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Optimization of Gear Shift Schedule in Multi-Speed Transmission for Electric
Vehicle to Improve Driving Efficiency

Youngjun Ha - Seungjae Min

Department of Automotive Engineering, Hanyang University, Seoul 133-791, Korea

Abstract :

This research presents the necessity of applying multi-speed transmission system on electric vehicles to

improve driving efficiency. The electric motor can be operated in the high efficiency area by applying the multi-speed
transmission. The simulation model of electric vehicle is constructed to evaluate the driving efficiency with the
multi-speed transmission and the control logic of gear shift. The optimization of the gear shift schedule is performed by
using the Genetic Algorithm to improve the driving efficiency. The result of optimization shows the combined driving
efficiency under Urban Dynamometer Driving Schedule and HighWay Fuel Economy Test driving cycle which is 6.58%
higher in the 2-speed transmission and 7.91% higher in the 3-speed transmission than the electric vehicle with a single

gear transmission.
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2.2.3 Clutch select module

oo ¢
:‘_1,
i
fu)

A5 N7 24 AL T

Out1

s S vmerge

I gearl
f(ut ==1) J

outt
(T D)—pju1 essifui=2)

Out2
else

merge —»( 2 )

elseif { PUIB [T—— gear2

else { Jout1 T
Sk Latmerge

out3 geard

o

Fig. 8 Clutch select module

A WSl sy = W&o S8R0
= ZEetal 1 99 FYAole A 1=

0.55X}effuppst 045 Xeffuwrer

5)
Fr= 100 X Distance
€ ASOCX C,,,, X Voltage

©

2] (5) & EPA (United States Environmental
Protection Agency)°ll 7|4t 3} =24, 1%
o] Bal F3 85 AAE Aotk g8n

Transactions of the Korean Society of Automotive Engineers, Vol. , No. , SHEH = 3



, No., pp. - (SHESD)

/3 ELICk

R SH FES 02 FA

Transactions of KSAE, Vol.

21 (6)& A7 As Ak FHEE
7¥a7] 1% Alxka o,
9 9] F AAA L 0] 43k Balodn] AL BES

Fig. 9¢} 2t}

[km/kWh] - 3

efdency

Ir1 el (b

[

Fig. 9 Combined driving efficiency calculator

SOC WislaFa} =
i EFYSe e

WA E Aol B Fay

o]t

COMBINED g
DRIVNG EFFICENCY (1 -3
CALCULATOR S

TRANSMISSION

L5 CoNTROL 3 speen
L0GC.

Fig. 103 ¥&7] 48 A7|x52 d g

3% W&E7)9h Alo] 24 9 F8) 58 AN
BF F7kek A7) As AR HEle Fig 109 2tk

3. Al=Z2lold A =Xst Aot

wele g A7) AEA ] A9 Y e Aol

b} 2,

Copyright © S EH91= KSAE /
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE

Table 1 A 7] A2} A Y

® A
S 1445 kg
2E 180 Nm / 11000 RPM
vl el 2] 780 Ah / 310 V
14 : 10
71¢] H] 24 :15/9
3% 165/ 125 /175

Table 2 53} Alo] &
zzvy UDDS + HWFET
Ao &= 46.7 km/h
A &= 96.48 km/h
3 A 2852 km
duration 2200 sec

3.1 Al=2old 2t
Fig. 102] 3% W47 48 Q7|52 AlE
glolde] A= vtha ) 2t

—r_scrfgear [null]

[null] Im/s] — vehicle speed at port 4 [m/s]
3.0 ED] o =
254 25 w
2.0 20

1 1
1.5 15
1.0 : 10 ﬂ -

E|
05 | 5

| ] 3
0.0~ o i : : x10

0.0 0.5 1.0 1.5 2.0
X2 Tirme [s]
Fig. 11 A7k 2 244, 7]0] v

Fig. 11014 H24 23 255 ovlshal
FEA gz @A 7)o EEE Quisith A
glo]Ad Az 2kl whet 7o)

I
=
skel & 5= Q.

