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Advanced Fiber Reinforced Polymer Materials 
Guidelines for Aircraft Design Certification Process

• Motivation and Key Issues 
– Aircraft manufacturers and airlines are investigating methods to reduce 

manufacturing costs and increase operational efficiency.  
– Major OEMs beginning to incorporate new processes for part manufacturing into 

production using advanced technologies.   
– Advances in vehicle development will likely accelerate during the next decade as 

new emerging technologies are applied to design and placed into production 
throughout the aircraft industry.   

– Research needed to prove the safety and integrity of these aircraft and advanced 
materials for the general public. 

Figure 1. Composite Material Classes (Source: Friedrich, Composite Materials) 



Development of Qualification Program

• Technical Monitor: Ahmet Oztekin

• NIAR Contacts: John Tomblin, Royal Lovingfoss, Rachael Andrulonis
• Industry Partners: TenCate, Toray, several steering committee members

• Overall Goals
– Primary goal: To develop a framework for the qualification of new and 

innovative composite material systems including guidelines and 
recommendations for their characterization, testing, design and 
utilization.

– Secondary goal: To transition the test data and guidelines generated in 
this program into shared databases, such as CMH-17.



Technical Approach

• Develop a framework to advance alternative composite materials 
into the aerospace industry. 

• Utilize the experience and framework of the NCAMP composite 
program as an example of process sensitive material 
characterization. 

• Assess the validity with equivalency testing.

TASKS 1 & 2:
Survey & 
Establish 
Steering 

Committee

TASK 3: 
Develop 

Qualification 
Framework

TASK 3: 
Validate 

framework with 
selected 
materials

TASK 4: 
Establish 
statistical 
guidelines

TASK 5:
Transition
- Material 

property data
- Guidelines



Tasks 1 & 2: Survey & Steering Committee 

• SURVEY
– Administered to the composites community through Survey Monkey (Oct – Nov 2016) to 

generate industry driven input on the development of a qualification framework for an 
advanced PMC material system. 143 responses received.

– The survey included multiple parts: 

1. Current PMC material forms and processes
2. Future/planned material forms and processes

3. Applications and parts

4. Factors affecting the decision making process when considering new PMC materials

5. Individual and company interest in serving on steering committee or contributing to 
CMH-17

• Industry Steering committee - Kick-off meeting held in February 2017
– Meetings/updates as required
– On-line portal

• Collaboration with CMH-17 



Survey Results: PMC Material Forms

C o n tin u o u s  

F ib er 
T h erm o p las tic

D isco n tin u o u

s  F ib er 
T h erm o p las tic

C o n tin u o u s  

F ib er 
T h erm o p las tic

D isco n tin u o u s  

F ib er 
T h erm o p las tic

Currently In Use 5 – 10 years

PM C  Form
N O W
[% ]

5-10 
Years [% ] C hange

C ontinuous F iber Therm oset 93 88 -5%
C ontinuous F iber Therm oplastic 42 67 60%
D iscontinuous F iber Therm oset 37 44 19%
D iscontinuous F iber Therm oplastic 34 48 44%
O ther 11 10 -5%



Task 3: Development of Qualification Program

GOAL: Generate the framework for a qualification test program including material and 
process specifications, test matrices, and documentation requirements. 
Objectives:
• Select advanced fiber PMC material and process to initially develop this framework. The material 

was selected with input from the steering committee. 
• Address quality aspects of the manufacturing process and the framework for a quality assurance 

program.
• Draft material and process specifications for selected material.
• Develop a test matrix including required physical and mechanical data.
• Generate substantial mechanical property test data necessary for development of statistical 

guidelines using accepted test standards for the selected material.



