Report No: NCP-RP-2019013 Rev-
Report Date: March 31, 2022

Hexcel Hexply® 8552S AS4 GP 3K 8HS
fabric with 38% RC Material Allowables
Statistical AnalysisReport

NCAMP Project Number: NPN 021801

NCAMP Report Number: NCP-RP-2013013Rev -
Report Date: March 31%, 2022

Elizabeth Clarkson, Ph.D.

National Centefor Advanced Materials Performance (NCAMP)
National Institute for Aviation Research

Wichita State University

Wichita, KS 6726093

Testing Facility:

National Institute for Aviation Research

3801 S. OlivelStreet
Wichita, Kansas 67210

Distribution Statement A. Approved for public release; distribution is unlimited

1



Report No: NCP-RP-2019013 Rev-
Report Date: March 31, 2022

Prepared by:
Elizabeth Clarkson
Reviewed by:  Not available for Evelvi Liap o e e
. V I ate: .04.
signature Y o e e
Jonathan Tisack Evelyn Lian
Approved by: Royal Covngioss

Date: 2022.04.04

Lovingfoss 1508500500
Royal Lovingfoss















March 31, 2022 NCP-RP-2019013Rev -
List of Tables

Table 1-1: Test Property AbBDreviations............oooovviiiiiiiiiie e 10
Table 1-2: Test Property SYMDOIS. ... oot 11
Table 1-3: Environmental Conditions Abbreviations ...............oooiiiieemn e 11
Table 2-1: Weibull Distribution Basis Value Factors...............uuuvuviiiiiiicceeeeiiiiiinnee e 23
Table 2-2: B-Basis HansorKoopmans Table.............ccccoiiiiiiiiiiiieecii e 26
Table 2-3: A-Basis HansorKoopmans Table..............c e 27
Table 2-4: B-Basis factors for small datasets using variability of corresponding large

