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A Study on the Design of Controller for Speed Control of the Induction Motor in
the Train Propulsion System-1
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Abstract Electric railroad systems consist of supply system of electric power and electric locomotive. The electric loco-
motive is adapted to high speed driving and mass transportation due to obtaining high traction force. The electric locomo-
tive is operated by motor blocks and traction motors. Train speed is controlled by suppling power from motor blocks to
traction motors according to reference speed. Speed control of the electric locomotive is efficient by spending minimum
energy between motor blocks and traction motors. Recently, induction motors have been used than DC and synchronized
motors as traction motors. Speed control of induction motors are used by vector control techniques. In this paper, speed of
the induction motor is controlled by using the vector control technique. Control system model is presented by using Sim-
ulink. Pulse is controlled by PI and hysteresis controller. IGBT inverter is used for real-time control and system perfor-
mance is demonstrated by simulating the induction motor which has 210[kW] on the output power.

Keywords : Induction motor, Vector control, Speed control, PI controller, Hysteresis controller
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Fig. 2 Dynamic Equivalent Circuit on an Arbitrary Reference
Rotating at w,

I 5t 3
2 289t A SRS AL A%
7} A sk Q= 73%% xﬂ%}ﬂ—é Al@i Ul%ﬂgﬁﬂi

i
_>L
W
=
- Lo
o
o
o
-HN'
rulo
Ny

/\1(13) 2 A(14)S dq WS 6]-
R EE »}E}LH% Hasyel et

Imag Real
. /
™ -axis
\\ b q
\"\,
C
Jd-axis
Fig. 3 Definition of d-axis and g-axis on an arbitrary reference
frame
Ve, R+Lp w,Lg L,p WL, |[4gs
VZ}\ - 7wal‘s RerLsp 7waLm me ]2,? (1 5)
0 me (Waiwo)l‘m Rr+l‘rp (waiwo)Lr ]f;r

0 _(Wa_WO)Lm Lp _(wa_wo)[‘r R.+L,p 14,

21(15)°| 4 stationary reference frame$l 7-%-oll&= w,=00°]
ug Aael® A

va| [RFLp 0 L, 0 |G
yal | 0 R#Lp 0 Lp |14 (16)

0 L,p -wyL, R+Lp —-w,L, 13,

0 wol, L,p woL. R.+L.p I,



GRFTA LA FESTQ SEMOE 9T MO{7| HAOf oiet &1
=S =2 M133 H25(20104 48) 175

Synchronous frame®ll A= 2(15)8 EE w7t 57155 T=0.75-P-(L,/L,)-(yAg—145%4,) (28)
weE A H L, Ak sk Ao A17)3 Zar o

s 2717 wue G e 401 SR Aol @At sk aol A BTk 1A%
s Cres W 202wtz 420) 2 Ane] 30 AG1)
o A

Vs R+Lp wiL, L,p wlL, |l

Vd? _ 7WeLs Rs+Lsp 7wel‘m me ]ds (17) /1‘]’: 0, pﬂqr:o (29)
0 me er‘m Rr+Lrp WVLr ]qr Rr]qr+wrj“dr =0 (30)
0 7wel‘m me 7WrLr Rr+Lrp ]dr R,Jdr+p/1d, =0 (3 1)
& end s v e ® 21(30) 8L A (3= A@24) 5 A25)el tisdsh 4 (32)%
— WO~ ——mmmr— )~ WW— @30l =

. Igs . Igr I, =~(L, /L), (32)
Ly = (gL, L)L, (33)
@ Qs Cincu SRR AR £ B4R ARSI S e
Rs -0 hgs  Lis Llr  -woAgr Rr ‘;‘l pldr}_\f ﬁ@x} }\]/?)]—'/:[: Z\_}(3O)“/}_] (33)—% 0]%6‘]—0% 5‘!(35)