Project Status
• Material Selection

– TenCate - TC1225 (PAEK) unidirectional tape (semi-crystalline engineered polyarlyetherketone resin)

– Fiber form – originally AS4D ànow changed to T700 due to acquisition by Toray
• Current Activity

– Screening Studies à for development of test matrix
– Documentation – material and process specifications (initial release – update required)
– Test Plan (initial release – update required)
– Qualification Production 

§ Audit at TenCate (December 2017) – signed and complete (update required)

§ Panels to be fabricated by TenCate Netherlands facility
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Material Specification 

• Scope – form, application, classification
• Applicable Documents
• Technical Requirements

– Detail specification

– Constituent Material Requirements
– Prepreg physical and chemical requirements

• Quality Assurance
• Preparation for Delivery
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Process Specification (NPS 81225)

• Scope
• Applicable Documents
• Materials
• Test Laminate Fabrication (compression molding)
• Quality Assurance
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Test Matrix – typical thermoset 

Layup
(warp 

direction)
Test Type and 

Direction Property

Number of Batches x Number of 
Panels x Number of Test 

Specimens
Test Temperature/Moisture 

Condition
CTA RTA ETA1 ETW 

[0]8
ASTM D3039 0°
Tension

Strength, 
Modulus, and 
Poisson’s 
Ratio

3x2x3 3x2x3
(4) 3x2x3

[0]2 0
ASTM D6641 0°
Compression Modulus 3x2x3 3x2x3 

(1)(4) 3x2x3 3x2x3 
(3)

[90°]1 6
ASTM D3039 90°
Tension

Strength and 
Modulus 3x2x3 3x2x3

(4) 3x2x3

[90°]2 0
ASTM D6641 90°
Compression 

Strength and 
Modulus 3x2x3 3x2x3 

(1)(4) 3x2x3 3x2x3 
(3)

[90/0]4s ASTM D6641 0°
Compression (5)

Strength and 
Modulus 3x2x3 3x2x3 1x2x3 3x2x3 

(3)

[±45°]4 s
ASTM D3518 In-
Plane Shear

Strength and 
Modulus 3x2x3 3x2x3 

(4) 3x2x3

[90°]1 6 ASTM D790 Flex Strength 3x2x3 3x2x3 3x2x3

[0]3 4
ASTM D2344 Short 
Beam Strength 3x2x3 3x2x3 3x2x3 3x2x3

(%0º/%±45º/%90º)
Actual Test Type Test Type and Layup (5) Property

Number of Batches x Number of Panels 
x Number of Test Specimens

Test Temperature/Moisture 
Condition

CTA RTA ETW
(25/50/25 - QI)
UNT1

ASTM D3039 Un-notched Tension
[45/0/-45/90]2S

Strength & 
modulus 3x2x3

3x2x3 
(7) 3x2x3

(10/80/10)
UNT2

ASTM D3039 Un-notched Tension
[45/-45/0/45/-45/90/45/-45/45/-45]S

Strength & 
modulus 3x2x3 3x2x3

(7) 3x2x3

(50/40/10)
UNT3

ASTM D3039 Un-notched Tension 
[0/45/0/90/0/-45/0/45/0/-45]S

Strength & 
modulus 3x2x3 3x2x3

(7) 3x2x3

(25/50/25 - QI)
UNC1

ASTM D6641 Un-notched Compression 
[45/0/-45/90]3S

Strength & 
modulus

3x2x3
(4&7)

3x2x3
(6)

(10/80/10)
UNC2

ASTM D6641 Un-notched Compression 
[45/-45/0/45/-45/90/45/-45/45/-45]S

Strength & 
modulus

3x2x3
(4&7)

3x2x3
(6)

(50/40/10)
UNC3

ASTM D6641 Un-notched Compression 
[45/0/90/0/-45/0/45/0/-45/0]S

Strength & 
modulus

3x2x3
(4&7)

3x2x3
(6)

(25/50/25 - QI)
SBS1

ASTM D2344 Short Beam
[45/0/-45/90]3S 
(specimens may be taken from panels of similar layup)

Strength 3x2x3 3x2x3

(25/50/25 - QI)
OHT1

ASTM D5766 Open Hole Tension (1)
[45/0/-45/90]2S Strength 3x2x3 3x2x3 3x2x3

(10/80/10)
OHT2

ASTM D5766 Open Hole Tension (1)
[45/-45/0/45/-45/90/45/-45/45/-45]S Strength 3x2x3 3x2x3 3x2x3

