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ABSTRACT

Development of GUI based On-line Condition and Health
Monitoring Program for a Turboprop Engine Using LabVIEW

by Kim, Keon-woo
Advisor : Prof. Kong, Changduk, Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

Recently, an aero gas turbine health monitoring system has been developed for
precaution and maintenance action against faults or performance degradations of
the advanced propulsion system which occurs in severe environments such as high
altitude, foreign object damage particles, hot and heavy rain and snowy
atmospheric conditions. However to establish this health monitoring system, the
on-line condition monitoring program is firstly required, and the program must
monitor the engine performance trend through comparison between measured
engine performance data and base performance results calculated by base engine
performance model.

This work aims to develop a GUI type on-line condition monitoring program for
the PT6A-67 turboprop engine of a high altitude and long endurance operation
UAV using LabVIEW. The base engine performance of the on-line condition
monitoring program is simulated using component maps inversely generated from
the limited performance deck data provided by engine manufacturer. The base
engine performance simulation program is evaluated because analysis results by
this program agree well with the performance deck data. The proposed on-line

condition program can monitor the real engine performance as well as the trend

_iX_



through precise comparison between clean engine performance results calculated
by the base performance simulation program and measured engine performance
signals. In the development phase of this monitoring system, a signal generation
module is proposed to evaluate the proposed on-line monitoring system. For user
friendly purpose, all monitoring program are coded by LabVIEW, and monitoring

examples are demonstrated using the proposed GUI type on-condition monitoring

program.
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APEEE AlTE 2999 Table 3-13% #2131, AAH 452 ths Table

Table 3-1. Operating range of PT6A-67

0~ 15 km
0705
-30 7 +30 C

Table 3-2. Design point performance of PT6A-67

Mass Flow Rate (kg/s) 4.613
Fuel Flow Rate (kg/s) 0.087643
Compressor Pressure Ratio 9.26
Compressor Exit Temp. (K) 615.33
Compressor Turbine Inlet Temp. (K) 1288.2
Shaft Horse Power (SHP) 1200
S.F.C(kg/kW -hr) 0.35259
Gas Generator Speed (RPM) 36308
Propeller Speed (RPM) 1700
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Figure 14-2. Compressor module
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(5) Power Turbine
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Figure 14-5. Power turbine module
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(6) Subsystem
@ Gas Property
Gas propertys H|@a%o] wE 7} FAFeo] 2wl uE F7|HL(CP)%

Aok E TFebe ARrde $ih mde oga 2uH40],

i

C,= A0+ A1 X TZ+ A2X TZ*+ A3X TZ°+ AAx TZ" (4)
+ ASX TZ°+ A6 X TZ + ATX TZ™+ A8 < TZ®



TZ= T/1000 5)

7] dry airdll #3 F AOFEH A8 vha3t

A0=0.992313 A1=0.236683
A2=-1.852148 A3=6.083152
A4=-8893933 A5=7.097112
A6=-3.234725 A7=0.794571
A8=-0.081873
C,= A0+ AL X TZ+ A2X TZ*+ A3 X TZ*+ A4 < TZ" (6)

+ASX TZ°+ A6 X TZ + AT X TZ"+ A8 < TZ®
+FAR/(14+ FAR) < (BO+ B1 X TZ+ B2x TZ*
+B3XTZ*+ BAX TZ*+ B5x TZ°+ B6 x TZ"

+BT< TZ")

o714 A BOFH B72 v 2

B0=-0.718874 B1=8.747481

B2=-15.863157 B3=17.254096

B4=-10.233795 B5=3.081778

B6=-0.361112 B7=-0.003919
T3k FARS dry aire] Fuel Air Tatio®ZA]

FAR=DH/(LHV-ETAB) where) ETAB=0.97 (7)

2 oA 2291 FARAZ LHV7F 43124[k]/kgl?l A =0l digh Aojun=

FAR1=0.1011842.00376 E— 05 %< (700 — T}) ®)

FAR2 = 3.7078 E-03 — 5.2368 E-06 < (700 — T}, ) — 5.2632E-06 X< T, (9)

FAR3 = 8.889E-09 x| T, — 950] (10)
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Figure 14-6. Gas property subsystem module
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v SG : Signal Generator
v AR : Analysis Result

v DS : Deviation Selection
v DN : Deviation Numeric
v DG : Deviation Graph

Figure 15. Signal generation module for virtual measuring
performance data
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Figure 18-1. Performance with Altitude variation at Flight Mach No. = 0.0

Table 4-1(a). Steady-stage Performance at Mach = 0.0, Alt. = 5000ft (1524m)

