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Speed Estimation at Coasting Condition in a Sensorless
Induction Motor Drive for Railway Vehicle Traction System
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Abstract

In this paper, a speed estimation method at coasting operation in an induction
motor speed sensorless control for railway vehicle traction systems is presented.

At coasting operation, there is no information obtaining rotor speed since all

switches of an

inverter are turned off. The

inverter frequency should be

synchronized with the rotor frequency for repowering at coasting condition. The
proposed method injects DC current to the induction motor during a short time,

then the flux angle and rotor speed needed for control can be estimated rapidly.

& FE AE"-AA

e =AY, = FY, B

Keywords : railway vehicle, speed estimation, coasting operation
.ME toolE AsIAE Bl dHA e A 2

HLE gofop Frh
ACRES B mESu Hete] F&Ho|:, AR SnE Al A B4 Aer] Sl
37 AspHe mWEA Y dxte] FHL FAE B davE ARste] derlel 94
i aulEE qUAE Do) FadEe] wep w0 R FE AES A Aok aeid S AN A
o WMEsl ud, YukH o AmwEe] A9H & Sl S A a"le] ThA o] A, Al 3
Ag Foly] kel AAE AT HEAA sg  F AW TE dEle s Soksl A,
AMRF DA FRbEst BE AHE A9AE o= 3 EAg o] JFol T wiFo] g
S gaede 34 ®o1l. FAA = AA e A71HR FAR I 2 F
Ble) AEZRE A4 oA Auz 2737 9 oje} e FAMES #MAdHE Sx AAE
siE QME Fors Fdaxte ddsmel 9 o AHEE W ARAF A Axdle A
XA SAAAE @} o]Z 5] EQolg: gl Alofel] dig W dAyrh Aol ea 3l

oH1l.

HE AME ARESA B Al E s Aol A
o AW A7) AR S a, oAl T 7l B9 AR KA 94 H S AR
WA A} E 92 7 stk 2Eu Bl AEeA 51 4%
wx ZhAhelal A7) AT ek, ukaly o dE&71e] €8 Fires Joluz A A&
& FA FRAA Sl HAd AFgeE 2

,31,



A7) e A G Sal Y )& A4

=N i

5
R

=), A30A Az, 2010.

A

o

s
Lags

oomEA A& AFsezvE dd4 &%

Qe & gtk AW AW 22Of) o]

7o AT AR gl A B

= A% Aol R olwd AnE o

vk ZejmE B wroAt ehaedelA
o

ofr

F ARE &4 I4%
e

>
o
i
2
offt
N
oft 1otz mlo

=
H Jb’

e S e O
=2
>~

2. BteolM 28 =23 Al AFuS £3

e el A 2= Off) el IMEE thA
2qale] 44 gdew BAG] FANE B
gejolAel HAA B SEF ool B Eha
geolA B A3 A%e &9 ForE o
o A A&e AA HAA Sxol vdd
7AEusg 24 B gia Ade) AEven
A S5 AL F slvh WA A&e

4
ol EF A% 4718 Agsel A

O
i

>

oo
ol
i
rz
b
o, [
fru
il
o
oo
o
LTS
BB
Mok S o
K offt
TN
o 18 T

BT E o N o)

R g2 lo
oo 2 Jo Bl opu 2 4y to

u o
in)
lo
_)r:‘
ofo I
QL
)
N
b
o
4 oo
o,
QL
N
O

>

2
2 8
o
1w
fu
o
An)
2L
b

o 19
_
2 i o

!

1w

tlo

rlot

1‘
_

te of Mo rfr o 2 4y > f lo

N
)
d
o

o Mol 2
i

o

2

AP

4

N
i)
rlo
EaeS
u
!
1w
K%

r‘pl,
o
ol
ol

|

ox Mo |
2
f

Yo 18 ajt wo
2
>
=

N

_1% |

EL‘

=}

I

o

A‘qurivm
25

dgr_cm +
—>

a2
AZNA, Ngy_ s AF RE2 7 A2 2
golul, X, .2 A wAE 7 IdA A%

m?
gotd £ AL FA47e] A2 e 4 (D

Zrt.

olty, & K =KL/

'qdr_vm

(1)

P|w
—_
—

» | =
-

1+(K +
P s

=

d o 2

o] Mg Frs Aysind A (29 #Zo] A
2de g A& N, o 23 19 $3 2
(high pass filter)E, AF =md=z F3 =z
Nar_en O 228 A9 S3 ¥ (low pass filter)E

AN FEz B = AUk

)\;dr =
s s K,s+ K

82+ I(’)S"‘ I(z 'qdr _vm

5

82+ I(’)S"‘ I(z qdr_cm
()

