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Comparative study of three closed-loop control methods for PWM current amplifier of relay protection
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Abstract: As the output stage of power system real-time simulation and relay protection testing, the current type power amplifier
needs high precision and quick response. There are two kinds of manners to implement the current type power amplifier: linear
power amplifier and PWM power amplifier. The PWM power amplifier gains widespread concern due to its high output efficiency.
But compared to the linear power amplifier, it needs to resolve the complicated problem of filtering output and closed-loop control.
The paper designs three closed-loop control methods applicable to the current type power amplifier, makes detailed numerical
analysis and research, contrasts the different emphasis of the three control methods in low frequency accuracy, response speed and
amplitude accuracy, and offers suggestion to the choice of three control methods.
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Fig. 1 Components of the PWM current amplifier
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Fig. 2 Mathematical model of the PWM current amplifier
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Fig. 3 Structure chart of the third order LC filters
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Fig. 4 Bode diagram of the third order LC filters
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Fig. 5 The corrented open loop Bode diagram
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Table 1 Step response of control method 1

fdk/Q T 3 /s R % RSN T /s
0.3 47.7 0.0 84.6
0.1 26.5 32.9 236
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Table 2 Frequency performance of control method 1

B Rl Wi B ER
(Hz/Q) % deg %
50/0.3 -0.01 1.06 0.003
1k/0.3 -0.81 11.5 0.177
3k/0.3 -6.67 33.8 1.576
50/0.1 0.01 0.32 0.017
1k/0.1 1.66 4.01 4214
3k/0.1 15.2 14.5 25.18
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Fig. 6 Structure chart of the second order LC filters
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Table 3 Step response of control method 2

fdk/Q T 3 /s % RSN T /s
0.3 4.87 27.7 35.9
0.1 4.01 6.22 11.9
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Table 4 Frequency performance of control method 2
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Fig. 8 Double-loop control /A current amplifier
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Table 5 Frequency performance of control method 3

EIE SR AT i i PEL AR B/
(Hz/QY) deg %
50/0.3 0.29 0.0
1k/0.3 3.82 0.0
3k/0.3 11.4 0.0
50/0.1 0.81 0.01
1k/0.1 10.6 1.80

3k/0.1 29.3 13.0




JEI G, 2%

Ak ORY PWM FLIRE DU = ISR ) i00] EERIE 9

- 109 -

3 g

AT T AR ALY PWM LI DI K7 45
B, IR T =R ERE, T =R
D3R BT ER I SRR, AT T SR BT
ALK P HITE RE AR . =P VEAEIRARE . i
S L RS RE A AN RIS, o] LIRS 52 B
o REEATIER] . Herh A 1 HAT IOt (5
PRGLE, EETXHPRIEREERA RS G 1254
Jiik 3 GG A TR AER], 2B 2 LU
WA TSR LR G AR s 3 1
RE G BIERIE 2, FEREEEN G P E ]
NN F EATACHE, gl T AL £ TR S R 1 3k
IR BT P
B2 3k
(1] ¥EHg, FPOUR, 5Kk¥7, & FETaeE SR e BoRm)™

WA HBARY[I]. T HEAR R, 2010, 25(8): 174-180.

WANG Yang, YIN Xiang-gen, ZHANG Zhe, et al. Wide

area protection based on genetic information fusion

technology[J]. Transactions of China Electrotechnical

Society, 2010, 25(8): 174-180.

(2] EXGH, B/ LT S MR A1 I DR s A ] A R
B IE N B IR R 5 v (0], B TR AR 4R, 2009,
24(12): 179-185.

WANG Xing-guo, HUANG Shao-feng. Natural frequency

adaptive extracting principle and method based on multiple

analysis band-pass filter[J]. Transactions of China

Electrotechnical Society, 2009, 24(12): 179-185.

(3] i, P, 7K¥, 45 AR TR BLp LA s )
JUa g R B[], R T ER AR, 2012, 27(8):
179-187.

LI Zhen-xing, YIN Xiang-gen, ZHANG Zhe, et al. A

study of wide-area protection algorithm based on

integrated impedance comparison[J]. Transactions of

China Electrotechnical Society, 2012, 27(8): 179-187.

(4] 250k, PO, JHEE. B Al 4k o g
RECAR B HTWT T[], W RGERY S, 2012,
40(3): 105-108.

LI Xian-mei, HUANG Jia-dong, TANG Bao-feng.

Research on testing technology of relay protection for

digital substation[J]. Power System Protection and

Control, 2012, 40(3): 105-108.

(6] ZAs2, 2, FA K. gk Ry IS SOH m i )
IR HIWTHI[T]. W RGERY SR, 2009,
37(11): 78-81.

LI Fu-liang, WU Tao, ZHOU You-qing. Research on

high-voltage power amplifying circuit in protective relay

test device[J]. Power System Protection and Control,

2009, 37(11): 78-81.

(6] Z, FITHL, BRil, & gk Ry IO R D)

FIROKZWFIT[I. o RG-Sk, 2013, 41(8):
129-134.
LI Chen, LI Kai-cheng, CHEN Hao, et al. Research on
high-current power amplifying circuit in protective relay
test device[J]. Power System Protection and Control,
2013, 41(8): 129-134.

(7] Z=GELy. PWM T JCUE S Class D FAIEI A BONES
RIBETHD]. MRt AR, 2008.

LI Jie-yu. The design of PWM filterless class D audio
power amplifier[D]. Nanjing: Southeast University, 2008.

(8] BRI THHL Lk LRI FR ZE T 26 Ty 6 MOR B AR W A2

[D]. B BRI R, 2011,
WETI Si. The research of switching power amplifier for
microprocessor relay protection testing system[D].
Wuhan: Huazhong University of Science & Technology,
2011.

(9] . T HRGERGUTEAT D KI)FBONAH
WEFED]. kst fedbfi i Res, 1999.

FENG Bo. The research on class D amplifier used in
hybrid power system simulator[D]. Beijing: North China
Electric Power University, 1999.

[10] EZ4. JFRIFPONARE DSP 1EHL ) RETIH P
FUBEE N HID]. FR: PR, 2004,

WANG Jun-sheng. Application of switching amplifier
and DSP in electric power system harmonics simulator
rig[D]. Chongqing: Chongqing University, 2004.

[11] RE5, Eiatg, WRvex, & Kyt 30v/

100A 5 A A5 L I3 DR A (], FB P RE T B,
2011, 30(4): 35-39.
WU Hao, GUAN Song-min, CHEN Qian-hong, et al.
Development of 30 V /100 A wide-variable-frequency
current power amplifier in relay protection testing
apparatus[J]. Advanced Technology of Electrical
Engineering and Energy, 2011, 30(4): 35-39.

[12] sCfERK. —3KFE T AWEIE AR s PERE D 54
HIORARIIBH[D]. P2 122 il FRHE R, 2009.
WU Chuan-xin. A high performance class D audio power
amplifier based on sigma-delta modulation[D]. Xi’an:
Xidian University, 2009.

UsF5 HEA: 2013-05-24;
&N

JFIMEME (1982-), %, Ak, T, NEE)E%H
ARG /E B AS ae AR, E-mail: zhoupeng@ketop.cn

I (1986-), %, KA, B ITANF, AEBHZ
G5 B @R,

257 (1986-), B, Aid, Bh@ TA2)F, NEBHZ
GeAr A7 @R

{&E HEA: 2013-06-14



