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Abstract  

Federal Aviation Administration (FAA) requires 

material design allowable for the aircraft 

structural usage. This study shows calculation 

of the aerospace material allowables by using 

Composite materials Handbook (CMH)-17 

STATS software which has been developed by 

National Center for Advanced Materials 

Performance (NCAMP) with material property 

data of HG181/AR1222 Glass fabric lamina 

produced by Hankuk fiber and CP150NS/K.015 

Unidirectional carbon tape laminate produced 

by Hankuk carbon for aerospace usage. 

 The results of this study have been 

utilized for the domestic composite material 

qualification system and material characteristic 

database sharing system. 

1  Introduction 

Estimation on material for the aircraft structural 

usage is the significant factor to have the safety 

of aircraft structure design. For estimation on 

materials, it is a base to verify the material 

allowables. Generally, both material allowables 

of composite and metal have a common result 

but have a different about the process of 

calculation. 

Material allowables are classified two 

value: one is A-basis value (A-basis), another is 

B-basis value (B-value). The necessary value is 

determined by applied structure. A-basis is that 

at least 99% of population equals or exceeds 

value about the material property with 95% 

confidence. When the applied load is delivered 

to structure of aircraft through only one element, 

A-basis is selected. For instance, if only one 

element which is able to deliver the load is 

destroyed, the integrity of component will be 

damaged. B-basis is that at least 90% of 

population equals or exceeds value about the 

material property with 95% confidence. In case 

of multiplex structures, the applied load is 

distributed to other elements safely even though 

one element is destroyed. 

In this study, we focused only on the B-

basis since the test data set of the A-basis have 

not met the requirements of certification of 

NCAMP [1]. We calculated material allowables 

by using CMH-17 STATS software that has 

been developed by NCAMP. 

Two types of composite material data were 

selected in other to compute the B-basis 

material allowables: HG181/AR1222 Glass 

fabric lamina produced by Hankuk fiber and 

CP150NS/K.015 Unidirectional carbon tape 

laminate produced by Hankuk carbon for 

aerospace usage. 

Aim of this study is to make the material 

property database of material allowables 

depends on the method of NCAMP within the 

level of a global approval. And the result will be 

applied to set up the materials certification 

procedure system for domestic composite 

materials for aircraft. 

2  Method  

Generally, material allowable is calculated with 

the statistically-based basis values. When  is 

sample mean, s is sample variance and kB is one-

sided tolerance limit factor of B-basis, B-basis 

value is calculated using equation (1). 

B-basis= - kB s 

(1) 

NCAMP introduced the method of single 

point and pooling for getting the more accurate 

result from the limited data set. The pooling 
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method is employed when the assumption that 

there are data set can combine with multiple 

material batches under the fixed effect as 

environment. If requirements for data are not 

met, then single-point method is employed. 

There are different approaches are applied 

depending on the data sets within the single-

point procedures. Among Normal, Weibull, or 

lognormal distribution is selected for modeling 

unstructured data. Otherwise, nonparametric 

determine the basis values. On the other hand, 

structured data are modeled using the analysis 

of variance (ANOVA).  

In order to apply the pooling, the modified 

coefficient variation (Mod CV) is employed by 

NCAMP. The coefficient of variation (CV) is 

the ratio of the standard deviation to the mean. 

In contrast to the CV, the Mod CV is change of 

CV value according to the Mod CV method [2]. 

2.1 Process of calculation using CMH-17 

Single point method is used for calculation of 

the material allowables. Mod CV and pooling 

method are recommended applying statistical 

analysis when the statistical data fully meet the 

requirements of CMH-17 Rev G. Initial 

produced coupons do not tend to have enough 

real variations of material characteristics. 

NCAMP recommends to use Mod CV instead of 

CV since Mod CV is taken into consideration 

expected real variations. When pooling across 

environments in each test conditions is available, 

pooled coefficient of variation based on Mod 

CV of pooled data is used for calculations of the 

B-basis material allowables. Test data sets are 

normalized with a nominal cured ply thickness 

(CPT). Both statistics of normalized and as-

measured data sets are calculated. 

