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Fig.1 Power distribution room floor plan
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Fig. 2 Equivalent R-C network
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Table 1 Parameter estimate values
and standard deviation
28 ML RIS Al AR

R, /(C-kW™) 5.06 0.41
R, /(C-kW™) 0.41 0.12
C, /T (kW-h)-C"] 49.62 0.24
C. /[ (kW+h) -] 323.73 0.02
R, /(C-kW™) 4.81 1.41
In(R,) /C2 -13.27 0.07
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Table 2 Auto-correlation matrix for each paramete

2Fr Ty Ty R, R, C; C, R, R,
1
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Fig.3 One-step temperature predictions and residuals
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Fig.4 Six-step temperature predictions and residuals

25 LTI, SCH T I TR AR NS 5 B A
LI FE I P T FE o T 00 A5 AR 5 T, REME 1
SBT3 AR R L I B A1 it B T

4 Z5iE

BEXTHC L D7 O A5 R, M AR R | R A AL
WYL, H 37 R-C R 28 0 SR U AUL IR Fi s Y
P R 2 P T SRS P P A LSS R
AURBEAE Ry TP ki A, 57 T H B R B B A A
T, DATSEIN A AL I Be ) 1E v D3 T RE o A R fy 1 45
SR Z AR Y A TIUIN P F P Tk R 7 TR B R 4
PIRCR, S AR ) B 1Y 2 s AT B T HFRY
Hefith o

AR A 7 A TG H P Tk R 0000 A AR R iR A T
HL it B 1) DG A 4 1 4 o R L i A BB A e i 2l
AR (TR 3 2 LAPRAIE PN B HL 0 B4 1 %2 42 is AT, [
3 1V el 45 3 14 DR RT RE /DN, S5 BT RERIASCR,
A Rt — B e
SE 3k
(1] AROCHE, XK, A VL. VR PR B3 3 5 Ja o A0 478 i Ji 1

[J]. A BEBBBARST™ f ,2018,367(9) :29-3.

LIN Wenjian, LIU Zhenlin, YU Jinjiang. Discussion on the envi-
ronment induction and control principle of power distribution
room[ J]. China New Technology and New Products,2018,367
(9):29-3.

[2] DE Z H F. Analyzing energy-saving options in greenhouse culti-
vation using a simulation model [ D ]. Wageningen : Land Bouw
University , 1996.

[3] LUO W H,DAI J F. Simulation of greenhouse management in
the subtropics, part I; model validation and scenario study for the
winter season [ J]. Biosystems Engineering, 2005, 90 (3):
307-318.



T Ft 2 T IRA B

YR B R A (L BB 5 101

[4] LUO W H,STANGHELLINI C,DAI J F,et al. Simulation of
greenhouse management in the subtropics, part II; scenario stu-
dy for the summer season[ J ]. Biosystems Engineering,2005,90
(4) :433-441.

[5] 2 AR, 20k, 45, P U 2 AP 3 XURY J5E0

RERIBTFE[J]. WIFE KA iR ( A AR 240D , 2010,37(6)

6-10.

LI Nianping, HE Dongyue, LI Jing, et al. Study on prediction

model of hot-press ventilation in atrium residential buildings[ J].

Journal of Hunan University ( Natural Science ) ,2010,37(6) :

6-10.

PR, B AT, ¥, 4. Block KEHY 5 FURALLIL B 2 )

WA )] TR =4 ,2007,28(S2) :124-126.

LI Junhong, LUO Xing, HUANG Chen, et al. Block model and

numerical simulation for predicting indoor temperature distribut-

ion[ J]. Journal of Engineering Thermophysics,2007,28 (S2) .

124-126.

[7) 26T, BFF, 0KIEAR, 4. ST 7047k 0 I 2 002 7
MR T]. LM WA ,2010,41(11) :173-177,182.

ZUO Zhiyu,MAO Hanping,ZHANG Xiaodong, et al. Greenhou-

—
=)}
[}

se temperature prediction model based on time series analysis
method[ J]. Transactions of the Chinese Society of Agricultural
Machinery,2010,41(11) :173-177,182.

