl ASWE 7iEsto] W 5 s vhd ko] §lo]
WHEshs WS kst 2FA|o 7)o ASWE 4
&ato] AxA RS S8l FAE T AaE Itk
T8 A= v 2k
1) E-axle }& Ao} A|2=8l9] Aloj ol W2 ASWE

7hkste] AAxFE Ao} 7]l A THe R FEOE

1=}

1_‘

ol
o
32
o

Aol 24 & T3] Ul A st
o, Bz gl ME S FAs dvE o

o] A= 2023U E A T A - 2 A 7= 7
] A(KEIT) 78] Z]of| 2] gt A5-91(20011886).



)

2)

3)

£$AUTIAYS Eaxled] SATUZH 2C W AOI2Y HY

References

D. J. Kim, H. C. Jung, K. C. Oh and J. W. Kim,
“Fuel Economy Performance Analysis of EV
Transmission,” Korean Society of Automotive
Engineers 2013 Daejeon-Chungcheong Branch Spring
Conference, pp.133-139, 2013.

D. H. Park, L. Y. Yang and N. W. Kim, “Integrated
Shifting Control Strategy of Shifting Actuator and
Traction Motor for 2-Speed Electric Vehicle,” KSAE
2018 Annual Autumn Conference & Exhibition,
p-1188,2018.

K. H. Kwon and S. G. Min, “Multi-objective
Optimization of Motor Torque Distribution and Gear
Ratios for Electric Vehicles with Two-motor and
Two-speed Powertrain System,” KSAE 2019 Fall
Conference & Exhibition, p.1226, 2019.

4)

5)

6)

H. S. Kim. W. S. Lim, “Optimization of the Shifting
Point and Torque Blending Logic of Dual Motor
Equipped FCEV E-axle for Minimizing Power
Consumption,” Transactions of KSAE, Vol.31, No.8,
pp.653-660, 2023.

J. Y. Park, J. W. Lee and S. W. Heo “Study on
Control Algorithm Development of Front Wheel
Driven Dual Motor Torque Vectoring System and
Handling Performance Evaluation,” Transactions of
KSAE, Vol.27, No.4, pp.301-308, 2019.

H. S. Kim, W. S. Choi, W. S. Choi and W. S. Lim,
“Energy Optimization through Operating Mode and
Motor Torque Control for Electric Vehicles Equipped
with 2-Motor and 2-Transmission,” Transactions of
KSAE, Vol.29, No.5, pp.477-483, 2021.

Transactions of the Korean Society of Automotive Engineers, Vol. 31, No. 10, 2023 833



	수소전기차량용 E-axle의 동력분배장치 모드 변환 제어로직 개발
	Abstract
	1. 서론
	2. E-axle 시스템 모델링
	3. E-axle 변속 제어전략 및 제어로직
	4. 차량 시뮬레이션 및 실차 검증
	5. 결론
	References


