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Two-Speed Gear Shift System for Electric Vehicles

A, o & g

Kitack Sung, Joonwoong Lee

ABSTRACT

A shift control algorithm of a newly developed two-speed gear shift system is proposed for
electric vehicle applications. The algorithm is formulated according to the motor torque map
and optimized 10 obtain the adequate propulsion characteristics for vehicle. Two speed gear
system with shift control algorithm has proved greater efficiencies in terms of energy economy
with its simplified hardware and software structures. The gear shifting is designed to be carried
out by an actuator and the control signal from a vehicle control unit equipped with g
-processor. The results of performances and efficiency of the algorithm by simulation and

vehicle test are described.
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Fig. 4 Propulsion characteristics and shuft pattern
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Fig. 8 Control diagram of shift system

AP 19 7Y FROE dFoelne 7
F AP FEEHE £ 94 AR

Z2d 98 BEast S

B 97t 1¥¢e@ FHFQ o] WL BEF
Aol ZgstA HE AEA 76 AW H l
EH EIZ Q"o ertste] WA T5E A
S A9a]7m dFdolgd ¢S A7t A
FolHE FEAIYLRA W&o] o] Fo7r,

C 77t &¥urt YAl =gstd A3
dojHE T5& WFH oju FEEHL EIA
o2 WEHE FoFrl WEHHS 1t 29



of Abele] BRate] Eotnz FBe 3
=9 Wi 4 21‘4- 71e19te] gAeatg T
ZE) BT A2 & 971N FH
o B¥ EA Aole] BEAE 193 21 7
FdFate] F Q%R FoF7] AT £2 oA
oz 2dvlolsl slHsE eEry AR
2HA EY F vk FEA7E FUR EH
B3z oAl 0" 7HA dFedolert
FHof 29 o) W] o]RofTh

& dFololE 5o o8 4
=5 7)7F olFo

2 2

ot -
ik
in
rir

E 77t 2deE w&o A
dFdolEe TEE& EFL 78 EHE ¥
9 44 Hgd % TEHELR EIE
Azt

Table 1 Range patiemn and its characteristics

)| BHx% = %]

s

7l dd e BEY TEHEA
P |Parking |#eth 7 2dclad g5 A%
A7z AE7t dygd
. ol 9oz T 953 A
R |Reverse Sz TR

7o) gEl S Peoez Fxe L2
N |Neutral |2else] gler sig Zeld wed
EE\?F_-“?—%EM

N

Hz 7lojdds 9oz T3 A
of upg} wd] 31104 HE o]
D |Drive 045']1 HZro] 1“‘7‘-015_“:}. Al F

— T —%r&m Ze ugeo] aTHE

ngig—Eﬂg ‘r‘;lﬁ

2% Zg Al
°]

L L oA o]

A E 8 S4e E 1% gt ¥
P EERE R L

o8] AED 7o) ¢
(V)ol e Wagy
Sl TE A h}

9714 shemd®t ActDire] e
£A] “1", 29 B0 BlEA

o giveE 1

s/ AFEE
o} shcmd)QJr Az

2 749,
zoz 9

'l “ 1!!, zéx'l_t‘ “O”O]

R_‘_"% “2:1’ 1‘1511% “O”, ZLH__'“PT “_2”§

cELEES

41 4N 23

FEE2EE ¢
X7 Y
N-9
AR YA
Aoy T AA

Tt

s

Zoz 7t 98 3
O

i ”i Aﬂ ECJ) ;‘]_Cq 7—

IR =

3 A71ARE R}

edEst %

Hgao] dnSE

155 sieAE

AgE L
Jk/h)Eeh Zew FAREE
VA7 dEHAE A
D Ex Le

H
%+ shemde “-17,
2 ByE

o}, of7]A] ellFo
2 shcmd%ko He® 1‘40 L} 2¢h

vl FEE gt 1d
THS "o} 2

", B9 9& A9
Y TEFY

92§75
Zow WEAAF

-—%0%1%2



& A€ shemd®t ActDirg “-1"2 g3} p
io (2) 1 R, . 1
4 BEHES @0k BUPN mEHe 7EL A Tz~ 7,V T - 7D e
B3 A olo) &L BhRo] HEe old) m} _ . _ do (D
_J_E']ﬂ' %@%q Tm(t) - Kz' Za(t): eb(t) - Kb dt
2z B,
43 D @K e R o

