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Development of Movable DC Deicing Device with VSC-HVDC Function

LUO Wen-guang'!, ZHANG Zhi-xue', JING Hua-bing?, HUANG Zhi-guo*

(1. Zhuzhou CSR Times Electric Co., Ltd., Zhuzhou, Hunan 412001,Ching;

2. Zhuzhou Nationa Engineering Research Center of Converters Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: The design and test of movable DC deicing device with back-to-back VSC-HVDC function are introduced. Main circuit
structure of the deviceis discussed. Carrier phase-shifting control, PWM rectifier control and chopping control for constant current of multiple
voltage source converters are designed. Control method of series back-to-back VSC-HVDC is anayzed. The protection strategy and the test
scheme of the device areintroduced. Test results testify the feasibility and vdidity of the control method. The deviceis satisfied with the deicing
reguest of power grid, and is capable of carrying out VSC-HVDC with medium and small power.
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Fig.1 System structure of aset of DC deicing device
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Fig.3 Pardlel main circuit of two sets of DC deicing device
VSC VSC 6 VSC
VSC 6 VSC
VSC VSC PI 4
2 =
e L
P 745 PWMUﬁJfﬁU}M-{%%ﬁﬁﬁHvscﬁlkl
H ”ﬁﬁ H H
PWMiJ%J?ﬁ'J}—'m 6 %%%Jﬁ@}—»\vgcﬁﬂw
RS485 Modbus ‘
it 10
4
IGBT VSC Fig. 4 Diagram of chopping control for constant current
2.1 VSC 900 V VSC
VSC PWM 5 Udc Udc*
U, Uy Uy iy iy i VSC
6 6 VSC P o
VSC
vsC P o VSC
6
U, U, PI
4 id*
lgc lgc Pl Iy id* Iy iq*
Pl
Ve V,



6/2010 39
Vo Ve Vo SPWM [8] 2 6 VSC
VSC IGBT PWM L Lo

i VSC 1
VSCHHR
Udcftota]
) Udcftotal 1/6
lejfl %‘ — U —U /6
byt e B SPWMIHH) * 2;! - 1
i T | it =—ﬁ+(Kp+Ki /YU, -U,.)
o I \éﬁ —HRE
ST s T K, K— P
5 iy — Pr—
Fig. 5 Diagram of three-phase four-quadrant control VSC s
for immobile DC voltage
IGBT 23
VSC
3
2
2.2 VSC-HVDC VSC
VSC-HVDC
(71
1 2
VSC-HVDC Tab. 2 Protectionitemsof DC deicing device
1 VSC-HVDC
Tab. 1 Basiccontrol modesof VSC-HVDC system IGBT
VSC
VSC
VSC
VSC
VSC
VSC
VSC-HVDC Ve
2 VSC
VSC-HVDC
2 2 VSC
1
6 VSC 3
S) 3.1
P o 4
VSC
2 6 VSC
VSC
VSC



6/2010

3
Tab.3 Experiment

content of the system

VSC

o g b W DN PP

A W DN P
N

3.2

IGBT 300H
300 A
1100V
555u s

VSC

3.65Q

z VSC 900V

PWM
1.8 kHz

56 km

SIS NISIIS
\ai i

A P Position |
F 3.0div | ]
- 1 Scale -
3 400mv |

SIRRIN IR
R it i

RAANRAAR. Jan

Record Length: 1.0k ¢ i | |

C2400 niVidiy__ 1M()",:S00M

1.0ms 1000 KSis 10.0psipt

AC2 00V

Mean

Min Max  StDev Count Info

Run  Sample
13acgs  RL:LOK

C2 Mean (1.1
C2 Pk-Pk |1
C3 Mean
€3 Pk-Plc
€3 RMS" |44.

1108 (1117
136 1776
1275m|2017m | 2393 (130
1460m | 182.0m | 1066m {130
4425 m [4491m | 20164 [130

235l6m (130
1266m (130

Man December 24,2009 06:03:10)

6

B7  HiARRK
Fig. 7

T W, 55X 15 I3

Experimental locale of transformer substation for DC deicing

3.3 VSC-HVDC

VSC-HVDC
4 000 kW

8 a VSC

A 8 b

5300V 12 ,
VSC-HVDC

LY T T T T T T T T E
AR N
F : : : : : : [ [1000kS/s |3
F : Scale ]
F . . . : 20.0 ms E
.
H : . : : : : E
! : i {
) il i iy | ! i i T
; | | . { !
3 ' . ' . ‘ N ' N ' ' N ' N ' ' ' 3
E Il Il Il Il L Il Il Il J
C1 400 mVidiv TMI2, :500M A Clr24.0mV 200ms 100.0KkS’s 10.0ps/pl
C3400mVidiy  IME",:S00M Run  Sample
_ Gacqs  RL20.0K
Value Mean Min Max St Dev Count Info Auto June 09,2009 10:07:51
C1 RMS’ | 6794mV 6788545 m 6763 m 6823 m 2053 m 60 =

(& VvsC
(@) Output current waveform of VSC module

Y

i i i i i i i i .

D e e Dl

E ; ; \ Record Léngth:50.0h | H : : E
CIs00mviy_ IMIP, 300 (A C27162mV J(50.0ms 100.0kSK (005

; - - - - Roll  Hi

s o Value Mg Mn M SiDev Count Info Lacs  RLS00K
3 Mean Ty 2607 |2638 1002w 2380 | & a0 1z ; 3415
G ohoe |y N 51?25m|79.69m L1 780 | i Man January 22,2010 03:41:54
clLrMs v 7002 6963 i S5 m 3763 m [2550 | o

(b)

(b) Total DC voltage waveform

8 VSC-HVDC
Fig. 8 Waveforms of back-to-back VSC-HVDC experiment of
two sets of DC deicing devices

IGBT

1 20MW  VSC



6/2010 45
PWM
4
[1] . [J. 2003
6 2 1-7.
[2] . [J1.
2000(3) 1-6.
[3] - [M].
2006.
[4] . [J1.
2004(6) 1-5.
[5] . [D].
2002,
[6] - [D].
2008.
5 [7] . VIV
[J1.
2010 30(6) 111-116.
3 [8] [J1.

2007 29(3) 100-106.

40 VSC-HVDC
2
PWM
4
PWM VSC-
HVDC
3
PWM
VSC-
HVDC
VSC-HVDC

[1] : [J].
2008 2(2) 1-6.
[2] .
[J]. 2008 2(6) 7-12.
(3] : [J1.
2009 37(4) 606-609.
[4] HORWILL C DAVIDSON C GRANGER M et a. An application
of HVDC to the de-icing of transmission lines[C]// 2005/2006
IEEE/PES Transmission and Distribution Conference and
Exhibition Dallas(USA) 2006.
[5] .
[J]. 2009 33(15) 67-70.
[6] : [J1.
2009(6) 14-17.
[7] Lu Weixing. Control and application of multi-terminal HVDC based
on voltage-source converter[D]. Montreal(Canada) McGill
University 2003.
[8] .
[D]. 2009 86-92.



