E37EFE2H
2017 £ 2 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.37 No.2
Feb. 2017

Fe TR A i REA IR

IR ARG

Y ES B atH

I b BEAR, I

A

(AREILRSE BAIREZ ZAEIL % RIE 150001)

FE . A S A MR AP (R ARRAL) R & & SEfi 0 W 35 4T BF A5 A2 09 b b 5 3R A T AR AL A
JESHT | R RAE T IR b 2h BOR N e B AR | A T RAMBUR AU B B 2 R 09 RL R T oF A

1% 09 B B o 3 Pk 32 ) O ik

B AL AR ALK AL B & o Foh e TR B AT BR T AME o R R TRAE R

ik A6 37T 04 Z 2h BB v B IRANMBOR AL B 2h R 3h S vm mAK G 9 AL AR R S 5 B AL TBR S ) R AR A R
FEARAF ARG RN AR ERAMMA S R R EERBOELRA, REEFETE LA H Rk

89 B AR P A T AT PR HEAT T B IE

KW, MAERASEI, Kb, +ERE, BRALE, 45
FEDES. TK47 X ERERIZAD. A
0 s5l&

Bt 5 N2t & il & XT EVR BN f TR R
Wit 2 35w sl ) R Gk RE A RE IR A AR B A5

REED AR iﬁm(lﬁﬁ’ﬁwlﬁtm)ﬂﬁmiﬁi
%‘TE%T%% AR RYEY AR HE R S R SRR
% 0 FH R AR I AR AR R Se i 5 Z R B R K
T o —BE VR 2 FE AT W ) B AR H At Tl 45
BE WO AR TR AT R &8 Gk H AT T3z B R R,
T AT R 27 B 1 B T A0

TRML K B 2R 88 2 9t LA 6 0 32 B BF % 40 338 A 7
R KBS O I e ) S o e Y T VAN
SRR T (HRAEBLG B UKL L B R G — L
FRER I 1 7 6 22 2B, R FE TR AL & L &

e PERE IR NS SE 3 X LA X — SR ARRRR 1 £ 307K
o3 M A H AT RO BL K L AR G e R RO T K —

R R e HE N B PR UL R B R g R HE
R Bieomit (kA —sn) BF ik, RE
BN B A M BIE ST 3 G R A R R s R
DAL S FE R BT o IR R 0 R s o A ) A UK
B HL 2R G Ty 5 s il Jr T, 38 A7 2 — 26 ] 1 7 22
TAWFIE

a. M AR ) kR AR T Uk
Ry a5 A 2% B ol T & R i A PR BB

K AHE.2016-02-16;f&E HHEI.2016-11-25
ELWHE.BRARAFALFTHA B (51507039); F B 1+
J& A3 AR A T B AR B (2016M591529) ; 7 = & & A& A A Ak
% % A &% R B (HIT.NSRIF.2017013)

Project supported by the National Natural Science Foundation
of China (51507039),the China Postdoctoral Science Foun-
dation Funded Project (2016M591529) and the Fundamental
Research Funds for the Central Universities (HIT.NSRIF.
2017013)

e
DOI: 10.16081/j.issn.1006-6047.2017.02.019

ARG K, X R BRI AL A R
Gt HA it E S R PR R Y RE T AR TR BIL Y
MALELE T HOH Gy 1 DL Zh R AR AL G218 | 3 7ol 18 i
JO7 AN B T A ISP G R R K DRI A 24 T R AL
K L B G A AR ) 00-12) ) Oy T R X — TR 5
ZENEE T Lﬁﬂﬁf»ﬁ%’ﬂliﬁjﬁ%ﬁ”ﬂhﬂ’]ﬂ@ M
FRVCHC Ay £ TR AT FE -2 1 5 DR it

b. RGRN-ME I, AL DR S P
AR B4 T B RO DL ] | S BCE R B 2R R B R R
Pz, BEMT51E RL G RGERRG , AH T RER
/rEf_ﬁ Jﬂ:ﬁl\ R R 18 50 B4 B 2 HL T A8 AR 9 Bt L B