— WA=t ——amr—( ) MA— a1l 2(36)0. 2 AAFETHI.
Vds “ Lm “ Tr N L)/Rr (34)
w.= Lmlq/rr/ldr (35)
(B) D-axis Circuit p/idr = (1/Tr)(_ﬂ“dr+[‘m]ds) (36)

Fig. 4 d-q Equivalent circuit on a synchronous frame
919 AE5E ol 838k 2279 B 42 AGENE At

FEAE N FANNS 4(16)7 A7 ol gaet.  H A HG8) BT
21(9)~%21(12)= synchronous frame®l|A] d-qH k3o =4 T=075-P-(L,/L) A, (37)
57) b 2w} slzte] A A AlS veRE 2] (18)~ L
2(25)°1eH7). Agp=ToE (38)
Vqs:Rslqs*‘qus*‘We/?«ds (18) }_\1(35)‘7’} }_\1(37)_% o) g-ato] 8 M} ZHEw el 2o oot
Vas = RlatP A=Ay 9 a4 vepga 24¢9el
0 :Rr]qr-'»p/lqr-'»(weiwr)ﬂdr (20) T: 075 P(T/LV)WV/I(%V (39)
0= RrIqr+p)\‘qr_(We_Wr)ﬂ'dr (21)
Ay =L, +L, (L +1) (22) 239 B3l Ydte AR A5 dig 71%_§ﬂ 2t
¢ ¢ e & AlofstAl Frk 2(37)& o] &ate] AR gFellA 9
o™l ) G ame ska A@opln, dhelne) ARE e 4
A =LA+ L, (Ut 1,,) (24) (41)°] TH10].
Ay =L, +L, (I +1,) (29) Ly =(4/3)-(1/P)-(L,/L,)-(T/2y) (40)
L,=|A]"/L,, (1)
3. WE{H[0{7] A7 w4
14,[& SR A% 7] dEHE gnjdith &9 AE5EE
3.1 HIE{H 07| &t 2™ A AT Les ol&3to] Alxtate] 2 42)0]th.
d-q %S o] 8-3|4] stationary reference frame®. ZHE & Wy =(Ly/2g) R/L) I, (42)
A5 AP 21(26)°]t). 2] (26)> TFE reference frameoll
s ANAEEE SRS AE5eg) SHAEES] 3 AR
M Al R SIS 3t ;}]; A(43?01;H B
T=0.75-P-(A, L~y 1 ) 26) B .
aridr T 9,= [ (w,+w)dt (43)
P S5 9nleta, 2(6)S 41(26)2] Aol tiqishd
21@27)01aL, o5 T ThA] ARE-SHH 2] (28)0] H Tt 3.2 WEHO{7] 2=

T=0.75-P-L, (ydg—I4ly,) @7 3173004 (39S B3l SEANE St VFE EA wE



L

015 - Yo 0|52

176 P=EEE| =% M13d M2Z(2010H 48)

AXksic}, 71&E B4 39 24157 3AAFE dq
o L& o] g3 A AE5S A

o Lo AT L& A 42)°] didste] EHA5EE A
ARt Sof] 2 (43)e] tidste] 6.5 ARSI 2 @)e
olg-ato] )AL V| AE A oleto] Is ARSI I,
9t 6.5 o] 8310] d-q’d2] 2& thA] abc’d o E HEs}e
AFA017)S ol QIHEl R Aa|A ] AW E7} FERFY
off AFE A7Iste] AsiA €t o5 EFtjolo] g
Z YERY Fig. 5o]th

i
+ Iy { Induction
Vde— inverter i\ moror
L X

~

N D Speed
sensor

Current

Rotor flux
reference

A

[
i 8,
mlc:]_fmon calculation 8e
- Te
Torque T
reference Rotor flux ids
calculation 1 abe
gs | dq
Speed d
controller S
w+ Speed
reference

Fig. 5 Vector controller

Fig. 5914 &1 Alo}7]& Fig. 69149k 72o] PI Ao/ &
AFEEFA AL, AF A|o] 7] hysteresis A7 5 AFE-SFA T
[11].

