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A Design of Optimal PID Controller in HVDC Transmission System
Using Modified Genetic Algorithm

L R R A o
(Hyeng-Hwan Chung - Yong-Peel Wang - Dong-Ryol Hur - Young-Hwan Moon)

Abstract - In this paper, a methodology for optimal design of PID controller using the modified genetic algorithm has
been proposed to improve the transient stability at system fault in HVDC transmission system. The process of this study
is composed of formulation of load flow calculation, basic controls on HVDC transmission system, mathematical model
preparation for stability analysis, and supplementary signal control by an optimal PID controller using the modified
genetic algorithm(MGA). The propriety was verified through computer simulations regarding transient stability. It means
that the application of MGA-PID controller in HVDC transmission system can contribute the propriety to the
improvement of the transient stability in HVDC transmission system and the design of MGA-PID controller has been
proved indispensible when applied to HVDC transmission system.
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Table 1 Control method of rectifier and inverter side in

HVDC transmission system

control method Rectifier Inverter
Cases
Case 1 ACR AVR
Case 2 AVR ACR

b

1457,

(a) ACR in rectifier (b} AVR in inverter
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Fig. 4 Block diagram of ACR in rectifier and AVR in inverter
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{(a) AVR in rectifier (b) ACR in inverter

a8 5 SHEYIE FHUNOIS AMEI|E HHFH o
EEME (3R 2
Fig. 5 Block diagram of AVR in rectifier and ACR in inverter
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Table 2 Input signal of D.C. contrql system with optimal

PID controller using MGA
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input .
e . Rectifier Inverter
signal
Cases Y acCref| YAC) YDCret) ¥DC || Y ACre] YAC | ¥ DCref] Y DC
Case 1 o | o] la| la] @ | o| Ea| Ea
Case 2 [0 @ Ed,() Edr (7)) @ IdO Id
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5.1 PID Moi7]2l o|SA%$ %3}
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Table 3 Parameters of MGA

Parameter{ Population | Crossover | Mutation {Max.Gen
Cases number size probability { probability | number MGA
Case 1| 6 50 0.65 0.02 100 | O
Case 2 6 50 0.65 0.02 100 O
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Table 4 System parameters

A.C. system

E,; = L017[pu] Vv, = 1000pul § = 0698[radl

X. = 0400[pul X, = 1343[pul . = 1258[pul

Xq' = 0182[pu} T, = 58%0fsec] Tz = 0.060[sec]

Kg = L100lpu) Ty = 0670[sec] Ky =-0.060[p.u]

Tr = 03%0[sec] Ky = 0100[pu] T, = 0.200[sec]

K4 =50000[pul S = 0360[pul H = 5364[sec]

D = 0008pul f, =60000{Hz] R = 0050[p.ul

T, = 0083fsec] T, = 5000(sec]

D.C. system

L, = 0032[pul Ry = 0012[pul X, = 0100[p.ul
Kpe Tpei

X; = 0100[pul ~ = 1000[pul ~ = 0.100[sec]
Kpe Ty
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U; 1Tolth. 4428 F7)= 0.00l[sec]® 8@} ojRe A
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Table 5 Setting control values of D.C. control system

control method Rectifier Inverter
Case 1 0.2 [pul] 1.0 [pul
Case 2 1.0 [p.ul 0.2 [pul

521 Al A 1 : M2jo] FItEt A
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Table 6 Parameter of optimal PID controller using MGA
{(Case study 1)

QOptimal PID Rectifier Inverter
gain
Cases Ker | Kr| Kor| Ker| Ku| Ko
Case 1 0979 | 0.093 | 0.994 | 0.973 | 0.094 | 0.565
Case 2 0.979 | 0.098 | 0.254 || 0.973 | 0.094 | 0.565
k3 7 Zot XAl A3 1)
Table 7 Performance indices(Case study 1)
Pl= Siewr |
m=l Without| Base |MGA-PID SPR [%]
control |control| control
Each case
Case 1 6.2518 |6.0892| 15874 73.93
Case 2 6.2518 |6.1495| 16336 73.40

S 10 2 % 4% N & 70 w % 10 T 10 ® % % 5 & W % W 10
Ganesation

e
(a) Best and average fitness (b) Best and average fithess
(Case 1) (Case 2)

ag 7 S5t7+ 100lmsec] Atololl A & el %] S7te
Aeo et HEFHYZ(A AT 1)

