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Acronyms and Definitions 

ASTM  American Society for Testing and Materials 
B – Basis  95% lower confidence limit on the tenth population percentile 
CV  Coefficient of variation 
CTD  cold temperature dry 
CPT  cured ply thickness 
ETD  elevated temperature dry 
ETW  elevated temperature wet  
Gr/Ep  graphite/epoxy 
norm normalized 
RTD room temperature dry 
SACMA  Suppliers of Advanced Composite Materials Association 
SRM  SACMA Recommended Method 
Tply thickness divided by the number of plies provides the 

thickness average per specimen 
wet specimen with an “equilibrium” moisture content 
T, RH temperature, relative humidity 
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1.3 NIAR�± Hexcel Specimen Naming Format 
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1.4 References 

ASTM/SACMA Standards 
 

All testing was in accordance with nationally recognized standards, methods and 
procedures. Specific mechanical property test methods applicable to the test program in 
this document include: 
 

�x ASTM D2344/D2344M-00e1 – Standard Test Method for Short-Beam Strength of 
Polymer Matrix Composite Materials and Their Laminates 

�x ASTM D3039/D3039M-00 – Standard Test Method for Tensile Properties of 
Polymer Matrix Composite Materials 

�x ASTM D3518/D3518M-94(2007) – Standard Test Method for In-Plane Shear 
Response of Polymer Matrix Composite Materials by Tensile Test of a ± 45º 
Laminate In-Plane Shear Strength and Modulus 

�x ASTM D5766/D5766M-02a – Standard Test Method for Open Hole Tensile 
Strength of Polymer Matrix Composite Laminates 

�x ASTM D5961/D5961M-05e1 – Standard Test Method for Bearing Response of 
Polymer Matrix Composite Laminates 

�x ASTM D6415-06ae1 – Standard Test Method for Measuring the Curved Beam 
Strength of a Fiber-Reinforced Polymer-Matrix Composite 

�x ASTM D6484/D6484M-04 – Standard Test Method for Open-Hole Compressive 
Strength of Polymer Matrix Composite Laminates 

�x ASTM D6641/D6641M-01e1 – Standard Test Method for Determining the 
Compressive Properties of Polymer Matrix Composite Laminates Using a 
Combined Loading Compression (CLC) Test Fixture 

�x ASTM D6742/D6742M-02 – Standard Practice for Filled-Hole Tension and 
Compression Testing of Polymer Matrix Composite Laminates 

�x ASTM D7136/D7136M-05e1 – Standard Test Method for Measuring the Damage 
Resistance of a Fiber-Reinforced Polymer Matrix Composite to a Drop-Weight 
Impact Event 

�x ASTM D7137/D7137M-05e1 – Standard Test Method for Compressive Residual 
Strength Properties of Damaged Polymer Matrix Composite Plates 

�x SACMA SRM 18R-94 – SACMA Recommended Method for Glass Transition 
Temperature (Tg) Determination by DMA of Oriented Fiber-Resin Composites 
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1.5.3  Test Matrix 

The tables below show the lay-ups and test matrices used for lamina and laminate level 
testing. 
 

Layup Test Type and Direction Property 

Number of Batches x No. of 

Panels x No. of Specimens 

Test Temperature/Moisture 

Condition 

CTD RTD ETD ETW  

[0]6 
ASTM D3039 0° 

Tension 

Strength, 

Modulus and 

�3�R�L�V�V�R�Q�¶�V���5�D�W�L�R 

3x2x3 3x2x3  3x2x3 

[0]14 
ASTM D6641 0° 

Compression (Note 1) 
Modulus 3x2x3 3x2x3 3x2x3 3x2x3 

[90]11 
ASTM D3039 90° 

Tension 

Strength and 

Modulus 
3x2x3 3x2x3  3x2x3 

[90]14 
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1.5.4 Physical Testing 

The properties in Table 1-3 were determined for each panel used for test coupons with 
the exception of Tg by DMA which were conducted on one laminate per batch from 
each oven cure conducted where that batch is present. The tests were performed by the 
National Institute for Aviation Research (NIAR) Composites Laboratory under the 
supervision of NCAMP.   
 

Property Condition/Method (Note 1) Min Replicates per 

panel 

Cured Ply Thickness ASTM D3171-06 

All data from 

mechanical test 

specimens 

Laminate Density ASTM D792-00 3 

Fiber Volume, % by Volume ASTM D3171-06(Note 2) 3 

Resin Content, % by Weight ASTM D3171-06(Note 2) 3 

Ultrasonic Through 

Transmission, C-Scan 
MIL-HDBK-787A (Note 3) 1 

Glass Transition Temperature, 

Tg by DMA 

Dry and Wet �± SACMA SRM 

18R-94 

1 Dry, 1 Wet (Note 

4) 

Glass Transition Temperature, 

Tg by TMA 

Dry and Wet - HSP-T2 Rev 1 

(by TMA)(Note 5) 

1 Dry, 1 Wet (Note 

4) 

Table 1-3: Physical Testing Matrix 
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1.5.8 Normalization Procedures 

Most lamina level tension and compression strength and modulus properties, and all 
laminate level properties were normalized according to nominal cured ply thickness. 
Lamina level properties that were not normalized include 90º tensile strength and 
modulus (unidirectional only), 90º compressive strength and modulus (unidirectional 
only), in-plane shear strength and modulus, Poisson’s ratio, SBS, and ILT. After 
normalizing, data scatter reduced or remained the same.  If data scatter increased 
significantly after normalizing, the reason was investigated.  Wherever properties are 
normalized, both measured and normalized data were reported. 
 