(0 == 1S = PR 31
Table 3-1: NCAMP Recommended Bbasis values for Lamina Test Data........................ 33
Table 3-2: NCAMP Recommended Bbasis values for Laminate Test Data..................... 34
Table 3-3: Summary of Test Results for Lamina Data............cccoeoeeeeeeiivieeeiciiiiieeee e, 35
Table 3-4: Summary of Test Results for Laminate Data.............cccoeeeeviviiiiccciie e, 36
Table 4-1: Statistics and Basis values for WT Strength Data.................coovvvvviveene e, 39
Table 4-2: Statistics from WT ModUIUS Data...........uuuuiiiiiiiieieiieeciiiiee e eeeeeeeeen e 39
Table 4-3: Statistics and Basis Values for FT Strength Data..................oovvvviceeeeiieeeinnns 41
Table 4-4: Statistics from FT Modulus Data...............oovveiiiiiiiiireieeeeeeiiiiiies e eeeeeneend 41
Table 4-5: Statistics and Basis Values for WC Strength Data.............cccooooeeeiiieeciiicceennnn. 43
Table 4-6: Statistics from WC ModulUS Data.............uuiiiiiiiiiiiicceciiieiee e eeeeeeeeeen s 43
Table 4-7: Statistics and Basid/alues for FC Strength Data..............cccoovvvviviiiieene e, 45
Table 4-8: Statistics from FC Modulus Data...............coevvuiiiiiiirieeeeeeeeiiiiies e eeeeennend 45
Table 4-9: Statistics and Basis Values for IPS StrengtData...........ccccceeeeiiiiiiiiieeciiccceennn. 48
Table 4-10: Statistics from IPS Modulus Data..............cuuuiiiiiiiiieeeiiiiiiinee e eeeeeene s 48
Table 4-11: Statistics and Basis Values for UNT1 Strength Data..............ccccoovvvvvieeennnnn. 50
Table 4-12: Statistics from UNTL Modulus Data...............uuuuemmiiiiiicemeeiiiiiinnn e ee e e e e e e e seees 50
Table 4-13: Statistics and Basis Values for UNT2 Strength Data..............ccccoovvvvvieeennnn.. 52
Table 4-14: Statistics from UNT2 Modulus Data...............uuuuemiiiniiccmeeiiiiiiiinne e e e e e e e e eeees 53
Table 4-15: Statistics and Basis Values for UNT3 Strength Data..............cccoovvvvvieeennnn. 55
Table 4-16: Statistics from UNT3 Modulus Data...............cuuuemiiiiiicemeeiiiiiiinnne e e e e e e e eeens 55
Table 4-17: Statistics and Basis Values for UNC1 Strength Data..............ccccoovvvvvieeennnn.. 57
Table 4-18: Statistics from UNC1 Modulus Data............ccoovvviieeiiiiimmmee e 57
Table 4-19: Statistics and Basis Values for UNC2 Strength Data..............cccooovvvvvieeennn... 59
Table 4-20: Siatistics from UNC2 Modulus Data.............ccoevvvieeeiiiiimmmee e e 59
Table 4-21: Statistics and Basis Values for UNC3 Strength Data..............cccooovvvvvieeennn... 61
Table 4-22: Statistics from UNC3 Modulus Data.............ccoevvvveeeiiiiimmmeeeeeeeeeeeeeiiiie e 61
Table 4-23: Statistics and Basis Values for SBS Data...............ccooecivvimmens i 63
Table 4-24: Statistics and Basis Values for SBS1 Data.........ccccoevvvieeeeiiiieeeiiiiiieeee e 65
Table 4-25: Statistics and Basis Values for OHT1 Strength Data....................coovvieeeen... 67
Table 4-26: Statistics and Basis Values for OHT2 Strength Data...............ccccoccviiennnnnnns 69
Table 4-27: Statistics and Basis Values for OHT3 Strength Data...........cccccceooevvvvieeenennn. 71
Table 4-28: Statistics and Basis Values for FHT1 Strength Data................ccooeciiieennnnnns 73
Table 4-29: Statistics and Basis Values for FHT2 Strength Data............cccccooooevvvvieeenene. 75
Table 4-30: Statistics and Basis Values for FHT3 Strength Data................cccocciiieennnnnns 77
Table 4-31: Statistics and Basis Values for OHC1 Strength Data...........ccccccoeeevvvvieeeeennn. 79
Table 4-32: Statistics and Basis Values for OHC2 Strength Data...............cccoccvviiennnnnnns 81
Table 4-33: Statistics and Basis Values for OHC3 Strength Data...........cccccceeeevevvieeeeennn. 83

7















March 31, 2022 NCP-RP-2019-013Rev -

1.2 Pooling Across Ewvironments

When pooling across environmentas allowable, the pooled -@fficient of variation was used.
CMH17 STATS(CMH17 ApprovedStatistical 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 was no justiicédr overriding the result,

then BBasis values were computed for each environmental condition separately, which are also
provided by CMH17 STATS.

1.3 Basis Value Computational Proces

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 loin this equation, depending on the sample size and the
distribution of the data. In additiothe 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.

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. Thisesaift 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, typicallg 2
weeks only, which is not representative of the production material. Some raw ingredients that
are used to manufacture the miiéitch qualification materials may actually be from the same
production batches or manufactured within a short period of time so the qualification materials,
although regarded as multiple batches, may not truly be multiple batches so they are not
representative of the actual production material variability.

The modfied Coefficient of Variation (CV) used in this report is in accordance with section
8.4.4 of CMH-17-1G. It is a method of adjusting the original basis values downward in
anticipation of the expected additional variation. Composite materials are ekfzebteve a CV

of at least 6%. The modified coefficient of variation (C\Vinethodincreases the measured
coefficient of variation when it is below 8% prior to computing basis values. A higher CV will
result in lower or more conservative basis values anet specification limits. The use of the
modified CV method is intended for a temporary period of time when there is minimal data
available. When a sufficient number of production batches (approximately 8 tai®)een
produced and tested, theragaured CV may be used so tlta¢ basis values and specification
limits may be adjusted higher.

