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1. Introduction

This report contains statistical analysis of tHETREX AE™ 250 T-071 unidirectional tape
prepregmaterialproperty data published NCAMP Test Report CAMRP-2021025N/C. The

lamina and laminate material property data have been genématedordncewith NCAMP

Standard Operating Procedures NSP 100. The test panels, test specimens, and test setups have
been conformed by an NCAMP appointed AIR and the testing has been witnessed by an
NCAMP AER.

B-e
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process known as equivalency. More information about this equivalency process including the
test statistics and its limitationgare be found in Section 6 of DOT/FAA/AB3/19 and Section

8.4.1 of CMH47-1G. The applicability of equivalency process must be evaluated on program
by-program basis by the applicant and certifying agency. The applicant and certifying agency
must agree that the equivalency test plan along with the equivalency process described in Section
6 of DOT/FAA/AR-03/19 and Section 8.4.1 6MH-17-1G are adequate for the given program.

Aircraft companies should not use the data published in this report withoifyspedlCAMP
Material SpecificatioNMS 15/1. NMS 125/1 has additional requirements that are listed in its
prepreg process control document (PCD), fiber specification, fiber PCD, and other raw material
specifications and PCDs which impose essential tyuetintrols on the raw materials and raw
material manufacturing equipment and processes. Aircraft companies and certifying agencies
should assume that the material property data published in this report is not applicable when the
material is not procuredo NCAMP Material Specification NME&25/1.
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Test Property

Symbol

LongitudinalCompression Strength

F.

LongitudinalCompression Modulus

Ei°

LongitudinalTensim Strength

F

LongitudinalTension Modulus

Ei!

LongitudinalTension Poisson’s Ratio

12

Transvers€ompression Strength

e

Transvers&Compression Modulus

Ex*

Transversd ension Strength

Fu

Transversdension Modulus
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1.2 Pooling Across Ewvironments

When pooling across environments was allowable, the pooledficeent of variation was used.
CMH17 STATS (CMH17 Approved Stistical Analysis Program) was used to determine if
pooling was allowable and to compute the pooled coefficient of variation for those tests. In these
cases, thenodified coefficient of variation based on the pooled data was used to compute the
basis values.

When pooling across environments was not advisable because the data was not eligible for
pooling and engineering judgment indicated there wagustification for overriding the result
thenB-Basis values were computed for each environalergnditionseparatelywhich are also
provided by CMH17 STATS.

1.3 Basis Value Computational Process

The general form to compute engineering basis valuebasis value X kS where k is a

factor based on the sample size and the distribution of the sample data. There are many different
methods to determine the value ofrkthis equation, depending on the sample size and the
distribution of the data. In additiohg computational formula used for the standard deviation,

S, may vary depending on the distribution of the data. The details of those different
computations and when each should be used are in section 2.0.

1.4 Modified Coefficient of Variation (CV) Method

A common problem with new material qualifications is that the initial specimens produced and
tested do not contain all of the variability that will be encountered when the material is being
produced in larger amounts over a lengthy period of time. This can result in setting basis values
that are unrealistically high. The variability as measured in the qualification program is often
lower than the actual material variability because of several reasons. The materials used in the
gualification programs aresually manufactured within a short period of time, typicaig 2
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2. Background

Statistical computations are performed with CMH17 STATS. Pooling across environments will
be used whenever it is permissible according to CMH:G guidelines. If pooling is not
permissible, the results of a single point analysis pea/idy CMH17 STATS is included
instead. If the data does not meet CMH-1G requirements for a single point analysis,
estimates are created by a variety of methods depending on which is most appropriate for the
dataset available. Specific procedures used are presented in the individual sections where the
data is presented.

2.1 CMH17 STATS Statistical Formulas and Computations

This section contains the details of the specific formulas CMH17 STAS& in its
computations.

