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Preventive economic operation optimization of distribution networks considering the losses of
power quality-sensitive equipment under low voltage conditions

LIU Yunjing'-%, LU Lizhong”, YANG Zheng', LI Zaifeng®, GUO Tiebin’, LIU Dawei’, JIANG Wei’
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Abstract: With the large-scale integration of power quality-sensitive equipment in advanced manufacturing sectors, the
conflict between the currently permitted short-term fault-tolerant operation of distribution networks and the voltage
tolerance characteristics of sensitive loads has become increasingly prominent. Therefore, studying preventive economic
optimization of sensitive equipment under low-voltage conditions during faulted operation of distribution systems, while
accounting for losses of sensitive equipment, is of great significance. First, based on the symmetrical components method,
the tripping criteria for adjustable speed drivers (ASDs) are quantified. Second, an operation cost optimization model for
distribution networks is established, which incorporates the loss of sensitive equipment such as ASDs and programmable
logic controllers (PLCs). Finally, a grid-connected ASD system is built in Simulink to verify the correctness of the ASD
tripping conditions. Using a modified IEEE13-node system, three typical scenarios are comprehensively considered,
namely, demand response behavior of industrial park loads, whether sensitive equipment such as ASDs and PLCs are
equipped with energy storage devices, and whether uninterruptible power supply (UPS) systems are installed. These
scenarios validate the accuracy and effectiveness of the proposed preventive optimization model.
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Fig. 2 A linearized model of constant power load
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Table 1 Calculation results of key parameters during power grid voltage dip

S Case 1 Case 2
i/A 644.64 — j232.75 300.42 — j472.48
um),um)/v 432.715 + j149,-55.19 - j132.69 32528+ j187.8,—62.62 — j93.9
Repiys Reprp/2 -19.14, -0.548 -12.88,-0.7165
Teprys Leprin/A 78.62, 572.458 95.85, 544.63
Vay (X)/V [1504.79 — (<0.152sin(6x) — 43.46 cos(6x) + 755.31)| [1234.548 — (~0.0385sin(6x) — 35.59cos(6x) + 620.44)|
Vi (0)/V [313.7 - (1.232sin(6x) - 0.104 cos(6x) +231.72)| [390.23 - (0.246sin(6x) — 18.18cos(6x) + 308.76)|
w(n/6)/V 788 641.8
v,V 770 710
E% 2.32% 9.6%
A 0.314 0.5
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Table 2 Configuration of ASD with energy storage system

ZH ASDI ASD2
P,/kW 21.6 324
Vepo!V 532 600
R/Q 0.015 0.015
LM 0.001 12 0.001 12

L,/H 0.001 0.001

C,/F 0.0012 0.0015

B % /Ah 24.36 324
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Fig. 8 Optimization results in Scenario 1
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Table 3 ASD shutdown loss and park electricity purchase cost

- ASD fEHL [X i H SR A/
SAR/ZETG [P ZNESH (3£ 75/MWh)

1 22 000 286 430 798.3008

2 15 000 267 800 798.3008

3 15 000 276 600 698.3008

4 15 000 240 730 598.3008
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JE % i it BB AR 25 R8Tl [ X P 30 18 4% 75 SR



XY, AF

5 FEAR L H 25 P L R AR s % 5 A O TG R R DT 1 22 B s AT 1Ak - 85 -

Mo ATLAEH, 5 2 F, ASD2 7E{K A
BTV, N 2452 10328 47 328 T 3 AR AR 431
XKy Wi F, KAESG ASD1 AL A HFik, X2 H
T ASD1 & F, B0z, {Ef#RESEH Tl ASDI %
Hlo 223 JER T %35 R ASD {5 MLt B 48 5 51 o

