Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2020.21.5.672
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 21, No. 5 pp. 672-678, 2020

PRA7IEE YEFA 9= A AZAPAA Ao7d

——
0185, Z1d
Mansby|astd M| HMETs

A Control Method of Phase Angle Regulator for Parallel-Feeding
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Abstract The parallel-feeding operation of an AC traction power supply system has the advantages of
extending the power supply section and increasing the power supply capacity by reducing the voltage
drop and peak demand caused by a train operation load. On the other hand, the parallel-feeding
operation is restricted because of the circulating power flow induced from the phase difference between
substations. Moreover, the power supply capacity is limited because of the unbalanced substation load
depending on the trainload distribution, which can be changed by the train operation along the railway
track. This paper suggests a Thyristor-controlled Phase Angle Regulator (TCPAR) to reduce the
circulating power flow and the unbalanced substation load, which depends on the phase difference and
the trainload distribution and provides a feasibility study. A dedicated control model of TCPAR is also
provided, which uses substation power supplies as the input to control the circulating power flow and
an unbalanced substation load depending on the phase difference and the trainload distribution.
Simulation studies using PSCAD/EMTDC shows that the proposed TCPAR control model can reduce the
circulating power flow and the unbalanced substation load depending on the phase difference and the
trainload distribution. The proposed TCPAR can extend the parallel-feeding operation of an AC traction
power system and increase the power supply capacity

Keywords : Traction Power Supply, Parallel-Feeding, Circulating Power, Unbalanced Substation Load,
TCPAR
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Fig. 1. Equivalent circuit of parallel-feeding power

system
Xn = IlyL M
Xy = szz )

Where, X, denotes line impedance of trolley wire

per length[£2/km]

Fig. 19141 924 k] SR} § o], 873 9

YA X =X+ X, X, =X+ X, olH, HAEZ}

7

‘l_ol' ZT:RT O]a'tﬂ,zl'tﬁﬁ HHJ;QL‘?F %_
g2 ohF Al o] ALt
P _RVV X, X,c086+ R (X, + X,) sind+ X; V,/ V,
1 eV V2 X
X2V )V, 4+ VX sin(§+¢)
:RTI/I I/g 2 71 2 (3)
X
R X, X,c08— R, (X, + X,) sind+ X} V,/ V,
LY A ] X
XV, V= VX sin(6—¢)

=RV, V, (4)

X

Where, X=X X+ (X, +X,)*R}.,

A SR 5 o i
ol ofal wsst, 80)
A ek ofn] HEAE ol
453 9] Wt X, X,
£ W o] w 3 gzl WET 2
A5 il 28 e (o5l 2HT A9l
(X,-0), 7, = 00] Hol @] Z75}H, £ol &

AN

RGN A

].

674

slol Wils 3} Y Alshale, 487} 914 7

of HAA
A BAL(SS,)ol 2HT Aol X,~0), B7t Z7Ist
o] &3 o| ZhAShY HAA Bl EddE AshEh

3. TCPAR HE

3.1 TCPAR 4

HIFHER o M7 EE FHALHA HAL 9
ARZ Qlste] Bk £HAES Alofshr] At
Fig.20] Ho]&= TCPARS Z-83ith TCPARS Aol

[e)
ag o

3t 90° SRS 2

28 Aof 183to] HzAl
FFgoRA AFAY 9

£ AGYE R0 A= FFFL
e Ao R Aofd 4 Ytk

714 FAANAHOAE MRS AFE WYY
oA 34 154kVE 90° e 2He 55kVe] 24408
Hgsto] Aapdgo] FEotEg, 90° VAt AU
S o]g3te] TCPARS FAT 4 Slch

=2

Transmission Line Series Transformer

ISa8

P DU

/" | Excitation 3 —
] Transformer . 4
e |8 W—,i: ¥ .
iﬁg Reference
Control Input
iy
K -
Thristor Switch & ¥ Parameter
Arangement || Setting
Fig. 2. Configuration of TCPAR
3.2 TCPAR H[0f 7|H
A7)AE BEIAA A A STALBL 7477

QI3t TCPAR Aloj7| o 24 thg F 71#] Hle 4
=3

E

3.2.1 QYA HMO{LA

TCPARE ©l-83lo] §14+g gshd, W4
H2 Eq.(5), (63 Zo] "} o714 HHk
Z|3to] AR} H 48K —0)3HEE TCPARS Alojat
|, 9V A9 Wde dY RSl 2 W Bk