For unidirectional materials the fiber areal weight cannot be measured in advance of 
impregnation, hence Method I of ASTM D3171, utilizing acid digestion, will be used to 
verify the CPT method in accordance with note (2) of Table 1-3.  
 
Method I Fiber Volume (%vol) is 58.535 and Method 2 Fiber Volume (%vol) is 59.405. 
By comparing Fiber Volume values obtained from Method I and Method II, the values 
are deemed close enough therefore the FAW is close to the nominal of ~190 gsm. 
Based on the FAW data from Hexcel (Avg ~190 gsm) and our Method I Phys test data 
(Avg. void content ~ 0% except for a panel where it is close to 4%) it is appropriate to 
use the CPT Method for normalization. 
 
The average cured ply thickness of 0.0072 inch has been used as the nominal cured ply 
thickness (CPT) for normalization purpose.  The following normalization formula was 
used:  
 
Normalized Value = Measured Value x Measured CPT / Nominal CPT.  
 

Prior to beginning the qualification program, we predicted the cured ply thickness value 
to be 0.0074 inch.  However, the as-measured cured ply thickness of the qualification 
and the equivalency panels are 0.007174 inch and 0.007293 inch, respectively.  The 
grand average of all qualification and equivalency panel thickness is 0.007229 inch. A 
vote was taken among the material users, and 3 out of the four participating companies 
agreed that 0.0072 inch was an acceptable CPT. Not all companies cast a vote. 
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2. Test Results 

2.1 Lamina Level Test Summary 

 

Table 2-1: Lamina Summary Data 
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2.2 Laminate Level Test Summary 

 
Table 2-2: Laminate Summary Data 
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2.3 Individual Test Summaries 

2.3.1 Longitudinal Tension Properties (LT) 
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2.3.2 Transverse Tension Properties (TT) 
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2.3.3 Longitudinal Compression Properties (LC) 

Material: HEXCEL 8552 - IM7 UNI PREPREG

Resin content: 31.40 % w t Comp. density: 1.58 [g/cc]

Fiber volume: 61.08 % vol

Ply count: 14

Test method: ASTM D6641M-01E1 Modulus calculation:  linear f it from 1000 to 3000 micro in/in 

Normalized by:   0.0072 in CPT

Test Temperature [°F] -65F 70F

Moisture Conditioning dry dry

Equilibrium at T, RH

Source code

Normalized Measured Normalized Measured Normalized Measured Normalized Measured

Mean 20.68 20.53 20.04 20.44 20.25 20.00 20.37 20.65

Minimum 17.80 19.05 18.19 19.80 18.37 19.37 15.61 17.67

Maximum 22.39 21.29 22.43 20.89 22.12 20.92 24.76 26.64

E1
c C.V.(%) 6.40 2.94 6.81 1.55 5.76 2.31 9.00 8.49

(Msi)

No. Specimens

No. Prepreg Lots

Mean

�Q12 
c No. Specimens

No. Prepreg Lots 33

15

3

33

0.362 0.356

20 17

0.374

CTD (B) RTD (A)

HFILXXXXB HFILXXXXA

20 15

3

250F

equilibrium

160 F,85%

HFILXXXXD

3

0.383

ETW (D)

35

35

dry

ETD (C)

250F

HFILXXXXC

17

3

Compression, 1-axis
Gr/ Ep

HEXCEL 8552 - IM7 UNI 

PREPREG

[0]14
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2.3.6 �³���������������´��Unnotched Compression 0 Properties (UNC0) 
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2.3.7 �³���������������´��Unnotched Tension 0 Properties (UNT0) 

Material: HEXCEL 8552 - IM7 UNI PREPREG

Resin content: 33.18 % w t Comp. density: 1.58 [g/cc]

Fiber volume: 59.21 % vol

Ply count: 8

Test method: ASTM D3039M-00E1 Modulus calculation:  linear f it from 1000 to 3000 micro in/in 

Normalized by:   0.0072 in CPT

Test Temperature [°F] -65F 250F

Moisture Conditioning equilibrium

Equilibrium at T, RH 160 F,85%

Source code

Normalized Measured Normalized Measured Normalized Measured

Mean 152.58 149.90 171.38 169.16 179.23 175.98

Minimum 142.06 138.38 143.99 150.39 165.98 164.55

Maximum 159.85 156.68 182.90 182.06 189.18 189.34

UNT0 C.V.(%) 3.39 3.61 5.43 4.18 3.75 3.67

Strength (ksi)

No. Specimens

No. Prepreg Lots

Mean 11.92 11.71 11.99 11.85 11.94 11.74

Minimum 11.55 11.25 11.50 11.33 11.60 11.29

Maximum 12.15 11.91 12.34 12.46 12.35 12.26

UNT0 C.V.(%) 1.24 1.61 1.76 2.50 1.76 2.09

Modulus (Msi)

No. Specimens

No. Prepreg Lots

ETW (D)

19

CTD (B) RTD (A)

18

3

dry

70F

18

18

dry

HFIPXXXXDHFIPXXXXB HFIPXXXXA

33 3

19

19

3 3

Unnotched Tension 0
Gr/ Ep

HEXCEL 8552 - IM7 UNI PREPREG

[0,90]2S

 
 
 
 
 
 
 
 
 
 
 
 



April 16, 2019   CAM-RP-2009-015 Rev B 

Page 37 of 223 

2.3.8 Lamina Short Beam Strength Properties (SBS) 

Material: HEXCEL 8552 - IM7 UNI PREPREG

Resin content: 31.04 % w t Comp. density: 1.58 [g/cc]