19228 BESE( Vi) olf9N 189 3 9o 1 zeqede, vantad, r, 2

T IEE fAGIL o) SERD IR 2EOE gy puamawde o,i@r99 K24
iAo - RESE

SSRES WA I RASE V) O g mages L 7enEs 7o 9%
Aol M 26k9] A= 29 §A8lL o] TR 25 E22 yehdo

o ged lgom WEENE wAn o gy o ow T

THE 2™107 Mok b4 A7k 7‘*@ 3& 9]
AlZH AN SHAAGA BH 2405 o
hm}t% ol AL FEgRT Holxy & EFTelnES 4dstn éHZlE AHg-8t
PHESE o8 HojA3 ActDirg shemd 9 AFAOH FF-E on/off Alelsh (9],

“l”C’M IR f‘ﬂ OM A& *’Fﬁﬂf&ﬁ‘r. ol af

BE Ao dusEs £Esa Yth 199
N 2PeR WEAF = BY 19 @A)
SHUE 1% 7)ol8) SR 2% 7)oz ws Fig. 9 Equivalent model of shift system
o] Frh ojuf FY AN TF REY EF
A7k 7N 2% 7lole) sld4E zA sy ol Al BN ety WA~ F
F 71oizte] HALHNE NUWE 2= 9 S84 RdyL F4E 4 9len MATLAB
& z}%k 2ol /]oﬂ)\—]_t_ W &z Simulink Z2IYL ]R8 ZEdjojelnge
o]
;q_

b

tH
g&
o o
A
Lo
g&
¥ 8
f‘r?
'__é,
2
o
¥
A
23]
B

)

bH OH”T °ﬂ MH %%‘EJ‘—:— 'd%%kQJ FAE 2
€ 0}04 HBEA] ooyt FY AXE BH

Actuatar Actuator,

Shiing Forog

Control Unyt

Mof_Speed
Control

5.8 MO4s &8 29
Fig. 10 Block diagram of shift system

51 ds Ngdod

AHA L) TR T79s); o] g AlEE AL 120W DC ZH et 7)on) 2301
2 7 Atk #E7E AA 2R A 29 o 2¢ ¥ 7 ’;7%— Abgsbe] 15e)A 26t @
S4L welol e w4 Fatel ofs 249d A5 Wrhetgon o Aske 2911, agi,
dpofolele] 71 AR AsRAAL o 118, Y149 ‘4 I 1M & & s
=5 2ol yed & drig] o] 19elA 22029 & W4 WY 19mmdl of

%_
F W& AT oF 05857 22550

68 A7lg - o)



029 Wgo] AIKEAUEE & F Utk F 19
oM SHHAXAR ] WA 02727} A8
HYL FEAANMY FERE E£EAo=
009271 2250 Sl 287tA] LA
e 02227 A0ERT 28 14= waRsg)
HEEHoR ZYAA MY FEREHY 2x
]

Fig. 12 Actuator voltage

5 2F 0.
Fig. 13 Speed control of actuating motor 27t ZRen Az gk 71y 24 W
WAl F7hE AQAREe 09 119 Faz  © 004 AR ok 017244 0362 T3t

olgstd 19 129] AEdolH ALGEAHA o dr TEEHY £TA 07} o]2 T T o]R
= glon WEAZ ok 0275M dadolgs  BF TEATX didelgd @ A5 %
FUYR o T} FEREY uAolz g = 17 cIFoIHch 215l 1vtelM 2dez
A FES WAL 28 13INY TERE & B

EAO7E B 5 0362004 ThA] FEH 2

2% WEN2GL olge WIAEAY WeAe) Smalm 69



It
> g
B H
o
e
b 2

—_
}‘g el
T~
2 L
sy
to N
> Oa=
= ofy
Lo
st
R,
=
o

ws!
-l
e
—_
U
=2
s
L1 ol
off o
do
)
>
a3
rE
Apr
s
5
-
2

thll
o3
4 B
|

4 2
oLt
of)
ot
%
%
i
<3
ol
53]
I

o

2,
o
S
>
X
o
oy
ke
ret
Ky

A
A3olol s AAZNGIA 770
) %771 ol el

=Y $E2 28 7lold g
HaHo] Waee) 2
) ofeed

Fig. 15 Experimental result of shifi performance
(1lst gear~ 2nd gear)

522 2¢t - 1 HE

a9 162 29dA 1Ho2 BEE A9 ¥
£4% AgE o ZHEA WAHFANL F 052
b AEom AlzbE W&FNE 1¥-2n W
Al wLsiA vEehgth 9E5AEE 98 T
Y E3E ‘0PoR Fo &L BEARCER
2 AFA7} £EA0 FE AdstnE “070
o 2y FJALSTE TH 7 ool Ao

