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A Study on Fault Detection of Off-design Performance for
Smart UAV Propulsion System

Changduk Kong* - Seonghee Kho* - Insoo Choi** - Seungheon Lee* - Changho Lee***

ABSTRACT

In this study a model-based diagnostic method using the Neural Network was proposed for
PW206C turbo shaft engine and performance model was developed by SIMULINK. Fault and test
database to build the NN was obtained at various off-design operating range such as flight
altitude, flight Mach number and gas generator rotational speed variation. According to the fault
detection analysis results, it was confirmed that the proposed fault detection method could find
well the fault of compressor, compressor turbine and power turbine at on-design point as well as
off-design point conditions.
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Fig. 1 Engine schematic diagram of PW206C turbo

shaft engine
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Table 1. Operating range of propulsion system

required by KARI

Gas Generator RPM

65% ~ 100%

Altitude (ft) 0 ~ 15000
Flight Mach No. 0~04

Table 2. Design Performance data provided by
engine manufacturer

Variable

Values

Atmospheric condition

Sea Level Static
Standard Condition

% RPM)

Mass flow rate (kg/s) 2.004
Fuel flow rate (kg/s) 0.039
Compressor pressure ratio 7.912
Turbine inlet

temperature (K) 12544
Shaft horse power (kW) 4182
SFC (kg/kW hr) 0.2056
Gas generator rotational

speed (100% RPM) _ 58900

eller rotational speed
(103’ 6120
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Fig. 2 SIMULINK model of PW206C Turboshaft engine
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Fig. 3 SIMULINK model analysis results
with  vanying gas  generator
speed at sea level static
standard atmospheric condition

3. Operating range for leaming data set

acquisition

Gas generator rpm

80%,85%,90%,95%,100%

(at 100% rpm, Alt=609%m)

(at Alt. = Om, MN = 0)
Altitude 1524m,3048m,4572m,
(@t 100% rpmy MN = 02) | 60%6m/7629m
Flight Mach No. 0.1,02,0.3,04

Table 4. Assumed component performance degradation

Compressor |Comp. turbine | Power turbine
fouling erosion erosion

MFP n, MFP 1 MFP I
1% 1% +1% | 1% +1% 1%
-2% 2% +2% 2% +2% 2%
-3% 3% 3% -3% +3% -3%
4% 4% +4% 4% +4% 4%

=

5% +5% -5% +5%

-5%

]
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Fig. 4 The result of performance diagnostics at sea
level, MN = 0.1 and 80% mpm
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Fig. 6 The result of performance diagnostics at Alt.=
6096m, MN = 0.3 and 100% mm
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