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Gas Path Analysis (GPA)
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Gas Path Analysis (GPA)

Engine fault and parameter relationship

(Courtesy of Urban L. A. AGARD-CP-165, 1975) 
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Fault tree & Fault Matrix
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Performance Simulation & Diagnostics

measurements Performance 

parameters
biases noises

Simulation

Diagnosis

ISABE short course material by Dr Yiguang Li, Cranfield University, 21-24 September 2022



5

Gas Path Analysis (GPA)

Direct matrix inverse approach

Engine model:

Expansion:

Linear engine 

model:

Solution:

0 – Nominal diagnostic point 

(ICM)

(FCM)
Δx

Δz

0
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Gas Path Analysis (GPA)

Linear engine model:
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Gas Path Analysis (GPA)

Non-dimensional linear engine model:
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Gas Path Analysis (GPA)

Inverse of a square matrix:

Adjoint of H
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Gas Path Analysis (GPA)

Sensor number > number of health parameters:

GPA solution for different sensor numbers:
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Gas Path Analysis (GPA)

GPA solution for different sensor numbers:
Sensor number = number of health parameters:

Sensor number > number of health parameters:

Sensor number < number of health parameters:

The result is best in a least-squares sense
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Gas Path Analysis (GPA)

Assumptions for GPA:

 A set of accurate measurement deltas (Δz) is available

- repeatable, free of measurement noise & bias

 The linear model represents engine performance 

accurately around a reference point

 The ICM (H) is invertible
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Gas Path Analysis (GPA)

 Simple

 Fast

 Fault detection

 Fault isolation

 Fault quantification

 Deal with multiple faults

Potential capabilities of linear GPA:
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Gas Path Analysis (GPA)

Challenges for linear GPA:

 Data repeatability

 Non-linearity

 Selection of measurements

 Smearing effect
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Gas Path Analysis (GPA)

Solutions to Challenges for linear GPA:

❖ Measurement noise

❖ Sensor fault

❖ Data uncertainty due to 

other factors – changing 

ambient and operating conditions, etc.

- noise filter

- sensor diagnosis to exclude 

faulty sensors

- data corrections
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Gas Path Analysis (GPA)

Solutions to Challenges for linear GPA:

- Non-linearity of engine performance

Non-linear GPA
Convergence of non-linear GPA:

 Under-relaxation

 Convergence criteria:
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Selection of instrumentation sets

- Selection of measurements

Solutions to Challenges for linear GPA:
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Selection of instrumentation sets

❖ Availability

❖ Number of sought faults & health parameters

❖ Sensitivity

❖ Correlation

❖ Redundancy

Solutions to Challenges for linear GPA:

- Selection of measurements
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Gas Path Analysis (GPA)

- Selection of measurements - sensitivity
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Gas Path Analysis (GPA)

- Selection of measurements - correlation
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Gas Path Analysis (GPA)

- Selection of measurements – sub-set & redundancy
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Gas Path Analysis (GPA)

Solutions to Challenges for linear GPA:

- Smearing effect / fault isolation

 Fault isolation using 

“Component Fault 

Cases (CFC)” concept

Component 

Fault Case

Pre-defined faulty 

components

CFC1 Compressor

CFC2 Burner

CFC3 Turbine 1

CFC4 Turbine 2

CFC5 Compressor + Burner

CFC6 Compressor + Turbine 1

CFC7 Compressor + Turbine 2

CFC8 Burner + Turbine 1

CFC9 Burner +Turbine 2

CFC10 Turbine 1 + TURBINE 2

Compressor combustor turbine

Compressor combustor turbine

True:

Smeared:
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GPA Index
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Gas Path Analysis (GPA)
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GPA Index and fault isolation

GPA Index 1

GPA Index 2Fault 

Signature

Engine

Degradation

Ambient & 

operating 

condition

CFC 1

CFC 2

CFC L

G

P

A GPA Index L
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GPA Index and fault isolation

0.4

0.5

0.6

0.7

0.8

0.9

1

C
FC

1

C
FC

2

C
FC

3

C
FC

4

C
FC

5

C
FC

6

C
FC

7

C
FC

8

C
FC

9

C
FC

10

G
P

A
 I
n

d
e
x

Engine Component Fault Cases

Compon

ent Fault 

Case

Pre-defined faulty 

components

CFC1 Compressor

CFC2 Burner

CFC3 Turbine 1

CFC4 Turbine 2

CFC5 Compressor + Burner

CFC6 Compressor + Turbine 1

CFC7 Compressor + Turbine 2

CFC8 Burner + Turbine 1

CFC9 Burner +Turbine 2

CFC10 Turbine 1 + TURBINE 2
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GPA Index and fault isolation

CFC1 CFC5 CFC6 CFC7

Compressor c -2.479 -2.544 -2.560 -2.616

c -3.577 -3.633 -3.622 -3.766

Burner b 0.375

Turbine 1 t1 0.222

t1 0.252

Turbine 2 t2 0.296

t2 0.089

Predicted engine degradation (Implemented fault: 

compressor Δηc=-2.5, ΔΓc=-4.5)
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Comparison between linear & non-linear GPAs