SR, AR, HE T CFD A5 AL 5 R AR T ) [T ]
TN ,2019,36(2) :287-291.
PENG Gang,ZHOU Chenyang. CFD-based predictive control of

[8

[}

communication room temperature model[ J]. Computer Simula-
tion,2019,36(2) :287-291.
[9] SEGINER I,BOULARD T,BAILEY B J. Neural network models
of the greenhouse climate[ J]. Journal of Agriculture Engineeri-
ng Research,1994,59(3) :203-216.
[10] A%, 5%, BRIEE . AL T2 4 B 8 PID FE ] S
RHAGELT]. RGN EA4R,2005,17(6) :1425-1427.
NIU Jianjun, WU Wei, CHEN Guoding. Self-tuning PID control
strategy based on neural network and its simulation[ J]. Journ-
al of System Simulation,2005,17(6) :1425-1427.
[11] BRAPAR. kTR FI0IN 14 20 2 BRI it 0 R4 ] U 122 i
FELI]. Dl H4EHL,2017,30(9) :72-74.
ZHANG Yanan. Research on intelligent control method of clas-
sroom environmental quality based on model prediction[]].
Industrial Control Computer,2017,30(9) .72-74.
[12] 08 BSOS, RE AR JETARIROT AOAS R P 22 ) 2% 45 )
MBI ()] H R A B, 2019,21(1) :27-31.
LI Dezhi, ZHANG Wenwen, JI Jianfei. Electricity retail
market evaluation based on fruit fly optimized fuzzy neural net-
work model[ J]. Power Demand Side Management, 2019, 21
(1):27-31.
[13] Aigls, FEGIRT, @ . 1 000 MW 15 &% 58 71 i 5< 8 i
S LI UL BT 5T [T 1. #ivee /3,2017,36(9)
67-70.
YU Haipeng, KANG Jiannan, BAO Weiwei. Optimization of

feedwater temperature for a 1 000 MW ultra-supereritical unit

with high efficiency and wide load [ J]. Zhejiang Electric
Power,2017,36(9) :67-70.

[14] KA, EH3, TROEMG, 5. 4T R J7 1L 19 K 37 H i

DR BAMBTSEL ], Wil J7,2018,37(1) :42-46.
ZHANG Jie, MA Yun, ZHANG Xupeng, et al. Research on
day-ahead power forecast of wind farm based on cluster
analysis[ J]. Zhejiang Electric Power,2018,37(1) :42-46.

[15] 2 kot R A0, 45 BUAGIR 2R E R s [ 1].

& B 5 ,2008,37(4) :500-508.

LI Jin, QIN Linlin, WU Gang, et al. On-line modeling of mode-
n greenhouse temperature system| J].Information and Control
2008,37(4) :500-508.

[16] ANDERSEN K K,MADSEN H,HANSEN L H. Modelling the
heat dynamics of a building using stochastic differential equa-
tions[ J]. Energy and Buildings,2000,31(1) :13-24.

(171 AFEEIDR 0T TR, 55 LIRS IR ¢ A9 /K T B R A T4 A6

BILT]. JRtRHE R E2A 1, 2013,35(7) :948-954.
FU Guoqing, LIU Qing, WANG Zhou, et al. A grey box forecas-
ting model for molten steel temperature in LF refining end
point[ J]. Journal of University of Science and Technology Bei-
jing,2013,35(7) :948-954.

[18] MANTOVANI G, FERRARINI L. Temperature control of a
commercial building with model predictive control techniques
[J]. IEEE Transactions on Industrial Electronics, 2015, 62
(4) :2651-2660.

[19] s o8, XI/INIE , 4547 F6T 278 IR 0 N AR BY () 45 2 v

TR R R U [T ). A g A R4 B, 2019, 21
(1) :37-41.
JIANG Haoran, LIU Xiaocong, LI Yang. Mid and long term e-
lectricity consumption forecasting of provincial power compani-
es based on multi-variable gray[ J]. Power Demand Side Man-
agement, 2019,21(1) ;37-41.

(20] K&, IS, e dh, . T SRR R 0 BT AY T 1 RE TR 4
PRE I ERTIETISELT]. A ,2018,35(2) :69-73.
ZHANG Zhang, LIU Yingying, XU Jing, et al. Research on
method of improving clean power integration capacity based on
key factor analysis [ J]. Distribution & Utilization, 2018, 35
(2) :69-73.

(217 Bhamii, 5k DL 4, A, 5. 0 6 T B8 A X kol

SRR U J5 3k RO R [T . Wil e g, 2018,37(1)
19-22.
ZHONG Quanhui,ZHANG Yiquan,XIAO Shaohua, et al. Pro-
bability forecasting method of regional electricity quantity
based on grey forecasting theory and its application[ J]. Zhe-
jiang Electric Power,2018,37(1) :19-22.

[22] #EmE T FCH IR RGN 55EH D], Ak
TRHER:,2015.

HUO Xiaoyu. Design and implementation of power distribution
room environmental monitoring system[ D]. Chengdu; Univers-
ity of Electronic Science and Technology,2015.