Fig. 7 Best and average fitness 10 increasing power 3(%],
disturbance duration 100ims)Case study 1)
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g .8 £y %
tiEgenszk

Anguiar velocty daviation [rac/s]

3
T [s4c)

meﬁ—sntmwﬁ J

= MGA-PID control — Base control I

(a) Angular velocity dw (b) Ignition angle &

252

Direct current [pail

Extinetion wigle [deg)

Time [s4c]

me comrol — Base corool |

Tiowd [sech

|:— WGAPD conel — Base cool |

{c) Extinction angle 8 (d) Direct current Iy
1 8 3}7P 100(msec] Atolol =z =& e 3% F7t8

Ao SEMN (A1, AR A7 1)
Fig. 8 Dynamic response to increasing power 3[%], dis-
turbance duration 100[ms] (Case 1, Case study 1)

atocity deviation [rad/a)

tanttion mile (deg]

Angiiar ve

“-*‘[“q
r—- MGA P conrol —— Bass contiol J

= MGAF1D control — Base coniol J

{a) Angular velocity do (b) ignition angle a

0.208°
245
- 0264
H I
o Z o
2 £ X
? 23 E o2
3 £
HES 3 ot
4 £ oze
2 2 2
o 0254
22 0.252
21 ] 3 3 N T e - 1 z 3 4 [
Time {sec) Time sac]

(c) Extinction angle 8 (d) Direct current Iy
32 9 B235t7t 100lmsec] Atolol Mz &ael 3% ST
Ao SEN (@F 2 A AT )
Dynamic response to increasing power 3(%], dis-
turbance duration 100[ms] (Case 2, Case study 1)

Fig. 9
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AHRYE, 7B AHoA R MGA-PID AlejAl7b R HA
W E(first overshoot : Ist 0.8)= 36~40[%], 5 ¥HA <
7 E(second overshoot : 2nd O.8)¥ 90~99[%), 3 W=
H 47 E(first undershoot : 1st US)E 7~56[%] AL A
Aot =¥ FHA M (settling time) ¥ =2 Hreaching
time)oll AAA 3 5EAE Rojxm Q) o] A¥E F §
o F¥std Yetisith welA MGA-PID Aol 717F Ao A
Fol 43 AHE AArYE YFsiel

o2 E o o

E 8 AlEdojd ZIHA AF 1)
Table 8 Simulation resuits(Case study 1)
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A4 A4 Fon 27138 AR 2 AF A
4 PID Aol7)¢] o] SASE E 99 ol AWt Hlw,
AolAl, 71% AojAl, MGA-PID Aojrel H7t A%: =
103 2o} vhehdrth =@ J)% Ao}Ast MGA-PID #0}7]
484 7 AigAo) Qoiq mF Axge] HuAze 7
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Table 9 Parameter of optimal PID controlier using MGA
{case study 2)

Control method Base MGA-PID PR (54
dw [rad/s]| dw [rad/s] °
Cases
st OS 0.1430 0.0905 36.69
Case 1 2nd 0.5 0.0887 0.0000 99,98
1st US| -0.0031 -0.0013 56.86
st O.S 0.1440 0.0878 39.03
Case 2 2nd 0.5 0.0911 0.0082 90.97
1st US| -0.1536 -0.1426 7.05

gt AR o] ade Hgr] A, AFHARY 5A
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Case 2 0.979410.001210.9834}0.9507|0.001010.8453
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Table 10 Performance indices(Case study 2)

P & et | ot Base |MGA-PID
SPR [%]
control | control | control
Each case
Case 1 7252.627|8468.441 | 6815575 1951
Case 2 7252.6277023.068| 5058.542 2797
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Fig. 10 Dynamic response to three phase short, fault duration
100lms] (Case 1, Case study 2)
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100[ms] (Case 2, Case study 2)
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Table 11 Simulation results(Case study 2)

Control method Base MGA-PID SPR [9¢]

Each case Awlrad/s)| dwlrad/s]

Ist OS5 5.64946 5.64946 0.00
Case 1 2nd O.S 4.41534 3.87900 12.14

st US -5.46673 -5.29237 3.18

1st OS5 5.64946 5.64946 0.00
Case 2 nd 0.5 2.69205 2.06863 23.15

1st U.S -492382 -4.73300 3.77
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100[ms] (Case study 1)
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