$£39% F7H
2019 7 A

€ ) B #H & B

Electric Power Automation Equipment

Vol.39 No.7
Jul. 2019 @

CPS 1 ghZ8 T iR A oK &% 180 XU RE SR

RIS S AN

G0N

#®',4 R, Gike!

(1. ek A RF A EEF TRFRE, T 10220652, BRI EE A8 Lk &% 210000)

BE.AERSGBEATITSHZBEATHEARR, AR FRBEATBHEANTARERR PR
PAE AT EE R RGN RR A EA T RED ARG THRARBRENEZHEMN T, BB ERDBE R

%

WK B A B AR, R P AT A B B A g AT R T - B K T Ao K 4 B L (HRTR) 89 %

oK BRES Ry ik ARH B K £ FPE 6y T B A AR TR K A 454 Kk, R ) 3 b ok o by JL 3t R B T AR
SRk Al AT K A T R A R ELARARAE A 7 40 MR AT A

IR CPS; 7T A A AL RUH 40, iR 3% 51 4 5 AT 354
FESFEE.T™M 73;TM 614

0 35§

RER FIE T 50T, XU A5 4 00 HL 7 R AR
M4z AHL I SR T XUFR HE O B BE AL AN A ] R
PR, KI5 A H I 55 8 H A 14 4% e L
LT B H R L T DA L I A AL R P A kG
T HL RIS T I B R RS AR i R R R
antier , R IR A A 20 R A5 W R AL
SEREVE IR, 7ETH A0 XU T A H AR K v ) T
ROV AT FEAE BRI L D Bl S v e TR TR 4
LB % etk it B fF B kS Tolk
IR A& 5 B 3 R 45 CPS ( Cyber-Physical
System ) i T A] FRAE REVR A 44 , AT LLid i 48 i S i
R B AR AR AR EBORFN A s
ARSCHREIROLAEC R P AT B AR R
TR £ AT A D PR B, AR
B eSS, HATE N2 & Az
AW RAEERF-AAEREG AT E5%, 1A,
Wit 5 B Fh, A0 T8 ) A A P, T BB T 3 1) 38 O
T, A A s SR BT TR B L B er 35 1 5 AT A e
TR W A S, VLS P i i 2 5 H A
RERCRLE LIV S2 I

UTAER TR R 17 far 2 5 W A BRI 40 5 T
MBFFE I Z2 o e, B UK 2 EWH (Elec-
tric Water Heater) E‘Jﬁiﬁﬁf”é,@(iﬁ%,ﬁﬁﬁ%%

%5 B #1:2018-12-04 ; #& 5] H #7:2019-04-25
EE£WMHE:BRELALHX A A (2016YFB0901104) ; B £
8 AR F 8 R B (51307051) 5 ¥ S & Ak A A AT AL
%% 43R B (2014ZP03,2015ZD01) 5 B M 2 &) 4}
AR

Project supported by the National Key Research & Development
Project of China(2016YFB0901104) ,the National Natural Scien-
ce Foundation of China(51307051) ,the Fundamental Research
Funds for the Central Universities (2014ZP03,2015ZD01) and
the Science and Technology Project of State Grid Corporation of
China

MR ERD A

DOI:10.16081/j.1ssn.1006-6047.2019.07.002

W WD) B AT |5 SR E ST 14 30% A LT 25 18 KA
SRR AR G AT, LR i PR S SR, W R R R e B
7 AEREREME ST IO, S3 A, IR B XU I R
BEPEAT IO AMEE | H RAOK AR Ay BELAE £ AT, AN 2 F,
P R R TE B, S0 G0 B R AT AR AT AN
JRGEETE 1110 BRI AR S AR K 28 kg LR 1 3R
UIRCIDA T

FURTEE XS H BOK 4% T fr B8 | B 28 2 3 4 1
PDE ( Partial Differential Equation ) #J B #1111 fE
FERTI AR 1) R T A UK SRR | T e 5
AR, il A 07 £ 4% o SR T T, AR R TR Y
JEISA 1 R v, X B gy BE AT R S BA S SQ ( State
Queueing)ﬁu%ﬁﬁﬁﬂ@%%ﬁyﬂﬁmim_m o XTHL
PORASHER ZREMRAS, SCHR [ 18 ] 42t P4kt fif 2
FEPE T A, SCHR [ 19 ] I A IR 458 £ 1 8 5%
%R AR T E 2 A, O B2 T 0 — AR i
JE A 45 B NTEM ( Normalized Temperature Extension
Margin ) Filit B 35 2 (EL 9 19 SR, b R H FROK A8 45
T e i SR B L AR TE PR AR5 T HOR
Z LR E SR NG br

1E CPS BT | 54 1 vl 4R 45 I i £ ]
P 1) | 15 et 88 25 B Jn 22 S Y P A 6L o i o
Wt P Pl P 3 B2 1 i 4 SR, L i i ] P2 B
TRRTHANRCR . R, A SCHE i oK 8 s 1R S
Zia YETE AR, BN #4340 [8] [k HRTR ( Heat-
Residual Time Ratio) , #R 4§ HRTR X} HL # K # fF t
33X, i UK SRR 22 S A 20 DX, ), 78
THAAXE 3 50 F 24T CPS B 3l 2244 T 18 40 ] 1%
Az B A T SR 14 05 EL RN EE 43 A, UER] T CPS AL
ShARAE ARG TR DU T 9 XURE SR s A ) T4 s
REVRIHAARCR , ORAEH] P R 7