[null] [nuli]
x10?
3.0 74 ==

1.5 - s —tr_sch/gsar [null]
——motor APM 3 gear [revimin]
1.0 1 - motor BPM 1 gear [rev/min]

T T T T T T T T T
150 160 170 180 190 200 210 220 230 240
Xz Time [s]

Fig. 12 @ 7]o], 34 W 4:7] 48 EVe| XE RPM % 7|



Put English Title Here

o] ek

Fig. 12014 &4 e 2= 35 W7 48
A7 AFsxF ZE Q] RPM, =k ghelul wis
712 A71AFE-%F RE 9] RPM, FE2ML 7]0]
5 Yehdth 2 ZE B 7)o 94 M
u] 34 W7 A4 W7)ARERF 2E Q] RPMO]
FA43] A F vl SRS gl 2 5 qle)
ol FUAIZF e, A Al s ddow
A& whet YA o & Wo] palE L QS-S

e,

3.2 N3}

A 3h= AMESim W Design Exploration
Tool®] Genetic Algorithme &3} =33}
St

32.1 2|&5t 2x HA5}

HA ) A G2 sh= 24, 35 w7 st
o] T35 o] 2Eslgict.
maximize

0-55xeffyppst045Xeffuwrer
subject to (3%)
0<s512<0.5
0<sll—sl2<0.3
4<icl <9
3<ic2—1cl £6
subject to (2%)
0<s1<0.8
8<ic <L 13

B B4, DEFY 2714 Y Aol 2

X el B Fa afolty A Mg flelA

7 o8k 2}zke] 718-7) 9} xF Aol

3.2.2 =Xs Zal

Down—shift®] up—shift}2] offset> ArF=

2 3 m/sE LA st

A4 A5 2%, 3% WE7) A A7) AEA

Z}zbo] W< el Mo] 7]18-7) 9} x AHL S

Table 33} ek 2+ AHak 47 W37} 489

W2 Se] WO Fig, 13, 149} 72t}

Table 3 48} A7} A A A

sl1 icl sl2 ic2
2% 0.34 12.9
3% 0.49 854 0.296 135

19

. Transmission Pattern Map
I

0s b
[R:8 2
o7 |
o0& [
o5 /

TFS

04| /
03 .’I

0z F

0.1 F

[
o & 10 15 20 25
Vehicle Speed

Fig. 132% W&7] 218 Eve] W< o W)

= =

\ Transmission Pattern Map
T T

TPS
o
@

o 5 10 15
Vehicle Speed

R

Fig. 143% W<&7] A& EVe] &% oid 9§

A, 25, 35 WET] AL A7IAbe At 24
ol BE Asde SE && W el FAkshd

Fig. 159} &t}

B %
7000 W f0m0 1100
min)

4000 5000, COE?)
RPM (rev;

Fig. 15 28] 254 2 58 9

Fig. 15014 7A2A0] @t zp5Mo] 24,
Mol 34 W&7] AE A7 ske] R =)

e
B Lhehich, H A8 A velgiel o) wt

%7] g0 A, 2% HU} 3% W77}

hl hl

g9 35 A7AEAe] BE Aol BY &
& 9 Ao 1ES Joow AFHE AL gl
o 5 glck

A3} A3 B 7 82 Table 49} 2t

, No. , Stz 5



Transactions of KSAE, Vol. , No. , pp. - (51D

EEAY U FES T2 AP SLCh

Table 4 # 4 5} 43} 58 34 58

8 km/kWhl | MPGe | 57} %)
= 7.82291 163.8
2% 8.33788 174.6 6.58
3% 8.44137 176.8 791

B e A7 )Ak] 245 3% WE71E A
417 Appe] B AT W e Aol
242 Yl B 78 BES Avkeh A7l
A7 A WSE B0, AT d9E ek

oheat 2,

1) A7|ARs2) 2 el AMESime] 27|25} o
A2 ARgEITE F71R 24 3% W&V E ndE
sto] 28 AlZAT

2) Ao} 22 44L& Simulink 2 #38Jalic). A
% el o] A9 2553} TPSef| dig AlxS
2o 2 ZAL BTt AMESIm®] co—simulation
71%5-5- 0]8-510] Simulink® 733 Allo] 24 BE
= AMESImO = =] 9} AlEdold 9 #HA 5= %1
aysk3ick

3) HAg} A3 A7|1AbsAke] 55 73 580]
ddeke] Ao} njws) 24 mETE 488 A
6.58%, 3% WE715 A8 8- 7.91% =2

o,

References

1) Zhou, X., Walker, P., Zhang, N., and Zhu, B.,
"Performance Improvement of a Two Speed EV
through Combined Gear Ratio and Shift Schedule

Copyright © S E1 = KSAE /
PISSN 1225-6382 / cISSN 2234-0149
DOI http://dx.doi.org/10.7467/ KSAE

Optimization," SAE Technical Paper 2013-01-1477,
2013

2) Z.ZHANG, C. ZUO, W. HAO, Y. ZUO, X. L. ZHAO
and M. ZHANG, “THREE-SPEED
TRANSMISSION SYSTEM FOR PURELY
ELECTRIC VEHICLES”, Int. J. Automotive
Technology, Vol. 14, No. 5, pp. 773-778 (2013)

3) http://www.plm.automation.siemens.com

4) http://www.epa.gov



