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Abstract: This paper investigates reactive power and voltage control in a distribution system by dispatching the main
transformer ULTC and capacitors. The main purpose is to reduce the feeder loss and improve the bus voltage profile of
the distribution system. The devices of reactive power and voltage control are properly dispatched to control the voltage
and to provide reactive power. And the constraints that must be considered include the maximum allowable number of
switching operation in a day for ULTC and each capacitor, the bus voltage limit on each bus, the line flow limit on each
feeder, and the power conservation limit on each bus. Under satisfying these constraints, the distribution network can
provide stable voltage to the consumers, and the quality of power supply can be enhanced. The quantum-inspired gravi-
tational search algorithm (QGSA) is proposed for solving the reactive power and voltage control problem in a distribu-
tion system. The QGSA approach is based on the gravitational search algorithm. And the concept and principles of the
quantum computing are added to update the solution, so that the global optimal solution can be efficiently found. To
confirm the usefulness of the proposed method, a 30-bus distribution system is performed. It is found from the results
that the proposed method can effectively get a satisfying solution.

K eywords: Distribution System; Reactive Power and Voltage Control; ULTC; Capacitor; Quantum Computing;
Gravitational Search Algorithm
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Figure 1. Quantum rotation gate
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Table 1. Data for capacitors
* 1 FLRHAEREZBERAN

Gk C, Cy C; Cy Cs Cs C;
BT GCTHE 1 1 13 15 19 23 25

7y (kVAR) 900 600 600 600 300 900 900

"G ITIE (kW) "% (KVAR)

10,000
9000
8000
7000

5 6000

4 5000

£ 4000
3000
2000
1000

Figure4. Daily load
4. —R 24 N2 BAE

15 1R 2 Ve SR B SGE IE AR BN 30, B i
KIERIKECH 200, FFEo640F, WHEIEEE . Bram
BEIIREFH G iE T MATLAB 7.0 K588, K HIHA
17245 84S N HL Intel core2 Duo E8300 2.83 GHz, 3
GB RAM.

TR ER R G R B L, TR G L
TRACRHEAIC T HE 14, FAABERTIS I 24 /N HLUE,
i s ps. HES Box, EFEERT, fRRR SN
AT H Bk A B 0, T AR RN,
BT SR s, VR HER FR RS 7 /N 2IEE 16
INEHE T FREE 0.95 b54 . SHAHITIERER,
AT LAR R BB R IR AE TR . 3R 2 R A SC TR
oz T R 1 F HIL(QGSAERL L R4t H,
RETHR KBRS R R R, & 2 PR 24
/NS IR FL 25 2 AL IR DA R A8 R 48 8 300 423k
P BASIER . HIAESERITUEL, BAERER
VERT BN, SRIBELEZ IR Th e, N LA Ea sk
TR, 13 LRI e R . TR 3K
% S A EL 2 % L 1) B KR U] 8 R BT A PR A 1 Tk
o TR BT U B S R F R R SETh R,
w6 Fron, M 6 aTLLURILE], 8 S 1
SE T FAR R Be A B PRI

Bl 7 R B RT S B S IR AR R AR AR T R

53



D8-S DV &: W WAk SERFR (AU IR ih):-ev R S VR il

o4 === JHEH] — E R
1.02
e A N\ _
\ / N
g 0.98 ~-_--\~‘ —_~ -
~ L4
E 0.96 x = ”
0.94 A\ ,"
\
[
0.92 \ v
\\ >~
'I
09 \"'_
0.88
1234567 89101112131415161718192021222324
I RCINED)
Figure5. Voltages on bus 14
5. R ESEATRHCORH 192 B E
500 o Y WEE
450 _
400 _ : .
5350 -
i .
T300 - e B
g0 AR
200 HOENEN NN
! RE BN RN R N DN Dy
150 I RTim He B Re B R
o EEMEM N DM N
100
50 N ENCENEN N O EN O
N P e
Ommmaﬁlﬁ-.---------- Al
123456789101112131415161718192021222324
inglIeNinp)

Figure 6. Comparison of active power losses

6. FENSIEE R RFEIEBRKHILLE

° R o

7000

6000

5000

4000

3000

2000

1000

WL F AR i 2 B R TRt (kVAR)

:

567 89101112131415161718192021222324
) (/)

o

Figure 7. Comparison of reactive power flow through main
transformer

B 7. AEASEAERRETTERT REThERPRMLER

AT B 7 ATROR IR, R BRI 2

54

Table 2. Dispatching schedules of ULTC tap position and capaci-
torsfrom the proposed QGSA approach
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Table 4. Comparison of resultsfor different initial solutions
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