@ ) 8 % & &

Electric Power Automation Equipment

$£38% F£1148
2018 £ 11 B

Vol.38 No.11
Nov. 2018

5 A AR PT343 1t o

NHEHF AR K EE
(1. 7 k% Bt e RS R, LA Fd 250022,
2. WA EMFRLFR FEIRFR, LA RE 264504;3. RS F RN ARAE LA Fd 250100)

WEARRAATRAAAEZE SRR GRERYP L L ERERT R ERE, F T E3be 3
FAARY &R FIRE IR BBA, B — AT Tukey & &4, 5 B F B % B IE 0k B i@ 4F Ao BE2E IR |
B A A A9 ARGE B R BT A k. B R A T DA BT L T A ORI R £ BARIE R AR E £ A
B REEf, R IEEBZORENS2f/f, , RIGHIE N Ffo f 15BN ZEIEERE 2, B3RS KF
15 AFodp 5 R0 BF S0 T AT IE R B0t R As 1 BRAE R fw B B3 AP SRR BTt B0 35 09 B &R PR 3P it
47 RTDS %85, i@ 3d xhrb & B | 32 BT 48 o i X3 a9 B Ok B A AR At iR fo 4 A ub st Mgk EOA B0 T AT J30E

AR B AR T B BT AR R S A A
KR % AL K w5k Tukey & R 20 KB 2 F I8 K 55

FESES . T™M 77 X EAFRINAD A

0 5lIF

AR PR RS2 N TR AR H 9B
TSR] 53 R 8 A AR I SRl e . AR
PRI E P28 2 THOR BRI MRS & R R A
B SRAEBIR ZR T RAUE 5 h e m iR 1 2 4%,
PRl e R RADLAR 5 B A7 BR A, PR O TR &
IR, PURB S AIBUEIR NS AD Feffe i) R kE
AR RHIE N, — JBCAE v T A0, 8 MR R A
MFLAR 5 i

a. FIEZE SRR EAME S . IR (R SR
S LG R R RO R B | i B e oA
B G PR 5 2 0 T R D e e T, il
INRAE SRS RS M S R E
IS

b. SREEE I 9 PR3P AR AR BC & o SRR
FEFNPRTRHE T 003 O R R K B B AR
FERCTRIE DB A B B L, DL/ U
2

c. S RE S FL ol B A PR B 11 B SR R B Y
Fo PRAPEXS G I TT R SR 1R (B R R AL OF
SE AR AT HCE [ 2 By AR BB B
IR IR &, 5 2 K507 MR T i e i BR A I A6 £
s

T I8 A A R 3G i T BRI R SR
SHAEIFTR], i G I 50 R fE 2 I o 2 1 I o S
I, T O ARE P 2% 8 o R L o R
PP TR T R R B R

Wi B #3:2017-10-15; f& B B #3:2018-08-17

HETH L AL A AHFALF 87 B (ZR2018SMEE039)
Project supported by the Natural Science Foundation of
Shandong Province (ZR2018MEE039)

BEIER W AR IE

DOI:10.16081/j.issn.1006-6047.2018.11.004

I B D AR BT, B 25 75 R AT R R 43R A
BASHHESE

F R B T B AT DL 4215 3 IR A% 7~k
G A, (R g R R R i U Bk B AT A X )
R, Hny FH &2 BRI

SCHR[ 14 ] FEF AR /N kit 7 —F H
FHERAENEFIGEIEN 4, BR5E S TR
0 3T TR B ) 0 I B A B /N T D e 1 B A R
{HOZUE P A K AR K, SCHR[ 15 ] T &M
IRV T 1 T 22 sh AR P 0 B R ARG S8 I A
MITITA T BT 08 I 4 HLA AR AR R, %
JET SR AR AT 1 B 25 s HL IR R 25 HEA T AME L (H
FEUE UG AR K KT 1 AU SR 5 B A ) AE
e

H ATECT A PR 0 AP 358 I 7 BT I B HE B
R0 I SR R R R 2 AT (AP I, AR SCLAH )
Tukey % PRECH IR, BF5E T 2 Az AL FIR 9%k
FGEME R A BT 5 1 Rt r ik o e i v
PREICHE 3 26 2 FhsE T o 12k R st 2% 18 T 02 8 0k 2 1
WEATR I TE 0B R N A AR | 120 vk T A5 3
L AT A 308 I 2 1 3 T AT R i ) e T I
UEUE RS, HE AR R /N AR SO R T A0 3 DR
A0 T AR RE S I Hon i &5 e R
B E IPAELRP e B N TR R B SR A (55 ) 2R A T
RGOS IR 7R e

1 ET Tukey B REHVRE IR IR T

1.1 Tukey & R &HI A AN R T

ASCUNBCF AR 8 TR Tukey % 0 1912647
Ui ERA SR BT D7 2k R R T A B pR
Tukey T PR E5 A I 3l R0 480 338 36 3K =043 il an = (1)
(2) R,



@ & 0 8 % w it %

=38 %

0.5[ 1+cos(mt/T,) ]

h(t)= 0

1| <T,
s, Y
wsin( 27f/f.)

2af[ ' =(2nf/f.)?]

