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Abstract : A study was conducted to optimize the energy of an electric vehicle equipped with a two-motor and
two-transmission system. Since different transmissions are applied to each motor, the speed and torque of the motor vary
according to the gear ratio of each transmission. In the two-motor two-transmission system, it was confirmed that the
efficiency characteristics of the motor vary not only with the gear stage but also with the torque distribution ratio of the
motor. In this study, the optimum gear ratio and motor torque ratio were determined according to various driving conditions.

The optimum operating mode of the power train system was obtained. WHVC and JEOS cycles were simulated using the
analysis model. It was confirmed that power consumption was reduced by 4.1 % to 6.1 % compared to when the two motor

torques were controlled equally using the optimization control.

Key words : Electric vehicle(%] 7] A}5 %}, Transmission(*¥ € 7]), Motor gear box(=-E] 7] ©]4}+2~), Torque control(E =L
A1), Fuel cell vehicle($1 5 7 %] X152}, Energy optimization(oll U %] # 4 3})

Nomenclature

: torque, Nm
: rotational speed, rad/s
: vehicle speed, m/s

N 8N

: power, W

n :efficiency
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Fig. 2 Powertrain system structure
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Fig. 3 Powertrain system modeling
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Fig. 6 Motor operating point (dual - 1st gear)

Dual 2nd gear (MG1=3rd , MG2=2nd) [V=35km/h, Driving force=15kN]
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Dual 3rd gear (MG1=3rd , MG2=4nd) [V=35km/h, Driving force=15kN]
1500 F g ! ! ‘ ! ]

(s}
1000 f

-500 j
2o
-1000 f i

1500 bl

(9]
o
o

Motor torque[Nm]
o

MG2 MG1
857rpm 388rpm

a 1 1 L L ]
500 1000 1500 2000 2500 3000 3500 4000
Motor speed[rpm]

o

Fig. 8 Motor operating point (dual - 3rd gear)

Transactions of the Korean Society of Automotive Engineers, Vol. 29, No.5, 2021 479



Hansol Kim - Wonseok Choi - Wooseok Choi - Wonsik Lim

Zlolgt 2 B E EA(EA Fuju)E e 4 gk

P:lchF(N7F) = (r(r}i’n)[Pml atee (Vo P, Go) + P e (V, F, G7"/nz)] (5)

170 ;
---------- 1st (dual 1/2)
= = =2nd (dual 3/2) :,
_ 3rd (dual 3/4) -
< k O Optimal point 'l
=165 |
(4]
2
o %
Q <
K2 %
@ 160
1] B s
B ST 3
B R £
v, et S, 7
....... A
155 i < ]

-0.2 0 0.2 0.4 0.6 0.8 1 1.2
Motor torque ratio

Fig. 9 Power consumption

105 Optimal gear

W1 (dual 1/2)
12 (dual 3/2)
Il 3 (dual 3/4)

05

Driving force [N]

05

0 20 40 60 80 100 120
Vehicle speed [km/h]

Fig. 10 Optimal gear (energy optimization)

©10° Optimal MG tq ratio

1.2

0.8

0.6

0.4

0.2

-0.2

-0.4

0 20 40 60 80 100 120
Vehicle speed [km/h]
Fig. 11 Optimal motor torque ratio (energy optimization)

480 B=RASABES =2Y A29A AlSE, 2021

2} (5)%} o] 75 7 Ak 2 e e il
A HA 7lojdk B BE EF BHiHE EE35H4 Figs.
10~ 117} 2t} Fig. 95 2W A B3 FH A= 2H1

= e EElnl=D BE2 s e R unl=0)9) 2
= o] Yeh = A8 g1 4= 9lt) Fig. 103} Fig.
114 A3E Sl 9L BY FyI 22 T T e
2™, Table 114 74 <]k 24

3.3 02| z|A3}t 24 At Hlw

RE17 2E29 EFE Y hEvv] 0502 &
u] 5 Al2~®lo] &8-S YERW Fig. 129} 2o, of
Ux HA3E S8 mES B FE VTR 58S
e Fig. 137} 2tk ol 2] H 485 813 o, =
B A O 52 a83o] Yehs RS 1

T Atk

1

0.95
0.9
0.85
0.8
0.75
0.7

ruc*' 2

105 Efficiency

Driving force [N]

0 20 40 60 80 100 120
Vehicle speed [km/h]

Fig. 12 Efficiency (equality torque distribution)

108 Efficiency

0.95

0.9

0.85

Driving force [N]

0.8

0.75

: : : : : 0.7
0 20 40 60 80 100 120
Vehicle speed [km/h]

Fig. 13 Efficiency (energy optimization)



Energy Optimization through Operating Mode and Motor Torque Control for Electric Vehicles Equipped with 2-Motor and 2-Transmission

4. Al22flo|H4
4.1 8N 29 24
Al E# o] 2E-e MATLAB SimulinkE £38l 7435}
Ko Fig. 149} 2o} T8 Alo| S, A=F Alo] Rl
Az mdl) W Alo] 7], BE Alo}7], viE]E], BE
%71, 2k, 8 Bl = A o] Qi