Fiber volume: 61.15 % vol

Ply count: 34

Test method: ASTM D2344-00E1

Normalized by:   N/A

Test Temperature [°F] -65F 250F

Moisture Conditioning dry equilibrium

Equilibrium at T, RH 160 F,85%

Source code

Normalized Measured Normalized Measured Normalized Measured Normalized Measured

Mean 21.04 17.13 11.23 8.25

Minimum 19.68 16.20 10.96 7.86

Maximum 22.58 17.78 11.77 8.82

SBS C.V.(%) 3.05 2.51 1.94 2.93

Strength (ksi)

No. Specimens

No. Prepreg Lots

ETW (D)CTD (B) RTD (A)

70F

dry

ETD (C)

250F

dry

HFIQXXXXDHFIQXXXXCHFIQXXXXB HFIQXXXXA

3 3 33

19 1919 18

Short Beam Strength
Gr/ Ep

HEXCEL 8552 - IM7 UNI PREPREG

[0]34
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2.3.11 �³�����������������´��Unnotched Tension 3 Properties (UNT3) 
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2.3.12 �³�����������������´��Unnotched Compression 1 Properties (UNC1) 
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2.3.13 �³�����������������´��Unnotched Compression 2 Properties (UNC2) 
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2.3.15 Laminate Short Beam Strength Properties (SBS1) 

 
 
 
 
 
 
 
 

 



April 16, 2019   CAM-RP-2009-015 Rev B 

Page 45 of 223 

2.3.16 �³�����������������´��Open Hole Tension 1 Properties (OHT1) 

Material: HEXCEL 8552 - IM7 UNI PREPREG

Resin content: 34.67 % w t Comp. density: 1.57 [g/cc]

Fiber volume: 57.80 % vol

Ply count: 16

Test method: ASTM D5766M-02a

Normalized by:   0.0072 in CPT

Test Temperature [°F] -65F 70F 250F

Moisture Conditioning dry dry equilibrium

Equilibrium at T, RH 160 F,85%

Source code

Normalized Measured Normalized Measured Normalized Measured

Mean 57.75 57.28 59.00 58.70 66.97 66.48

Minimum 53.64 53.27 54.12 53.32 62.15 62.21

Maximum 62.52 61.67 64.61 64.44 72.59 73.23

OHT1 C.V.(%) 4.21 3.95 3.98 4.07 4.26 4.29

Strength (ksi)

No. Specimens

No. Prepreg Lots 3 3 3

19 19 20

ETW (D)CTD (B) RTD (A)

HFIDXXXXDHFIDXXXXB HFIDXXXXA

Open Hole Tension 1
Gr/ Ep

HEXCEL 8552 - IM7 UNI PREPREG

[45,0,-45,90]2S
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2.3.17 �³�����������������´��Open Hole Tension 2 Properties (OHT2) 
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2.3.19 �³�����������������´��Filled-Hole Tension 1 Properties (FHT1) 
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2.3.21 �³�����������������´��Filled-Hole Tension 3 Properties (FHT3) 

Material: HEXCEL 8552 - IM7 UNI PREPREG

Resin content: 32.95 % w t Comp. density:  1.58 [g/cc]

Fiber volume: 59.67 % vol

Ply count: 20

Test method: ASTM D6742M-02

Normalized by:   0.0072 in CPT

Test Temperature [°F]

Moisture Conditioning

Equilibrium at T, RH

Source code

Normalized Measured Normalized Measured Normalized Measured

Mean 80.70 80.53 91.95 91.93 101.26 100.77

Minimum 70.25 71.22 79.15 77.08 93.92 92.01

Maximum 88.15 88.23 102.16 102.61 108.11 107.29

FHT3 C.V.(%) 5.69 6.13 7.20 7.91 3.90 3.82

Strength (ksi)

No. Specimens

No. Prepreg Lots 3

HFI6XXXXD

160 F,85%

19

3 3

19 19

HFI6XXXXAHFI6XXXXB

ETW (D)CTD (B) RTD (A)

70F-65F

dry

250F

dry equilibrium

Filled-Hole Tension 3
Gr/ Ep

HEXCEL 8552 - IM7 UNI 

PREPREG

[0,45,0,90,0,-45,0,45,0-45]S
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2.3.22 �³�����������������´��Open Hole Compression 1 Properties (OHC1) 
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2.3.23 �³�����������������´��Open Hole Compression 2 Properties (OHC2) 

Material: HEXCEL 8552 - IM7 UNI PREPREG

Resin content: 33.83 % w t Comp. density: 1.58 [g/cc]

Fiber volume: 58.86 % vol

Ply count: 20

Test method: ASTM D6484M-04

Normalized by:   0.0072 in CPT

Test Temperature [°F]

Moisture Conditioning

Equilibrium at T, RH

Source code

Normalized Measured Normalized Measured Normalized Measured

Mean 38.80 38.40 25.76 25.57

Minimum 36.25 35.93 22.36 22.24

Maximum 41.33 40.85 27.57 27.56

OHC2 C.V.(%) 3.29 3.41 5.02 4.40

Strength (ksi)

No. Specimens

No. Prepreg Lots 3

HFIHXXXXA HFIHXXXXD

18 20

3

RTD (A) ETW (D)

160 F,85%

250F70F

dry equilibrium

Open Hole Compression 2
Gr/ Ep

HEXCEL 8552 - IM7 UNI PREPREG

[45,-45,0,45,-45,90,45,-45,45,-45]S
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2.3.24 �³�����������������´��Open Hole Compression 3 Properties (OHC3) 
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2.3.25 �³�����������������´��Filled-Hole Compression 1 Properties (FHC1) 
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2.3.26 �³�����������������´��Filled-Hole Compression 2 Properties (FHC2) 
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2.3.30 �³�����������������´��Single Shear Bearing 3 Properties (SSB3) 
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3. Individual Test Charts 

