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Motivation

 Composite materials: Fiber Reinforcement 

Polypropylene(FRPP) – Light weight, High Strength 

(Stiffness) /Weight ratios in FCA vehicles.

 Proving Ground (PG) durability Issues: Battery Tray 

& Storage Bin etc.

 Challenges: durability analysis of anisotropic 

material composite structures. 

Storage Bin
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Challenges

 Anisotropic behaviors

o Static Stress-strain Curves

o Fatigue Properties (SN Curves)

o (mean-stress effect) 

 Temperature effect 

Anisotropic behavior

Temperature effect

22°C
80°C
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Fatigue Analysis Approach for Random Short Fiber Reinforced Polypropylene

Material properties (stress-strain 
curve & fatigue curve) 
calculation using DIGMAT

Fundamental quasi-static and fatigue 
property tests on coupons:

 Angle = 0°, 20°, 45° & 90°
 R = -1, -0.5, -0.2, 0.1, 0.4
 22°C & 80°C

Fiber orientation in a coupon 
using MOLDFLOW

CAE model 

CAE stress analysis Loads

CAE fatigue analysis Load history

CAE Post Processing

Stress-strain 
curves

S-N curves

Fiber orientation in a component 
using MOLDFLOW
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Work Scope of The Study

 Material Property Testing

o Angle = 0°, 20°, 45° & 90°

o R = -1, -0.5, -0.2, 0.1, 0.4

o 22°C & 80°C

 Material Microstructure Measurement & Modeling 

o Plaque optical measurement

o Moldflow injection molding simulation

 Coupon Level Fatigue Analysis & Correlation

o Stress and strain curves

o Stress and fatigue curves

 Component Level Analysis and Correlation 

o Battery tray injection molding simulation

o Battery tray static strength and block cycle fatigue tests

o Battery tray fatigue analysis and correlations



Coupon: Injection Molding Simulation and Correlation 

• The percentage of fibers oriented at 

direction-1 and direction-2 along the 

thickness. 

• Good correlation between the optical 

fiber percentage measurement and 

injection modeling simulation.
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Coupon: Stress-Strain Curves

 Anisotropic effect

 Temperature effect

 Material behavior is anisotropic. The more fiber orientated at the flow direction, 

the material is stiffer at that direction  

 FRPP at 80°C becomes softer than at 22°C.  
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Coupon: Stress-strain Curve CAE Correlation

 Elasticity

 J2 Plasticity Model

 Tsai-Hill Failure Criterion

Good correlation between the experimental data and CAE prediction
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Coupon: Fatigue Properties with R-ratio Effect
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Coupon: Loading Ratio/Mean-stress Effect
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Coupon: Stress and Fatigue CAE Analysis

Fiber Orientation distribution 

Stress Distribution & Fatigue Life 

0 degree

20 degree

90 degree

Injection molded plaque
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Coupon: Stress and Fatigue CAE Analysis
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Battery Tray: Test Setup and FE Model

Test Setup & FE Model Loading Joint Details
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Battery Tray: Fatigue Tests

Tests at two load ratios: R= +0.3;  R= -0.3
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Battery Tray: Fatigue Test at R=+0.3

Crack Initiation location

Number of Cycles at Initial Crack

Part 1 45,000

Part 2 48,000

Part 3 39,000

The bench test is not designed to 

repeat the field failure of a production 

part, which is just a test-to-failure of a 

prototype part. 
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Battery Tray: Fatigue Test at R=-0.3

Number of Cycles at Initial Crack

Part 5 23,400

Part 6 25,800

Crack Initiation location
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Battery Tray: CAE Correlation-Injection Molding Simulation
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Battery Tray: CAE Correlation-Work Flow of Fatigue Analysis
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Battery Tray: CAE Correlation- Initial Damage Zone

Max principal stress for F= -1.3kN

High local stress at the crack initiation 

area

Initial Damage Zone is determined by 

stress Gradient. The stress must be 

stabilized over the area.

Initial damage zone is defined as the 

first 5 layers of elementsThreshold at 50 MPa
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Battery Tray: Fatigue Results – Number of Cycles

Loading Ratio 

= +0.3

Number of Cycles at 

Initial Crack

Part 1 45,000

Part 2 48,000

Part 3 39,000

Average 44,000

Fatigue Solver
Fatigue Life at crack 

Initiation (R= +0.3)

Fatigue Life at crack 

Initiation (R= -0.3)

Experimental 44,000 24,600

Digimat 35,605 29,684

nCode 48,283 22,818

Loading Ratio 

= -0.3

Number of Cycles at Initial 

Crack

Part 5 23,400

Part 6 25,800

Average 24,600
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Conclusions and Future Work
Conclusions:

 The physical static and fatigue properties of the 30% short glass fiber reinforced 

polypropylene are very useful for detailed and simplified CAE predictions of structures made 

of this kind or similar composite materials. They are also very valuable for product design of 

composite components.

 Results from CAE simulation have good correlations with test results for coupon level static, 

injection molding and fatigue behavior.  

 The predictions from CAE simulation have reasonable correlations with test results of the 

battery tray component under static and block cycle loadings. 

Future Work:

 Practice the procedures of injection molding, stress and fatigue analysis for coupons and the 

battery tray.

 Further study to verify/improve CAE prediction capability for fatigue of the battery tray under 

durability loads.

 Using enhanced simplified approach and the detailed simulation methodology, conduct 

fatigue analysis of battery trays for other programs. 
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