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Development of Practical Integral Condition Monitoring
System for A Small Turbojet Engine Using
SIMULINK and LabVIEW

Changduk Komg*Jr - Seonghee Kho** - Gilsu Park*** - Gwanglim Park***

ABSTRACT

In currently developed engine condition monitoring systems, most field engine maintenance
engineers have difficulties to use them in fields due to complexity, unpractical use, lack of
understanding, etc. Therefore a practical usable engine condition monitoring system must be needed.
This work proposes a practical performance condition monitoring of a small turbojet engine through
comparing between the on-line performance monitoring data and the initial clean performance data
calculated by the base engine performance model. Moreover the proposed monitoring system checks
the gas path components” on-line health condition through comparing the component performance
characteristics between the running engine represented as a deteriorated engine or a degraded engine
and the base engine performance model represented as a clean engine. The proposed condition
monitoring system is coded in a friendly GUI type program for easy practical application by a
commercial tool, MATLAB/SIMULINK and LabVIEW.
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Table 1. Design point performance of I-Jet 130 turbojet

engine
Type Turbojet
Compressor One stage centrifugal
Combustion Reverse flow annular
Chamber
Turbine One stage axial
Thrust(max.@126,0
00 rpm) 130 N(13.25 kgf)

Exhaust Gas

Temperature(max.) 895 K
Fuel Consumption 0.139 g/N/h
Fuel Kerosene, Jet Al
Start Gas Propane

Lubrication Oil Mobil Jet2, Exxon 2380

Fuel-oil Mixing

Ratio 20:1
Engine Control
Unit FADEC Type AU-604
Fuel Pump Hausl Pump ZP30020F
Glow Plug OS A8, Rossi 8
Dimensions 115 mm(D)x320 mm(L)
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Fig. 5 Layout of signal line of data acquisition system

Table 2. Specifications of NI9211 and NI9203 devices

NI9211 NI19203
Channel 4 8
Resolving power 24bit 16bit
Input Range 80 mV +20 mV
Transrlfﬂ(')rmation Z0ms 5(min)
ime

Table 3. Physical channel, device name and measuring
type of measuring signals

32 tlole 25 Al=H)
3=

doly g5 AAZ& dHoly 249 AHg #
g4, AREH Sdun REY 471719 ¢
T3t 4%, 794E& 2EE NI Compact DAQ 3t
Edols ARgelen AFZAA AN ASH=
Aol ohgza A5 E He ZH1 A Z9

ojg w1 A
DAQ #H|S AME
L=

Table 2 NI92119F NI9203 A3 Al%S 1}
Bl ATt

Table 32 &

o

4

>

[

i)

lo

% ic)
' Wi
it -

I Lo

o2l N
ofr [

>

(Ve

ox,

o ¥g
% o
b5

)

I2bdsg

M

4. M8 GBS 0|83 A B Ay

AL iJet 130012 60%, 65%, 70%, 75%,
80%, 85%, 90%°l 3Fst= RPMEE F3 315
. dlolHe] F22 7} RPMYEZE 10HzE 30%
A o] F oA Th

41 s W A4

Channel Physical Device Measuring B - -
Name Channel Type Type AF dolgHE o83 FAF A5 ¥ FFHS
TI-1 | cDAQIModl/aio | NI9211 The({rff‘t‘;;%‘)lple s Ast AA= Fig. 67 2t
Mz zZF NI Z=AHoIEL AXAF o5
T2 | cDAQIMod1/ail | Nio2i | Themocouple A, 2t FAAF FHMAESs 2] 96
— T—— N@FA ] AR ozRE 7 RPME A% Hlolg]
T2 cDAQ1Mod1/ai2 NI9211 (T-type)
: Thermocouple
T3 cDAQ1Mod2/ai0 NI9211 (T-type)
: Thermocouple -
T5 cDAQ1Mod2/ail NI9211 (K-type) ¥
T0 cDAQIMod2/ai2 | NI9211 The(fof;‘;g:)lple | "“‘“S‘I‘“"‘“g | Henity Polynomial g for Each
P11 | cDAQIMod3/ai2 | NI9203 | Electric Current [ comectea RPM Caleutation | ¥
.L ‘ Reconstruct Component ‘
P1-2 cDAQ1Mod3/ai3 | NI9203 | Electric Current MFP, PR, ETA Calculation by Maps Using Polynomial Eq,
Thermodynamic Eq.
P2 cDAQ1Mod3/ai4 | NI9203 | Electric Current ¥ ‘ Permmameiml}.sismmg ‘
. . Map Scaling Each Operating New Map
P3 cDAQ1Mod3/ai5 | NI9203 | Electric Current Conditions v
P5 cDAQ1Mod3/ai6 | NI9203 | Electric Current \d END
Map Cam.pasi(inn ?I:Ea:h ‘
PO cDAQIMod3/ai7 | NI9203 | Electric Current ‘ Operating Conditions
| I
WE cDAQ1Mod3/ail NI9203 | Electric Current
Fig. 6 Flow of component map generation using
Thrust cDAQ1Mod3/ai0 | NI9203 | Electric Current .
experimental test data



84 Zae - 1M - WYL - %I HE LR

Table 4. Performance parameter values of compressor MGl
and turbine )

RPM| 60% 65% 70% 75% 80% 85% 90%

c PR | 1.56704 | 1.69197 | 1.82604 | 1.99515 | 2.16122 | 2.3608 | 2.56039 ¢
o

press MFP | 0.14204 | 0.16158 | 0.18053 | 0.19948 | 0.21804 | 0.23834 | 0.25478
or

Pressure Ratio

ETA | 0.74981 | 0.75338 | 0.75746 | 0.76397 | 0.771 |0.77724 | 0.78395

PR | 1.30765 | 1.38025 | 1.44618 | 1.52796 | 1.61057 | 1.68901 | 1.76078

MEP | 0.17214 | 0.18176 | 0.18790 | 0.19306 | 0.19808 | 0.20218 | 0.20305

ETA | 0.82277 | 0.83483 | 0.84071 | 0.85341 | 0.86576 | 0.86866 | 0.86571

2
Corrected Mass Flow
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