Linear GPA Non-linear GPA

Accuracy: Low Higher in general

Computation 

time: Short Slightly Longer

Convergence      No problem in general May diverge
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Monitored Parameters (where T is total

temperature and P is total pressure):

Rotational Speed of Compressor, P2,

T2, Fuel Flow, P4, T4

Implanted Fault

Fault Detected By Linear GPA

Fault Detected By Non-Linear GPA

Compressor Turbine 1 Turbine 2

Combustor

Fuel

2 4

Well defined GPA
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Poorly defined GPA
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(Calculation did not converge!)
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Example of using GPA

Performance analysis of a simple 1-spool Turbojet

Simulation through Turbomatch – Webengine Ver 3.0 Copyright 

© 2022 Cranfield University, United Kingdom

Parameter DP Value

Altitude 0

Mach number 0

Intake pressure recovery 99%

Relative humidity 60%

Compressor design pressure ratio 8.8

Compressor and Turbine efficiency 89%

Inlet mass flow 77.2 kg/s

TET 1141K

Power setting parameter / handle PCN

Power setting parameter / Handle: TET
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Example of using GPA

3T3PMeasurement 

parameters:

Health 

parameters:

Faulty Component: compressor

c c
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Example of using GPA

➢ Step 1: Calculate ICM – H

➢ Step 2: Calculate FCM – H-1

➢ Step 3: Calculate measurement deviation

➢ Step 4: Calculate health parameter deviation 

xHz


= zHx


= −1
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Example of using GPA – Step 1
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Example of using GPA – Step 1

PYTHIA 

Engine 

Model

cc

PP





/

/ 33

-1%

cc

PP





/

/ 33

cc
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



/

/ 33
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Example of using GPA – Step 1

Clean engine

Compressor

P3 T3

8.69212 561.62

Δηc/ηc ΔΓc/Γc ΔРRc/PRc

0.0                                0.0 0.0

Measurement

Degraded 

engine

Compressor

P3 T3

8.57235 559.32 

Δηc/ηc ΔΓc/Γc ΔРRc/PRc

0.0                              -0.01 -0.01

Measurement

Clean 

Measurement

Degraded 

Measurement:

(-1% in ΔΓc)

=




cc

PP

/

/ 33 (8.57235–8.69212)/8.69212

-0.01
= 1.377915
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Example of using GPA – Step 1

Clean engine

Compressor

P3 T3

8.69212 561.62

Δηc/ηc ΔΓc/Γc ΔРRc/PRc

0.0                                0.0 0.0

Measurement

Degraded 

engine

Compressor

P3 T3

8.57235 559.32 

Δηc/ηc ΔΓc/Γc ΔРRc/PRc

0.0                              -0.01 -0.01

Measurement

Clean 

Measurement:

Degraded 

Measurement:

(-1% in Δηc)

(559.32 – 561.62)/561.14

-0.01
= 0.40953
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Example of using GPA – Step 1

H = 
1.377915 -0.7401

0.40953 -0.70332

ISABE short course material by Dr Yiguang Li, Cranfield University, 21-24 September 2022



37

Gas Path Analysis (GPA) – Step 2
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adj H  

Determinant of H:

Adjoint of H:
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Example of using GPA – Step 2

Determinant of H:

a b

c d

H = 
1.377915 -0.7401

0.40953 -0.70332

|H| = 1.377915*(-0.70332) – 0.40953*(-0.7401)

= -0.666027
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Example of using GPA – Step 2

Adjoint of H:

(replacing each in H with its cofactor and transposing the result)

adj H = 

1.377915 -0.7401

0.40953 -0.70332

-0.70332 0.7401

-0.40953 1.377915
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Example of using GPA – Step 2

Inverse of H:

1

-0.666027
*

1.055996 -1.11121

0.614884 -2.06886

-0.70332 0.7401

-0.40953 1.377915
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Example of using GPA – Step 3

Linear engine GPA model:

zHx


= −1

ΔΓc/Γc

Δηc/ηc

ΔP3/P3

ΔT3/T3
= *
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1.055996 -1.11121

0.614884 -2.06886
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Example of using GPA – Step 3

Clean 

Measurement:

Degraded 

Measurement:

100

3

3

3

3

























T

T

P

P

?

Clean engine

Compressor

P3 T3

8.69212 561.62

Δηc/ηc ΔΓc/Γc ΔРRc/PRc

0.0                               0.0 0.0

Measurement

Degraded 

engine

Compressor

P3 T3

8.386 558.36

Δηc/ηc ΔΓc/Γc ΔРRc/PRc

?                                    ? ?

Measurement

ΔP3/P3

ΔT3/T3

8.386-8.69212

8.69212

558.36-561.62

561.62

-3.52181

-0.58046
*100 = *100 = 
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Example of using GPA – Step 4
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Example of using GPA – Step 4

zHx


= −1

ΔΓc/Γc

Δηc/ηc

-3.074

-0.96461= * = %

RMS = {[(-3+3.074)2 + (-1+0.96461)2]/2}0.5 = 0.0580039
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-3.52181

-0.58046

1.055996 -1.11121

0.614884 -2.06886