@ N T —l 1,
. . T 1
—{ —| GO :’ ) —
J 7 (O %
@ ‘
[ H(s) h‘

—
Fig. 6 Speed controller

Fig. 6914 H(s)= 1°]1, A&
o 54 et 2ol ekl £ ek

K,G
G, -2 - KiGL) (44)
W STTKG(s)
Lm *
K7=075-P- 722, (45)

7t ol5 e Atk 2@ A@neltt [12].
2y,
K= 3% (46)
_ 42
K= ik (47)

B =iof AlE-% hysteresis AFA = EHAF) 75
7o FHE et eE 2YARE A7) A& A
@ JHEE Alofat= el Fig. 7014 4% gkt o
%_

)

b gk Atolell ] AF7E Wsteles sl WAo]th hysteresis
Aotz 29073 Tk F& AAshs vEr] A9%

LAAZI T

=Yoo

o

Upper limit value
Real current
Reference current

Lower limit value

. Bandwidth Hysteresis X
.

Fig. 7 Hysteresis current control

PIA|o7] 9} hysteresis A|0171& ©]-&3to] WE Ao7]& A
Astd Fig. 83} ZtH13)].

18° labo*

- labc®

Three hysteresis controller

da to ABC
conversi on

Fig. 8 Vector controller
4. Al=28|0|H

3ol A 9 WEjA|o] 7] ¢} IGBT QIHEI S o] g3l =7
3719 £55 Alojgt) PIA|oIY| & o] &3 SR A07| =
Fig. 9% R¥% 333, A7 Alo]7]|& Fig. 10014 8} 2ol
370 €] hysteresis Al 715 AF&-3FATH14].

_.[b_..

O :

S
Fig. 9 Speed controller

“HEgE

-

*
D

Pulses

+

CO—»

labc®

 —— |

Fig. 10 Current controller



GRFDAAHOA FERET(9 SEMOIE 2I5H HMOo{7| A Cigt ¢
SEEESE=Fd M13¢ M2F(2010F 48) 177
Fig. 11:& F523%7], #EAlo]7] 5L IGBT IME7HA] 800
N [
et dg7) AEdoIe] BEe GER I Table 12 A1E .
600 b
gol A zAolt15]. N
400
]
J ool
. @: _J% Lo g O
" i - Vab -zw
— — A
<R peed (wm . speec:“”:* -4m
> 600
— ] |
Discrete, '8m
yH, R N RN
powergui @ Time[sec]
. . o - Fig. 13 Rotor current
Fig. 11 Simulation model
Table 1 Simulation conditions 140
%714 zetaE s 120 T
FEES 210[kW] /
ENHE 1800[rpm] i |
A7 HAzkAet 1100[Vims] T &
47 Fu5 60[Hz] g
X 4[pole] g%
A 1.662[kg - m?] %
AdmkA S 0.1[N - m] /
= AEE 120[rad/sec] or /s i
oL : : : ‘ :
0 05 1 15 2 25 3 35 4 45 5
800 Time[sec]
[
o0 |: Fig. 14 Rotor speed
lc
400 350
300 |
200
< ! e 250
é 0 I gl |
3 E 200
-200 z
| ]
g 150
400 =
100
600
| 50
-800
0 05 1 15 2 25 3 35 4 45 5
Time[sec] 0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Fig. 12 Stator current Time[sec]
Fig. 15 Torque
Al E#o)A A3}l Fig. 12~Fig. 155 3ahd 14} &
7 2 AR AR 3] 94 W3 glo] 60[Hz]9] 11 71757} oF 800[AHA] LEkTh 224 Zo|E 1, Fig.
o st 13 dapt 715 o g 2 st = 109 hysteresis?]©] 7] 2 o] &3 AFA017]2 Sa) § A=}