These charts combine all three batches of data and plot the minimum and maximum 
modulus and strength range based on the test temperature. 
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3.1 Longitudinal Tension Properties (LT) 
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3.2 Transverse Tension Properties (TT) 
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3.3 Longitudinal Compression Properties (LC) 
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3.4 Transverse Compression Properties (TC) 
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3.5 In-Plane Shear Properties (IPS) 
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3.6 �³���������������´��Unnotched Compression 0 Properties (UNC0) 
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3.8 Lamina Short Beam Strength Properties (SBS) 
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3.9 �³�����������������´��Unnotched Tension 1 Properties (UNT1) 
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3.11 �³�����������������´��Unnotched Tension 3 Properties (UNT3) 
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3.14  �³�����������������´��Unnotched Compression 3 Properties (UNC3) 
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3.15  Laminate Short Beam Shear Properties (SBS1) 
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3.16   �³�����������������´��Open Hole Tension 1 Properties (OHT1) 
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3.17  �³�����������������´��Open Hole Tension 2 Properties (OHT2) 
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3.19   �³�����������������´��Filled-Hole Tension 1 Properties (FHT1) 
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3.20   �³�����������������´��Filled-Hole Tension 2 Properties (FHT2) 
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3.21   �³�����������������´��Filled-Hole Tension 3 Properties (FHT3) 
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3.22  �³�����������������´��Open Hole Compression 1 Properties (OHC1) 
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3.26   �³�����������������´��Filled-Hole Compression 2 Properties (FHC2) 
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3.27   �³�����������������´��Filled-Hole Compression 3 Properties (FHC3) 
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3.28   �³�����������������´��Single Shear Bearing Strength1 Properties (SSB1) 
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3.29   �³�����������������´��Single Shear Bearing Strength 2 Properties (SSB2) 
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3.31   �³�����������������´��Compression After Impact 1 Properties (CAI1) 

Data has been removed due to testing anomaly as explained in report CAM-RP-2013-
020 N/C 
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3.32   Interlaminar Tension Properties (ILT) 
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4.2 Transverse Tension Properties (TT) 
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4.3 Longitudinal Compression Properties (LC) 
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 normalizing tply

[in]

0.0072

Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Modulus Poisson's Avg. Specimen # Plies in Avg. tply Modulusnorm

Number Batch # Cycle Lot #  # [Msi] Ratio Thickn. [in] Laminate [in] [Msi]

HFILA111A* A M1 1 1 14

HFILA112A A M1 1 1 20.248 0.352 0.095 14 0.0068 18.993

HFILA113A A M1 1 1 19.799 0.366 0.101 14 0.0072 19.839

HFILA114A A M1 1 1 19.957 0.372 0.103 14 0.0074 20.439

HFILA211A* A M2 1 2 14

HFILA212A* A M2 1 2 14

HFILA213A A M2 1 2 20.235 0.360 0.093 14 0.0067 18.742

HFILB111A B M1 2 1 20.667 0.423 0.108 14 0.0077 22.099

HFILB112A B M1 2 1 20.777 0.335 0.109 14 0.0078 22.429

HFILB113A B M1 2 1 20.230 0.310 0.108 14 0.0077 21.618

HFILB211A* B M2 2 2 14

HFILB212A B M2 2 2 20.534 0.335 0.089 14 0.0064 18.188

HFILB213A B M2 2 2 20.256 0.310 0.093 14 0.0066 18.702

HFILC111A C M1 3 1 20.888 0.332 0.088 14 0.0063 18.325

HFILC112A C M1 3 1 20.446 0.369 0.096 14 0.0069 19.526

HFILC113A C M1 3 1 20.737 0.393 0.102 14 0.0073 20.898

HFILC211A C M2 3 2 20.745 0.358 0.094 14 0.0067 19.445

HFILC212A C M2 3 2 20.430 0.365 0.100 14 0.0071 20.221

HFILC213A C M2 3 2 20.658 0.365 0.103 14 0.0074 21.088

Average 20.440 0.356 Averagenorm 0.0071 20.037

Standard Dev. 0.317 0.029 Standard Dev.norm 1.365

Coeff. of Var. [%] 1.549 8.278 Coeff. of Var. [%]norm 6.810

Min. 19.799 0.310 Min. 0.0063 18.188

Max. 20.888 0.423 Max. 0.0078 22.429

Number of Spec. 15 15 Number of Spec. 15 15

*Specimens have thickness taper on edge of coupon, so values were removed.