ARZE XIS IR 7 A 5 SR A e I A

%éﬁ%ﬂﬁ%ﬁ’]ﬂ%%%ﬁ‘l_l%ﬁ%

A T HA MR A S AR 7T
JHAC P o ] 0 56 A L) B AR L FRL Bl A KL
1k A o AT O B RGP E T Iz A R
AR DR A P T 1Y) 2l AR L [ A R ) B O 4
il SR W R AT DAy 2 B, — iR T R K B A
B 1 T AR B A S 5 O3 — O S 1 R RS W £
B B TSBES KRR P T T4 6 55
AN T RIEAS B A R D AR AR SR T X i R G
HH I AR AT 2020 L T T o SR 1Y 2
RO 25 10 BT, WG A8 S 30 a5 K ) 38 At S S )
X D) AR X T i 2 Bl Bl e 1 8 ) 5k
W, AP R AS | 3R B A TR A 2 4
I

A SCH 2% R AR A BE I T RO R R R B
Bt XA GUIRUA LK FL 28 Gt i H 0 3R 30 1 2 1 )
R T e A Y I I ) AR P T 3
T AP A F AL 11 B Dy S5 g Loy J5T00 15 Bf D Dl =R



%28

OO AR R TR G A RE Y BB TR B L AR T AT Al 4 A @

RIS, LLE&%E%A“QQﬁEﬁﬁ%?ﬁJﬁW
IO SR AR BIL it Ty 256 Bl 285 e g AL A T R A5
Zﬁ%ﬁi?ﬂﬁﬂfﬂJ?%@”ﬁﬁ,%IETE{JJLE'?@ZEE
JE R 3858 T RUOBRPIL & e R Gk o R B AR
TN RE T, XA T SR S MRS GHORR DL ) 4 R
PESE Y04, ELA o L RS PR 2y 403 TR HL X A Y
=

1 WMREFI RSN

MR LB REEMINE 1 s, FEA
FETIOAHIL | v S K % [F] 25 % ML (PMISG ) (B Ui 4% A
L AR Ho TEURPLAY 4 S E B W
R RS IIRES R S i o LR R S
VAT AR i BRI PL R R G 0 45 R R A
R s R AR 1] e 40 BRI ST ARHE AR R R A
ZE E A IS S AR S8 - [ b 2 0
e

>

Rk ——
-~ Sn
25 IR A JEAHL $ e BT
e NOCTTTINAC »
saes| |+ e S8
T lipc
| T
i |

| BN EBREENE
Fig.1 Configuration of micro-turbine
power generation system
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Fig.2 Block diagram of control system for quick
instantaneous power compensation
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Fig.3 Structure of instantaneous power
control system for PMSG
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Fig.4 Structure of control system for converter
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Fig.5 Bode diagram of micro-turbine output
power prediction model

2.2 DC/DC 35 # 35 Bk B Tf) 2 BR B 42

Bk I Dy R B R R 25 R AN & 6 Jias | H R 2
R Er N ONE% QUE RT3 82 N R P S TR B 7N ]
I, BT DC/DC 22 i g i 1B I 2 32 B 1 5C J 4
SPKERAS S T IR PR S TR R
PEAT U AL B, 25 77— B ZE B ) — B 1 2040
PN I B H BN Ty

MR 6 AT A5 H 2R G0 1 PH A5 33 pR AR
Koo (Kseps +Ksei) (Tses +1)

G-« =
sc(s) § (Laes + Roe) (Tses + 1)+ Kae(Kseys + Ksei)

(18)

P K 1 Py
HT—’_F Ksep+ ;‘ sLo+ Ry
1

Tscs+1

6 R A I 2R BR BR 4 o S5 A
Fig.6 Structure of instantaneous power tracking control
Horb Ly, o4 IR DB I P IR R, O LA U DB P TR L
185 Kooy 9N 3R LGB 36 5 Kooy T DRI BUMHE 25
Toe A B 338 B 5 U I AEE I 1) 1 I 6 805 K, b I 1) T8
R G 4,

R GIT FAL 328 R B BLUR R 2 A — B
AT — B o R AT R IR s, N T R =
SRR e SO R A A 0 o0 BT R R S0
Peas B BVERR T S FBCE I 4R i R B AT R
BEHY R TE, g AT AR P T A% S RN

