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Environmental Factor Influence on Composite
Design and Certification

e Motivation and Key Issues

Moisture absorption characteristics of composites can be coupled with
realistic environmental data to design structurally efficient and economic

composite components.

 Objective
— Investigate the hygrothermal effects and ratchetting phenomenon on
thermal residual stresses

— Investigate the effects of ratchetting phenomenon on the microcrack
development and failure mode of splice joints

c A Cnter of lense
m Advaned Maferials i
Transport Alrcraft Structures
JOINT ADVANCED MATERIALS & STRUCTURES
CENTER OF EXCELLENCE




Viscoelastic Behavior of TRS due to Hygrothermal History
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Research based on:

Rothschilds, R. J., licewicz, L. B., Nordin, P., and Applegate, S. H., “The Effect of Hygrothermal Histories on Matrix Cracking in
Fiber Reinforced Laminates,” Journal of Engineering Materials and Technology, Vol. 110, pp. 158-168, 1988.
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Elastic Behavior of TRS
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Viscoelastic Behavior of TRS due to
Hygrothermal History
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Safety Concern!

Transverse
Residual
Stress

Allowable TRS

Ratcheting
Phenomena

\ Temperature

Stress
relaxation

c A Cnter of lense
m Advenced Mateniafs =
Tramsport Aieraft Structure 7
JOINT ADVANCED MATERIALS & STRUCTURES
CENTER OF EXCELLENCE




Residual Strength Evaluation

Tr;nsyctlars? * Residual strength tests will be conducted at
esiaua several combinations of temperature and
Stress moisture

»  Curvature of thin laminate along with micro-
mechanical analysis can be use as traveler
to determine TRS

\ Temperature




Hygrothermal Effects on
Composite Splice Joints

Thin Specimen Hygrothermal Cycling (HTC)

1.25
— Use curvature of thin unsymmetric
laminate as a measure of residual
stresses s

— Cycle thin laminate specimens through a
Crossman Loop

— Observe viscoelastic response and
residual stress relaxation

— Investigate ratchetting phenomenon

Specimen Configuration

Chord Height (Reprasentative of Curvature) [in]

— [0,/90,] and [0,/90,] Unsymmetric Layup 075

— Cytec T650/5320-1 UNI
— 290 °F Cure
— 1.5" x 10” specimens
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Cure Cycle
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Hygrothermal Cycling (HTC)

e Cincinnati Sub-Zero Z-Plus 32
Programmable Environmental Chamber

— Step 1. Temperature decrease at the dry
condition. (200°F / 5% RH - 140°F / 5% RH)

— Step 2: Moisture absorption at 140°F / 85%
RH. (140°F / 5% RH - 140°F / 85% RH)

— Step 3: Temperature increase at the wet
condition. (140°F / 85% RH - 200°F / 85%
RH)

— Step 4. Moisture desorption at 200°F / 5% RH.
(200°F / 85% RH - 200°F / 5% RH)
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Full Cycle

Specimens were kept in Step 2 (moisture
absorption) and Step 4 (desorption) untill
they reached the equilibrium condition of
less than 0.02% daily moisture weight gain

and weight loss, respectively. Teansvrse Residua

In Step 1 (temperature decrease) and Step
3 (temperature increase), the temperature
changes were made in increments of 20°F
and the specimens were kept at each
temperature for one day.

Over one month for a full cycle
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Accelerated Cycle

Specimens were kept in Step 2 (moisture
absorption) and Step 4 (desorption) only for
1 day.

In Step 1 (temperature decrease) and Step

verse Residual

3 (temperature increase), the temperature -

change was made in one increment of 60°F
and the specimens were kept at each
temperature for one day.