12
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Where kis the standard normal distribution function. The observed significance level (OSL)

OSL L AD 4 23 AD Equation 31

1 e 0.78In@D" ) 4580 ' n F©

This OSL measures the probability of observing an AndeBamting statistic at least as extreme
as the value calculated if, in fact, the data are a sample from a normal popufad&t. > 0.05,
the data is considered sufficientlpse to a normal distribution.

2.1.8 /HY HQ B fdr Equality of Coefficient of Variation

/[HYHQHTV WHVW SHUIRUPY DQ $QDO\VLV RI 9DULDQFH RQ W
medians. The absolute va

20









March 31, 2022 NCP-RP-2019-013Rev -

Ve
B de Ko Equation 42
where
Ve £0.10536/ £ Equation 43

To calculate the Aasis value, substitute the equatimiowfor the equatiorabove

o £in.01005) £ Equation 44

V is the value infable2-1 when the sample size is less than 16. For sample sizes of 16 or larger,
a numerical approximn to theV values is given in the two equations immediateow.

Equation 45

4.76

«
-

This approximation is accurate within 0.5% of the tabulated values dogater 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 10.392 19.329
7 8.937 16.623
8 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 whth the probability that an observatiodexted at random from
this population falls betweeaandb O a b f is given by the area under the normal

distributionbetween In(a) and In(b).
The lognormal distribubn is a positively skewed distribution that is simply related to the normal

distribution If something is lognormally disbuted, then its logarithm is normally distributed.
The natural (base) logarithm is used.

23
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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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Table 2-4: B-Basis factors for small datasets using variability of corresponding large dataset
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Table 3-1: NCAMP Recommended B -basis values for L amina Test Data
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Table 3-2: NCAMP Recommended B -basis values for L amin ate Test Data
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Table 3-4: Summary of Test Results for Laminate Dat a
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Warp Tension Strength Basis Values and Statistics
Normalized As-measured

Env CTD RTD ETW CTD RTD ETW
Mean 120.8 139.4 140.1 122.9 144.8 134.0
Stdev 4.658 5.309 6.899 7.708 7.945 7.800
CV 3.856 3.808 4.923 6.274 5.488 5.820
Mod CV 6.000 6.000 6.462 7.137 6.744 6.910
Min 1135 125.5 124.6 111.0 130.0 119.6
Max 127.2 145.2 150.4 138.0 155.7 145.0

No. Batches 3 3 3 3 3 3

No. Spec. 19 19 18 19 19 18

Basis Value Estimates
B-Basis 110.8 129.4 130.1 109.1 131.0 120.2
A-Estimate 104.1 122.8 123.4 99.9 121.8 111.0
Method pooled pooled pooled pooled pooled pooled
Modified CV Basis Value Estimates

B-Basis 106.3 124.9 125.6 106.6 128.5 117.6
A-Estimate 96.60 115.2 115.9 95.63 117.5 106.7
Method pooled pooled pooled pooled pooled pooled

Table 4-1: Statistics and Basis values for WT Strength Data

Warp Tension Modulus Statistics
Normalized As-measured

Env CTD RTD ETW CTD RTD ETW
Mean 9.699 9.431 9.461 9.861 9.833 9.047
Stdev 0.1357 0.09168 0.08430 0.3996 0.4020 0.1878
CV 1.399 0.9721 0.8910 4.052 4.089 2.076
Mod CV 6.000 6.000 6.000 6.026 6.044 6.000
Min 9.487 9.322 9.295 9.354 9.115 8.521
Max 9.985 9.694 9.598 10.55 10.42 9.341

No. Batches 3 3 3 3 3 3

No. Spec. 19 18 18 19 18 18

Table 4-2: Statistics from WT Modulus Data
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Table 4-3: Statistics and Basis Values for FT Strength Data

Table 4-4: Statistics from FT Modulus Data
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4.3 Warp Compression(WC)

Warp Compression data is nahzed by cured ply thicknesBoth normalized and ameaured
statistts are providedTests were conducted in four environmental conditions, but the ETD
condition had data available from only one batch, so orgstiBnates can be provided for that
condition. The normalized RTD dataset did not pass the normality testebpboled dataset
passed the normality test atitere were nother diagnostic test failures. Hence, tlea could

be pooled across all four condition&hile the CTD condition had only 15 specimens, this is
adequate to meet CMH17 requirements when poa@langss environments.