Se grol. @a =7e thew 2k

A 77 2deg FHFd AFE [TOE
MEAI717] HcH ﬁw AT % #% 2eelas
ol 83t A5E 4E A 5']:- kot

B -?—74 : A}'LOJ M 244 =@l T3
Az A&HE FRLR onf 77 HEHY E

=R 1D4 whebA % “rr%}f‘: ‘07l

C 77 FEAANM A 5AL 18>

2% WAl v “H}OE £E%7)E 9% 7
Exgel A EA Aol oF TH JHALEI}
M AR aulge] FAEE & 5 Ak
D 3 : YA 19e2 dSHE 7108
B ZooE gt AFZLle]A 7|7 A& 7)AA
ol 2x57]7F dojt}
E 73t 190z Wke) gay 7ot

MU (e

Fig. 16 Experimental result of shift performance
(2nd gear— 1st gear)

5
A% AEA SN FYF dojube ¥
T al7] YA E AEAEY 7]ofH]
L %H‘— A& Hsts]ok
< i}%t %M o-JoM" %¥ Wsl
= ! Lﬁ}éfﬁ
3 7lojule] Mg FEEE
&3] 53, KWoﬂ 1 J4KW§. A2 W3t gle
€ L F AT ol AFAMY WL %2%01 2l
%
2
r_q
3

Eh
o

gt 1@ 17

97|85, ol e A 4ol 42
=
°

18 nlo
2,
R
o,
I
2
23
i
B
1 &
_g,
Ll
o,
—
-3
é,
_>L:
ﬂlo

.‘2
&g —’i‘—ERﬁM:‘% H*ﬂ PMM] i



70 rem—— L
or %‘wmmua}?ﬂ\Hﬁimimn‘nunwumm%%mw
mnm mﬁﬂﬂmm ‘ Al manAER g

- ‘ el i

7RI -
g EMEHEHE}E%UHEMEW’”E““‘“%EHEHEM@%%W
g ﬂmm‘”ﬁw muwﬂ%gﬁww A

e N e e
i SEHREL Sl HEHEHHHE\\E\H\H\‘
‘ de EEREE

A2 faec)

e nsh @K

Fig. 17 Wheel torque from the change of velocity
and drive propulsion between inter-shifting

6. 2&

A7) AFAE 29 WEA Y ke £5) 9
llRoRE Age] aFe: FYEHY T
THedE B3, EHO AP Ao g3
Mg AUED FAE WEAagoE =

A Akt 2839 A/ 2HZ 749 A%
Blgt A 0718 AojAlEE o&ste] A

15 FARCEA £3 BINE BY

H& AlojA] REQ] E€EA ] 3T 2

e d%dolr MYHoln FENY

& AR AE olgd 55
Agdted AgEE, g 2
7)) 021 Ay 2929 gEBeRE

saha ol 198 8%

719 B3k ¥ w7 YEe v
Atetel destel 47 9 Az
AFHAT. B8 45 2&7)9 W

2 el o] AFofolEe] ==

=, © 2 ot ©
ﬁ_ﬂlb

S
s
=8,

=

g b
=
5D
T,

—v—‘

e
g b
-lb'} —>|'-]* -E]“>‘
2 ooff 2
rl g, —‘O“
i) J1-> =

£ H S ~Nodd O R B O > ot = g v et rm
P (E

o o

o ox

a1

= A AFHS dAskd ¥ e gr
SR, 2 71013t WdHE HEH Aojstd ¥

1 & 9

o

p—it

Yuichi Fyjii, Kunio Kanamaru and
Yoshimi Shoji, "Toyota EV-50 : An Effort
to Realize Practical EVs," EVS-12, Vol. 2,
pp. 101-110, 1994,

2. E. Schubert, J. Jakowski, R. Matthe and T.
Vogel, "General Motors Europe Concept for
Electric Vehicle for Commercial
Applications," EVS-12, Vol. 1, pp. 18-26,
1994,

3. P. T. Koneda and T. R. Stochkton,
"Design of a Two-Speed Automatic
Transaxle for an Electric Vehicle," Ford
Motor Company, U.S.A, SAE 850198, pp.
117-126, 1985.

4. Chunho Kim and Eok NamGoong,
"Two-Speed Gear Shift System for Electric
Vehicles," EVS-14, Vol. 2, pp. 81-90,
1997.

5.9, ABR B, R,

1998.

6. P, B. Patil, G. A. Reitz, P.T.Momcilovich,
T.Gambler, “ETX-II Vehicle Control
System", EVS-9, 1988.

7. J. Weimer,
with Optimal Gearshift", EVS-12,
pp.578-580, 1994.

8. Wz, “HI|7N AT,

9. AFA, IR, AEA,

‘=Y AojAl2"”, v

“Increase of The Range for EV

S Ak, 1991,
7| &5, oj A&,
Z3-A) 1992,