Longitudinal Compression Properties (LC) -- (RTD)
Strength & Modulus 

HEXCEL 8552 - IM7 UNI PREPREG
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Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Strength Modulus Poisson's Avg. Specimen # Plies in Avg. tply Failure 

Number Batch # Cycle Lot #  # [ksi] [Msi] Ratio Thickn. [in] Laminate [in] Mode

HFIZA111A1 A M1 1 1 46.403 1.664 0.022 0.089 14 0.0063 BAB

HFIZA112A1 A M1 1 1 43.300 1.594 0.025 0.094 14 0.0067 BAB

HFIZA113A A M1 1 1 43.323 1.324 0.023 0.099 14 0.0071 BAB

HFIZA114A A M1 1 1 43.633 1.423 0.024 0.101 14 0.0072 BAB
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Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Strength Modulus* Poisson's Avg. Specimen # Plies in Avg. tply Failure 

Number Batch # Cycle Lot #  # [ksi] [Msi] Ratio Thickn. [in] Laminate [in] Mode

HFIZA11BD A M1 1 1 20.168 0.099 14 0.0071 HGM

HFIZA11CD A M1 1 1 20.118 0.100 14 0.0071 HGM

HFIZA11DD A M1 1
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4.5 In-Plane Shear Properties (IPS) 
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Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Strength at 0.2% Offset Modulus Avg. Specimen # Plies in Avg. tply

Number Batch # Cycle Lot #  #  5% Strain [ksi] Strength [ksi] [Msi] Thickn. [in] Laminate [in]

HFINA111A** A M1 1 1

HFINA112A* A M1 1 1 7.698 0.668 0.090 12 0.0075

HFINA113A A M1 1 1 12.855 7.481 0.652 0.089 12 0.0074

HFINA114A A M1 1 1 12.939 7.603 0.663 0.088 12 0.0073

HFINA115A** A M1 1 1

HFINA211A** A M2 1 2

HFINA212A A M2 1 2 13.228 7.585 0.653 0.089 12 0.0074

HFINA213A A M2 1 2 13.121 7.589 0.662 0.088 12 0.0073

HFINB111A B M1 2 1 13.259 8.117 0.735 0.082 12 0.0068

HFINB112A B M1 2 1 13.092 7.672 0.674 0.088 12 0.0073

HFINB113A B M1 2 1 13.405 7.776 0.680 0.088 12 0.0073

HFINB211A* B M2 2 2 7.600 0.669 0.088 12 0.0074

HFINB212A* B M2 2 2 7.943 0.713 0.084 12 0.0070

HFINB213A B M2 2 2 13.197 7.686 0.678 0.088 12 0.0073

HFINC111A** C M1 3 1

HFINC112A C M1 3 1 13.407 7.977 0.684 0.088 12 0.0073

HFINC113A** C M1 3 1

HFINC211A C M2 3 2 13.609 7.755 0.669 0.089 12 0.0074

HFINC212A C M2 3 2 13.200 7.741 0.681 0.088 12 0.0073

HFINC213A* C M2 3 2 8.279 0.698 0.087 12 0.0072

HFINC214A C M2 3 2 13.387 7.591 0.660 0.087 12 0.0073

*specimens failed to reach 50,000 micro strain

** data was omitted due to Biaxial Extensometer slippage

Average 13.225 7.756 0.677 Average 0.0073

Standard Dev. 0.211 0.218 0.022 Standard Dev.

Coeff. of Var. [%] 1.595 2.808 3.272 Coeff. of Var. [%]

Min. 12.855 7.481 0.652 Min. 0.0068

Max. 13.609 8.279 0.735 Max. 0.0075

Number of Spec. 12 16 16 Number of Spec. 16

In-Plane Shear Properties (IPS) -- (RTD)
Strength & Modulus 
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Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Strength at 5% 0.2% Offset Modulus Avg. Specimen # Plies in Avg. tply

Number Batch # Cycle Lot #  #  Strain [ksi] Strength [ksi] [Msi] Thickn. [in] Laminate [in]

HFINA11BD A M1 1 1 5.451 3.408 0.308 0.081 12 0.0067

HFINA11CD A M1 1 1 5.563 3.349 0.317 0.089 12 0.0075

HFINA11DD A M1 1 1 5.597 3.281 0.304 0.089 12 0.0075

HFINA11ED A M1 1 1 5.447 3.308 0.313 0.088 12 0.0073

HFINA21BD A M2 1 2 5.706 3.262 0.311 0.089 12 0.0074

HFINA21CD A M2 1 2 5.657 3.373 0.315 0.088 12 0.0073

HFINA21DD A M2 1 2 5.563 3.292 0.313 0.088 12 0.0073

HFINB11BD B M1 2 1 5.751 3.627 0.321 0.082 12 0.0068

HFINB11CD B M1 2 1 5.678 3.462 0.311 0.087 12 0.0073

HFINB11DD* B M1 2 1 3.432 0.315 0.087 12 0.0072

HFINB11ED B M1 2 1 5.434 3.090 0.303 0.086 12 0.0072

HFINB21BD B M2 2 2 5.954 3.539 0.336 0.083 12 0.0069

HFINB21CD B M2 2 2 5.657 3.350 0.305 0.088 12 0.0073

HFINB21DD B M2 2 2 5.700 3.349 0.307 0.087 12 0.0073

HFINC11BD C M1 3 1 5.289 3.304 0.308 0.082 12 0.0069

HFINC11CD C M1 3 1 5.366 3.088 0.283 0.087 12 0.0073

HFINC11DD C M1 3 1 5.178 3.050 0.286 0.086 12 0.0072

HFINC21BD C M2 3 2 5.431 3.248 0.282 0.089 12 0.0074

HFINC21CD C M2 3 2 5.456 3.265 0.283 0.088 12 0.0073

HFINC21DD C M2 3 2 5.338 3.060 0.299 0.087 12 0.0072

ALL SPECIMENS: SHEAR MODULUS STRAIN RANGE CUTS INTO NON-LINEAR REGION

Average 5.538 3.307 0.306 Average 0.0072

Standard Dev. 0.187 0.153 0.014 Standard Dev.