There was one outliehe lowest normalized value in batch three of the RTD condition was an
outlier for batch three, but not for the RTD condition. It was an outlier in the normalized RTD
dataset but nonithe asmeasured RTD daset.It was retained for this analysis.

Statistics basis valueand estimateare given fothe WCstrength data iTable4-5 and for the

modulus data inTable 4-6. The normalizeddata B-estimatesand Bbasis values are shown
graphically inFigure4-3.

Figure 4-3: Batch plot for W C normalized strength
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Table 4-5: Statistics and Basis Values for WC Strength Data

Table 4-6: Statistics from W C Modulus Data
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4.5 In-Plane Shear(IPS)

In Plare Shear data is not normalizdakst results were available for 0.29%fset Strengh for all

three conditions (CTD, RTD and ETW), but the Strength at 5% Strain property data was
available only for the RTD and ETW conditions, not for the CTD conditbile Maximum
Strength is available only for the CTD condition

The ETW datasets fall two propertiesfailed the Anderson Darling-kample tes(ADK test),

so the ANOVA method was requireshd with test results from only 3 batches of data available,
these are considerezbtimate basi values for those propertiesll these datasets psed the

ADK test after the modified CV transformation of data was applied, so modified CV basis values
could be provided.

The CTD dataset for 0.2% Offset Strength failed all distribution tests and also failed the
normality test afterite modified CV trasformation.The nonparametric method was used to
compute the basis values for the property and the modifiedpproach could not be used.

There were two outliersThe largest value in batane of the RTD dataset was an outlier for
batchone but notthe RTD condition, for both 0.2% Offset Sigth and Strength at 5% Strain.
Thelargestvalue in batcloneof the CTD dataset was an outlier for batch one, but not the CTD
condition, for he Maximum Strength properti3oth outliers were retained for thisalysis.

Statistics basis valuesnd estimateare given forthe IPS strengthdatain Table4-9 and forthe
modulus data irmmable 4-10. The asmeasuredlata,B-basis valuesind Bestimaésare shown
graphicallyfor Maximum Strengttand Strength at 5% Strain Figure4-5 and for0.2% Offset
Strengthin Figure4-6.
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Figure 4-5: Batch plot fo r IPS Maximum Strength and Strength at 5% Strain as-measured

Figure 4-6: Batch plot for IPS 0.2% Offset Strength as-measured
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In Plane Shear Strength Basis Values and Statistics
0.2% Offset Strength Strength at 5% Strain  |Max Str
Env CTD RTD ETW RTD ETW CTD
Mean 11.09 8.083 3.028 13.33 5.149 16.18
Stdev 0.4561 0.3169 0.09163 0.2204 0.1491 0.5173
CV 4114 3.921 3.026 1.653 2.896 3.198
Mod CV 6.057 6.000 6.000 6.000 6.000 6.000
Min 10.57 7.697 2.895 12.88 4.940 15.43
Max 12.22 8.728 3.181 13.76 5.443 17.10
No. Batches 3 3 3 3 3 3
No. Spec. 18 19 18 19 18 18
Basis Values and Estimates
B-basis Value 10.45 7.465 12.90 15.16
B-Estimate 2.426 4.176
A-Estimate 8.495 7.026 1.996 12.60 3.482 14.43
Method Non- ' Normal ANOVA Normal ANOVA Normal
Parametric
Modified CV Basis Values and Estimates
B-basis Value 7.137 2.669 11.77 4.539 14.26
A-Estimate NA 6.467 2.415 10.67 4.108 12.91
Method Normal Normal Normal Normal Normal

Table 4-9: Statistics and Bas is Values for IPS Strength Data

Table 4-10: Statistics from IPS Modulus Data
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Figure 4-8: Batch Plot for UNT2 normalized strength

Table 4-13: Statistics and Basis Values for UNT2 Strength D ata
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4.8 3 " 8QQRWFKHGURFBRVLRQ

The UNT3 data is nonalized by cured ply thicknesBoth normalized and ameasured stistics
are providedTests were conducted in three environmental conditions.