2.1.1 Basic Descriptive Statistics

The bag descriptive statistics shown are computed according to the usual formulas, which are
shown below:

_ n X

Mean: X : — Equation 1
i1 n

n — 2

Std. Dev.: S |5 : X X Equation 2

i1
- S .
% Co. Variation: < uLoo Equation 3

Wheren refers to the number of specimens in the sample arefexs to the individual specimen
measurements.

2.1.2 Statistics for Pooled Data

Prior to computing statistics for the pooled dataset, the data is normalized to a mean of one by
dividing each value by the mean of all the data for that condition. This transformation does not
affect the coefficients of variation for the individual conditions.

2.1.2.1 Pooled Standard Deviation

The formula to compute a pooled standard deviation is given below:
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2.323 1.064 0.9157 0.65:

a N
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2.1.4.1 Transformation of data based on Modified CV

In order to determine if the data would pass the diagnostic tests under the assumption of the
modified CV, the data must be misformed such that the batch means remain the same while the
standard deviation of transformed data (all batches) matches the modified standard deviation.

To accomplish this requires a transformation in two steps:

Step 1: Apply the modified CV rules to each batch and compute the modified standard
deviation§ CV X for each batch. Transform the individual data valog} i each
batch as follows:

Page 17 of 113



Nov. 18, 2022 NCP-RP-2021015 N/C

max|X; X|
MNR EM'TJ 1 n Equation 23
C n 1 t Equation 24

Jn\n 2 ¢

where t is thel % TXDUWLOH RI D W GLVWU Lfeegddm, R Q@eidd-thektot@di G HJ L
number of data values.

If MNR > C, then theX associated with the MNR is considered to be an outlier. If an outlier
exists, then theipassociated with the MNR is dropped frone tilataset and the MNR procedure

is applied again. This process is repeated until no outliers are detected. Additional information
on this pro(a)ro(a)ro(a)ro(m)8 (a)-1 (s)-1 (a54 ()-2 (e)-11 (r)a 1 Tf OH (t)-2 (e)-1(e )]e ae)-1 (s)-ion
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Where b is the standard normal distribution function. The observed significance level (OSL) is

OSL 1 AD’ 423

1 @ 048 0.78NAD ) 4580 n F©

AD Equation 31

This OSL measures the probability of observing an AndeBsoting statistic at least as extreme
as the value calculated if, in fact, the data asamaple from a normal population. If OSL > 0.05,
the data is considered sufficiently close to a normal distribution.

2.1.8 Levene’s Test for Equality of Coefficient of Variation

Levene’s test performs an Analysis of Variance on the absolute deviations frioreatimgle
medians. The absolute value of the deviation from the median is computed for each data value.

W; |yj y| An Ftest is then performed on the transformed data values as follows:
k
'n & wii(k 1

1

F

. Equation 32

i 2
Pliw W /(n K

i1j1

If this computed F statistic is less than the critical value for tukstibution haing k-1
numerator and n-
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If the normal distribution has an OSL greater than 0.05, then the data is assumed to be from a
population with a normal distribution. If not, then if either the Weibull or lognormal
distributions has an OSL greater than 0.05, then one of those can be used. If neither of these
distributions has an OSL greater than 0.05, apamametric pproach is used.

In what follows, unless otherwise noted, the sampleisidenoted by n, the sample observations
by xi, ..., %, and the sample observations ordered from least to greatasy, hy, %n).

2.1.9.1 One-sided B-basis tolerance factors, kg, for the normal distribution when sample
size is greater than 15.

The exact computation ofgkvalues is J/\/ﬁ times the 0.95th quantile of the noncentral

t-distributionwith noncentrality parametér.282\/ﬁ and Q idegrees of freedom. Since this in
not a calculation that Excel can handle, the following approximation tasthallkes is used:

k, 1.282 exp{0.958 0.520Im( ) 3.18 Equation 33

This approximation is accurate to within 0.2% of the tabulated values for sample sizes greater
than or equal to 16.

