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A Study on Fault Detection of Main Component for
Smart UAV Propulsion system

Changduk Kong* + Juil Kim* + Jayoung Ki** - Seonghee Kho** - Insoo Choe** - Changho Lee™*

ABSTRACT

An intelligent performance diagnostic program using the Neural Network was proposed for
PW206C turboshaft engine. It was selected as a power plant for the tilt rotor type Smart UAV
(Unmanned Aerial Vehicle) which has been developed by KARI (Korea Aerospace Research
Institute). The measurement parameters of Smart UAV propulsion system are gas generator
rotational speed, power turbine rotational speed, exhaust gas temperature and torque. But two
measurement such as compressor exit pressure and compressor turbine exit temperature were
added because they were difficult each component diagnostics using the default measurement
parameter. The performance parameters for the estimate of component performance degradation
degree are flow capacities and efficiencies for compressor, compressor turbine and power turbine.
Database for network learning and test was constructed using a gas turbine performance
simulation program. From application results for diagnostics of the PW206C turboshaft engine
using the learned networks, it was confirmed that the proposed diagnostics could detect well the

single fault types such as compressor fouling and compressor turbine erosion.
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Table 1. The design performance data by engine
manufacturer

Values

Sea Level Static
Standard Condition

Variable

Atmospheric condition

Mass flow rate (kg/s) 2.004
Fuel flow rate (kg/s) 0.039
Compressor pressure ratio 7912

Turbine inlet

temperature (K) 1254.4
Shaft horse power (kW) 4182
SFC (kg/kW hr) 0.2056
S ST | o
Propeller rotational speed 6120
(100% RPM)
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Figure 1. Flow chart of aenetic algorithm

Table 2 The coefficient from GAs algorithms

% RPM a b c d
60 | -5.628 | 59.151 | -205.21 | 240.498
70 | -13.675 | 160.731 | -626.19 | 815.302
80 | -17.90 | 219.90 | -895.80 | 1119.0
90 | -15.00 | 187.60 | -777.30 | 1077.40
100 | -6.186 | 77.442 | -32241 | 45425
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Figure 2. PW206C Compressor map
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Table 3. Fault patterns for compressor fouling
learning data set

AT'co | Anco | Al'cr | Aner | AT'pr | Aner
1 -1 -1 0 0 0 0
2 -2 -2 0 0 0 0
3 -3 -3 0 0 0 0
4 -4 -4 0 0 0 0
5 -5 -5 0 0 0 0

Table 4. Fault patterns for compressor turbine
erosion learning data set

AT'co | Anco | Al'cr | Aner | Alpr | Anpr
1 0 0 +1 -1 0 0
2 0 0 +2 -2 0 0
3 0 0 +3 -3 0 0
4 0 0 +4 -4 0 0
5 0 0 +5 -5 0 0

Diakunchak®] A3 9sld ¢=7] 29
A

PW206C <1R19] 712 AZ stevHe 7tag
471 28 s, FHEN A5, 2o T, W)
717k &% Folth ady Aes A8 437
T 48 2 457 BHY 27 2= § 2H9
AS FHePEE 713t BPN 83l 674
TS HEAAH. EFFL 4% HEvEHR
$4=71, 4F71HY, FHENY /¥ R &
€ 7 o) wieo=m 7Ad.

YEdz a7 SERAY 23e g
Zo] RMSZ A ejstith

Y01

RMS error =y

n 3)
TAY AADE ol&ste] AAY £85I

A Qoo AsAste] P Aee FBE
Fx7 293 HY AW ge vY &4

BAFAHLZ I + AN

5. &

rh

Boly)g AN 2" PW206C AR
& 8 2719 RNy QuIF
2 Agagt F Y5Rde ARNE 7

3le A FAtel A AFE AF5Y dHo|HEZFE
dZ7) HAeEE AEses AFE APIFA
ALT2IRL o] 8dtd AAHZH FH
o] 4% 3dlulolHE #H3ET  BPN(Back
Propagation Network)E #&3lo F#3th
AAAE FE9GA AFFA FHAAS dd
TARAE &4 A B dFoA Atd g

=5 B g=71 LdTd Byl HH
U AFAsE AFHoR EXFE FUAT

i
(o
o
o
ot
e

EI

o] A7 APAYF Adez FHYhe 21
A7) ZEEO] 7@ AR (EPER A7 7

wAe] dBoz FPFASU

it

g1

Ho
ror

1. "EECP(Estimated Engine Performance Program)
Manual", Pratt-Whiteny

2. Kong. CD, Ki, JY, Lee, CH, 2006,
"Components Map Generation of Gas Turbine
Engine Using Genetic Algorithms and Engine
Performance Deck Data", Proceedings of
ASME Turbo Expo 2006, GT-2006-90975

3. Kurzke, J., 2001, "Manual GASTURB 9.0 for
Windows, Technical Report

4. Diakunchak, 1.S., "Performance Deterioration
in Industrial Gas Turbines", Journal of
Engineering for Gas Turbines and Power,
Vol. 114, pp. 161~167, 1992

— 284 -