Kei=Rowse.V (Tsc wse.)*+1 /Ky,
KSCp:dewSC(:\/m/ K.
HA g, HIFIAL 38 B 5y R X (19)18
A (18) 1 Rl 4 22 Gt M #14% 136 R BN
Gso(s)= wse.V (Tscwse)*+ 1 (Tes +1) (20)
s(Tses+1) +wscc\/m
2.3 BEETIh EAME IR FI 2R

T 2 Fi, Atk 1 B0 1140 0 U 000 I P 2 b

BEEEH N .
Picac(s)=Prac(s) =Pre(s) (21)
Hob P BB AE WM RGEME PN
PWM & i #i i Hh D3R 45 5 8, A5 il S Ak A i
FE b PWM &3t i By He PR 45 1) 2 Ak T AR S ) A
HRRA R DI I UL D R pwM
UL s T A AR A RHAT
Picr(s)ZPKlTnut(s) (22)
HrP | P AL HH DR 45 € (H
B e)AK DA .
P*S(‘Ac:PLdn(s)_PIT/ITuuL(S) (23)
B (15) M)A (23) 4
Pscac=Gin (s )PL(s )= Gur(s) Gre(s) Gin (s )PL(s)  (24)

e (5) . (6)F(OHIRAX (24) Pl fE

0V wo, s +0,0,V 0o,
S+ +o Voo, s+oo,\N oo,

(19)

P ()=

X

1- 1 apbys +apay by—ananb,
MaMeMisc (8= Aw) (s =A) (s —Aw)
wz»\/MS +wl’wdcm
33+wP52+0)P\/m3 +wadcm
Horr muse AR RE RSO,
2 (25) Wi BT 2 R A 45 T R 5K
B (25) nT A4S BN D) A 4 5 B 90 B % i3

Pi(s)(25)



® ® 0 8 & iR B

F£37%

PRIECH .
P;Cdc(s) —(. _
Ps) =Gin(s)[1=Gyr (5)Groe(s) ] (26)
XfHe X (23) = (26) FTAL
Pscac(s) + P (s) =G (s) (27)

P (s) P (s)

i 2 (27) TR, D)4 38 4 R MR 43 . — 8 43 i
AR ST R AL 5 — o th O LR AL
T LR 9% FL 25 0 BE B 0T o R B A R A AR 1R i T
ORI S 7 18 AR A AR S T 3 K 1Y PR
o3 T AEA] BRIV WA B W 7 B

20 r Gin(s)
£
N Pk"mt(s)

_30 - MT
1:% D) R(’S)\
= 80 Pi(s)

90 r o Gin(s)
o 7
S -225 + Pseac(s) \\
= Pi(s) P (s)
— MTout
T s40 - , Rb)

1073 10" 10 10° 10°
w/(rad-s™)

B 7 Wity RS AR E
Fig.7 Bode diagram of instantaneous power
compensation control

FTIET 7 R 20 R A B P OT ) B AR A i
B G R RN TR ML LR IR A 15 5 2 9
IR W SR, BV 0 PR i B 0 A Wi B 67 2 2 R o
R AR AT 2 5 % T 0 28 2 R e i vy A R o0t R
A AR B A BE T TR 28 AR PO B S
Fr o sg il i &4, AORBIL LR I 7 70 28 Zh 38 v A IR
WY, SACR BIL RS 2% PR 2 i BE SR OT Y 5 MU S
TS A B0 A 3 PR ECRFPEAR ), X BB p SRR BIL AN
2 LA AR BE SR T AL LAY TR & 1 e R SERE AE T A2 i
P A R P AL 2R