2.1.9.2 One-sided A-basis tolerance factors, k, for the normal distribution

The exact computation ofakvalues is J/\/ﬁ times the 0.95th quantile of the noncentral
t-distribution with noncentrality paramete2.3265 and
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In order to compute a check of the fit of a data set to the Weibull distribution and compute basis
values assuming Weibull, it is first cessary to lotain estimates of the population shape and
scale parameters (Section 2.1.9.3.Lalculations specific to the goodneddit test for the
Weibul distribution are provided in sectid1.9.3.2.

2.1.9.3.1 Estimating Weibull Parameters

This section describes the maximum likelihowaethod for estimating the parameters of the-two
parameter Weibull distribution The maximurikelihood estimates of the shape and scale

parameters are denoteBand L. The estimates are the solution to the pair of equations:
5 n ~
¥ E I xiE 0 Equation 36
pE1 _I
i1
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2.1.9.3.2 Goodnessof-fit test for the Weibull distribution

The twoparameter Weibull distributiois considered by comparing the cumulative Weibull
distribution function that best fits the data with the cumulative distitin function of the data.
Using the shape and scale paramestimates from section 2.1.9.3.1, let

E . o
Z X, /Q , fori 1, 1,0 Equation 38

The Andersordarling test statistic is

n 1-eXp( Z() 1 'Z(n+1—i)i -r Equation 39

and the observed significance level is

OSL=1/M+exp[-0.10+1.24IpD" )+4.4®" Equation 40
where
AD" 1 £§AD Equation 41
Jnoe

This OSL measures the probability of observing an AndeBsoting statistic at least as extreme
as the value calculated if in fact the data is a sample from-gdvameter Weibull distribution.

If OSL d0.05, one may conclude (at a five percent risk of being in error) that theajoapul
does not have a twparameter Weibull distribution. Otherwise, the hypothesis that the
population has a twparameter
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4.76

«
3

This approximation is accurate within 0.5% of the tabulated valuesgi@ater than or equal to
16.

V, 6.649 exp 2.55 0.526In( )

Equation 46

Weibull Dist. K Factors for N<16
N B-basis A-basis

2 690.804| 1284.895

3 47.318 88.011

4 19.836 36.895

5 13.145 24.45

6

7

8

10.392 19.329
8.937 16.623
8.047 14.967

9 7.449 13.855
10 6.711 12.573
11 6.477 12.093
12 6.286 11.701
13 6.127 11.375
14 5.992 11.098
15 5.875 10.861

Table 2-1: Weibull Distribution Basis Value Factors
2.1.9.4 Lognormal Distribution

A probability distribution for which the probability that an observatidected at random from
this population falls betweeaandb 0 a b fis given by the area undéine normal

distributionbetween In(a) and In(b).

The lognormal distributiors a positively skewed distribution that is simply related to the normal
distribution. If ®mething is lognormally distsuted, then its logarithm is normally distributed.
The natural (base) logarithm is used.

2.1.9.4.1 Goodnessof-fit test for the Lognormal distribution

In order to test the goodnessfit of the lognormal distributiontake the logarithm of the data
and peform the Andersomarling test for normality from Section 2.1.7. Using the natural
logarithm, replace Equation 29 above with Equation 47 helow
In X,
z, ———, fori 1, n Equation 47
S
wherex is the I" smallest sample observatiox,ands. are the mean and standard deviation of

the In(x) values.

The Andersordarling statistic is then computed ngiEquation 30 above and the observed
significance level (OSL) is computed using Equation 31 abdves OSLmeasures the
probability of observing an Andersdarling statistic at least as extreme as the value ledécl
if in fact the data are a samplerin a lognormal distribution. SL d0.05, one may conclude
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2.1.10.2Non-parametric Basis Values for small samples

The HansofKoopmans method (referees8 and 9) is used for obtaining a-Basis value for
sample sizes not exceeding 28 antiasis values for sample sizes less than 299. Thieguoe
requires the assumption that the glsatons are a random sample from a population for which
the logarithm of the cumulative distribution fiion is concave, an assumption satisfied by a
large class of probability distributions. There ibstanial empirical evidence that suggests that
composite strength data satisfies this assumption.