(50/40/10)
OHT3

ASTM D5766 Open Hole Tension (1)
[0/45/0/90/0/-45/0/45/0/-45]S Strength 3x2x3 3x2x3 3x2x3

(25/50/25 - QI)
FHT1

ASTM D6742 Filled Hole Tension (2)
[45/0/-45/90]2S Strength 3x2x3 3x2x3 3x2x3

(10/80/10)
FHT2

ASTM D6742 Filled Hole Tension (2)
[45/-45/0/45/-45/90/45/-45/45/-45]S Strength 3x2x3 3x2x3 3x2x3

(50/40/10)
FHT3

ASTM D6742 Filled Hole Tension (2)
[0/45/0/90/0/-45/0/45/0/-45]S Strength 3x2x3 3x2x3 3x2x3

(25/50/25 - QI)
OHC1

ASTM D6484 Open Hole Compression (1)
[45/0/-45/90]4S Strength 3x2x3

(4) 3x2x3

(10/80/10)
OHC2

ASTM D6484 Open Hole Compression  (1)
[45/-45/0/45/-45/90/45/-45/45/-45]2S Strength

3x2x3
(4) 3x2x3

(50/40/10)
OHC3

ASTM D6484 Open Hole Compression (1)
[0/45/0/90/0/-45/0/45/0/-45]2S Strength 3x2x3

(4) 3x2x3

(25/50/25 - QI)
FHC1

ASTM D6484 Filled Hole Compression (2) 
[45/0/-45/90]4S Strength 3x2x3 3x2x3

(10/80/10)
FHC2

ASTM D6484 Filled Hole Compression (2)
[45/-45/0/45/-45/90/45/-45/45/-45]2S Strength 3x2x3 3x2x3

(50/40/10)
FHC3

ASTM D6484 Filled Hole Compression (2) 
[0/45/0/90/0/-45/0/45/0/-45]2S Strength 3x2x3 3x2x3

(25/50/25 - QI)
SSB1

ASTM D5961 Single Shear Bearing (3)
[45/0/-45/90]2S

Strength & 
Deformation 3x2x3 3x2x3

(10/80/10)
SSB2

ASTM D5961 Single Shear Bearing (3) 
[45/-45/0/45/-45/90/45/-45/45/-45]S

Strength & 
Deformation 3x2x3 3x2x3

(50/40/10)
SSB3

ASTM D5961 Single Shear Bearing (3) 
[0/45/0/90/0/-45/0/45/0/-45]S

Strength & 
Deformation 3x2x3 3x2x3

(100/0/0)
ILT

ASTM D6415  Interlaminar Tension Strength 
[0]30 (note: curved panel) Strength 1x1x6 1x1x6 1x1x6

(25/50/25 - QI)
CAI1

ASTM D7136 & D7137 Compression After Impact (1500 in.lb/in) 
(4) [45/0/-45/90]4S  (8) Strength 1x1x6



Screening Studies

• QUESTIONS:
– Does moisture uptake affect strength properties significantly? If not, consider removing ETW 

from test matrix.

– What elevated temperature(s) should be selected for qualification testing? Full 3 batch or 
single batch recommendations. 

• Test Temperatures: 
– Phase 1: 180°F, 250°F, and 350°F.
– Phase 2: 200°F, 225°F, 275°F 
– Phase 3: 400°F and 450°F

• Mechanical Properties:
– IPS – [+45/-45]4S

– SBS – [0]34

– OHC – [+45/0/-45/90]3S

• Physical Properties: DSC/DMA were evaluated 



Screening Results - IPS

2 - 5  c o u p o n s  @  e a c h  

c o n d it io n
A S T M  D  3 5 1 8

I N - P L A N E  S H E A R  R E S P O N S E  O F  P O L Y M E R  M A T R I X  C O M P O S I T E  M A T E R I A L S  B Y  

T E N S I L E  T E S T  O F  A  ± 4 5 ° L A M I N A T E  

0 . 2 %  o f f s e t  [ k s i ] 5 %  S t r a i n  [ k s i ] M a x  [ k s i ] M o d u l u s  [ M s i ]

