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The Tools 
Abaqus/CAE plug-ins 

True-Load™ 
Turns Components into load transducers 

True-QSE™ 
Quasi-Static Events 
Linearly Superimpose results via user defined functions 

True-LDE™ 
Linear Dynamic Events 
Post-Process Abaqus linear dynamic solutions 
*MODAL DYNAMIC, *STEADY STATE, *RANDOM RESPONSE 

fe-safe® 
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True-Load™ 

Overview … 
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Motivation 

• What’s the load? 
 

• True-Load provides 
– Strain correlated loading 
– Full field knowledge from a 

handful of strain gauges 
– Easy interface to fe-safe® 

• First to market solution 
 



True-Load™ True-QSE™ True-LDE™ 

Traditional Methods 

Load Transducers 
Expensive 
Requires changes to 
components / systems 
Changes stiffnesses 
Changes load paths 
Not aligned to analysis 

Strain Gauges 
Heuristic Placement 
Complex loading  
Complex strains 
Impossible to correlate 
to FEA 
Unique loading recipe 
at every point in time 

GIGO   Doomed to repeat design / analyze / build / test 
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The True-Load™ Solution 

• In-situ load measurement 
• Turns complex components into multi-channel load 

cells for recording load histories 
 

• Leverages FEA Model and Test Data 
• Works with Abaqus CAE 
• Optimal placement of Strain Gauges 

 
• Direct interface to fe-safe® 
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The True-Load™ Workflow 

FEA Unit 
Loads 

Virtual Gauge 
Placement 

True-Load/Pre-Test 

Strain 
Measurement 

Loading from Strains 
True-Load/Post-Test 

Evaluate 

Design Analyze 

True-QSE™ Loading Functions 

Loading Functions, FEA 

Lo
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g 
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Linear Systems and Loads 
Loads 

Displacements Strains Are Proportional to 

In other words 

𝐹𝐹 = 𝐾𝐾𝐾𝐾 
and 

𝜀𝜀𝜀𝜀 = 𝐹𝐹 

F, Load vector 
K, Stiffness matrix 
𝜖𝜖, Strain matrix 
C, Correlation 
Matrix 

Forces from strains 
𝐹𝐹 = 𝜀𝜀𝜀𝜀 

From Test 

From FEA 
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Problem Statement 
Airplane Wing Dynamic Loading 

Need to understand dynamic loading on the 
wing in order to make design improvements 
 
Coupled Structural  / CFD analysis is 
expensive and does not capture all 
operating conditions 
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Unit Loads / Gauges 

Gauge Placement 

Unit Loads 
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Correlation / Loads / Results 
Strain Plot 

Green – Measured 
Blue – Simulated 
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Front End Loader 
Strain Plot 

Green – Measured 
Blue – Simulated 
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Commercial ZTR Tractor 

Strain Plot 
Green – Measured 
Blue – Simulated 

Baseline 

Iteration #1 Iteration #2 

Iteration #3 Iteration #4 
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Sliding Load Application 

Stationary Loads 

Sliding Loads 

Gauge Placement 
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Wheel Load Transducer Concept 
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Wheel Load Transducer Concept 
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True-Load™ Summary 

•  Optimal Strain Gauge placement based on FEA unit loads 

•  Unprecedented Strain Correlation on all strain channels 

•  Strain Correlated Load histories 

• Reduced test and analysis time correlating loads 

• Reduced test costs (transducers, testing, labour) 

• Knowledge of the True Loading on structure 

• Saving $$$ by eliminating iteration cycles 
 

True-Load™ will revolutionize your product development through: 
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True-LDE™ 

Linear Dynamic Events 
Overview … 
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Traditional Linear Dynamics 
w/ Abaqus  True-LDE Motivation 
Large storage requirements for field data 
Need to know nodes & elements for generating 
*HISTORY requests apriori 
Solution times can be slow (due to storage) 
New XY plots require resubmitting the deck 
Modal mass participation not obvious 
Pre-Load not considered in results 
 
Not intuitive 
Batch mode oriented 

“To conquer frustration, one 
must remain intensely 
focused on the outcome, not 
the obstacles.”  
― T.F. Hodge 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=B43ssf3cB-0QDM&tbnid=gQruNwUoD5pkjM:&ved=0CAUQjRw&url=http://www.culpwrit.com/2013/09/17/as-job-search-frustration-grows-you-must-have-a-plan-and-keep-your-head-in-the-game/&ei=3CtoUuyEM4XYyQGp3YCABA&bvm=bv.55123115,d.aWc&psig=AFQjCNEdCTjnriNHFhmSoMVKdg9_RgjpfQ&ust=1382644883293049
http://www.goodreads.com/author/show/4636732.T_F_Hodge
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True-LDE™ - Basic Concept 

� =≫ 

Modes 

MPF 
(Generalized 
Displacements) 

Nodal  
Functions 

Elemental 
Functions 

Operating 
Deflection 
Shapes 

FEA Based 
Fatigue 

fe-safe® 
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True-LDE™ - Important Features 
• Include Pre-Load 
• No field results stored in the event step 

– Only Generalized Displacements 
• Supports 

– *MODAL DYNAMIC (time domain) 
– *STEADY STATE DYNAMIC (frequency domain) 
– *RANDOM RESPONSE (PSD domain) 

• Interface to fe-safe 
– All in time domain 
– Ready-to-run 
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A recent benchmark 
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True-LDE™ to fe-safe® 
• Strategy: 

– Represent fatigue problem in time domain 
– Create Loading Definitions in time to scale results on modes 

• *Modal Dynamics 
GUs(t) in Abaqus  LDFs in fe-safe® 

• *Steady State Dynamics 
GUs(𝜔𝜔), GPUs(𝜔𝜔) in Abaqus  
𝐺𝐺𝐺𝐺 𝑡𝑡 =  ∑𝐺𝐺𝐺𝐺 𝜔𝜔 ∗ sin (𝜔𝜔𝑡𝑡 + 𝐺𝐺𝐺𝐺𝐺𝐺 𝜔𝜔 )  
LDFs in fe-safe® 

• *Random Response 
GUs(𝜔𝜔)in Abaqus  
𝐺𝐺𝐺𝐺 𝑡𝑡 =  ∑𝐺𝐺𝐺𝐺 𝜔𝜔 ∗ sin (𝜔𝜔𝑡𝑡 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝜔𝜔 )  
LDFs in fe-safe® 
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True-LDE Solution Set Up 
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A session snapshot 

Pre-Load 

PSD Repeats 



True-Load™ True-QSE™ True-LDE™ 

Export to FEA fatigue 
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The Tools 
Abaqus/CAE plug-ins 

True-Load™ 
Turns Components into load transducers 

True-QSE™ 
Quasi-Static Events 
Linearly Superimpose results via user defined functions 

True-LDE™ 
Linear Dynamic Events 
Post-Process Abaqus linear dynamic solutions 
*MODAL DYNAMIC, *STEADY STATE, *RANDOM RESPONSE 

fe-safe® 
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Thank you! 
 

www.wolfstartech.com 
 
 

 

Wolf Star Technologies 
True-Load™, True-QSE™, True-LDE™ 

Susie Ralston 
Business Development Manager 
Susie.ralston@wolfstartech.com 

414-587-7427 

Tim Hunter, Ph.D. 
President 
Tim.hunter@wolfstartech.com 
414-243-4978 
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