The Hansorkoopmans Bbasis value is:
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B-Basis Hanson-Koopmans Table
n r k
2 2 35.177
3 3 7.859
4 4 4.505
5 4 4.101
6 5 3.064
7 5 2.858
8 6 2.382
9 6 2.253
10 6 2.137
11 7 1.897
12 7 1.814
13 7 1.738
14 8 1.599
15 8 1.540
16 8 1.485
17 8 1.434
18 9 1.354
19 9 1.311
20 10 1.253
21 10 1.218
22 10 1.184
23 11 1.143
24 11 1.114
25 11 1.087
26 11 1.060
27 11 1.035
28 12 1.010

Table 2-2: B-Basis Hanson -Koopmans Table
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k
80.00380
16.91220

9.49579
6.89049
5.57681
4.78352

n
38
39
40
41
42
43

k
1.79301
1.77546
1.75868
1.74260
1.72718
1.71239
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n
96
98

100
105
110
115
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k
1.32324
1.31553
1.30806
1.29036
1.27392
1.25859
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2.1.11.1Calculation of basis values using ANOVA

The following calculations address batch-
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2.4 0° Lamina Strength Derivation

Lamina strength values in the 0° direction were not obtained gifectiny conditions during
compression tests.They are derived from the crepl/ lamina test results using a back out
formula. Unless stated otherwise, the 0° lamina strength values were derived using the following
formula:

F' F"  BF where BF is the backotdctor.

o * 0/9

FY =UNCO or UNTO strength valu

0 /90
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3. Summary of Results

The basis alues for all tests are summarized in the following tables. The NCAMP
recommended Basis values meet aktquirementof CMH-17-1G. However, not all test data

meets those requirements. The summary tables provide a complete listing of all computed basis
values and estimates of basis values. Data that does not meet the requirer@dfits 1of-1G

are shown in shaded boxes and labeled as estimates. Basis values computed with the modified
coefficient of variation (CV) are presented whenever possible. Badigess and estimates
computed without that modification are presented for all tests.

3.1 NCAMP Recommended Bbasis Values

The following rules are used in determining whabdsis value, if any, is included in tables
Table 341 and Table 2 of recommended values.

1. Recommended values are NEVER estimat@sly B-basis values that meet all
requirements of CMH:7-1G are recommended.

2. Modified CV basis values are preferreBRecommeded values will be the modified
CV basis value when availabl@he CV provided with the recommended basis value
will be the one used in the computation of the basis value.

3. Only normalized basis values are given for properties that are normalized.

4. ANOVA B-basis values are not recommended since only three batches of material are
available andCMH-17-1G recommends that no less than five batches be used when
computing basis values with the ANOVA method.

5. Basis values 090% or moreof the mean value imply thahe C
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Lamina Strength (ksi) Tests

0.2% 5% 0.2%
Offset  Strain Offset
B-basis 304.0 201.9 33.48*** 12.72 6.071  11.53 5.875 10.93 207.7 107.9

5% Strain

Mean 342.6 2256 37.07 1425 6.745 12.76 6.514 12.10 232.6 120.6
Ccv 6.000 6.017 6.000 6.650 6.000 6.000 6.000 6.000 6.000 6.017
B-basis 2717 184.0 24.40 10.47 4861 8.181 4.466 7.886 172.2 98.95
Mean 310.1  207.7
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NCP-RP-2021015 N/C

NCAMP Recommended B-basis Values for
Victrex AE ™ 250 LM PAEK, AS4 12k Unitape 143 gsm 34% RC

