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A Study on Defect Diagnostics of Gas-Turbine Engine
on Off-Design Condition Using Genetic Algorithms

Minchul Yong* - Donghyuck Seo* : Dongwhan Choi** - Taeseong Roh***

ABSTRACT

In this study, the genetic algorithm has been used for the real-time defect diagnosis on the
operation of the aircraft gas-turbine engine. The component elements of the gas-turbine engine for
consideration of the performance deterioration consist of the compressor, the gas generation turbine
and the power turbine. Compared to the on-design point, the learning data has been increased 200
times in case of off-design conditions for the altitude, the flight mach number and the fuel
consumption. Therefore, enormous learning time has been required for the satisfied convergence. The
optimal division has been proposed for learning time decrease as well as the high accuracy. As
results, the RMS errors of the defect diagnosis using the genetic algorithm have been confirmed under
5 %.
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Table 1. Sensed Parameters

Description Parameter
Compressor Inlet Temperature Ty
Compressor Inlet Pressure P,
Compressor Outlet Temperature T4
Compressor Outlet Pressure Py

Gas Generator Turbine (G. G. Turbine)

Inlet Temperature Tu
G. G. Turbine Outlet Temperature T

(= Power Turbine Inlet Temperature) 5
Power Turbine Outlet Temperature T
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Table 2. Condition of Genetic Algorithm

Population size 5 EA
Roulette Wheel +

Reproduction . .
Elite Preserving
Range of Value —1.28~1.28
Learning Data Set 50 Set

. . Linear scaling +
Object Function . .
Scaling window

1-Point
Adaptive

Crossover

Mutation

Percentage of Mutation | 0.98
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Fig 1. Compressor Defect Diagnostics
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Fig 2. G.G. Turbine Defect Diagnostics
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Fig 3. Power Turbine Defect Diagnostics
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Table 3. Sea level condition,
Diagnostics RMS error

Single defect

Defect Max. RMS Error [%]
Compressor 3.149
GG-Turbine 3.784
P-Turbine 3.422
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Table 4. Learning data in Off-design

Parameter
Alt.(m) Mach no. F(‘f(egl /gle(;\;v
Operation - . 0.0307 ~
region | 0730001 0~05 1 "5ns
The
dividing
number
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Table 5. Maximum RMS Error for Data Number
of Altitude No.

Data No. Max. RMS Error (%) Run Time
(EA) | comproor| 10 | Turbine | (M)
On-Design 3.15 3.78 3.42 259.1
2 2594 62.73| 40.32 344.2
3 25.09| 3753 29.28| 366.1
6 796| 1634 19.02| 4276
11 6.37 8.64 894 6621
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Data No. Max. RMS Error (%)

Parameter G.G.- | Power
(EA) {Compressor

Turbine | Turbine

Altitude 21 5.09 527 474

Mach No. 6 3.95 4.56 3.38

Fuel Flow Rate 11 5.08 5.14 2.26
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