
CNRS • ENSMA • Université de Poitiers • UPR 3346

ISAE-ENSMA • Téléport 2 • 1, avenue  Clément Ader • BP 40109

F86961 FUTUROSCOPE CHASSENEUIL Cedex

C. Roiron1,3, E. Lainé1, J-C. Grandidier1, N. Garois2 and C. Vix-Guterl3

1 Institut Pprime, UPR3346 CNRS, ISAE-ENSMA, Université de Poitiers, France
2 Centre de Recherche Hutchinson, Châlette-sur-Loing, France

3 TotalEnergies S.A., Paris, France

CONTEXT

COMPOSITES OF INTEREST: SELF-

REINFORCED POLYETHYLENE (SRPE)

CONCLUSION

Major challenge: reducing energy consumption

THERMOMECHANICAL COMPREHENSION OF THE BEHAVIOR OF SELF-REINFORCED 

COMPOSITES AND ITS UHMWPE REINFORCEMENTS

In the automotive industry, it must be done during: 

o manufacturing phase,

o use phase,

o end of life of a vehicle
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On the market, are glass fiber reinforced 

Matrix: 
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Reinforcements:
Doyentrontex® commercial UHMWPE yarns
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PROCESS: COMPRESSION MOLDING

polymer composites

Compression molding process on a 

tensile machine
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THERMOMECHANICAL BEHAVIOR OF UHMWPE YARNS
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Monotonous tensile tests at 

different temperatures on yarns
Monoclinic 

phase

DSC of UHMWPE yarns
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Orthorhombic phase 
which guarantees mechanical properties

Solid phase 

transition

Hexagonal phase 
Chain sliding 

facilitated

Phase transition is influenced by:

• A solicitation

• The stress (holding of yarns)

• Annealing
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Complex behavior for the UHMWPE yarns

SPECIFIC BEHAVIOR OF SRPE COMPOSITES
Tensile tests with strain control 

thanks to marker tracking 
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Yarns are expressed from the beginning
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Inflection point present for all conditions 

analyzed

As a consequence of fibers misalignment

Related to a too fast cooling speed

Related to the nature of the matrix

Related to a degraded interface

Related to the nature of the SRP

Related to the intrinsic nature of UHMWPE reinforcements

Inflection point caused by the misalignment of the fibers due 

to their compression, generated during the cooling of the 

plates due to the large difference in the thermal expansion 

coefficients of the components

SEM observations of the section of 

a monofilament SRPE 
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Tensile tests performed on SRPA 

(Self-Reinforced PolyAmide)
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• Complex behavior of Doyentrontex® commercial yarns: observation of a behavior transition due to morphology transition under stress and/or 

temperature
• Specific behavior of SRPE for low deformations: appearance of an inflection point due to the large difference between the thermal 

expansion coefficients of the yarns and the matrix

• For these promising composites, and even more than for more conventional composites, it is very important to know the behavior of 

the reinforcements which is complex to improve the understanding and prediction of the thermomechanical behavior
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