4 days for one full cycle
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Hygrothermal Cycling Schedule

Full Cycles
Accelerated Cycles
Full Cycle

Accelerated Cycles

Full Cycle

Cycle #1 Full Cycle
Cycle #2 - #29  Accelerated Cycles

Cycle #30 Full Cycle
Cycle #31 - #59 Accelerated Cycles

Cycle #60 Full Cycle
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Curvature [1/in]

Ratcheting Effects — 4-Ply Specimens
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Curvature of 4-Ply Specimens
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Ratcheting Effects — 8-Ply Specimens
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Curvature of 8-Ply Specimens
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Spliced Tensile Specimens

- Panels manufactured with the above splice configuration
- T650/5320-1 Unidirectional material
- T650/5320-1 Plain-Weave material

- Quasi-isotropic layup [45/0/-45/90]
- 0.5” Overlap, 0.05” Splice Gap
- 1.5"x12” tensile specimens
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8-Ply Spliced Tensile Specimens
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Summary of UNI

At end of initial drying

Cycle 1: At end of Step 2

Cycle 1: At end of Step 2 and then
held at -40°F for 1 day

Cycle 1: At end of Step 3
Cycle 1: End of cycle

Cycle 30: End of cycle

Cycle 60: At end of Step 2 and then
held at -40°F for 1 day

Cycle 60: At end of Step 3

Cycle 60: End of cycle
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Strength (ksi)
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PW — Tensile Strength
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Crossman Loop
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Summary

Increase in transverse residual stresses (TRS) as specimens were
cooled from cure temperature to room temperature

Moisture absorption decreased TRS towards stress free state
— Further absorption of moisture reversed the sign of TRS

As the temperature was increased on wet specimens, TRS
iIncreased in the opposite sign of stress

— Viscoelastic stress relaxation was observed towards the stress free state as the
temperature was increased on wet specimens

— VE response resulted in ratcheting phenomenon starting from cycle 1
Effects of hygrothermal cycling on mechanical properties of splice
joints indicated mixed results

— UNI RTA specimens showed a decrease in strength with number of HTC
» Significant strength knockdown on splice joints compared to pristine specimens

— PW RTA specimens did not show a significant strength reduction with HTC

Microcracks were not evident in splice area after 60 HTC
— Failure initiated at the outermost splice joint
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Looking Forward

 Benefit to Aviation
— Understanding of hygrothermal effects on splice joints

— Evaluation of ratcheting phenomenon and the effects of
transverse thermal residual stress history on

e Future needs

— Analytical model development accounting viscoelastic response
for predicting transverse residual stress of splice joints
undergoing hygrothermal cycling

m Jm l‘ll.".'i‘.“.'c'!f.'.'i_"F.'Ilil" "
Transport Alreraft Strucure 2 6
JOINT ADVANCED MATERIALS & STRUCTURES
CENTER OF EXCELLENCE



c m A Center of Excellence
Advanced Materials in
- - Transport Aircraft Structures

JOINT ADVANCED MATERIALS & STRUCTURES
CENTER OF EXCELLENCE




	Environmental Factor Influence on Composite Design and Certification�
	Environmental Factor Influence on Composite Design and Certification
	Environmental Factor Influence on Composite Design and Certification
	Viscoelastic Behavior of TRS due to Hygrothermal History
	Elastic Behavior of TRS
	Viscoelastic Behavior of TRS due to Hygrothermal History
	Safety Concern!
	Residual Strength Evaluation
	Hygrothermal Effects on �Composite Splice Joints
	Cure Cycle
	Hygrothermal Cycling (HTC)
	Full Cycle
	Accelerated Cycle
	Hygrothermal Cycling Schedule
	Ratcheting Effects – 4-Ply Specimens
	Curvature of 4-Ply Specimens
	Ratcheting Effects – 8-Ply Specimens
	Curvature of 8-Ply Specimens
	Spliced Tensile Specimens
	8-Ply Spliced Tensile Specimens
	Summary of UNI
	UNI – Tensile Strength
	PW – Tensile Strength
	Crossman Loop
	Summary
	Looking Forward
	End of Presentation.��Thank you.

