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Introduction 
project overview 
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Å Heavy duty vehicle manufacturer 

ï Trucks 

ï Buses 

ï Recreational Vehicles 

ï Defense Vehicles 

ï Engines 

Å Simulation Critical Applications 

ï optimal designs 

ï reduced testing 

ï faster time to market 

ï innovation 

 

Navistar 
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Å Consulting Services 

Å 1999 Study in Best Practices 

ï Model Based Product Development (MBPD) Initiative 

ï evaluate all possible approaches to fatigue analysis 

Åweigh expense vs. accuracy 

ï recommend best practice 

ï establish methodological foundation for future fatigue simulations 

 

MSC Software 

4 



MSC Software Confidential  

Å Modal Superposition 

ï new method established 

Å tested & validated 

ï accounts for most physics 

Å transient inertial effects 

Å time history cycles 

ï most analogous with shaker 

test 

 

 

Historical Conclusions 

Å Other Methods 

ï less efficient 

ï less accurate 

ï more cumbersome 
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Introduction 
quick fatigue overview 
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Fatigue Overview 
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Fatigue Overview 
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cyclic testing to obtain fatigue material curve (S-N, e-N) 
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Fatigue Overview 
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s or e 

 

Å Similitude 

ï the life estimated in the test sample 

will coincide with those seen in a true 

component 

ï Palmgren-Miner Damage Summation 

Å n/N = damage 

N 

n 
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Introduction 
What is Nastran Embedded Fatigue 
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Å NEF = Nastran Embedded Fatigue 

Å Fatigue solver embedded directly into the fea tool 

ï stress extraction transparent to user 

Å Two approaches evaluated here 

ï Quai-Static 

ÅSOL 101 

ï Modal Transient 

ÅSOL 112 

 

What is NEF 
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Å Three Components of Fatigue 

ï Stress State 

ï Load History 

ï Materials (Life Curves) 

Å Historically each is handled completely separately 

ï differently sourced 

ï associated manually in the fatigue tool 

Å Stress State Recovery is the Most Challenging Component 

ï NEF integrates full fatigue life prediction capability inside the most well 

established and trusted stress recovery tool 

What is NEF 
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Å Embedded 

ï single source for all components 

Å stress, load, & material 

Å absolute minimal manual 

management 

ï accurate & efficient stress recovery 

ï unified domain expertise 

ï cross communication efficiency 

 

Embedded vs. Unembedded 

Å Unembedded 

ï multiple sources for each 

component 

Å extensive manual file management 

Å potential for error 

ï less efficient 

ï potentially less accurate 

ï separate domain experts 
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Model Summary 
physical test 
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Physical Test 
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Standard Industry Setup 

Åaccelerated road data 

 

Multiple Events 

Åforming a complex duty 

cycle 

 

Four Input Locations 

Åcab mounts at frame 

interface 

 

 

 

 

Shaker Stand 
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General Loading 
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Input  

Å4 mount locations 

Å3 axes per mount (x,y,z) 

Å12 total inputs 

 

Time Histories 

Å11 events 

Å12 inputs per event 

Å132 total time histories 

 

Data Points 

Å620 s total duration 

Å512 points per second 

Å12 histories per event 

Å3,802,280 total data points 

Loading Summary 
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Duty Cycle 
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Duty Cycle 

Å11 events 

Å58 minutes total 

Å1197 equivalent miles 

Load Combination 

Goal 

Å300,000 miles 

Å250.6 repetitions of the duty cycle 

Å242 hours (10.1 days) 

Åvisual inspection following each duty cycle 

Event # Name Description Duration (s) Repeats Total Time (s) 

1 ea10 Empty Abbreviated Belgian Blocks at 10 mph 38.0 4 152.0 

2 egvl Empty Gravel Road 14.0 3 42.0 

3 er20 Empty Railroad Crossing at 20 mph 6.0 3 18.0 

4 er30 Empty Railroad crossing at 30 mph 6.0 3 18.0 

5 lp10 Loaded Primary Belgian Blocks at 10 mph 96.0 5 480.0 

6 lp12 Loaded Primary Belgian Blocks at 12 mph 58.0 29 1682.0 

7 lp14 Loaded Primary Belgian Blocks at 14 mph 54.0 7 378.0 

8 lr20 Loaded Railroad Crossing at 20 mph 6.0 3 18.0 

9 lr30 Loaded Railroad Crossing at 30 mph 6.0 3 18.0 

10 ls20 Loaded Supplemental Course at 20 mph 34.0 2 68.0 

11 nois Shaped Noise 302.0 2 604.0 
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Model Summary 
analysis 
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Å Extensive Volume of Data 

Å Balance Accuracy & Efficiency 

ï solution time 

ï disk space 

ï manual management 

Å traceability 

 

Capturing the Physical Test 
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FEA Entity Summary 
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FEA 

Å91,783 elements 

Å85,491 quads 

Å6,033 triôs 

Å17 bars 

Å234 springs 

Å8 lumped masses 

Å96,793 nodes 

Å580,758 dof 

Entity List 
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Model Summary 
common components 
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Å Fatigue Consists of three fundamental inputs 

ï stress state 

ï load history 

ï fatigue materials (life curves) 

Å Common Across Analyses 

ï load history 

ï materials 

ï examined here 

Å Stress State Completely Different 

ï examined in separate sections of their own 

Common Inputs Across Analyses 
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Fatigue Materials 
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Common Regions  

Fatigue Subsets 

ÅTwo fatigue material regions 

Å64,934 element subset of full 

fea model 

 

Primary Region 

ÅA6 Galvanized Steel 

Å50, 116 elements 

 

Reinforcement Region 

Å50k Galvanized Steel 

Å14,818 elements 


