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1 Turbine =
5 Million

MWh / Year!

Powers
~500,000

Houses / Year!
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How Does It Work?!

Compressor Turbine

Combustion
BucketNozzle
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8

Stage 3 Bucket

~25 lb Stationary
~300,000 lb Rotating

Hummer  ~6400 lb
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�

Stage 3 Bucket
1793 HP

Cadillac XLR-V
443 HP
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What is the Purpose of a DoE?

• Reduce Failure Mode

1) FLEX / BENDING 2) TORSION

1

2
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Achieving DoE with Part Families

What is the Purpose of a DoE?

• Iteration and Optimization

1
2
3
4
5
6
7
8
9
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Achieving DoE with Part Families

What is the Purpose of a DoE?

• Trade Study – Optimal Combinations

Criteria A

C
ri

te
ri

a
 B
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Benefits of Unigraphics for DoE?

•Multiple Sketches When
Designing to Extremes

Contents of  Section:

• 4 Parametric Sketches

• 3 Parametric Studio Splines
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Benefits of Unigraphics for DoE?

• Ability to Name Expressions

throat_te=s1_Throat_Width_DO+s1_TE_Diameter/2

te_angle=s1_Unguided_Turning_Angle

Ø throat=s1_Throat_Width_DO

R throat=s1_Throat_Width_DO

1) Visual
2) Formulas

3) Downstream Users
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Benefits of Unigraphics for DoE?

• CAD is the Virtual Part 

Part Family Master

Changing Airfoil Parameters 
Affects Entire Bucket Tip to Shank,
and Vice Versa
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Achieving DoE with Part Families

Benefits of Unigraphics for DoE?

•Tagging Faces for FEA Repeatability 2001
2002

2003

2004

Add Tagging to Part Family Master

Tip:
Sequential 
Naming
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Benefits of Unigraphics for DoE?

• Part Families is the Money Maker of  a DoE

Tip:
Mix and Match 
for Optimization

Part Families Aren’t Just for Standard Parts
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Part Families Output

Verify Part
Apply Values
Update Parts

Create Parts
Save Family
Cancel

PartFamily
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Achieving DoE with Part Families

Benefits of Unigraphics for DoE?

• Knowledge Fusion for Automation

1) Be Picky on What is KF
2) Choose Key People to be 

Your KF Programmers
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Aero

Engineering

Product Definition

Engineering

Life Cycle of a DoE – Forward and Back

Start
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Fully Parametric Part Family 

Method Saved 6 Months – 9 Months 

on This Particular DoE

Time Savings =

Money Savings
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Achieving DoE with Part Families

Demo Will Include… Also See Appendix

• Part Families => Live DoE Run
• KF Program => List Results
• Basic Sketcher => Define Requirements
• Tagging UG Faces => FEA Mesh
• Copy / Paste Feature => Quick Duplication
• Sectioning => Visual Comparison
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Demo
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Appendix
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UG Model
Parameters
Using Sketcher

Determine DoE
Requirements

Using Part Families

Generate DoE
Run Models via
Part Families

Attribute Tag
Faces for
Analysis

Associate
Mesh

Preprocessing

Determine
CG of Section
via KF program

Output for
Analysis

Post-
processing

Determine
P/A (pull/area)
via KF program

yesDesign
Intent Met?

no

Design
Complete

Design Process
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1

3

Part Families Input

2) Choose Needed 

Expressions then 
Add Column

Tip: Mix and Match 
for Optimization

Tip: Save to Native UG
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4

Part Families Output

• Headers will Show in 

Row #1
• Add Part Variables in 
Rows #2-40
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Part Families Output

Verify Part
Apply Values

Update Parts
Create Parts
Save Family
Cancel

PartFamily

• Highlight Desired Rows 
then Select Create Part
from Pull Down
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Tip Shroud KF Program
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Dialog Identifiers:

Quantity of Buckets – QTY_OF_BUCKETS

Engine Speed (RPM) - ENG_RPM

PoA Listing Window – POA_LISTING_WINDOW_DATA

PoA Data File –WRITE_FILE_FOR_POA_FILE

Aero Listing Window – AERO_LISTING_WINDOW_DATA

Aero Data Files – AERO_WRITE_AERO_FILES

Throat Sections needed – NUMBER_OF_THROAT_SECTIONS

Throat Listing Window – THROAT_LISTING_WINDOW_DATA

Throat Data File –WRITE_FILE_FOR_THROAT_FILE

Sections Needed – NUMBER_OF_PATENT_SECTIONS

Number of points per section – NUMBER_OF_PATENT_POINTS

Patent Listing Window – PATENT_LISTING_WINDOW_DATA

Patent Date File -WRITE_FILE_FOR_PATENT_FILE

Pull over Area (PoA) KF Program
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KF Program Code to Write Data to File
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KF Program Code to Print Data to Listing Window
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Achieving DoE with Part Families

Long Method

Preferred

Method

Tagging Faces for FEA
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Tagging Faces for FEA

Option 1 – single name

AIRFOIL
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2001
2002

2003

2004

Tagging Faces for FEA

Option 2 – Sequential
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Expression Naming and Filtering
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Achieving DoE with Part Families

Copy / Paste Feature

1

2

3
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Copy / Paste Feature

4) New Datum
For Sketch

5) Datums Used
For Positioning

4

5
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Model Sectioning

Pick Arrow and 
Drag Normal to 
Section Plane
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Questions?

Linda Farral

GE Energy
Product Definition
Team Leader

linda.farral@ge.com

Tommy Hayes

GE Energy
Product Definition
Technical Leader
tommyd.hayes@ge.com

Other Key Contributors:  Craig Humanchuk, Jon DeLong