Compressor Output
. 10.1964 10.1851 1.0011

Pressure Ratio
Inter Turbine

991.3936 986.8934 1.0046
Temperature (K°)
Exhaust Gas

836.6700 832.6210 1.0049
Temperature (K°)
Fuel Flow Rate

0.0824 0.0823 1.0010
(kg/sec)
Shaft Horse Power

895.7214 894.8408 1.0010
(kW)
S.F.C (kg/kW-hr) 0.3318 0.3312 1.0016




Table 3-1(b). Steady-stage Performance at Mach = 0.0, Alt. = 25000ft (7620m)

Compressor Output
) 13.4662 13.4689 0.9998
Pressure Ratio
Inter Turbine
1039.4577 1038.2004 1.0012
Temperature (K°)
Exhaust Gas
840.0914 838.5309 1.0019
Temperature (K°)
Fuel Flow Rate
0.0548 0.0547 1.0017
(kg/sec)
Shaft Horse Power
644.9590 643.3759 1.0025
(kW)
S.F.C (kg/kW-hr) 0.3069 0.3061 1.0025

Table 3-1(c). Steady-stage Performance at Mach = 0.0, Alt. = 35000ft (10668m)

Compressor Output
) 14.2557 14.2397 1.0011
Pressure Ratio
Inter Turbine
1026.6956 1025.6780 1.0010
Temperature (K°)
Exhaust Gas
825.4604 824.5830 1.0011
Temperature (K°)
Fuel Flow Rate
0.0373 0.0372 1.0013
(kg/sec)
Shaft Horse Power
431.3762 430.9790 1.0009
(kW)
S.F.C (kg/kW -hr) 0.3118 0.3111 1.0022




Table 3-1(d). Steady-stage Performance at Mach = 0.0, Alt. = 40000ft (12192m)

Compressor Output
) 14.2644 14.2342 1.0021
Pressure Ratio
Inter Turbine
1028.2003 1026.1834 1.0020
Temperature (K°)
Exhaust Gas
828.8425 827.2990 1.0019
Temperature (K°)
Fuel Flow Rate
0.0295 0.0295 1.0000
(kg/sec)
Shaft Horse Power
332.7064 332.7076 1.0000
(kW)
S.F.C (kg/kW -hr) 0.3189 0.3188 1.0002

Table 3-1(e). Steady-stage Performance at Mach = 0.0, Alt. = 45000ft (13716m)

Compressor Output
) 14.0422 14.0138 1.0020
Pressure Ratio
Inter Turbine
1026.8096 1025.6609 1.0011
Temperature (K°)
Exhaust Gas
831.7024 830.7126 1.0012
Temperature (K°)
Fuel Flow Rate
0.0229 0.0229 1.0000
(kg/sec)
Shaft Horse Power
249.9885 249.9983 1.0000
(kW)
S.F.C (kg/kW-hr) 0.3295 0.3295 1.0001
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Figure 18-2. Performance with Flight Mach No. variation at Altitude = 0.0
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Table 4-2. Uninstallation Performance with Flight Mach No.

Compressor Output
. 9.272462 9.2632 1.0010
Pressure Ratio
Inter Turbine
975.0225 973.9012 1.0012
Temperature (K°)
Exhaust Gas
837.0955 836.296 1.0010
0 Temperature (K°)
Fuel Flow Rate
0.08774 0.087643 1.0011
(kg/sec)
Shaft Horse Power
896.2353 894.8351 1.0016
(kW)
S.F.C (kg/kW-hr) 0.352953 0.352595 1.0010
Compressor Output
. 9.216561 9.2075 1.0010
Pressure Ratio
Inter Turbine
977.7685 973.0366 1.0049
Temperature (K°)
Exhaust Gas
839.3286 835.5186 1.0046
0.1 Temperature (K°)
) Fuel Flow Rate
0.087503 0.08752 0.9998
(kg/sec)
Shaft Horse Power
897.0227 894.8139 1.0025
(kW)
S.F.C (kg/kW-hr) 0.352694 U0.352111 1.0017




Compressor Output
Pressure Ratio
Inter Turbine

Temperature (K°)
Exhaust Gas

Temperature (K°)
Fuel Flow Rate

(kg/sec)

Shaft Horse Power

(kW)

0.15

S.F.C (keg/kW-hr)

Compressor Output
Pressure Ratio
Inter Turbine

Temperature (K°)
Exhaust Gas

Temperature (K°)
Fuel Flow Rate

(kg/sec)

Shaft Horse Power

(kW)

0.25

S.F.C (keg/kW-hr)

Compressor Output
Pressure Ratio
Inter Turbine

Temperature (K°)
Exhaust Gas

Temperature (K°)
Fuel Flow Rate

(kg/sec)

Shaft Horse Power

(kW)

0.35

S.F.C (keg/kW-hr)