Horp TR Tukey T BIBFIRGERE of = 1/T
Tukey 7 PREL YIS AFIE 43 3 an &l 1 (a) |

(b) 7, v (] B 4 0 7 R 800 sl 3 41 30 T

— I DIMEXT L,

H(f)= (2)

< /' v /,"\, N
AR Tf P
(b) Hus
1 Tukey % &R 5B Bt iE F0 5705 3= 7=
Fig.1 Time-domain and frequency-domain representation
of Tukey-window function

FP 1(b) T, 24 f>f B g A% R 1 EL 48 K
T, X, R A AR R =T L
AR AT DUAA 58 A UERE
1.2 SEHERBRERZIT

Py BT S BRI 8 B A% 0 Ok PR R 4 R A
(V)BTRS T2, % % oK 2 i) (Bl A ), I f, =
/T, fRAS (1), A4,

0.5[ 1+cos(mf,t—m) ] 0$t$;
h(1)= , 3
0 _

L‘>fp

XoF L ST AR S DL AR 388 08I0 e B S P B 1 B, ()
HEFTSRAE, P4 1) 6T 137 1) 0 M1 308 0 I8 4% B AL
Mo [ 751 h(n) B

h(n)=h,(nT,) (4)

K2 (3) B Ay A5 U0 ATK S I8 e g 194 ol 8 o
h,(t) , RAE G AT IR 2 A7 vyl iz 7 47
h(n) R .

0.5[ 1+cos(mf,nT .—mw) ] =

h(n)= 0.5+0.5005'1T(j}n—1j 0sn<2//J.

0 HAthy
(5)
o T R RAEBT R[] B& ; f, RS, HA £, =

/T,

T Tukey T PRI (K8 38 U7 25 91 31 AT LK
FHPLT 2 ok,

a. J7E 1 TEREE FRFESIR £ T, A4l 2ok
B B RS SEE , S (PR3 8 48 (R K B N, Tl V=
2f/f. W AR £,

ASEFHICREER £=4 000 Hz, B 80 fi/JH
A, 0 N 43 5IEC 80 .40 20 10 B, 307 ¥ 1 %3153
H R IEN A ST TR 1,

* 1 REFE HGTOREREESH

Table 1 Parameters of low-pass filter designed

by Method 1
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Table 2 Parameters of low-pass filter designed

by Method 2
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Fig.2 Coefficients of low-pass filters
3 2 T IR 2 RhsETTOT VAT B A (RE 8 D
i ) WRDABU TR AT IO R T 2K

N D pip
2@ @ ®

ND
® 3
® @ JiHk 2

100 200 300400 500 600 700 800 9001 000
f1¥z

(a) VESRRE

200 T @ @
0 \ e

50 60 70 80

3 d —F—————
~ =200

f1Hz
(b) AHSRE
®—N=80, @—N=40, ®—N=20, D—N=10
3 R IE R 235 A ST R A L 4 1 o 2%

Fig.3 Frequency response curves of low-pass filters
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Table 3 Measured values of group delay
and transient delay of low-pass filters
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Table 4 Testing results of eliminating high-order harmonics
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5 3.45 6.84 3.75 7.20
6 1.74 3.51 2.94 5.92
7 0.67 1.27 2.73 5.16
8 0 0 2.46 4.60
9 0.27 0.53 2.12 420
10 0.23 0.49 1.69 3.59
1 0.13 0.27 1.66 3.55
12 0 0 1.59 3.04
13 0.01 0.15 1.37 2.90
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Table 5 Influence of low-pass filter on
operation time of protection
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Table 6 Testing results of sampling value differential criteria
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Design of short-window low-pass filter considering group delay and transient delay
LIU Yiging' ,GAO Weicong”, WEI Xin’ , WANG Xiuguang’
(1. School of Electrical Engineering, University of Jinan,Jinan 250022, China;
2. Shandong Vocational College of Foreign Affairs Translation,School of Information Engineering, Weihai 264504, China;
3. Integrated Electronic Systems Lab Co.,Ltd.,Jinan 250100, China)

Abstract ; The digital relays in smart substations need the assistance of low-pass digital filters in order to adopt fast
algorithms based on sampling values and sine signal models and avoid the frequency aliasing during resampling. A
design method of low-pass filter based on Tukey-window function is proposed, which simultaneously considers the
amplitude-frequency characteristic, group delay and transient delay. Firstly,the time-domain width T, and cutoff fre-
quency f, of window function are determined, then the filter length /V is determined to be less than or equal to 2 f./ f.
according to the sampling frequency f, and the fixed f, ,finally the complete filter coefficients can be obtained by N
and f,. The amplitude-frequency characteristics, group delay and transient delay of the designed filter are studied
through theoretical analysis, digital simulation and static experiment. The RTDS experiment of a busbar protection
adopting the designed filter shows that the designed filter is obviously superior to the filter designed by the traditional
window function method in the aspects of group delay and transient delay,and the designed filters can effectively re-
duce the influence of filters on the speed of protection.
Key words :smart substation ; Tukey-window function ;low-pass digital filter;group delay ;transient delay
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Optimal control strategy of ice storage air conditioning
under flexible load virtual power plant
MI Zenggiang,ZHANG Wenyan, JIA Yulong
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University , Baoding 071003, China)
Abstract ; In the process of building a safe, stable , economical and low-carbon smart grid, it has attracted high atten-
tion to use the flexible loads for active participating in the coordinated control of power grid. In order to exploit and
utilize the regulation potential of flexible loads, a framework of virtual power plant specially designed for flexible
loads is proposed. The ice storage air conditioning is selected as a typical controlled object,and an optimal control
strategy of power consumption is proposed ,which gives priority to users’ experience and economy ,and considers the
supply and demand relation of power grid. A two-layer optimal model is built according to the actual operation
characteristics of air conditioning system and user expectation of power consumption,which takes the minimum opera-
tion cost and optimal load fluctuation as its objectives. The control of ice storage air conditioning under different cold
load requirements is simulated and compared by cases,which verifies the feasibility and effectiveness of the proposed
control strategy.

Key words:flexible load ; virtual power plant;ice storage air conditioning; control strategy
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