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Abstract : A gas turbine engine plays an important role as a prime mover that is used in the marine transportation field as well as the
space/aviation and power plant fields. However, it has a complicated structure and there is a time delay element in the combustion process
Therefore, an elaborate mathematical model needs to be developed to control a gas turbine engine. In this study, a modeling technique
or a gas generator, a PLA actuator, and a metering valve, which are major components of a gas turbine engine, 1s explained. In addition,
sub-models are obtained at several operating points in a steady state based on the trial running data of a gas turbine engine, and a methoa
for controlling the engine speed is proposed by designing an NPID controller for each sub-model. The proposed NPID controller uses
three kinds of gains that are implemented with a nonlinear finction. The parameters of the NPID controller are tuned using real-codea
genetic algorithms in terms of minimizing the objective finction. The validity of the proposed method is examined by applying to a gas
turbine engine and by conducting a simulation.
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Fig. 1 Structure of Turbo shaft engine
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9000[rpm] 2 AA% Zdel MDI, MD2, MD32 °]5(Ky),
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Table 1 Parameters in local model of gas turbine

Models | Operating point Kg Ty L
MD1 7000 [rpm] 457 | 376 0.5
MD2 | 8000 [rpm] 1.82 193 | 035
MD3 | 9000 [rpm] 098 | 093 | 017

2.2 PLA actuator

PLA(Power Lever Angle) 9jFoo]E+= DC X=H, ZH<}
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valve) S A= 252171 d(ever) & FAE T Fig. 2
PLA ofZFejjo]8] ZHA| Al~glg vERd HAolw, DC EE <
HEAol= Ao PI Ao71E A&t Jrh(Fawke
et al., 1971).

Table 2= PLA HFojo|8le] 7} %9 Fehv]E g
el Blo)),

Table 2 Parameters of a PLA actuator

Description Value
R, | Armature winding resistance 0.25
L, | Armature inductance -
wn | Angular velocity of DC motor -
K, | Torque constant 0.4204
K, | Back emf constant 0.4204
K14 DC motor angle feedback gain 10.136
K 1g| Tacho-generator feedback gain 0.0318
Jm | Inertia moment of DC motor 0.0022
K, | Amplifier gain 10
Ky | Proportional gain 4
Ty | Integral time 05
N Engine speed(rpm)

agd A uE AoYgdEoZA NPID Alo7]o] 88 9
vk, x3h 4 g2 23[V]elth

—_ DC actuator motor
Amplifier PI cantroller X3 Xo

Fig. 2 PLA actuator system
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Fig. 3 Speed control system for gas turbine engine
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Fig. 7 Parameter tuning of NPID controller for MDI1
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Fig. 8 Parameter tuning of NPID controller for MD2
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Fig. 9 Parameter tuning of NPID controller for MD3
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Table 3 Parameter values of controllers for MD1

Controller parameters
Methods KK [Kla]alblaloln|m
NPID | - - - 13.733|3.673|2.641|1.034/2.609| -
Chen | - - - - - - - - 102
7Z-N [5.874/6.087|1.415 - - - - - -

Table 4 Parameter values of controllers for MD2

Controller parameters

Methods KD Ki Kd a; a, b o Cy n m
NPID - - - |5.261|1.572|5.627|0.696|8.193| -
Chen | - - - _ - _ _ = 02
Z-N 6.870|9.814/1.202| - - - - _ _

Table 5 Parameter values of controllers for MD3

Controller parameters

Methods KK [K|a|a|blalolr|m
NPID | - | - | - |4.3766.673|13.91|0.348/9.327| -
Chen | - | - | - | - | - | - | - | - 102
Z-N 9732274110863 - | - | - | - | - | -
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Fig. 10 Step responses of control system and gains of
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Table 6 Performance comparison of controllers for MDI1

Performances
Methods M, t t ‘. AR
NPID | 13.461 1.261 0.4056 2.037 0.410
Chen 32.214 1.712 0.525 4.894 0.609
7Z-N 56.194 1.414 0.34895 4.984 0.748
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Table 7 Performance comparison of controllers for MD?2

Performances
M t t. t IAE

D D T s

NPID | 2.784 0.964 0.324 1.221 0.289
Chen | 12.034 1.088 0.321 5.262 0.493
Z-N 15.612 0.966 0.247 3.461 0.476

Methods

Table 8 Performance comparison of controllers for MD3

Performances
M, t, t, t, IAE
NPID 0.892 0.472 0.169 0.546 0.14

Methods

Chen 3.618 0.568 0.200 2.684 0.223

Z-N 8.85 0.473 0.123 1.744 0.235
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