1 ET CPS WA BARERIE M EBNZRMN

W 5 3 T 5 e 0 e ) AN B A A, R A AR F
TR 2R F AR AN I b 5 8 A= T, O 85 | 1K



(8] & 0 8 % w it %

%39%

Pttt AT S PR R 2 R A A 128 B R, AT A
HL R HEER S IR IR 55, dnn] PR RETRIH AN S5, )
b IEAER LU S R ARER B T FRAE BRI )R
Tk HRERLE TSR g R R 45 ) R GE R
s S BAT R TARIKIE T, 4 R 0 3 R R e £
K TARKHAR . AEEAL e R v R0 AL F B O LA
fifp DR RIS e Sl ] P A R TR HEL 48 AL A SR AL
P I B, JE 92 TR AT R 80T A R RAE RE TE
CPS J&—E17 B 25 8] 5 Wy B 45 (] 2 8] 5 T4 H 3)
TSR SE o A Rk A B RS HE AT Y
PPRIRBEIAR RS, S T SEHLHT P 15 o 90 1 AL )
HLEf) fEDRE I RE IR 4N IR i e B R AOR
SERBHIRALAL AR SO 3T CPS A W] FEAE BE TR
NI

TEA] FHERERIH AN R L Bl ferp , 2 5 2
B LN N E/ANCIING'R 70 S NN B2 o8 37/ 82 S BN
AR S 2R A& 1 PR, B
Al R TR R RIS AT 4 A A A T ek B
ey SRS TR T R P SR e R0 i 16 T A BRI
THARRTS , 58 5y 0 W) DAyl A BE PR R T A £ 4y 2R
SRR S 6. tA, AR G S H
P B S B R A BRI A YRR B RER
VRN BTG CPS K M AT 47 T RIS 55 UR
Bs 2D RS B AL D AT AR T TH Y P AR
B, FE X R PR AT A O E o 0 O 1 e 2 R A R
B = &, AT R G CPS, fEfF B 25
S SR A RO AR A P e £ AT TR
M R AR 5 A A O (e D3 B0 A AR
PR A5 5 T 42 ) SRS, P o EL R ) A 26 9 4
2 fea h HA IR IR BE R R B AT RS
BT,

L R [RAWRMRN| MRS ER
= ZA, S
AR | . plee | BOER L
5 . BR[| T
P | [t Bl fiH ﬂgf VMR || 154
e | KL S5y WA o FIFE
2= zEm SNy 1l z Sty
. el |y
IS
WEE B 2
Bl R ;ﬁ

B 1 BT CPs T B AERERIEMERNEN

Fig.1 CPS-based renewable energy consuming interaction frame
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Fig.2 Schematic diagram of EWH operation stages
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Fig.6 Consumption curves of three control strategies
and wind power output curve

4t SQ 1 A% B 2N 3%, By B A Jriil i
LB . JUHAE 285 — Bems Al 49 KU I 98 )5, K
T LB i ) 7l T T (L, ri FROR A5 B A
AT AR R, S BUS SEHANRE AN, iR PUK &%
RERY BN AOR T A B X T AN 7o R i, A SO
LSRR [ E 35 75 18 T FH P A P e ] &R fi
ot R PROK SR AR I 18] L AR TR AN B IO B 5 B R

T RE—2 A 3 e SR BT AN CR X
HLFAK S T 44 DC PIC A< 7 BE B HURE R EA T 52 1T
FRENUNZE 2 Fros 4 A, ] DUR BL, AR SCR A TE e
TR 299 VT E 3 60 I I RE 12 50 FE R O T W] R A T
SQ ¥, HAL THRIARMIANE o 1 J2 i T AR SCEA AR
AR TRIE A 1] 5 P PRI 42 Tl SRS 1F, 3% 2% ST P
RSl P RF TR ol 45 42 20 107 ek 221 ) FR PROK 25 0 e T
JE IR T L EROK AR ) R BRI ) A RO AR T
L HOUR AR RE LI AE

F2 3HERBIRE THIHANERBEAKGTEE

Table 2 Consumption efficiency and comprehensive water
usage comfortableness of three control strategies
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Fig.7 Standard reaching rate of comfortable temperature

and presetting temperature for different control strategies
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Table 3 Statistical characteristics of standard reaching rate
of comfortable temperature and presetting temperature

for different control strategies
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Wind power accommodation strategy of aggregated electric water heater
based on CPS interaction frame
LIU Xiangjun', YE Qiuzi' ,ZENG Lukun',LI Bin',SUN Yi', YANG Bin’,MA Yonghong'
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. State Grid Jiangsu Electric Power Company , Nanjing 210000, China)

Abstract It can effectively accommodate renewable energy by controlling the aggregated thermostatically controlled
loads. Aiming at the problem of user comfort and energy consumption efficiency in the scene of smart aggregated
thermostatically controlled loads accommodating renewable energy ,a mapping model of typical thermostatically con-
trolled load,i.e. EWH (Electric Water Heater) is proposed under the interaction frame of renewable energy accom-
modation based on cyber-physical system. On the premise of considering the perception of user behaviour informa-
tion ,a partition method of EWH group based on HRTR ( Heat-Residual Time Ratio) and a control strategy of rene-
wable energy accommodation with the consideration of partition difference are proposed. The simulation and compari-
son of different control strategies show that the proposed strategy can better accommodate renewable energy and en-
sure high user comfort.

Key words: CPS;renewable energy accommodation ; thermostatically controlled load ;load control
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Table A1 Main simulation parameters setting of EWH
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FigAl Wind power output curve
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