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RCGA-PID Controller Based on ITAE for Gas Turbine Engine
in the Marine Field

Ki-Tak RYU - Yun-Hyung LEE"

Korea Institute of Maritime and Fisheries Technology(professor)

Abstract

Gas turbine engines have a complicated internal structure. In the case of the marine, parameters of gas
turbine engine model change according to the characteristics of the marine environment and the operating
point. Since it is mainly used in warships and there is not much accumulated data, it is difficult to design
model parameters or controllers. The gas turbine engine mainly used for marine use is the LM-2500. In
this paper, gas turbine engine models are designed using sea trial data of LM-2500. Three models are
designed for three operating points. This paper proposes a PID controller design method for tracking
control using RCGA for them. A gas turbine engine is modeled with a gas generator and a FMU(fuel
metering unit). The PID controller parameters are tuned using a RCGA to minimize the ITAE objective
function. The efficacy of the proposed controller is verified by performing simulations and using

Ms(Maximum sensitivity) and performance index.

Key words : Gas turbine engine, ITAE, Ms, PID controller, RCGA
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)RR koA Adt 3k F=HEAR o= 7
g9t FAYEHEE  COGAG(COmbined  Gas
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Gas turbine)”} ¢loH, A|sto]7]= AT 2 A
€ e SHAYZES P2 Sl A8y
3. S)THCho, 2007; Choi, 2006).
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[Fig. 1] Control signal and fuel flow of LM-2500.
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<Table 1> Parameters of LM-2500 gas generator
Model Gy (s) Gpa(s) Gps(s)
Operating point ~ 6500[rpm]  7500[rpm] 8500[rpm]
Kg 9.332 6.507 2.984
Tk 4.375 2.785 1.400
Lg 0.52 0.30 0.15
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SITtH(Cha et al., 2007).
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[Fig. 21 FMU of LM-2500.
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<Table 2> Parameters of FMU for LM-2500

Operating K K

b I{a KFMA TFMA hf

u

point[rpm]
6500 155
7500 158 0.8 2 4 0.1 0.8
8500 204
o} ZF2ENL R dA 2
 AFelA Ao ® s 7EAERI
Az AAE= A )8 [Fig 218 A¥s slo=

[Fig. 317 #Fo] yepd & St

[Fig. 3] Block diagram of LM-2500.
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[Fig. 4] RCGA-PID tuning process.
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<Table 3> Parameters of the RCGA

Reproduction ~ Crossover Mutation
Applied gradient-like  arithmetical dynamic
operator
Parameter Reproduction  crossover mutation
coefficient ~ probability  probability
Value n=1.8 P~=0.95 P,=0.2
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[Fig. 5]= RCGA7} Kp, Ti, ToE A8k 34
o] obj. function= 2] (5)¢] =& Fh& EF
AT} 6500[rpm], 7500[rpm], 8500[rpm]<] 527 of]

A BAlE RCGA-PID Alo]7]=

1
PID1, PID2, PID3E A&} ).

6
. —PID1
S 4t P S ————— ——-PID2 ||
=4 e -----PID3
X, /’\/, /
XCL 2 N ,,’

N N
0 L 1 1 1 1 -
0 10 20 30 40 50

0 10 20 30 40 50

——PID1
1.5 - —-PID2
o o te e PID3
[y 1
0.5
0 e e ——————
20 30 40 50
15000
S ——PID1
£ 10000 | - ~-PID2| |
< \ -----PID3
2 L.
& 5000 R\ T
o ‘o
0 S
0 10 20 30 40 50

generation

[Fig. 5] Tuning process of RCGA-PID controller.
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<Table 4> Controller parameters and Ms

; Parameters

Model Tuning Ms

methods Kp T To

RCGA 0.00300 5.0630 0.1360 1.68
Gp, ...(Proposed)

IMC 0.00354 4.7150 0.3198 1.99

RCGA 0.00400 3.4830 0.1430 1.67
Gp, ...(Proposed)

IMC 0.00407 3.0140 0.2167 1.77

RCGA

cG 0.00400 1.5760 0.0560 1.54
Gps (Proposed)

IMC 0.00490 1.5500 0.1435 1.65

[Fig. 6]°l4] [Fig. 8] 3719 F2goA I
T2 Gpy, Gpyy Gpy©l 22 RCGA-PID A017] ¢}
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[Fig. 6] Comparison of sensitivity function of Gp
with controller(Ms: RCGA=1.68, IMC=1.99).
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[Fig. 7] Comparison of sensitivity function of Gpy
with controller(Ms: RCGA=1.67, IMC=1.77).
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[Fig. 8] Comparison of sensitivity function of Gps
with controller(Ms: RCGA=1.54, IMC=1.65).
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[Fig. 91 Tracking control response for Gp.
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<Table 6> Tracking control performance for Gp,

Tuning Tacking performance

methods T, T, %0S IAE

ITAE

RCGA 0.89

(Proposed) 3:20

096 12853

970.8

IMC 074 740  0.68 13144
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[Fig. 101 Tracking control response for Gp,.
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Tuning Tacking performance

methods T, T, %0S IAE ITAE

RCGA
(Proposed) 063 132 016 8486 399.1

IMC 065 507 046 9805 1014.1
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[Fig. 111 Tracking control response for Gps.
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<Table 7> Tracking control performance for Gps
Tuning Tacking performance
methods T, %0S IAE ITAE
RCGA 0.57 1.09 0.13 6489 2354
(Proposed)
IMC 0.49 3.21 044 6627 4288
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