The normalized datasets from all three conditions and timeeasured CTD and ETW datasets

did not pass the Aderson Darling sample tes{ADK test). This diagnostic test failure means

that the ANOVA method must be used to compute basis values and with test results from only 3
batches of data available, these are considered estimates. After applying the n@dified
transformation to the datasets, the RTD and ETW datasets passéDKhe&g but the CTD
datasets did noRooling the RTD and ETW conditions was appropriate for both the normalized
and asmeasured modified CV basis valudhe ETW conditiondatasetshave only sixteen
specimes. When pooling across environmengssteenis considered adequate for a publishable
B-basis value.

There werewo outliers. The largestvalue in batcloneof theasmeasuredCTD dataset was an
outlier for batchone but not forthe CTD condition and not for theormalizeddataset. The
lowest value in batclwo of the ETW dataset was an outlier the ETW condition but not for
batchtwo. It was an outlier in both the normalized anehasasured datasets. Baihtliers were

retaired for this analysis.

Statistics basis valuesind estimateare given fothe UNT3 strength data ifable4-15 and for
the modulus data iflable4-16. The normalized datd-estimatesand Bbasis values are shown
graphically inFigure4-9.

Figure 4-9: Batch Plot for UNT3 normalized strength
54
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Table 4-15: Statistics and Basis Values for UNT3 Strength D ata

Unnotched Tension (UNT3) Modulus Statistics
Normalized As-measured

Env CTD RTD ETW CTD RTD ETW
Mean 8.535 8.303 8.062 8.525 8.642 7.817
Stdev 0.1136 0.1171 0.1089 0.3666 0.3468 0.1625
cv 1.331 1.410 1.351 4.301 4.013 2.078
Modified CV 6.000 6.000 6.000 6.150 6.006 6.000
Min 8.331 8.112 7.847 8.079 8.143 7.416
Max 8.791 8.485 8.242 9.310 9.391 7.998

No. Batches 3 3 3 3 3 3

No. Spec. 18 18 20 18 18 20

Table 4-16: Statistics from UNT3 Modulus D ata
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Table 4-19: Statistics and Basis Values for UN  C2 Strength D ata

Table 4-20: Statistics from UNC2 Modulus Data
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4,113 Unnotched Compression3 (UNC3)

The UNC3data is nomalized by cured ply thicknes8oth normalized and ameaured
statistics are provided.ests were conducted in two enviromtad conditions.

There were no diagnostic test failures for the radized dataset$?00
was acceptable. The pooled BRHDVXUHG GDWDVHW

ling the two conditions
IDLOHG /HYHQHTV Wt

after the modified CV transformation, so poolingasvnot appropriate for the -aseasured

modified CV basis values.

There were natatisticaloutliers.

Statistics, basis values and estimates are givetnéddNC3 strength data imable4-21 and for
the moduludata inTable4-22. The normalized dat8-estimatesand Bbasis values are shown

graphically inFigure4-12.

Hexcel Hexply® 8552S AS4 GP 3K 8HS fabric with 38% RC
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120

lized

L 4
100 -
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e RTD B-Basis (Mod CV)

Figure 4-12: Batch plot for UNC3 normalized strength
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Table 4-21: Statistics and Basis Values for UNC3 Strengt  h Data