EH ] 9(b) T 01, b el X AEAN RS AR I FL A 22
MM RGBS, TR 2 REE TR
X N 2% T SR R, BB 9(b) 5 Bl 9(e)rl %, T
WAE AN IR AR, Tk bel X 852 % F AR AL
HEAT R EREERR, TR R 238 5k s AR R A0 R )
kb ptea X Fr i A ae SR, TR 2 X
IUfgRe e, RIUkIs 5 2 BT ASD 5 ML K, (H
PR TE X MR A . £ 3 R T 15
) FEL A

Bl 9(d) Tk el X LA R Se s AT Yy 2t
. nTUEHEER S5 R

7
) — Tall il X g A b 41
2 6 l— LR IR
£
£ s
®y A
Z 3
350 ——ASD2 =
— —-ASDIR R % 2
300 — - — ASD2ARAE =
o0 15 20 0 5 10 15 20
i [5]/h H T)/h
(a) ASDFEL A HLTE (b) TVVEXE1T th%

2.0 —
518 AR AL b
2 1% g s
= 14 — LI
212

1.0 At Jul A h AI\A 3
- L vay &

Z 08 5
=06 S
B 04
=2

0

0 5 10 15 20
Iif i)/ /b

() TV X (b4 2 4 Th 2 (d) Tk [ X A ZEeTh =R

— W b 4
— ASDIfi# it
— ASD2fi i,

—_ N W A W

AW, Hh/pu.
=

0 5 10 15 20
I 7] /h

(e) ASDfifE T %
9 =2 MHUER

Fig. 9 Optimization results in Scenario 2

& 9(e)ml &, H1T ASD FCE 1 fiBRE, 7E A
re W 23 AN SR T F R AT, 7R AR X 7R H
ANFEHAA . BEAR, il RIS R TR FMEAR U TE] ASD

(R DNZRGRAT, 3E— D PEACHC R [RIE AT 2 5 A
3.2.3 Yt 3L EE B b

K 10(a) AL HL M A %4 ASD Hig 4745 i, HeRs
TUB A 2% AN it BEAE 5 B8 b ] [X P4 3501 4% 75 K i
M. ATLAEH, 353 F, ASD2 e KA
HIHRIEAR TV, I 25 1238 47 28 1 38 B A 47
XK, HREERRR: F A 24 MR SRER,
HHEAEES Y, AT, AT U A7 AT ) H

R 52 285 BB B R R 2 5 R UIpL, (HIXEEH T
KRR YEE . 1 £, R4 R, B Tl X N
KEESIEH, ASDI A&iEmAsrik. £ 3 8
N Tz ASD S LI I &5 K .

FH P 10(b) AT %, Tl ] [X 78 A 4% EG BR 0) F ¢
Z, MEMEENIEERL>. BTyR3 RE T L
b e X P T £ T R S, F ] 10(b) 5 B 10(c) AT
W1, FEEAN R, Tkl X 2 R UL T R
FLRIIEAA, L 2 ARG R A o R0 0 e X st Tl el (X
PRI FEE R BRI SE s T35 3 & T Tk
el [X P % TR v, [R5 3 FRMIKT ASD
fEHRR, HEBR T EX e RA . £ 38
TN T %3RO A .

Kl 10(d) A Tk [ X N ke R s AT D%
Hizk. TR HHER 55 1R85

620 ! T X L b (8
. — ol X B
600 2 6 o RE T
550— £ s
= 500 2
= 450 L4
® 400 — £ 3
350 ——— ASD2 o
— — - ASD{#4P{E =
300 — ASD2RF ®
250
0 510 15 20 0 5 10 15 20
I [A)/h B[]/
(a) ASDELZ LT (b) Tk X 247 Th %
20 ‘ WK%
.18 AR A b b 4 — Wk
26 | |— e 6 —— ko
£ 14 | [ ek s — T
212 z
. 1.0 ﬁ 4
Z 08 =
= 06 =3
% 04 5
= 0.
0 1
0 5 10 15 20 0 5 10 15 20
it ] /h I [ /h

(¢) Tolk X 4 R 1% (d) Dl X AL Rg )%
10 % 3 MILER

Fig. 10 Optimization results in Scenario 3
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