When test data sets passed K-Sample 

Anderson Darling test for batch equivalence, 

Anderson-Darling test for Normality and 

Levene’s test for equality of standard deviation, 

pooling across environments was applied to 

calculate the B-basis values. If data had 

normality and pooling method was not 

allowable, Mod CV method was introduced to 

calculate the B-basis values. Otherwise, single 

point method was employed to calculate the B-

basis values. 

3 Result of CMH-17 STATS software 

Material allowables was calculated and 

analyzed with CMH-17 STATS software. If it is 

possible to calculate the basis value with the 

Mod CV, and then the value was selected as 

recommend basis value. Estimates is not able to 

be a recommend basis value. Furthermore only 

normalized basis value was provided about the 

normalized material property. Environmental 

condition was presented in Table 1. 

Table 1. Environmental condition abbreviation 

Environmental 

Condition 
Temperature Abbreviation 

Cold 

Temperature Dry 
-54℃ CTD 

Room 

Temperature Dry 
24℃ RTD 

Elevated 

Temperature Dry 
82℃ ETD 

Elevated 

Temperature Wet 
82℃ ETW 

 

3.1 Results of HG181/AR1222 Glass fabric 

Lamina 

All results basis value of HG181/AR1222 Glass 

fabric lamina produced by Hankuk fiber were 

summarized in figure 1 and 2. When the B-basis 

meet the requirement of CMH-17 Rev. G, the 

B-basis can be shown in figure 1. However all 

of test data cannot meet the requirement so that 

the value which do not meet the requirement 

was described as estimates. All A-basis, B-basis 

and estimates can be shown in figure 2. 

Figure 3 shows the result of statistics and 

basis value in case of warp (0°) tension (WT) 

properties. Data of CTD, RTD and ETD 

environment was pooled in both normalized and 

as measured data set. In case of ETW 

environment, converted data through the Mod 

CV was not success to pass the Anderson-

Darling test for normality so that the data were 

not included into pooling. All of B-basis from 

pooling method on normalized data set was 

reduced as average around 2.95%. B-basis in 
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ETD environment was the mostly reduced as 

5.8% reduce. About as measured data set, B-

basis of CTD, RTD and ETD is overall reduced 

as 2.8%. 

 

 

Fig. 1. KARI Recommend B-basis value on Lamina 

test data 

 

 

Fig. 2. Summary of Lamina test data results 

 

Fig. 3. WT Strength data statistics, basis value and(or) 

estimate 

3.2 Results of CP150NS/K.015 Unidirectional 

carbon tape Laminate 

All results basis value of CP150NS/K.015 

Unidirectional carbon tape laminate produced 

by Hankuk carbon were summarized in figure 4 

and 5. When the B-basis meet the requirement 

of CMH-17 Rev. G, the B-basis can be shown in 

figure 4. However all of test data cannot meet 

the requirement so that the value which do not 

meet the requirement was described as estimates. 

All A/B-basis and estimates can be shown in 

figure 5. 

Figure 6 shows the result of statistics and 

basis value in Quasi Isotropic Open Hole 

Tension (OHT1) properties. All environment 

data set of normalized and as measured can be 

pooled with Mod CV and CV method. All of B-

basis from pooling method both on normalized 

and as measured data set was reduced as 

average around 4.28%. The trend of reduced 

account was similar with normalized data set 

and as measured data as about 4.7% in CTD, 

4.3% in RTD and 3.8% in ETW. 
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Fig. 4. KARI Recommend B-basis value on Laminate 

test data 

 

Fig. 5. Summary of Lamina test data results 

 

Fig. 6. OHT1 Strength data statistics, basis value and 

(or) estimate 

4 Conclusion 

Material allowables is one of the significant 

factor to estimate the material for the aircraft 

structural usage. In this research, we selected 

CMH-17 STATS software to calculate material 

allowables with Mod CV and pooling method. 

The overall results through pooling method was 

shown the reduced the material allowables. The 

results of this study may be shared other 

manufacturers through database of the domestic 

composite materials certification system. 
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