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Micro-Mechanics Based Static/Fatigue Analysis

Challenge
The key challenge is to analytically calibrate both static and fatigue in-situ fiber and matrix

properties of the Unidirectional (UD) lamina with high accuracy and in a very short time. The
results will then enable the user to predict the elastic and mechanical performance of mixed
layups under both static and fatigue conditions. Alpha Stars commercially available material
modeling tool MCQ-Composites can be efficiently used to perform such calibrations
analytically with high accuracy and shorter turnaround time.

The objective of this case study is to perform static calibration of a laminated tape, based on
five ASTM static tests (tension and compression for D3039 and D3410, and a shear test
D3518). The shear stress-shear strain curve from a t 45 specimen loaded in tension (D3518)
was used to reverse engineer matrix non-linear stress strain curve. In addition, based on two
ASTM cyclic tests, fiber and matrix effective (in-situ) S-N degradation curves of the UD lamina
is reverse engineered.

Solution
Classical Laminate Theory (Analytical) and Micro-Mechanics based methodology is employed.
The step by step solution process is shown

next: Key Highlights & Benefits
e Step-1: Fiber/Matrix/ Ply Calibration

e Step-2: Material Non-Linearity Analysis Product: MCQ-Composites

e Step-3: Laminate Mechanics Analysis Industry: Aerospace and Automotive

e Step-4: Constituent Fatigue Life Analysis Application: Material Calibration and Validation

e Step-5: Progressive Fatigue Life Analysis Benefits: Rapid assessment of properties, Reduction

in testing with cost savings, Strength allowable for

. reliability, Identification of damage

w initiation/propagation to failure, Identification of

e Generate fiber and matrix in-situ damage/failure modes and Results verified with test

properties, as well as the matrix non- | data

linear stress-strain curve based on given five ASTM static test results.
e Generate fiber and matrix in-situ S-N degradation curves.
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e Predict the elastic and mechanical performance of mixed layups under both static and
fatigue loading.

Input Output
Effective Fiber (IM7) Properties
Symbol Units Effective
ASTM Tests Longitudinal Young's Modulus Ef1q [GPa] 277.027
Transverse Young's Modulus Ef2 [GPa] 13.037
o, o Shear Modulus Gii2 [MPa] 11.247
Shear Modulus Gz [MPa] 4698
o' Phy: LC. Poisson’s Ratio Vfi2 H 0.242
Poisson's Ratio Viza H 0.387
Longitudinal Tension Strength Stt [MPa] 4108.442
90" Ply: LT. Longitudinal Compression Strength Stic [MPaj 2274 940
Effective Epoxy (977-3) Properties
ikl Symbol Units Effective
Young's Modulus Em [GPa] 3.438
445" Ply: LT, Poisson's Ratio Vm Iz 0432
Tension Strength SoT MPa] 81.279
Compression Strength Smc [MPa] 344 975
Shear Strength Sms [MPa] 154 941
5 ASTM UD laminate static test Effective properties of fiber and matrix
Laminate SXXT Laminate SXXC Laminate SXYS
— 3000 - _— 100
:“T 2500 :N-_ 1500 F
£ E E 0E
2000
£- E o £
"E" 1500 ?.- ?.- &0
1000 .
500 .
- %
H oo b oo b oo
0.000 0.005 0010 0015 00000 O00ES 00050 OOOTS 00100 000 00 0080 0O0Ts 04
STRAIN {mm/mm} STRAIN {mm/mm) STRAIN {mm/mm}
|-+ Laminate SXXT 4k Test Curve SXXT | |-+ Laminate SXXC i Test Curve SXXC| |-+ Laminate SXYS dlb Test Curve SXYS
Laminate SYYT Laminate SYYC Options
gu Fm Show Test Data
E 40 E
E " E Export to Strain Limits
Z Z 1w
ﬁ @ a Export All Curves
e " : ¥
'1-7.'! o 'HTJ o Import Test Curves
0000 0001 Q002 0003 004 0005 D008 000 0000 0005 0010 0015 0020 Q025 0060
STRAIN {mm/mm) STRAIN {mm/mm} Clear Test Curves
|-+ Laminate SYVT dlh Test Curve SYVT| |-+ Laminate SY¥C d Test Curve SYYVC| Refresh Graphs
Laminate Mechanics Analysis (MCQ Prediction vs. Test)
Carbon Fiber Composite IM7-9773 — Static Calibration in MCQ-Composites
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Calibrated Stress Cycle Curve for SIGXX
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2 ASTM UD laminate cyclic test Calibrated Effective S-N Curve of fiber and matrix
Ply Damages for Load Step 316
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Through thickness ply damage chart
IM7-9773 — Fatigue Calibration and Progressive Fatigue Life Analysis in MCQ-Composites
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