[23] BACHER P,MADSEN H. Identifying suitable models for the
heat dynamics of buildings[ J]. Energy and Buildings,2011,43



192 2 HEHEAR

(7):1511-1522.

[24] JalMKA , 20801 A HE , 5. 2T AHP- K (O SCTREL I S %

R SR A M M IEAG [T]. O Rt 5,
2018,46(23) :86-93.
ZHOU Yixi, LI Xiaoming, QU Hezuo, et al. Comprehensive
vulnerability assessment of complex grid nodes based on AHP-
grey correlation degree[ J]. Power System Protection and Con-
trol, 2018, 46 (23) . 86-93.

[25] it SO, A2l 4 R M. dbat: @4 20F R
#t,2006.

YANG Shiming, TAO Wenquan. The fourth edition of heat
transfer [ M]. Beijing: Higher Education Press,2006.

[26] E#5 4RI BR5E, 5. S5 R4 1 23 I8 6 4r e 4y

H@5E[)]. B TRHEAR,2018,37(6) :80-86.
WANG Dong, XU Qingshan, CHEN Liang, et al. Simulation
study of air conditioning load modeling involved in peak
shaving control [ J]. Electric Power Engineering Technology,
2018,37(6) :80-86.

[27] INCROPERA F P. I LA G M]. dbat . fb L
Wb kL, 2007.

INCROPERA F P. Basic principles of heat transfer and mass
transfer [ M ]. Beijing: Chemical Industry Press,2007.

[28] THAVLOV A,BINDNER H W. Thermal models for intelligent
heating of buildings[ C] //4th International Conference on Ap-
plied Energy: Energy Innovations for a Sustainable World, Su-
zhou, China,2012.1-10.

[29] BEEMR, 7, TOR, 5. 25 B AR U XA Fr) HL 19 3

NP LEARLT]. B RGP 5 1], 2018,46 (15)
162-170.
HUANG Guodong, XU Dan,DING Qiang,et al. Review of grid
dispatching considering thermal power and large-scale wind
power integration[ J ]. Power System Protection and Control,
2018,46(15) :162-170.

[30] #77. A& T PR BIRL A DR PN IE A3 i B B it 2 37 0T 5
[D]. AHE AR TR, 2018.
YANG Yang. Study on temperature field of refrigerator liner re-
heating stage based on thermoelectric model [ D]. Hefei: Hefei
University of Technology,2018.

[31] BE P, PR, ZEmeNE, 55 S 19 XU H Sy 8 S50 AR & F S Y
5Ir:[1]. i TR, 2018,37(5) :7-13.
TAO Yubo,CHEN Wei, QIN Xiaohui,et al. The concept model
and method of short-term wind power prediction[ J]. Electric

Engineering Technology ,2018,37(5) .7-13.

YEE A

HTTFE(1988) , 5 A1, LA, AL
HLR AR 7 35 47 F1E RE AL R AR (E-mail:
290129048@ qq.com) ;

B (1995) , &, WL AR, W7 o
AEMCHL I iz 47 S4a 5

BRI (1965) , 55, P, Bod, WH5E O 1)
S e v 0 s e SR O vk R e
BRSNS ARG A8

I+

Temperature change prediction model of power distribution

room based on grey box theory
HAO Fangzhou', ZHAO Hui®, ZHAO Hongshan®, ZHAO Yang®, WEN Haiyan®
(1. Guangzhou Power Supply Bureau Co.,Ltd.,Guangzhou 510600, China; 2. School of Electrical
and Electronic Engineering, North China Electric Power University , Baoding 071003, China)

Abstract: In order to cope with the closed environment of the power distribution room, the poor air permeability, the high

temperature and solve the problem that the high temperature affects the safe operation of the power equipment, it is necessary to

study the prediction model of the temperature change of the power distribution room for temperature regulation and control. The

prediction model for temperature variation of power distribution rooms based on grey box theory is proposed, which provides a

model basis for automatic control of power distribution room temperature. Firstly, the basic structure of the power distribution

room is introduced. Then the thermoelectric model of the power distribution room is obtained according to the physics knowledge

of heat transfer, dynamics and thermoelectric similarity theory. Next, using the time series of relevant data, the unknown

physical parameters in the model is estimated based on the gray box method.Meanwhile, the rationality of the model is verified

through their auto-correlation matrix. Finally, the one-step and six-step predicted temperature values of the model are compared

with actual temperature values. The results not only show that the model can better describe the thermodynamic characteristics

of power distribution room,also indicate that it is consistent with the actual temperature changes in the distribution room.
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