Coeff. of Var. [%] 3.384 4.631 4.513 Coeff. of Var. [%]

Min. 5.178 3.050 0.282 Min. 0.0067

Max. 5.954 3.627 0.336 Max. 0.0075

Number of Spec. 19 20 20 Number of Spec. 20

* Unable to reach 50,000 microstrain

In-Plane Shear Properties (IPS) -- (ETW)
Strength & Modulus 
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4.6 �³���������������´��Unnotched Compression 0 Properties (UNC0) 

 normalizing tply

[in]

0.0072

Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Strength Modulus Poisson's Avg. Specimen # Plies in Failure Avg. tply Strengthnorm Modulusnorm

Number Batch # Cycle Lot # Batch # [ksi] [Msi] Ratio Thickn. [in] Laminate Mode [in] [ksi] [Msi]

HFIRB115B B M1 2 1 110.782 7.426 0.060 0.109 15 BGM 0.0073 111.944 7.504

HFIRB116B B M1 2 1 104.576 7.503 0.038 0.109 15 BGM 0.0073 105.464 7.567

HFIRB117B B M1 2 1 114.578 7.466 0.030 0.108 15 BGM 0.0072 114.578 7.466

HFIRB215B B M2 2 2 111.952 7.849 0.045 0.109 15 BGM 0.0073 112.799 7.908

HFIRB216B B M2 2 2 108.713 7.436 0.033 0.109 15 BGM 0.0073 109.954 7.521

HFIRB217B B M2 2 2 115.841 7.723 0.041 0.109 15 BGM/BAB 0.0072 116.431 7.762

HFIRC115B C M1 3 1 112.448 7.704 0.047 0.112 15 BGM 0.0075 116.578 7.987

HFIRC116B C M1 3 1 118.903 7.839 0.033 0.111 15 HAT 0.0074 121.747 8.027

HFIRC117B C M1 3 1 106.963 7.809 0.044 0.111 15 BAT 0.0074 109.819 8.017

Average 111.640 7.639 0.041 Averagenorm 0.0073 113.257 7.751

Standard Dev. 4.484 0.180 0.009 Standard Dev.norm 4.748 0.239

Coeff. of Var. [%] 4.017 2.357 22.360 Coeff. of Var. [%]norm 4.192 3.083

Min. 104.576 7.426 0.030 Min. 0.0072 105.464 7.466

Max. 118.903 7.849 0.060 Max. 0.0075 121.747 8.027

Number of Spec. 9 9 9 Number of Spec. 9 9 9

Batch A Cure Cycle 1 and 2 and Batch C Cure Cycle 2 has improper layup so data was removed

Laminate Unnotched Compression Properties (UNC0) -- (CTD)
Strength & Modulus 
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4.7  �³���������������´��Unnotched Tension 0 Properties (UNT0) 
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4.8 �³�����������������´��Unnotched Tension 1 Properties (UNT1) 
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4.9 �³�����������������´��Unnotched Tension 2 Properties (UNT2) 
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 normalizing tply

[in]

0.0072

Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Strength Modulus Avg. Specimen # Plies in Failure Avg. tply Strengthnorm Modulusnorm

Number Batch # Cycle Lot #  # [ksi] [Msi] Thickn. [in] Laminate Mode [in] [ksi] [Msi]

HFIBA111A A M1 1 1 65.315 5.006 0.139 20 DGM 0.0070 63.055 4.832

HFIBA113A A M1 1 1 66.335 5.060 0.148 20 DGM 0.0074 67.993 5.186

HFIBA114A A M1 1 1 66.255 5.156 0.146 20 DGM 0.0073 67.359 5.242

HFIBA115A A M1 1 1 65.636 4.951 0.147 20 DGM 0.0073 66.776 5.037

HFIBA211A A M2 1 2 67.895 5.150 0.138 20 DWT 0.0069 64.870 4.920

HFIBA212A A M2 1 2 69.978 5.196 0.147 20 DGM 0.0073 71.339 5.297

HFIBA213A A M2 1 2 66.443 5.106 0.146 20 DWB 0.0073 67.512 5.188

HFIBB1X1A* B M1 2 1 67.953 5.536 0.135 20 DGM 0.0067 63.486 5.172

HFIBB1X2A* B M1 2 1 63.968 5.241 0.145 20 DGM 0.0072 64.264 5.265

HFIBB211A B M2 2 2 62.419 5.092 0.133 20 DGM 0.0066 57.637 4.701

HFIBB212A B M2 2 2 69.711 5.539 0.149 20 DGM 0.0074 71.954 5.718

HFIBB213A B M2 2 2 66.311 5.243 0.149 20 DGM 0.0075 68.644 5.427

HFIBC111A C M1 3 1 66.102 5.146 0.136 20 DGM 0.0068 62.285 4.849

HFIBC112A C M1 3 1 69.586 5.316 0.148 20 DGM 0.0074 71.656 5.474

HFIBC113A C M1 3 1 69.367 5.146 0.148 20 DGM 0.0074 71.205 5.282

HFIBC211A C M2 3 2 69.692 5.394 0.140 20 DWB/DGM 0.0070 67.934 5.258

HFIBC212A C M2 3 2 66.268 5.421 0.149 20 DGM 0.0074 68.369 5.593

HFIBC213A C M2 3 2 68.155 5.398 0.147 20 DGM 0.0074 69.804 5.529

*Panel was not replaced because of inssuficient material. Specimens were taken from UNC2 panel.

