PSSN 2671.904 FISHERIES OCEAN
eISSN 2671- -~

J Korean Soc Fish Ocean Technol, 59(1), 055-064, 2023 KSF“QT TECHNOLOGY
https://doi.org/10.3796/KSFOT.2023.59.1.055 fishtech.or Kr

{Original Article)

$44 ALY AR £E 2FA0E 1% DS AR
PID Alol7] 47

PID controller design based on direct synthesis for set point speed control

of gas turbine engine in warships
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Gas turbine engines are widely used as prime movers of generator and propulsion system in warships. This study addresses
the problem of designing a DS-based PID controller for speed control of the LM-2500 gas turbine engine used for propulsion
in warships. To this end, we first derive a dynamic model of the LM-2500 using actual sea trail data. Next, the PRC
(process reaction curve) method is used to approximate the first-order plus time delay (FOPTD) model, and the DS-based
PID controller design technique is proposed according to approximation of the time delay term. The proposed controller
conducts set-point tracking simulation using MATLAB (2016b), and evaluates and compares the performance index with
the existing control methods. As a result of simulation at each operating point, the proposed controller showed the smallest
in % OS, which means that the rpm does not change rapidly. In addition, IAE and IAC were also the smallest, showing

the best result in error performance and controller effort.
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Fig. 2. LM-2500 engine with FMU.
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Table 1. System parameters of LM-2500 gas turbine engine

o . . Gas generator turbine FMU
perating point
e T¢ Lg K, K, K, Ko Trna H,
6500 [rpm] 9.332 4375 0.52 155
7500 [rpm] 6.507 2.785 0.30 158 0.8 2 4 0.1 0.8
8500 [rpm] 2.984 1.400 0.15 204
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Table 2. FOPTD model parameters

1

i

Ho
o

of LM-2500 gas turbine engine

parameters calculated data of PRC
Operating point
K T (5 A tl t2
6500 [rpm] 1446.43 438 1.0 1446.43 2.13 5.05
7500 [rpm] 1028.11 2.79 1.0 1028.11 1.38 3.24
8500 [rpm] 608.73 1.395 1.0 608.73 0.77 1.70
2 15 T T T r
= 10 | 1
5 15 ; _
mo 1 1 g ° ]
3 5 o
-8 05 7 th-' _5 L |
2 o — — Plant1 10k |
» FOPTD 1
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(a) Outputs (b) Error
Fig. 4. Validation of the approximated FOPTD model at 6500 [rpm].
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Fig. 5. Validation of the approximated FOPTD model at 7500 [rpm].
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Fig. 6. Validation of the approximated FOPTD model at 8500 [rpml].
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Curve) WS- AlE-StCH(Elakkiya and Priyanka, 2015).
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Fig. 7. Classical feedback control strategy.
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Table 3. Parameters of PID controller
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=T (18b)
L
=g (18¢)
DS 7]4F PID Alo]7]+= 4] (16) 2 2] (18)2 F3l

s}elsk 4= 9)5o] FOPTD welo] lojxjul Alg4: 7.1t
2l Els E49 71 2 1704 Table 29]

A gelsl 4= 9lizo] [« rS WEESSIHE A (18)9]
PID Alo715 #-g-3tch. hd, DS 7|4k PID A|o]7] 2]
2l 7= oo Awsk= A7) e Al

Ao e ApHHo] S AL gho] HEE ARAes A
A AT Table 32 oA F=2%l PID A|o7]2} H]
1l B4 0 &2 AR = Ziegler-Nicholsi, Cohen-CoonH,
Borresen and Grindalf] 0.2 A% H|o]7] 2] uletu]¥
= Heleigick. o714 wE Aolr)e] K7} Ko

. . Parameters
Operating point Controllers
- Tr ) Te
proposed 0.0038 4.38 0.335 0.121
Ziegler-Nichols 0.0054 1.34 0.335
6500 [rpm] Cohen-Coon 0.0015 1.55 0237
Borresen-Grindal 0.0045 2.01 0.335
proposed 0.0051 2.79 0.225 0.085
Ziegler-Nichols 0.0072 0.90 0.225
7300 [rpm] Cohen-Coon 0.0031 1.04 0.159
Borresen-Grindal 0.0060 1.35 0.225
proposed 0.0061 1.39 0.150 0.078
Ziegler-Nichols 0.0092 0.60 0.150
8500 [rpm] Cohen-Coon 0.0077 0.68 0.105
Borresen-Grindal 0.0076 0.90 0.150
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AE 13} Fig.
ARl A =3k 2l

et Aloi7]e] A

Ziegler-Nichols, Cohen-Coon % Borresen

Operating

Performance comparisons for PID controllers

N Controllers

point t, t, %0S IAE IAC vV
proposed 0.6477 8.1366 1.1052 1398.8 70.3529 10.2903
Ziegler-Nichols 0.4045 6.7398 11.679 1906.8 70.7798 27.0192
6300 [rpm] Cohen-Coon 1.4620 12.6967 4.8132 2827.9 70.4360 4.1337
Borresen & Grindal 0.4948 5.9505 5.9369 1723.2 70.6855 15.4159
proposed 0.4591 5.4668 1.3584 1185.3 103.4166  20.1416
7500 [epm] Ziegler-Nichols 0.2979 53679 10.685 1535.6 103.6178 44.4858
Cohen-Coon 0.6210 6.4747 47021 2528.7 103.5196 14.8335
Borresen & Grindal 03577 4.1583 5.6627 1190.5 103.5708 27.5339
proposed 03651 33674 14154 6751055  198.1633 272164
500 [rpm] Ziegler-Nichols 0.2349 3.6045 8.9285 919.7767 1983854 57.0979
Cohen-Coon 0.2652 29726 7.8144 8623874 1983551 40.0258
Borresen & Grindal 0.2809 3.0508 47932 756.3301 198.3148 37.7501
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