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Is it Possible to Automate the Evaluation of a Gas Turbine‘s Condition?

Gas Turbine Measured Data

Manual EvaluationVisualization

Current Workflow

Machine Learning Automatic Evaluation

Envisioned Workflow
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Manual Inspection is Tedious

Problem 1: Manual inspection of data requires expert knowledge and is very time-consuming

Solution: Machine learning
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Real Engine Data Are Messy and not Labeled

Problem 2: Real measured data are messy, incomplete and not labeled

Solution: Synthetic data
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Synthetic Data Are Complete, Clean and Classifiable

• Cycle changes due to errors

Joule CycleGas Turbine Engine Model

• Compressor and turbine maps

• Simple combustion model

• Secondary air system model

• p, T, ሶ𝑚, 𝑦 at each state point
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Thermodynamic Cycle Calculations Are Used to Create Simulated Data

GateCycleTM

• Engine type: THM 1304-10N

• 11 different error types

• 12 error magnitudes (± 3 %, step size 0.5 %)

• Data Sets

- Training Data: ~50000 data points (gridded)

- Test Data: ~2000 data points (random)
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Fundamental Questions to Be Answered Using Synthetic Data

• Is it possible to identify different error types?

• Is it possibe to determine error magnitude?

• What is the best result that can be achieved?

• What effect does the number of predictors have?
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Different Classification and Regression Models Were Trained and Evaluated



May 17, 2022 Dr. Holger Huitenga, Dr. Yvonne Blum MATLAB Expo 2022 9

Neural Network Predicts Error Type

• Normal condition (no error) not used for training

• Error magnitude (normalized) varies from -1 to 1

Neural Net:

• Fully-connected network with two hidden layers

• Number of neurons: 21 / 50 / 25 / 8

• Datasplit: 90% / 5% / 5%

Engine Type: THM 1304-10N
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• Normal condition (no error) included in training data

• Normalized error magnitude varies from -1 to 1

Linear Regression Model:

• With Interaction Terms

• Data split: 95% / 5%

Linear Regression Model Determines Error Magnitude

Error Type RMSE R2

A_eff_34 0.11 0.97

A_eff_45 0.01 1.00

HdLa 0.00 1.00

HdLe 0.00 1.00

IGV 0.03 1.00

NdLe 0.03 1.00

ZP_2_m_Pkt 0.00 1.00

ZP_4_m_Pkt 0.00 1.00

eta_12 0.01 1.00

eta_34 0.01 1.00

eta_45 0.06 0.99

Engine Type: THM 1304-10N
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Three-Step Approach to Determine Error Type and Magnitude

1. Determine error type: 1 classification model

2. Determine error magnitude: 11 regression models

3. Subsequent identification of normal condition:

normalized error magnitude < 0.1
Engine Type: THM 1304-10N
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• Full set is only available on test bed

• Real-word data are much more limited

• How many and which predictors are necessary?

What Effect Does the Number of Predictors have?
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Engine Type: THM 1304-10N

Classification

Test Error [%]

Regression

RMSE

Regression

R2

Number of

Outliers

Full Set (21) 11.78 0.22 0.86 47

Set 1 (13) 15.75 0.14 0.94 0

Set 2 (11) 21.60 0.24 0.83 32

Error Detection is Possible with Reduced Data Set
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It is Possible to Determine the Condition of a Gas Turbine Using Machine Learning

Gas Turbine Measured Data Machine Learning Automatic Evaluation
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Outlook

Short-term goals

• Testing the error detector on real measured data

→ Raw data of 18000 h with sample time of 20 ms

Long-term goals

• Real-time error detection at the engine’s location

• Sending reports to Oberhausen, Germany


