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Objectives

Develop methodologies and validated analysis tools for
fatigue life and residual strength prediction for composite
rotorcraft structures

*Provide material properties for input to validate delamination
modeling of test articles

*Refine existing standards and develop new test methods for
evaluating interlaminar fatigue and fracture in laminated

composites

Understand the mechanics of delamination failure to ensure
that valid, applicable, and reliable mechanical property data is

developed




APPROACH

Collaborative research between NASA and U.S.
rotorcraft companies with the Vertical Lift Consortium,
to design, test, and analyze representative validation
test articles.

*Representative problems and designs developed with
partners

*Validation articles and characterization specimens
manufactured by partners

*Develop analytical models to predict delamination behavior
using commercial codes, characterization data, and test
article data
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Background - Delamination Characterization @/
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Specimens and Interlaminar Test Methods @/

*24-ply unidirectional laminate with Teflon insert embedded in mid-plane at
one end as starter delamination

*Table-top hydraulic load frames

*Automated system records load, displacement, compliance, and cycle count
Delaminated

Insert or

Pre-crack




Interlaminar Test Standards @

| Characterization Methods
* Established Standards
* Draft Standards and ASTM Round Robin activities
* Internal Methods

ASTM Fracture Fatigue

Standards Toughness Delamination
Growth

DCB (Mode I) D5528 D6115 Draft*

ENF (Mode Il) Draft* None None

MMB D6671 None None

(Mixed Mode I/11)

* Currently participating in Round Robin testing through ASTM committee D30.06



Precracking vs. Testing from Insert @/

== ——— resin pocket -

Problem: Imperfections at insert tip can
w===f————  influence G measurement
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Solution: Pre-crack specimen before
testing, to create sharp delamination tip

However: Pre-cracking in
Mode | causes fiber-
bridging , increasing
energy release rate as
delamination grows




Mode | and Il Fracture Toughness of IM7/8552 NA

. Mode | Fracture Toughness
Test Matrix

3.0
*Tested IM7/8552 specimens from 2 different : :
25F ]
manufacturers for Mode | and Mode Il ; ]
*Mode | specimens tested from insert only 6, 20f
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Mixed Mode Fracture Toughness of IM7/8552 NA

|Test Matrix

*Specimens from Source 1 only

*Specimens tested from insert and precrack
*3 mixed mode ratios

G,/G. =0.2,0.5,0.8

GC
in-lb/in?
'Results

*Tests from inserts and precracks

were similar for tests at 20% and
50% mode Il
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Composite Fatigue Delamination Testing @

[Delamination Onset Testing \Delamination Growth Testing
n
static Gc+ da/dN=AG._
Gmaxchd i
G hax l0g da/dN

4 .

No delamination growth

Cycles, log N log G

*One specimen used for both types of data
*Load levels chosen as percentage of G_
*Typically define onset as percentage increase in compliance



Fatigue Onset Response of ENF Specimens @/

|Mode Il Fatigue Growth
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Mode | and Mode Il Delamination Onset

'Test Matrix 1.6
*Initial loading at G___ = 50%, 40%, 30%, 14 ® Source 1
and 20% of G, 1.2 7 B Source 2
*Tested specimens from 2 different 1.0 1
manufacturers _Glma_X’ 0.8 1
*f=5 Hertz in-lbfin® ¢ |
10 0.4 -
* US Army European Research Office, 0.2 -
8 Report #N68171-98-M-5177 0.0 L L v
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Mode I/ll Delamination Onset

6.0
'Test Matrix 5.0 m  Mode Il
*Tested at 3 mode ratios o G,/G;
G,/G.=0.2,0.5,0.8 4.0 ® Model
*Tested at initial loading for G - — Fit data
G, = 50%, 40%,30% . tmax 3.0
and 20% of G_ in-lb/in 2.0
*Tests from insert '
* Tested specimens from 1.0
Source 1 only B | |
*f=2 Hertz 0.0 o o
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Delamination Resistance Curve for Mode |

2.8
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*Use delamination resistance curve, G, to normalize fatigue growth data in Mode |



Mode | Fatigue Delamination Growth @’
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*Same specimens used for testing «Normalized results show much better
toonset agreement compared to G, results
*Tested in displacement control Power law fit to results for all load levels have

*Frequency=5 Hz similar slopes



Mode Il Fatigue Delamination Growth @/

'Test Matrix Fatigue Growth Mode I
*Same specimens used for testing to onset g2 _

*Tested in load control L 509 G,
| C
*Frequency=5 Hertz L —— 40% Gy,
10-3 3 I 300/0 G"C
L —— 20% G,
1071
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| Results 10° n=5.66

*Power law fit to results for all load levels

have similar slopes 106l
*Similar behavior between different '
manufacturers .
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Mode l/ll Fatigue Delamination Growth @/
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Summary

*Developed fatigue test methods and data reduction procedures for Mode Il and
Mixed Mode I/Il testing

*Investigated the effects of a Teflon insert on Mode Il delamination

*Mode |, Mode Il and Mixed Mode I/Il fracture toughness and fatigue
characterization data for validation models

Future Work

*Mode Il and Mixed Mode I/Il fatigue delamination growth test standards will be
drafted for ASTM

*Material properties will be used for input to validate delamination fatigue life
prediction methodology on rotor spar and stiffened wing skin components