R
4
)
N,
L
H
of
e,
il
)
r{o

de AT AFEIIN Aoty

CRHAS A S Aok TG BIFEPAA A 2R ) sind XYV, XV V)
AT FEALDAAE FUT AT HER} o ¥
Ho 9]0 whet &3 WAEo] A WEstEE, @)
HES HYAE ALSBES TCPARS A= 0 qepppe olgsle] 9ynAZ 5,8 2ARORA
A2 anpAolA] Zofch E3t, AeAF Hol Ao w2 (P — )0 o] FEE Aojshd
@Y W 9 wda 2ko) FEEY Beps st R -
of QYIRS FEsHA Alofsh= WA S| Zetst XV XIVIV,)
ohe B4 9ok Fo (% 425 )sind = 2 ®
P=RVV XV Vy+ VX sin(s +9) 3) Where, 0 =06,
1 ‘rTV172 X
) 0pg denotes phase shifting of TCPAR
Pp VVXfVZ/VIf\/Xsm(aw) ©
o X 7} YRR, 7 WAk FRALL the Al o] F
Where, ¢=sin~' -T2 ()] Ho wggo] oAt
VX
X=X'X+ (X, + X,)*R}. Py =Py o ,
, X\ X,0080 + (X2V,/ Vi + X2V V) /2
5:(5—(SPS ~ RV, 14X 1 } 1 1/ YV =0
0pg denotes phase shifting of TCPAR )
o/fog R, HHA FFHYE YYo= Sto] PIA|
3.2.2 HMA ZIM H|O{HAl ojo] 9t TCPARY A|o]22& Fig.30] HLIrt.
WAL ARt AEAL Fol iAo e gdY Py [’:FO
HES B et Ao oA, ofde) WA o K o TCPAR
- npu T ™ ristor Control
e %‘%ﬁa‘% 715];(]‘6]'0:1 03:19_—9’] %;ﬁﬁ\— ﬁa%‘%o] ﬂ‘%‘ P2 3 P 1+sT F'ha:eAngle Regulator
SIE =S TCPARE Alogitt. M4 3549 o]

£ Eq(3)% Eq.(HEFE tha3t Zo] Aitdr P=P1-P2
Fig. 3. TCPAR control logic

™ o
i Jaamarl P2
Plastaz Catenary Line Pteaser2
Pteaseri
i a2\ L '
-/ =\ [ == |
El<|= |o E 2« Z2 < |m|o
e T 22 i 'y gfl y b b
ﬂ 2= g5 Subeatt
6 - =

N
o
u
g
N
4]

ﬁ
o

Train Location #1 Train Location #2 Train Location #3

Fig. 4. PSCAD/EMTDC simulation model of traction power system with a TCPAR

675



A ]7‘—-%/\1 A4
ol&ES FHAA HHE
o E3, ‘?id/‘ AN AgstA AR 17 &+
dldo], WA TIFAFL AR|E]7) v|LE fo|sko]
Ao71E AjH oz JLE5lr] foldth= AHE Qo)

i own

14
4 ae Iy

E
E

4. NEg0]M

At A71AE HEFo)A 9] TCPAR Alo71H
53171 fIste] PSCAD/EMTDCE °l-&-5}] *1?531101
g ek o71A AlEFold Hid A7 EAA
o] HdA 9 dRHAR d2Hee FdM *9
A A7 E=A LA S AZuE}EE Table
13 o] H&sucH14].

esata) Taninten

o

Fig. 5. PSCAD/EMTDC simulation model of TCPAR

Table 1. Specifications of traction power supply system

Parameters Value

Power source impedance [{2] 0.2882+j5.2784

AT impedance [{2] 0.0320+j0.4488

Contact wire impedance[Q/an] 0.1771+j0.7485

Rail impedance [§2/km] 0.2470+j0.8520
Feeder impedance [£2/km] 0.3597+0.9576
Contact wire - rail mutual impedance .

(2/km)] 0.0587+j0.3788
Rail - feeder mutual impedance _ .

(02/km)] 0.0586+j0.3646
Contact wire - feeder mutual 0.0582-+i0.4699

impedance [£2/km]
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