Values are for normalized data unless otherwise noted

Lamina Strength (ksi) Tests

SSB
Lay-up ENV Statistic  OHT OHC FHT FHC UNT  UNC 2% . VNS* DNS*
Ultimate
Offset
CTA B-basis  51.95 57.36 107.2
R Mean 58.22 64.13 120.1
(-65 oF) _—
CV 6.000 6.000 6.000
o RTA B-basis 50.33 40.17 52.88 65.98 102.6 71.73 95.38 | 109.9 36.60 NA:A
8 (70 6F) Mean 56.60 45.57 59.65 74.84 1154 81.36 1085 | 124.7 4292 10.17
§ CV 6.000 6.000 6.000 6.000 6.000 6.000 6.129] 6.000 7.642 6.113
'@ ETW2 B-basis 30.78 58.68
S . Mean 34.91 66.56
& (250 6F) — —_— _—
CV 6.000 6.000
ETW B-basis 45.12 27.29 53.02** 45.36 90.79 53.08 76.55 | 8253 21.34 4.954
(275 6F) Mean 51.18 30.95 54.65 51.45 103.0 61.08 87.69 | 94.63 30.36 5.783
CV 6.000 6.000 1.863 6.000 6.000 6.637 6.435 | 6.479 15.24 7.258
CTA B-basis  43.28 48.68 63.02
i Mean 47.85 53.66 69.61
(-65 oF) _—
CcVv 6.241 6.255 6.000
T RTA B-basis 39.46 38.17 42.11 51.69 56.22 52.71 99.11 | 120.2
8 (70 6F) Mean 44.02 42.09 47.09 57.09 62.77 5836 110.0 | 132.7
: CV 6.083 6.000 6.000 6.000 6.000 6.000 6.000] 6.000
ETW B-basis 28.17 24.37 30.26 32.35 4594 34.83 73.66 | 80.29
(275 6F) Mean 32.73 28.29 35.24 37.75 5252 40.48 84.52 | 92.81
CVv 6.000 6.000 6.000 6.401 6.000 6.522 6.202| 6.000
CTA B-basis  69.35 NA: A 149.5
i Mean 78.39 83.79 166.9
(-65 oF) _—
CV 6.571 4.665 6.000
e RTA B-basis 69.09 50.25 NA:A 81.16 150.3 98.25 95.36 115.1
% (70 6F) Mean 78.08 57.27 79.85 89.56 167.7 108.8 109.3 127.0
= CVv 6.150 6.296 3.884 6.000 6.000 6.000 6.000 6.000
ETW B-basis NA: A 3456 66.32 53.65 140.3 64.60 66.90 78.28
(275 6F) Mean 75.28 39.39 75.23 62.09 157.6 75.14 80.77 90.19
CcVv 4.603 6.206 6.000 6.000 6.000 6.562 10.63 6.030

Notes: The modified CV B-basis value is recommended when available.

The CV provided corresponds with the B-basis value given.

NA implies that tests were run but data did not meet NCAMP recommended requirements.
"NA: A" indicates ANOVA with 3 batches, "NA: I" indicates insufficient data,
Shaded empty boxes indicate that no test data is available for that property and condition.

* Data is as-measured rather than normalized

** indicates the Single Point B-basis value is greater than 90% of the mean value.
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3.2 Lamina and Laminate Summary Tables
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4. Test Results, Statistics, Basis Valueand Graphs

Test data for fiber dominated properties was normalized according to nocuired ply
thickness. Both normalized amgmeasuredstatistics were included in the tables, but only the
normalized data values were graphed. Test failures, outliers and explanations regarding
computational choices were noted in the accompanyingderiich test.

All individual specimen results are graphed for each test by batch and environmental condition
with a line indicating the recommended basis values for each environmental condition. The data
is jittered (moved slightly to the left or righin order for all specimen values to be clearly
visible. The strength values are always graphed on the vertical axis with the scale adjusted to
include all data values and their corresponding basis values. The vertical axis may not include
zero. The horizontal axis values will vary depending on the data and how much overlapping
there was of the data within and between batches. When there was little variation, the batches
were graphed from left to right.h€ environmental conditions were identified hg shape and

color of the symbol used to plot the data. Otherwise, the environmental conditions were graphed
from left to right and the batches were identified by the shape and color of the symbol.