9.15898

974.4206

836.1466

0.087538

896.7598

0.352248

8.92732

970.6767

833.2913

0.08725

895.0148

0.350266

8.60387

967.247

830.3218

0.086712

894.9162

0.348184

9.1365

972.6106

835.1353

0.087439

894.8199

0.351783

8.9191

969.645

832.4654

0.087065

894.846

0.350268

8.6039

965.4458

828.6931

0.086537

894.8269

0.348149

1.0025

1.0019

1.0012

1.0011

1.0022

1.0013

1.0009

1.0011

1.0010

1.0021

1.0002

1.0000

1.0000
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1.0020
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1.0001

1.0001
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Table 5-2. Measured parameter change (MPC) trends depending on component fault
patterns
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Figure 22. MAMDANI type Fuzzy Inference System
for isolating faulted components
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Table 6. Implanted fault values (IFV) of engine major components
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Table 8. Results of faulted components isolated by Fuzzy Inference System
(IFC: Input fault cases, OFC: Output fault cases)
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Figure 25-1. Results of faulted components quantified by GUI based
diagnostic program(CASE 1 : single fault)
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Figure 25-2. Results of faulted components quantified by GUI based
diagnostic program(CASE 2 : single fault)
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Figure 25-3 Results of faulted components quantified by GUI based
diagnostic program(CASE 3 : single fault)
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Figue 25-4 Results of faulted components quantified by GUI based
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Figure 25-5 Results of faulted components quantified by GUI based
diagnostic program(CASE 5 : double fault)
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Figure 25-6 Results of faulted components quantified by GUI based
diagnostic program(CASE 6 : double fault)
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Figure 25-7 Results of faulted components quantified by GUI based
diagnostic program(CASE 7 : triple fault)
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function varargout = main_1(varargin)
% MAIN_1 M-file for main_1.fig

% MAIN_1, by itself, creates a new MAIN_1 or raises the existing

% singletonx*.

%

% H = MAIN_1 returns the handle to a new MAIN_1 or the handle to
% the existing singletons.

%

% MAIN_1('CALLBACK!' hObject,eventData,handles,...) calls the local

% function named CALLBACK in MAIN_1.M with the given input
arguments.

%

% MAIN_1('Property','Value',...) creates a new MAIN_1 or raises the

% existing singleton*. Starting from the left, property value pairs are
% applied to the GUI before main_1_OpeningFcn gets called. An

% unrecognized property name or 1nva11d value makes property apphcatlon
% stop. All inputs are passed to main_1_OpeningFcn via varargin.

%

% *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only
one

% instance to run (singleton)".

%

% See also: GUIDE, GUIDATA, GUIHANDLES
% Edit the above text to modify the response to help main_1
% Last Modified by GUIDE v2.5 02-Jun-2011 05:59:15

% Begin initialization code — DO NOT EDIT

gui_Singleton = 1;

gui_State = struct('gui_Name', mfilename,

gu1 Singleton', gui_Singleton,

'gui_ Openmchn @main_1_OpeningFcn,

gui_OutputFen', @main_1_OutputFcn,

gui_LayoutFen', [], ..

'gui_Callback', []);

if nargin && ischar(varargin{1})
dgui_State.gui_Callback = str2func(varargin{1});

en

if nargout
[varargout{l:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
% End initialization code — DO NOT EDIT



% —--- Executes just before main_1 is made visible.

function main_1_OpeningFcn(hObject, eventdata, handles, varargin)

% ‘This function has no output args, see OutputFcn.

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% varargin command line arguments to main_1 (see VARARGIN)

% Choose default command line output for main_1
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);

% UIWAIT makes main_1 wait for user response (see UIRESUME)
% uiwait(handles.figurel);

% —-- Outputs from this function are returned to the command line.
function varargout = main_1_OutputFcn(hObject, eventdata, handles)
% varargout cell array for returning output args (see VARARGOUT);
% hObject handle to figure

% eventdata reserved — to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
org_image=imread('PT6A-67.jpg");

image(org_image, 'parent' , handles.axesl);

set(handles.axes1, 'xticklabel',[],'yticklabel',[],'xtick’,[],'ytick',[]);

% Get default command line output from handles structure
varargout{l} = handles.output;

function a_Callback(hObject, eventdata, handles)

% hObject handle to a (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String") returns contents of a as text
% str2double(get(hObject,'String')) returns contents of a as a double

% —--- Executes during object creation, after setting all properties.
function a_CreateFcn(hObject, eventdata, handles)

% hObject handle to a (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor"))

: set(hObject,'BackgroundColor','white");
en



function b_Callback(hObject, eventdata, handles)

% hObject handle to b (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of b as text
% str2double(get(hObject,'String')) returns contents of b as a double

% —--- Executes during object creation, after setting all properties.
function b_CreateFcn(hObject, eventdata, handles)