Average 67.077 5.228 Averagenorm 0.0072 67.008 5.221

Standard Dev. 2.124 0.173 Standard Dev.norm 3.814 0.275

Coeff. of Var. [%] 3.167 3.305 Coeff. of Var. [%]norm 5.692 5.271

Min. 62.419 4.951 Min. 0.0066 57.637 4.701

Max. 69.978 5.539 Max. 0.0075 71.954 5.718

Number of Spec. 18 18 Number of Spec. 18 18 18

Laminate Unnotched Tension Properties (UNT2) -- (RTD)
Strength & Modulus 

HEXCEL 8552 - IM7 UNI PREPREG

 
 

 



April 16, 2019   CAM-RP-2009-015 Rev B 

Page 139 of 223 

 
 

 
 
 





April 16, 2019   CAM-RP-2009-015 Rev B 

Page 141 of 223 

 
 
 





April 16, 2019   CAM-RP-2009-015 Rev B 

Page 143 of 223 

 







April 16, 2019   CAM-RP-2009-015 Rev B 

Page 146 of 223 

 
 
 
 



April 16, 2019   CAM-RP-2009-015 Rev B 

Page 147 of 223 

 
 





April 16, 2019   CAM-RP-2009-015 Rev B 

Page 149 of 223 

4.12  �³�����������������  ́Unnotched Compression 2 Properties (UNC2) 
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4.14  Laminate Short Beam Strength Properties (SBS1) 
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4.15   Lamina Short Beam Strength Properties (SBS) 
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4.16  �³�����������������  ́Open Hole Tension 1 Properties (OHT1) 
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4.17  �³�����������������  ́Open Hole Tension 2 Properties (OHT2) 
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4.18  �³�����������������  ́Open Hole Tension 3 Properties (OHT3) 
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4.20  �³�����������������  ́Filled-Hole Tension 2 Properties (FHT2) 

 

 normalizing tply

[in]

0.0072

Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Strength Avg. Specimen # Plies in Failure Avg. tply Strengthnorm

Number Batch # Cycle Lot # Batch # [ksi] Thickn. [in] Laminate Mode [in] [ksi]

HFI5A115B A M1 1 1 51.005 0.146 20 AGM 0.0073 51.749

HFI5A116B A M1 1 1 51.396 0.146 20 AGM 0.0073 52.038

HFI5A117B A M1 1 1 50.245 0.148 20 AGM 0.0074 51.693

HFI5A118B A M1 1 1 51.243 0.141 20 AGM 0.0071 50.306

HFI5A215B A M2 1 2 51.790 0.148 20 AGM 0.0074 53.127

HFI5A216B A M2 1 2 51.627 0.147 20 AGM 0.0073 52.661

HFI5A217B A M2 1 2 52.243 0.148 20 AGM 0.0074 53.809

HFI5B183B B M1 2 1 54.728 0.144 20 AGM 0.0072 54.640

HFI5B184B B M1 2 1 53.591 0.144 20 AGM 0.0072 53.697

HFI5B185B B M1 2 1 51.798 0.144 20 AGM 0.0072 51.822

HFI5C116B C M1 3 1 53.211 0.144 20 AGM 0.0072 53.026

HFI5C117B C M1 3 1 53.345 0.145 20 AGM 0.0073 53.876

HFI5C118B C M1 3 1 50.679 0.138 20 AGM 0.0069 48.544

HFI5C216B C M2 3 2 50.227 0.144 20 AGM 0.0072 50.378

HFI5C217B C M2 3 2 53.565 0.144 20 AGM 0.0072 53.386

HFI5C218B C M2 3 2 51.544 0.141 20 AGM 0.0071 50.613

*Data for Batch B cure cycle 2 has been removed due to improper layup.

Average 52.015 Averagenorm 0.0072 52.210

Standard Dev. 1.319 Standard Dev.norm 1.636

Coeff. of Var. [%] 2.535 Coeff. of Var. [%]norm 3.134

Min. 50.227 Min. 0.0069 48.544

Max. 54.728 Max. 0.0074 54.640

Number of Spec. 16 Number of Spec. 16 16

Laminate Filled-Hole Tension Properties (FHT2) -- (CTD)
Strength 

HEXCEL 8552 - IM7 UNI PREPREG
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4.21  �³�����������������  ́Filled-Hole Tension 3 Properties (FHT3) 
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 normalizing tply

[in]

0.0072

Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Strength Avg. Specimen # Plies in Failure Avg. tply Strengthnorm

Number Batch # Cycle Lot #  # [ksi] Thickn. [in] Laminate Modes [in] [ksi]