1 8 0 A v e r a g e 4 .8 5 9 7 .5 9 8 2 4 .7 1 0 0 .5 1 4 5  s p e c im e n s

C V 2 .2 3 4 4 .7 9 2 1 0 .4 3 1 1 .5 1 9

2 0 0 A v e r a g e 4 .5 8 5 7 .0 4 2 2 1 .9 9 4 0 .4 9 1 5  s p e c im e n s

C V 3 .4 1 5 6 .9 8 2 8 .3 5 7 1 .7 0 4

2 2 5 A v e r a g e 4 .2 6 3 6 .7 2 4 1 9 .5 4 6 0 .4 6 2 5  s p e c im e n s

C V 2 .1 0 3 2 .6 2 2 4 .6 6 2 1 .6 1 5

2 5 0
A v e r a g e 3 .7 2 7 6 .0 3 1 2 1 .6 6 1 0 .4 0 4 5  s p e c im e n s

C V 1 .6 6 3 2 .0 0 3 4 .5 0 2 1 .2 5 0

2 5 0 A v e r a g e
3.030 5.749 23.104 0.302

4  s p e c im e n s

W e t C V
8.477 10.140 6.399 7.981

2 7 5 A v e r a g e 2 .6 2 5 4 .7 5 3 1 9 .7 5 3 0 .2 5 8 5  s p e c im e n s

C V 7 .2 5 2 5 .9 0 5 7 .3 8 6 4 .4 9 0

3 5 0 A v e r a g e 1 .1 3 2 2 .6 3 7 2 0 .2 0 0 0 .0 9 1 5  s p e c im e n s

C V 1 5 .4 1 5 1 1 .1 5 7 8 .2 5 9 1 7 .3 9 3

4 0 0 A v e r a g e 0 .9 7 7 6 .1 1 8 0 .0 7 1 4  s p e c im e n s

C V 8 .2 4 6 9 .9 9 5 8 .1 2 4

4 5 0 A v e r a g e 0 .8 0 6 0 .0 5 8 4  s p e c im e n s

C V 0 .6 9 7 2 .4 2 7



Screening Results - SBS

2-5 coupons @ each 
condition

ASTM D2344
SHORT-BEAM STRENGTH OF 

POLYMER MATRIX COMPOSITE 
MATERIALS AND THEIR 

LAMINATES 
Max [ksi]

180 Average 11.064 5 specimens
CV 2.970

200 Average 11.753 5 specimens
CV 2.579

225 Average 11.296 5 specimens
CV 2.382

250 Average 8.755 5 specimens
CV 3.270

250 Average 8.273 5 specimens
WET CV 5.660

275 Average 7.431 3 specimens
CV 4.731



Screening Results – OHC

2 - 4  c o u p o n s  @  e a c h  

c o n d it io n
A S T M  D 6 4 8 4  ( P R O C E D U R E  A )

O P E N  H O L E  C O M P R E S S I V E  S T R E N G T H  O F  P O L Y M E R  M A T R I X  

C O M P O S I T E  L A M I N A T E S  

M a x  [ k s i ]

1 8 0 A v e r a g e 4 1 .0 0 4 2  s p e c im e n s

C V 8 .9 5 %

2 0 0 A v e r a g e 3 8 .2 9 1 2  s p e c im e n s

C V 1 .6 0 3

2 2 5 A v e r a g e 3 8 .2 0 6 2  s p e c im e n s

C V 8 .4 8 3

2 5 0 A v e r a g e 3 4 .8 2 3 3  s p e c im e n s

C V 1 .2 4 %

2 5 0 A v e r a g e 3 4 .1 0 0 1  s p e c im e n

W E T

2 7 5 A v e r a g e 3 3 .4 7 5 3  s p e c im e n s

C V 1 .7 1 9

3 5 0 A v e r a g e 2 3 .3 1 0 2  s p e c im e n s

C V 8 .4 5 %

4 0 0 A v e r a g e 1 4 .9 4 2 4  s p e c im e n s

C V 5 .5 6 %

4 5 0 A v e r a g e 1 2 .1 7 9 3  s p e c im e n s

C V 6 .7 1 %



Test Plan

• Test Methods
• Panel and Specimen Identification
• Prepreg and Resin Testing
• Molded Laminate Physical Testing
• Molded Lamina and Laminate Mechanical 