A 3 A% 247E AddAE AF
WzrE 48 s AAHY, BEoAE
¢ muzyE F48 Ao A4

74 A&e) Ea HAA) £EE F4T
=, o] & 3 WA AB) o] HAR A%

[t

A

,32,



RS

), A30H A%, 2010.
TE AsgelN B

e
A HE 24

Vigs_pC q ] i;w e 1 HDC d QA)e e .
. s =FD) tan” > — —>| LPF |[—9> @, pc 1pr
Ligs DC dt
4 4
il T
T(0 e
( DC) lqu
4
I8 3 EMAl S5 FH EYE
Zhg g oF ghrh
. X
0,=tan ' £ (3)
Ao
2 (3)ell A Tk A Zbg miEste] 2(4)eF 2
ol B7 %94 B FAA "
S (4)
T
PWI Inverter _—
¥ mEdAE lozre 44 ¥4 57 4 ] 4@ K3 K3 Wotor
Ao GAZE T FEHE7ld AF AFE &9 AC * A ‘?@
Aot Bag A&7 HAA £ES WA F = TQ34 ]
A e gk 1% 32 MLE gy A &= o— e
_i,_xé] 719 B2 E HoFET} Diode rectifier
3. A8 Ha Co:?tsrfller
3.1 Mg = ?H J8 4 4
Aerek Bl omRE A & 5T A JAHH ) o
I g 7]134_,] Oiq_iqo Aza7] 98 A Age AlgHE FEAdE79 A E 19 2
dS st TIAFS] TMS320C31 DSPE e
CPUR 3t AlojHE=E Ab&ste] Alo] dugsH T { ©SCXIE7|0| Alok
o Agagn, Ratms BAREGE ALEET 21 RS At
60[V], 100A1S] IPMUGBT)E A8} PWM Power 27 kWl
AWEE Ao, 2934 FaE 2kHz]R
sk 1Y 4= E@_gq Aoy A 2e e AL Number of Poles 4
LA Frequency 60 [Hz]
Rated Speed 1730 [rpm]
Torque 20.4 [Nm]
Voltage 220 [V]
Current 18 [A]

,33,




el 7w H G A7) E T =), AND AE, 2010
CERVEE SRR

o A fr= dE71e AAdeEE &

o

2
2},

B2 RS9 MHE=s

R, 0481 [€]
R, 05 [2]

L, 195 [mH]
L, 195 [mH]
L, 62.2 [mH]

a9 5 WA B Ak d-qF AA R A
o A AL AL A4S deha

A At a¥
ol A7 AgE <tske] & A& FHVIE
&3ske] sdAre A% s FASAY AR A
FE FEFR WA ok A AL e ¢
71 SeiAe AR Algbe]l Aadhdl, ik gdA
2o AAFF(126ImsDe 28] FR AL
230lms]7t 2dE #AFT S Ak AF AR
Flag7t =57k & o F4¥ 572 A4 G
SRAE 9T 2o AHEEA A

IS0 Xt Flag il

0 500[msec]
a8 6 Etd & & £ A Zo &5 Ao
(F= 500[rom/div], At=2+ [2/div], ast © &/ 5[A/div])

a9 78 ASE0pmDelA B £ F &
24 54 JEaY. AgdAE B 5o

o,

a8 7 B B &5 —"Fé* A" 23 &2 Mo
(F= 500[rom/div], At=2+ [2/div], ast © &/ 5[A/div])

s4o] 19 8ol walch
of B A} A &
48 AReie £ Ao neo
A e &% 34

CERE 2
qwEel 7] F9o] A5FE ¢ 5 Ak

o -

500[msec]

41 83 ®of

£ 5 [rpm/dlv], F 4[A/div])

,34,



gol & H=

& Uela 9T

[e]
A&

ol g

o~
-

A< oF 400lrpmloll Al B}l 7
L AGANAE B

ATt

LeCray

500[msec]

a9 B & &£ FH MY Z3: E3 Mo
(£ X 500[rom/div], &7 4[A/div])

4. 28

Elg) AEol A o AFEl JAWEE thA] F9)
st A oz BAsY] A E 57 F9)
AR AR FA s Golol drh B =F
o= A 1 A GA Tk Bot ga Fo #
T A7l AF AFE =9 Alojdl TLod x
&3 I Az 28 FAIJEE stk FAF A
FE Y51 UM A" AR AEH 4 oA
7] Al s dEg Sldx F2e AFSe 2 A
o] Agte]l Hassith Ay Ay ea &
oA FA L£Hog R AFte] rheds &
F Utk B =EdA A 55 wEe Al
Al +10E e AEATE FAA A=A
W2y FAQ &= FH V|HoR {FE3HA4 &
9 Ao=w g}

310z 8

[1] K Kondo, “Application of speed-sensor-less
induction motor control for traction motor
control system,” QR of RTRI, vol44, no.l,
pp.22-27, Mar. 2003.

[2] K Kondo and et al, “Evaluation of
induction motor speed sensorless control for
railway vehicle traction system,” EPE’
2005 Dresden, 2005.

[3]1 Kondok., YukiK. “An application of the
induction motor speed sensor less control
to railway vehicle
IEEE-IAS Ann.
2022-2027, 2002.

[4] Ogawa T., Ishida S., Kojima T. Sato T,

traction  system.”,
Mtg. Conf. Rec, PP

(51

Taquchi H., Ohashi S., “Speed sensorless
vecor control for rolling stock”, IEEE
Power Electronics and Applications, 2005
European Conference on., PP 1-7, 2005.
A4E, DC ¥ AC RE Ao HFZ3A},
2008.