HFIIA117D A M1 1 1 43.892 0.147 20 LGM 0.0074 44.908

HFIIA119D A M1 1 1 46.817 0.148 20 LGM 0.0074 48.036

HFIIA11AD A M1 1 1 45.668 0.147 20 LGM 0.0074 46.630

HFIIA11BD A M1 1 1 47.637 0.147 20 LGM 0.0074 48.657

HFIIA217D A M2 1 2 43.825 0.149 20 LGM 0.0074 45.296

HFIIA218D A M2 1 2 44.311 0.144 20 LGM 0.0072 44.434

HFIIA219D A M2 1 2 46.269 0.148 20 LGM 0.0074 47.549

HFIIB117D B M1 2 1 50.124 0.145 20 LGM 0.0073 50.495

HFIIB118D B M1 2 1 45.102 0.143 20 LGM 0.0071 44.653

HFIIB119D B M1 2 1 48.963 0.147 20 LGM 0.0073 49.949

HFIIB217D B M2 2 2 44.869 0.145 20 LGM 0.0073 45.222

HFIIB218D B M2 2 2 45.558 0.142 20 LGM 0.0071 44.893

HFIIB21AD B M2 2 2 46.396 0.146 20 LGM 0.0073 46.928

HFIIC117D C M1 3 1 44.907 0.145 20 LGM 0.0072 45.078

HFIIC118D C M1 3 1 48.614 0.141 20 LGM 0.0070 47.499

HFIIC11AD C M1 3 1 45.907 0.146 20 LGM 0.0073 46.550

HFIIC216D C M2 3 2 42.659 0.142 20 LGM 0.0071 42.007

HFIIC217D C M2 3 2 46.524 0.143 20 LGM 0.0071 46.152

HFIIC218D C M2 3 2 51.350 0.137 20 LGM 0.0069 48.860

HFIIC21AD C M2 3 2 44.945 0.143 20 LGM 0.0071 44.534

Average 46.217 Averagenorm 0.0072 46.417

Standard Dev. 2.201 Standard Dev.norm 2.111

Coeff. of Var. [%] 4.762 Coeff. of Var. [%]norm 4.548

Min. 42.659 Min. 0.0069 42.007

Max. 51.350 Max. 0.0074 50.495

Number of Spec. 20 Number of Spec. 20 20

Laminate Open Hole Compression Properties (OHC3) -- (ETW)
Strength 

HEXCEL 8552 - IM7 UNI PREPREG
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4.25  �³�����������������  ́Filled-Hole Compression 1 Properties (FHC1) 
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 normalizing t
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4.26  �³�����������������  ́Filled-Hole Compression 2 Properties (FHC2) 
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4.28  �³�����������������  ́Single Shear Bearing 1 Properties SSB1 
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4.29  �³�����������������´��Single Shear Bearing 2 Properties (SSB2) 

 normalizing tply

[in]

0.0072
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4.30  �³�����������������  ́Single Shear Bearing 3 Properties (SSB3) 

 

0

1

2

3

4

0

1

2

3

0 25 50 75 100 125 150 175 200

P
re

p
re

g
 L

o
t #

C
u

re
 C

y
c
le

  
#

Laminate Bearing Strength (SSB3)  [ksi]

Cure Cycle #

Prepreg Lot #

Laminate Bearing Properties (SSB3) -- (RTD) 
Normalized 2% Offset Strength

HEXCEL 8552 - IM7 UNI PREPREG

 
 





April 16, 2019   CAM-RP-2009-015 Rev B 

Page 199 of 223 

4.31  �³�����������������  ́Compression After Impact 1 Properties (CAI1) 

Data has been removed due to testing anomaly as explained in report CAM-RP-2013-
020 N/C 
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Specimen Hexcel Hexcel Cure Prepreg Cure Cycle Curved Beam Interlaminar Tension Avg. Specimen # Plies in Avg. tply

Number Batch # Cycle Lot #  # Strength [lb] Strength [ksi] Thickn. [in] Laminate [in]

HFIMA111A A M1 1 1 433.114 13.246 0.154 22 0.0070

HFIMA112A A M1 1 1 355.037 10.806 0.155 22 0.0070

HFIMA113A A M1 1 1 345.304 10.490 0.155 22 0.0071

HFIMA114A A M1 1 1 387.874 11.821 0.155 22 0.0070

HFIMA115A A M1 1 1 309.813 9.990 0.148 22 0.0067

HFIMA116A A M1 1 1 347.870 10.869 0.152 22 0.0069

HFIMA117A A M1 1 1 318.963 10.061 0.150 22 0.0068

Average 356.853 11.041 Average 0.0069

Standard Dev. 42.119 1.149 Standard Dev.

Coeff. of Var. [%] 11.803 10.410 Coeff. of Var. [%]

Min. 309.813 9.990 Min. 0.0067

Max. 433.114 13.246 Max. 0.0071

Number of Spec. 7 7 Number of Spec. 7

Laminate Interlaminar Tension Properties (ILT) -- (RTD)
Strength 

HEXCEL 8552 - IM7 UNI PREPREG
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5. Shear Stress vs. Shear Strain, RTD 
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7. MOISTURE CONDITIONING CHARTS 

7.1 Longitudinal Tension�± Thinnest Panel 
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8.  DMA Results 

 

Table 8-1: DMA Wet Results 

 

Sample # Tg [°C] Tg [°F] Tg [°C] Tg [°F]

HFIDA 11 207.27 405.08 228.19 442.73

HFIDA 21 209.23 408.61 231.93 449.47

HFIDB 11 209.35 408.82 231.76 449.16

HFIDB 21 207.37 405.26 231.58 448.84

HFIDC 11 204.70 400.45 232.99 451.37

HFIDC 21 206.82 404.28 233.50 452.30

HFIDA 11 209.37 408.87 234.62 454.31

HFIDA 21 208.99 408.17 234.89 454.79

HFIDB 11 206.87 404.37 235.17 455.31

HFIDB 21 210.96 411.73 236.27 457.29

HFIDC 11 207.34 405.21 235.41 455.74

HFIDC 21 207.94 406.28 235.60 456.08

Average 208.01 406.43 233.49 452.28

Stdev 1.65 2.97 2.32 4.18

TT

UNT3

DMA Results Summary
Hexcel / Cessna HF 071105C1  Dry

Onset Storage Modulus Peak of Tangent Delta

Average Average

 

Table 8-2: DMA Dry Results 
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8.1 DMA Wet Batch A 
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8.2 DMA Dry Batch A 
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9. TMA Results 

The TMA results were tested at Hexcel. Specimens were taken from the same panels 
as DMA and wet and dry testing was tested concurrently.  
 
 

 

Table 9-1: Wet TMA Results 
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Table 9-2: Dry TMA Results 

 
 



April 16, 2019   CAM-RP-2009-015 Rev B 

Page 221 of 223 

9.1 TMA Wet Batch A Results 

 
 

9.2 TMA Wet Batch A Results 
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