Table 4-22: Statistics from UNC3 Modulus D ata
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Short Beam Strength (SBS) As-measured Basis Values
and Statistics
Env CTD RTD ETD ETW
Mean 14.02 11.97 8.210 5.901
Stdev 1.107 0.5227 0.2680 0.2958
CV 7.894 4.367 3.264 5.012
Mod CV 7.947 6.184 8.000 6.506
Min 12.07 10.58 7.959 5.330
Max 15.71 12.50 8.643 6.370
No. Batches 3 3 1 3
No. Spec. 18 18 6 18
Basis Values and Estimates
B-Estimate 9.232 8.835 7.398 3.936
A-Estimate 5.816 6.599 6.821 2.534
Method ANOVA ANOVA Normal ANOVA
Modified CV Basis Values and Estimates
B-Basis 10.51
B-Estimate NA 6.231 NA
A-Estimate 9.474 4.878
Method Normal Normal
Table 4-23: Statistics and Basis Values for SBS  Data
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Laminate Short Beam Strength (SBS1)

Basis Values and Statistics
Env RTD ETW
Mean 9.953 5.043
Stdev 0.5344 0.1654
CV 5.370 3.279
Modified CV 6.685 6.000
Min 9.073 4.774
Max 11.03 5.261
No. Batches 3 3
No. Spec. 18 18
Basis Values and Estimates
B-Basis 8.897
B-Estimate 4.003
A-Estimate 8.150 3.261
Method Normal ANOVA
Modified CV Basis Values and Estimates
B-Basis 8.639 4.446
A-Estimate 7.710 4.023
Method Normal Normal

65
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Table 4-25: Statistics and Basis Values for OHT1 Strength D ata
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Table 4-27: Statistics and Basis Values for OHT3 Strength Data
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Filled Hole Tension (FHT1) Strength Basis Values and Statistics
Normalized As-measured

Env CTD RTD ETW CTD RTD ETW
Mean 44.06 48.02 50.39 43.58 47.81 48.06
Stdev 2.600 2.048 1.961 2.361 2.811 1.548
CcvVv 5.901 4.264 3.891 5.417 5.879 3.220
Modified CV 6.950 6.132 6.000 6.709 6.940 6.000
Min 40.02 43.46 48.18 40.26 43.55 45.91
Max 48.56 52.04 53.68 47.78 53.48 50.77

No. Batches 3 3 3 3 3 3

No. Spec. 18 18 18 18 18 18

Basis Values and Estimates
B-basis 39.80 43.75 38.85 43.08
B-Estimate 38.19 38.69
A-Estimate 36.90 40.85 29.49 35.63 39.87 32.00
Method pooled pooled ANOVA pooled pooled ANOVA
Modified CV Basis Values and Estimates

B-basis 38.73 42.69 45.06 38.18 42.42 42.67
A-Estimate 35.18 39.13 41.50 34.58 38.81 39.07
Method pooled pooled pooled pooled pooled pooled

Table 4-28: Statistics and Basis Values for FHT 1 Strength D ata
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4,193 Filled-Hole Tension3 (FHT3)

The FHT3 data is noratized by cured ply thicknesBoth normalized and a®eaured statistics
are providedTests were conducted in three environmental conditions.

Therewere no diagnostic test failure$he three conditions could beged to compute basis
values.

There was one outlier. The lowest value in batch one of the RTD condition was an outlier for
both the RTD condition and batch one in the normalized dataseds an outlier for the RTD
condition but not batch one in themgasured dataset. It was retained for this analysis.

Statistics basis valuesand estimatesare given forthe FHT3 strength data ifable 4-30. The
normalized dataB-estimatesand Bbasis values are shown graphicallyrigure4-20.

Figure 4-20: Batch plot for FHT3 normalized strength
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Filled Hole Tension (FHT3) Strength Basis Values and Statistics