& 133 M235(2010E 4F)

o]Feli= dHe w
&t} 317219 ZH: 57} Fig. 99] PIA|o] 7] 01
PiEﬂﬂﬂEEﬂzlz of =3 el 12007 2F
A A=A QA7 7SS & Aol vtE S5 W
dojih= Zlo] opar, AlEdlold AAy HH3] 7t
| o]F Ao} 317] rrﬂfoﬂ 2

o] ZA&57h 12002 AAeHA |
=

oo rﬁ

O:

o RN E AR o
222 stk Bt At /15S wele £3 gl

250~350[N-m]2 A #-&stthr} sjxte] Hr7h A7
el whet 150~250[N - mjAke] 2 f-2] ] it

5484 B
2 =l A e oS AHgste] AUE A0zt 7t
SIS 517] Y3l PIA|o17] W hysteresis A7 & AFE
of Ml Ael71 S AT HAE PIAel7] o] o] 5 &
TAE7] A9 9 ZS o] g8t Al kS ALY
5| A} &5 _‘3_1;1-51/\{3] et A 7FE ok 127

4o QA
W SN SEE o gé.k%%ﬂ“}“ﬂﬁéﬁi
Al At

22YETF &

kA 2z R o 9 off
ok 2

[1] Yen-Shin Lai (2003) Machine modeling and universal control-
ler for vector-controlled induction motor drives, /EEE Trans.,
18(1), pp.23-32, 2003.

[2] Chanbae Park (2009) Dynamic characteristics analysis consid-
ering the effect of the vortexes of flux in a LIM for railway
propulsion system, Journal of The Korean Society for Rail-
way, 12(3), pp. 437-442.

[3] S. Bhattacharya (1996) Parallel active filter system implemen-
tation and design issues for utility interface of adjustable speed
drive systems, IEEE-IAS, pp.1032-1039.

[4] H. S. Yoo and I. J Ha (1996) A polar coordinate-oriented
method of identifying rotor flux and speed of induction motors

[5]

[6]

(71

8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

H4=el2010d 3¢
AL

without rotational transducers, /EEE Trans. on Control System
Technology, 4(3), pp. 230-243.

G. R. Slemon (1989) Modeling induction machines for electric
drives, IEEE Trans. on Industry Applications, 25(6), pp. 1126-
1131.

Jongwoo Choi (1996) Fast current controller in 3-phase AC/
DC boost converter using D-Q axis cross-coupling, Proceed-
ing of PESC, pp. 177-182.

F. Blashke (1972) The principle of field orientation as applied
to the new transvector closed-loop control system for rotation-
field machines, Siemens Review, 34, pp. 217-220.

J. Holz (1994) Pulse width modulation for electronic power
conversion, Proceeding of IEEE, 82(8), pp. 1194-1214.

R. Dedonker (1994) The universal field oriented controller,
Trans. on Industry Applications, 30(1), pp. 92-100.

Thierry Thomas (1998) Desing and performance of active
power filters, IEEE Trans. on Industry Applications Magazine,
pp. 38-46.

F. Z. Peng (1998) Hamonic and reactive power compensation
based on generalized instantaneous reactive power theory for
three-phase four-wire systems, /EEE Trans on Power Electron-
ics, 13(6), pp. 1174-1181.

Hyunsik Choi (2003) A study and analysis of control method
for parallel active power filter, Journal of the Institute of Elec-
tronics Engineering of Korea, 40(1), pp. 73-78.

P. F. Wojciak (1996) The design and implementation of active
filter systems using variable structure system concepts, Pro-
ceeding of IEEE-IAS Annual Meeting, pp. 850-857.

P. L. Jansen (1992) A physically insightful approach to the
design and accuracy assessment of flux observers for field ori-
ented induction machine drives, Proceeding of IEEE-IAS
Annual Meeting, pp. 570-577.

Kouji Yasuda (1995) PWM control method of a high fre-
quency two-level inverter for Trains, Proceeding of IPEC-
Yokohama, pp. 1066-1070.

309), 4 Y2010 42 149),
242010 49 159)



