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Study of On-line Performance Diagnostic Program of A Helicopter

Turboshaft Engine
Changduk Kong*, Youngju Koo*, Seonghee Kho* and Hyeok Ryu**

ABSTRACT

This work proposes a GUI-type on-line diagnostic program using SIMULINK and
Fuzzy-Neuro algorithms for a helicopter turboshaft engine. During development of the
diagnostic program, a look-up table type base performance module for reducing
computer calculating time and a signal generation module for simulating real time
performance data are used. This program is composed of the on-line condition
monitoring program to monitor on-line measuring performance condition, the fuzzy
inference system to isolate the faults from measuring data and the neural network to
quantify the isolated faults. The reliability and capability of the proposed on-line
diagnostic program were confirmed through application to the helicopter engine health

monitoring.
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Table 1. Operating Range of KUH Helicopter

monitoring program

Fault diagnosti .
-Base engine performance data 4 AL SERpan H Quantify component

- Real engine performance data

- Measuring parameters
changes (A)

- Performance trend

Display diagnostic results

Fig. 1. Schematic diagnostic flow of the
proposed GUI-type on-line
diagnostic program
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Table 2. Design point performance data at
sea level, static and standard
atmospheric condition

Mass flow rate (kg/s) 5.42
Overall pressure ratio 18
Compressor turbine exit temp. (K) 1,154
Exhaust gas temperature (K) 916
Power (Kw) 1,4185
Specific fuel consumption (kg/kW/hr) 0.287
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Fig. 2. Flow path configuration and station
numbers of T-700 turboshaft engine
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Fig. 3. GUI type on-line condition
monitoring program

Fig. 4. Look-up table type base performance
program module
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Fig. 5. Signal generation module for virtual
measuring performance data
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600 Table 4. Measuring parameter change (MPC)
ggg trend depending on fault patterns
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Fig. 6. Look-up table type base performance
program module
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Table 3. Considered fault patterns of KUH
turboshaft engine

Fault Pattern Causes of faults
Cases (FPC)
FP1 Compressor fouling
FP2 Gas generator turbine erosion
FP3 Power Turbine Erosion
Compressor Fouling &
FP4 ) )
Gas generator turbine erosion
p5 Compressor Fouling &
Power turbine erosion
Gas generator turbine erosion
FP6 . .
& Power turbine erosion
Compressor Fouling &
FP7 Gas generator turbine erosion
& Power turbine erosion
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Fig. 7. MAMDANI type Fuzzy inference
system for isolating faulted
components
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Table 5. Implanted fault values (IFV) of
engine major components
COMA | COEF | HTMA | HTEF | PTMA | PTEF
case| (ZF7| ((LF7|| (e | (DE | (SHEH | (S2HH
R2 | 58) |URY | a8 | LRy | uEe)
1 -2 -3 0 0 0 0
2 0 0 4 -2 0 0
3 0 0 0 0 4 -2
4 -2 -3 2 -3 0 0
5 -2 -2 0 0 2 -3
6 0 0 2 -3 2 -3
7 -2 -3 2 -3 2 -3
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Table 6. Measuring parameter changes due
to implanted faults (%)

oMl PTT | EGT | WF | TRQ | Ng
1 404 | 5025 | 3828 | 06 | -192
2 | 7348 | 7.328 [11.432| 88 | 235
3 |-1735|-1731|-4332| -79 | 1.08
4 | 14529 | 14503 [17.241| 99 | -477
5 | 4598 | 4585 | 1494 | 56 | -1.35
6 | 7988 | 7966 | 9814 | 24 | -2.14
7 | 13759 |13735(14359| 3.1 | -4.14

Table 7. Results of faulted components
isolated by Fuzzy Inference System
(IFPC: Input fault pattern cases,
OFPC: Output fault pattern cases)
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(b) Degraded characteristic values of the faulted
compressor turbine (FP2: single fault)
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(c) Degraded characteristic values of the faulted
power turbine (FP3: single fault)
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(d) Degraded characteristic values of the faulted
compressor and compressor turbine (FP4:

double fault)
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(e) Degraded characteristic values of the faulted
compressor and power turbine (FP5: double
fault)
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(f) Degraded characteristic values of the faulted
compressor turbine and power turbine (FP6:
double fault)
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(g) Degraded characteristic values of the faulted
compressor, compressor turbine and power
turbine (FP7: triple fault)

Fig. 9. Results of faulted components
quantified by Neural Network
diagnostic program
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pattern cases using Neural Network
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