Normalized As-measured
Env CTD RTD ETW CTD RTD ETW
Mean 50.11 55.85 58.24 49.23 55.41 55.50
Stdev 2.211 2.649 2.447 3.108 3.220 2.393
CV 4.413 4.743 4.202 6.313 5.811 4,312
Modified CV 6.206 6.371 6.101 7.157 6.906 6.156
Min 46.22 48.59 53.74 45.07 46.07 51.86
Max 53.85 60.25 63.40 56.86 59.66 60.04
No. Batches 3 3 3 3 3 3
No. Spec. 18 18 18 18 18 18
Basis Values and Estimates
B-basis 45,78 51.53 53.91 44.04 50.22 50.31
A-Estimate 42.90 48.64 51.03 40.58 46.76 46.85
Method pooled pooled pooled pooled pooled pooled
Modified CV Basis Values and Estimates
B-basis 44.06 49.81 52.19 42.86 49.04 49.13
A-Estimate 40.03 45.78 48.16 38.62 44.80 44.89
Method pooled pooled pooled pooled pooled pooled

Table 4-30: Statistics and Basis Values for FHT3
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Table 4-32: Statistics and Basis Values for OHC2 Strength D ata
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Table 4-34: Statistics and Basis Values for FHC1 Strength Data
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Filled Hole Compression (FHC2) Strength Basis Values
and Statistics

Normalized As-measured
Env RTD ETW RTD ETW
Mean 57.39 31.44 57.77 31.34
Stdev 2.044 1.958 1.341 1.612
CVv 3.561 6.230 2.320 5.145
Modified CV 6.000 7.115 6.000 6.572
Min 51.93 27.62 55.31 28.48
Max 60.48 35.20 60.22 35.80

No. Batches 3 3 3 3

No. Spec. 19 18 19 18

Table 4-35: Statistics and Basis Values for FHC2 Strength Data
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Table 4-36: Statistics and Basis Values for FHC3  Strength D ata
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4.26 3 Single-ShearBearing 1 (SB1)

The SSB1 data is noratized by cured ply thicknesBoth normalized and a®eaured statistics
are providedTests were conducted in the RTD and ETW environmental conditions.

The Ultimate Strength datasetset all requirement for poolingcross the two cotittbns. The

ETW datasets for 2% Offset Strength, both normalized andeasured, failed the normality
test. When the datasets for the two conditions were pooled together, the normalized datasets
passed the normality test and pooling was appropriate.etknwthe asneasured pooled dataset

did not pass normality and pooling was not appropriate. The Weibull distribwasrusedo
compute single point design values for thaeresasured 2% Offs&trengthETW condition.This
dataset had only sixteen testues available for this property, which is acceptable for pooled
computations but not for the single point approddius the ETW 2% Offsedtrengthis labeled
B-basis for the normalized pooled result anddimate for the asieasued single point Weibull
result. The asmeasured ETW 2% OffseStrength dataset failed normality after the
transformation of data for the modified CV method, so modified CV basis value estimates could
not be provided for that dataset.

There werethreeoutliers. The lowest vatiin batch two of thesmeasuredETW 2% Offset
Strengthdataset was an outlier for batch twat not for the ETW conditiorand not forthe
normalized dataselhe lowest value in batch one of the normalized ETW 2% OS8seingth
dataset was an outlieorf batch ongbut not for the ETW conditioand not forthe asmeasured
datasetBoth outliers weraetained for this analysis.

The largest value in batch two of the normalized RTD Ultimate Strength datasetn outlier

for the RTD conditia but not fo batch twoand not forthe asmeasured datasdt.was excluded

from this analysis. High outliers are permitted to be removed in order to reduce the variance of
the dataset, which can result in highasisvalues. That was the case for this outlier.

Statistics basis valuesnd estimatesre given for theSSB1 strength datm Table 4-37. The
normalized dataB-estimatesand Bbasis values are shown graphicallyrigure4-27.
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Hexcel Hexply® 8552S AS4 GP 3K 8HS fabric with 38% RC
Quasilsotropic Single Shear Bearing (SSB1) Strength Normalized
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Figure 4-27: Batch plot for SSB1 normalized strength

Table 4-37: Statistics and Bas is Values for SS B1 Strength Data
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Figure 4-28: Batch plot for SSB2 normalized strength

Table 4-38: Statistics and Basis Values for SSB2 Strength Data
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Figure 4-29: Batch plot for SSB3 normalized strength

Table 4-39: Statistics and Basis Values for SSB3 Strength Data
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