% hObject handle to b (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB

% handles empty — handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject,'BackgroundColor"),

get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white');

end

function c_Callback(hObject, eventdata, handles)

% hObject  handle to ¢ (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of ¢ as text
% str2double(get(hObject,'String')) returns contents of ¢ as a double

% —--- Executes during object creation, after setting all properties.
function c_CreateFcn(hObject, eventdata, handles)

% hObject handle to ¢ (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor"))

: set(hObject,'BackgroundColor','white");
en

function d_Callback(hObject, eventdata, handles)

% hObject handle to d (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of d as text
% str2double(get(hObject,'String')) returns contents of d as a double

% —--- Executes during object creation, after setting all properties.
function d_CreateFcn(hObject, eventdata, handles)



% hObject handle to d (see GCBO)
% eventdata reserved — to be defined in a future version of MATLAB
% handles empty — handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor"),
get(0,'defaultUicontrolBackgroundColor"))

’ set(hObject,'BackgroundColor','white');
en

function e_Callback(hObject, eventdata, handles)

% hObject  handle to e (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of e as text
% str2double(get(hObject,'String')) returns contents of e as a double

% —--- Executes during object creation, after setting all properties.
function e_CreateFcn(hObject, eventdata, handles)

% hObject handle to e (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor"))

: set(hObject,'BackgroundColor','white");
en

function f_Callback(hObject, eventdata, handles)

% hObject handle to f (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of f as text
% str2double(get(hObject,'String')) returns contents of f as a double

% —--- Executes during object creation, after setting all properties.
function f_CreateFcn(hObject, eventdata, handles)

% hObject handle to f (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor"))

: set(hObject,'BackgroundColor','white");
en



function g_CallbackhObject, eventdata, handles)

%
%
%

%
%

%

hObject handle to g (see GCBO)
eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

Hints: get(hObject,'String') returns contents of g as text
str2double(get(hObject,'String')) returns contents of g as a double

--- Executes during object creation, after setting all properties.

function g_CreateFcn(hObject, eventdata, handles)

%
%
%

%
%

hObject handle to g (see GCBO)
eventdata reserved — to be defined in a future version of MATLAB
handles empty — handles not created until after all CreateFcns called

Hint: edit controls usually have a white background on Windows.
See ISPC and COMPUTER.

if ispc && isequal(get(hObject,'BackgroundColor"),
get(0,'defaultUicontrolBackgroundColor"))

set(hObject,'BackgroundColor','white');

end

function h_Callback(hObject, eventdata, handles)

%
%
%

%
%

%

hObject handle to h (see GCBO)
eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)

Hints: get(hObject,'String') returns contents of h as text
str2double(get(hObject,'String')) returns contents of h as a double

-—-— Executes during object creation, after setting all properties.

function h_CreateFcn(hObject, eventdata, handles)

%
%
%

%
%

hObject handle to h (see GCBO)
eventdata reserved - to be defined in a future version of MATLAB
handles empty - handles not created until after all CreateFcns called

Hint: edit controls usually have a white background on Windows.
See ISPC and COMPUTER.

if ispc && isequal(get(hObject,'BackgroundColor"),
get(0,'defaultUicontrolBackgroundColor"))

set(hObject,'BackgroundColor','white");

end

%

—--— Executes on button press in runl.

function runl_Callback(hObject, eventdata, handles)

%
%
%

e 0O A0 T®

hObject handle to runl (see GCBO)

eventdata reserved - to be defined in a future version of MATLAB
handles structure with handles and user data (see GUIDATA)
str2num(get(handles.a,'string"));

str2num(get(handles.b,'string"));

str2num(get(handles.c,'string"));

str2num(get(handles.d,'string"));

str2num(get(handles.e,'string"));

str2num(get(handles.f,'string"));

str2num(get(handles.g,'string"));



h = str2num(get(handles.h,'string'));
assignin('base','a',a);

assignin('base’, 'b',b);
assignin('base','c',c);

assignin('base’, 'd d)

assignin('base',' ;
assignin('base’,
assignin('base','
assignin(‘base' 'h',h)'
[tout,xout,yout] = sim('pt6a");

% —--- Executes on button press in runZ2.

function run2_Callback(hObject, eventdata, handles)

% hObject  handle to run2 (see GCBO)

% eventdata reserved — to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
[tout,xout,yout] = sim('pt6a');

dfl = yout(1,1);
df2 = yout(2,2);
df3 = yout(3,3);
df4 = yout(4,4);
df5 = yout(5,5);
df6 = yout(6,6);

[df1 df2 df3 df4 df5 df6];
barh(Y 0.5,'r' 'parent handles.axes?2)
set(handles. axesZ 'vticklabel', [ ]);
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