3 HEWIE

HR 8 SCHR (22,24 ] 7 43 (4 B BR ML Y | &5 &5
WML SR AR AL 4 ) FIDR 25 B2 A48 1 030 A X AR S
37 1) F R L 2 A RE Y TOBR PIL & H &R G I I
Iy RAMzAEH] | 7F MATLAB/Simulink 17 5 3 5% b 4
ST URBIL A B 2R S I 32 A7 B bl $ 3R e sh 0 05
FCRGEHY X T 4R 1B s ) 23R e 2 45 o 5 W 1 A R
EWPESEAT SO UE SR BLA R S 500 Sk [ 22,24 )
FHTR], D8 4 22 40 1 L B S B0 I S 800 °F o=
0.97,1.=0.98,K,,=138.16,K,;=86764 K, =52.438
K;=2826,R,=0.045Q,L,=835 wH,C=2200 WF iy =
800 V K,,=0.0397 K ,;=24.943 K, =628 ,K;=125.6,
R;=0.02Q,L;=1000 wH, =20 pF,uw=220 V, 1=
0.98, K, = 0.003 51,Ks; = 0.070 2,K,, = 500,R,, = 0.01

Q,L,,=500 wH,
3.1 EiMERBE RS DI A SN

TR BT 2R 5 kW, 5% M8 833 v/s, 7 10 s A
ZI AR SR IGE N R 30 kW, RG % PWM i 4%
B LU FEL A R ) 23R e A L Al 8 TR, ity
A MEG |, RG RS ME] 1600 /s, 35
TR 10 s, PWM 3% 37 #8 fie KR H A 5018 PR il
h 50 A, B ER 23 (14 R 1R] B RELZR L R A 800 VB
TRER 400 V, TR RKARE 05,40 7s 5 H
T BEFZ K 2 800 V., HH B 8(c) Al AT PWM %%
L A i ) R A B 2 2 B R e D e N 280 7 s
PR 5 A B 30 kW % thBE 7, i/ T A
T P AR 4 R R R I T 1) 1 R BE T I o
M A BER AR VR AE T ROBR ML 1 Ty SR ) 1
I M| DAL b R R 2 i R B T i AR PR e 7 ()

Wk 2y %
1700

W
L1250
S

=

0 5 10 15 20 25 30 35
t/s

(a) %% Hmg ]

-

0 5 10 15 20 25 30 35
t/s
(b) %y 5 L H HE g i

0 5 10 15 20 25 30 35
t/s
[OF EEE I

§ MEMARLIMEEZBREHELER
Fig.8 Simulative results of power generation
system without impact load compensation
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Power balance control based on super-capacitor energy storage for

micro-turbine power generation system
WANG Shuai,DUAN Jiandong,SUN Li,FAN Shaogui
(Department of Electrical Engineering,Harbin Institute of Technology,Harbin 150001, China)

Abstract: Based on the analysis of its working mechanism,it is found that the impact load of traditional
micro-turbine power generation system during its operation in microgrid is due to the slow response of its
micro-turbine output power regulation,aiming at which,a strategy of quick instantaneous power control based on
the impact compensation is proposed to make up for the instantaneous output power shortage of micro-turbine.
The instantaneous compensation power control is based on the power response prediction of micro-turbine
generator set while the quick dynamic power response is based on the super-capacitor energy storage to
compensate the slow dynamic power response of micro-turbine output power,which balances the system
instantaneous power in real time to ensure the stable DC bus voltage and enhance the adaptability of micro-
turbine power generation system for the impact load. The correctness and feasibility of the proposed control
strategy are verified by experiments.

Key words: micro-turbine; electric power generation; impact load; super-capacitor; energy storage; power

control
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Fault traveling wave detection based on SR-ITD

LI Zewen,LIU Bohan,XIONG Yi,ZHAO Ting,GUO Tiantian, TAN Muzi
(The Grid Security Monitoring Technology Engineering Research Center of the Ministry of Education,
Changsha University of Science and Technology,Changsha 410076, China)
Abstract: Since the traveling wave signal is interfered by strong noise during its extraction in substation,
a method of traveling wave signal detection based on SR-ITD (Stochastic Resonance-Intrinsic Time scale
Decomposition) is proposed,which applies the stochastic resonance method to effectively enhance its signal-
noise ratio during the processing of detected signal and then the intrinsic time scale decomposition to
analyze the traveling wave signal for the accurate detection of its characteristic information. Theoretical
analysis and simulative results indicate that,the proposed method can effectively extract the traveling wave
signals from the strong noise disturbances of substation and accurately detect the contained fault information.
Key words: fault traveling wave; stochastic resonance; intrinsic time-scale decomposition; noise; electric
fault location