Property Testing
• Inspection, conformance, witnessing, shipping
• Data reduction and reporting
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Lamina Test Matrix
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Laminate Test Matrix
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Task 4: Development of statistical guidelines

GOAL: Understanding of how parameters interact and affect variability as well 
as final allowables. 
• Establish qualification statistical requirements. The factors affecting 

variability will be assessed during this task.  

• Establish equivalency requirements including specification minimums for 
acceptance.

Data

Allowab
les

Equival
ency

Specifica
tion

limits



Task 5: Guidelines and Recommendations 

GOAL: To provide guidelines to industry for the collection of statistically 
meaningful critical data that designers need to utilize thermoplastic composite 
materials potentially including:
• Creation of a shared database to include material test data, material and 

process specifications and analysis methods.
• Development of handbook data and guidelines for CMH-17.
• Transition specification to SAE P-17.



TIMELINE – Based on FY2017 Deliverables

21

A ctivity
C om pletion  
D ate

M ilestone / 
D eliverable Complete?

1.1 Survey
- D evelop survey questions and adm inister to PM C  
com m unity
- C ollect survey results and analyze for input on m ateria l 
selection

11/30/2016 D eliverable ü

1.2 Industry S teering C om m ittee 
- Establish group of partic ipants 
- C reate online porta l for docum ent sharing and data 
repository

12/1/2016 M ilestone ü

1.3 Prelim inary drafts of qualification fram ew ork 
- M ateria l and process specifications
- Test p lan
- C onform ity docum entation 

6/30/2017 D eliverable ü



TIMELINE – Based on FY2017 Deliverables
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A ctivity Target D ate
M ilestone / 
D eliverable Complete?

1.1 Tria l / Screening S tudies (ongoing)

- Perform  therm al and m echanical tests to assist in  test m atrix 

developm ent and selection of e levated test tem perature 

- P resent data to FAA, Industry S teering C om m ittee, N C AM P 

Partners 

12/31/2017 M ilestone ü

1.2 Q ualification M ateria l 

- S ite audit com plete (scheduled for 12/7-12/8/2017) - ü
- Panels built and delivered to N IAR  (see next s lide)

10/29/2018 M ilestone

1.3 Q ualification Testing

- Perform  physical and m echanical testing on qualification 

panels.

– G enerate test data for qualification program . 

4/30/2019 M ilestone

1.4 D evelop S tatistical G uidelines based on qualification data 5/31/2019 M ilestone

1.5 N C AM P R eports on Q ualification D ata

- M ateria l technical report 

- S tatistical analysis technical report

6/30/2019 D eliverable

1.6 C M H -17 

- Subm it content, data, and protocols to C om posite M ateria ls 

H andbook 17 (C M H -17)

8/31/2019 D eliverable

1.7 Final R eport

- F inal Technical R eport on the G uidelines for Therm oplastic 

C ontinuous F iber PM C  Q ualification

8/31/2019 D eliverable



TenCate/Toray Schedule
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Looking forward

• Benefit to Aviation
– Framework for characterization of thermoplastic continuous fiber 

composites
– Understanding of ETW and ETA2 properties compared to typical 

ETA 
– Process specification for a thermoplastic – key process parameters 

required
– Material specification for a thermoplastic – key mechanical 

properties for spec minimums
• Future needs

– Other thermoplastic material forms
– Discontinuous PMCs – test matrix and processing spec 

considerations
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Screening Results – DSC and DMA

ASTM D7028 ASTM D3418