Page 38 of 113



Nov. 18, 2022 NCP-RP-2021015 N/C

4.1 Longitudinal Tension (LT)

Longitudinal Tension data is normalized, so both normalized antkasured values are
provided. Dé#a is available for two pyerties, strength and modulus. The ETA dataset lacked
sufficient specimens to meet CMH guidelines, so only estimates are provided for that
condition.

The ETW datasets, both normalized andressured, failed the Andersonrlag k-sample test

(ADK test) for batch to batch variability, which means that pooling across environments was not
acceptable and CMH7 Rev G guidelines required using the ANOVA analysis. With fewer than

5 batches, this is considered an estimate. These datasets failed the ADK test after applying the
modified CV transformation to the data-Estimates were below zero using the ANOVA

method and are indicated with NA for that reason. Pooling the CTA and RTA conditions was
acceptable for the modified CV basis values for both normalized ameéasured datasets.

There were no statistical outliers.

Statistics and basis values are given faergyth data imable 441 and for the modulus data in
Table 42. The data and the-Basis values are shown graphically in Figurke 4-
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Env
Mean
Stdev

Ccv

Mod CV
Min
Max

No. Batches
No. Spec.

B-basis Value
B-Estimate
A-estimate

Method

B-basis Value
B-Estimate
A-estimate

Method

NCP-RP-2021015 N/C

Longitudinal Tension Strength Basis Values and Statistics
As-measured

CTA
342.6
10.88
3.175
6.000
3225
364.7

3
18

321.1

305.9
Normal

304.0

277.8
pooled

Normalized
RTA ETA
310.1 282.7
18.89 14.11
6.094 4.992
7.047 8.000
281.0 265.4
346.6 296.2

3 1
19 6
273.2
239.9
247.1 209.5
Normal Normal
271.7
2145
2454 167.9
pooled normal
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ETW
2721
23.40
8.600
8.600
225.3
312.1

19

129.1

27.08
ANOVA

CTA
357.1
15.64
4.380
6.190
333.2
381.2

3
18

280.2
225.3
ANOVA

314.6

285.7
pooled

RTA
320.4
23.44
7.317
7.658
291.4
370.6

3
19

274.7

242.2
Normal

278.1

249.2
pooled

ETA
297.9
16.94
5.685
8.000
2775
314.1

1
6

246.6
210.1

Normal

226.1
177.0

normal

ETW
281.1
26.27
9.346
9.346
228.8
324.3

19

115.1
NA

ANOVA
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4.2 Longitudinal Compression (LC)

Longitudinal Compression data is norraelil, so both normalized andmagasured values are
provided.
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Env CTA RTA ETA ETW CTA RTA ETA ETW
Mean 16.72 16.91 17.38 17.24 17.38 17.58 18.00 17.70
Stdev 0.3416 0.2533 0.1479 0.2327 0.2878 0.2476 0.1623 0.2830

Cv 2.043 1.498 0.8512 1.350 1.656 1.408 0.9014 1.598

Mod CV 6.000 6.000 8.000 6.000 6.000 6.000 8.000 6.000

Min 15.90 16.21 17.6 (8 0 TdN16.)-5.7 (21)]TJ 5.545Tw 36d16.21
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4.3 TransverseCompression(TC)

The Transvers Compression data is not normalized. Data is available for two properties,
strength and modulus. The ETA dataset lacked sufficient specimens to meet TMH

guidelines, so only estimates are provided for that condifitve. CTA dataset failed normality

but the Weibull distribution provided the best fit for the dataset. However, the pooled dataset
passedhe normality test after applying the modified CV transformation to the data, so modified
CV basis values could be computed for CTA and RTA conditibhe modified CV CTA and

RTA conditions met all requirements for pooling, so those two datasets were pooled to compute
the modified CV basis values and estimates.
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Transverse Compression Strength Basis Values and

Statistics
As-measured
Env CTA RTA ETA ETW
Mean 37.07 27.99 15.29 14.16
Stdev 1.440 0.5670 0.3349 0.3114
CV 3.884 2.025 2.191 2.199
Mod CV 6.000 6.000 8.000 