Power train controller

Vehicle, Target

Required force Drivi L spéed D"Vllng :|
. riving 4' cycle
Motor
Target L Controlv Dring_erdle
torque |, 9" B
o (driver model)
control ]
Motor driver model Vehidl
target  shfting.control Actuator Brake epeed
motar torque control tUque control p
—l ‘P’—<|]_‘
MG1 vt GB1 ermeveiony | + o
Energy _oloc 2 Vehicle Tving
otorl et Diff resistance
source ower MG1 Gl Fores -
Batt . e Fred |
(Battery) MG2 GB2 g e
2} =
e pvr) e Transmission Plant
power a0

Battety

Fig. 14 Simulation model

42 T Ho| 2Y

421 V&G 2y

o] #2121 H 4| 7|0 ¥ke: Fig. 107} o] & 1A
A 23 G Ak A B ashA 2 Wkl o
ol 7h54 o] itk uhebd Ao} Relo| A Fig. 159
Lol &7 TEY Wsle] 7 WS NES 2 5 Y%

= 0% el Aot

422 9 E3 AF

3A A s WAl o2 Z)F v)ojek | xjgke] 9
TEE 3} 2ol gk A BE B2 ) 92 F4
3L, Fig. 158 53] %3 7]0] 9h& Halyl Ajake] 2
E FAEd d8) 7ojdat RE] EF Buju)E 13

<10t Shifting line| <> ear optimization
: ‘ | e U shift (1->2)
m— Up shift (2->3)
== === Down shift(2->1)
51 1 S Ll Doun shift(3->2)

8 | —

S oF - ——

S H E——

o Sy

0 5l //

10 ‘ ' ' '
0 20 40 60 80 100

Vehicle speed [km/h]

Fig. 15 Shifting line

Motor
torque
distribution|
ratio

MG1 torque
—
Motor
torque
deter-

<shifting map>

<Mator torque blendings

Motor gear
ratio

Vehicle speed

mination | MG2 torque
—

Fig. 16 Control logic of motor torque and shifting gear

‘Wheel required driving force

% SQIE 4 (O~ o1 85HA W19 wE2e] B
.

e =238k 9l o Fig 163 2Fo] YR <= g1tk
Ty =10/ (4 (1 (1=7,)) /7)) 6)
]1;2 = T:/ (Tm2 + (T,mIFYm/(1 _’ym)) (7)

43 Al22fo1d &t
43.1 F{HDE

QATe) A AHe 25E T AS Aferolm, Al EHol
L

= - = = =
T L= 48 AE TR =] WHVCSH JEOSE
AHETE

3

£

=,

o

Q

193

Q

n

2

2

k3

> 0 200 400 600 800 1000 1200 1400 1600 1800

Time [Sec]

Fig. 17 Driving cycle (WHVC)

o
[=]

Vehicle Speed

Vehicle speed [km/h]
0
o

o
o

200 400 600 800 1000 1200 1400 1600 1800
Time [Sec]

Fig. 18 Driving cycle (JE0S)

432 AIE2d|0|Md Ea}

WHVCS} JE05 FA R =0l 3t Al Eg ol Ax=
Figs. 19203} 2t} WE 13} ZE2o ETS 5Us7
A EulE] 0.5)819 S we] Axte} Fig. 162] Ao} =4
= A-85k3ls w o] A& vaekdh 5 7HA o AL
o]Fo|l A B 7] olUX| ARgFFo] Fhadhs a3t
Rl 5 7HA] FaAto]lE9] 7] AR U A & vl
3} Table 29} 2T}

Transactions of the Korean Society of Automotive Engineers, Vol. 29, No.5, 2021 481



Yota - AN - 42

s MG1 Speed
& 5000 T T T T T MG2 Speed

Q

Q

tj.)-

s o . . A | |

2 0 200 400 600 800 1000 1200 1400 1600 1800

Time [Sec]

MG1 torque(optirnal)
2000 I I I T H CELTECLETT MG1 torque(equality)

2000 L L I L L L I L

0 200 400 600 800 1000 1200 1400 1600 1800
Time [Sec]

Motor Torque [NM]
o

MG2 torque(optirnal)
---------- MG2 torque(equality)

2000 I I I L I L I I

0 200 400 600 800 1000 1200 1400 1600 1800
Time [Sec] ‘

2000 T T

Motor Torque [NM]
o

distribution ratio(optimal)
---------- distribution ratio(equality)
T

o LR

200 400 600 800 1000 1200 1400 1600 1800

o
o

Consumption Energy[KJ]Motor Torque [NM]

Time [Sec]
4
109 : : : , . T T
Consumption Energy(optimal)
PN i Consumption Energy(equality) i
0 ! L L L L L
0 200 400 600 800 1000 1200 1400 1600 1800
Time [Sec]

Fig. 19 Simulation results (WHVC)

Table 2 Fuel economy (electric vehicle)

Case Equality
Cycle distribution

WHVC | 0.8352 km/kwh | 0.8713 km/kwh 41%
JEO5 0.8997 km/kwh | 0.9582 km/kwh 6.1%

Optimal Improvement
distribution rate
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