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Abstract This study presents a statistical analysis method for field data to confirm the continuous
improvement effect of aircraft operating in the field. The analysis shows that the improvement results
are reflected in the Weibull distribution graph and parameters. About 2,500 data were obtained from N
year to N+8 year of military aircraft, and the statistical techniques used were a Anderson-Darling test,
classification by system, and 3-parameter Weibull distribution. Military aircraft have the following
characteristics: a small number of operations, small production of various varieties, and long life.
Continuous improvement is carried out according to quality improvement, discontinuation replacement,
and maintenance improvement. The field data were analyzed by dividing them into two halves according
to the delivery date. As a result of the analysis, it was confirmed that there was a significant difference
between the shape parameter and the scale parameter. The shape parameter value has increased,
thereby reducing accidental failure and causing normal wear failure. In addition, a system-devide

analysis was also conducted. The results were similar to the overall trend in 9 out of 13 systems.
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Table 1. Field Data Example

System Part Oc]?:zi’r:ice End of Date Deéi;ljry
Fuel Fuel Pump xx-07-06 | xx-07-12 | xx-05-30
Fuel Fuel Tank xx-07-12 | xx-07-26 | xx-05-30

Rotor Main Rotor | xx-07-13 | xx-08-26 | xx-12-26
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Fig. 1. Classification of Field Data by System
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Fig. 2. Divided Field Data by Delivery year

Table 2. Divided Data

Classification Delivery year Amount of Data

Former Half N ~ N+4 1668
Latter Half N+4 ~ N+8 800
Total N ~ N+8 2468
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Anderson-Darling Test
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Fig. 3. Anderson-Darling Test Result
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Table 3. Anderson-Darling Test of Former, Latter Data

Distribution AD Value AD Value

(Former) (Latter)
Normal 14.571 6.668
Box-Cox Transformation 13.019 5.430
Lognormal 45.357 24.257
3-Parameter Lognormal 15.945 6.646
Exponential 94.082 42.700
2-Parameter Exponential 84.082 41.436
Weibull 13.230 7.495
3-Parameter Weibull 14.224 6.256
Smallest Extreme Value 148.211 12.673
Largest Extreme Value 16.092 7.910
Gamma 20.947 11.129
3-Parameter Gamma 17.772 7.493
Logistic 15.777 7.659
Loglogistic 35.194 17.703
3-Parameter Loglogistic 18.004 7.897
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Fig. 4. Weibull Distribution
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Fig. 5. 3-Parameter Weibull (Former, Latter)

Table 4. 3-Parameter Weibull result of Former, Latter

Data
Data Shape Scale AD
Parameter (8) Parameter (7) Value
Former Half 1.550 441.1 14.224
Latter Half 1.802 461.7 6.256
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Fig. 6. 3-Parameter Weibull (Structural)

Table 5. 3-Parameter Weibull result of Structural

System
Datz Shape Scale AD
ata Parameter () Parameter (7) Value
Former Half 1.567 4575 2.248
Latter Half 1.588 468.6 0.733
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Fig. 7. 3-Parameter Weibull (Rotor)

Table 6. 3-Parameter Weibull result of Rotor System

Table 7. 3-Parameter Weibull result of Weapon

System
Shape Scale
AD
Data Parameter Parameter Val
alue
® (n)
Former
1.78 81.6 0.684
Half 783 3
Latter
11.6 2600 0.68
Half > >
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Dat Shape Scale AD
ata Parameter () Parameter () Value
Former Half 1.929 519.0 4.903
Latter Half 1.864 483.5 1.702
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Data Shape Scale AD
Parameter (8) Parameter (7) | Value
Former Half 1.468 427.5 0.616
Latter Half 1.949 482.6 1.563
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Fig. 10. 3-Parameter Weibull (Communication)

Table 9. 3-Parameter Weibull result of Communication

System
Data Shape Scale AD
Parameter () Parameter (7) Value
Former Half 1.779 444.8 0.704
Latter Half 2.589 599.2 0.661
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Table 10. 3-Parameter Weibull result of Systems

Shape Scale
System Parameter (8) Parameter (7)
Former Latter Former Latter
Structural 1.567 1.588 457.5 468.6

Rotor 1.929 1.864 519.0 483.5

Weapon 1.783 11.65 381.6 2600
Survive 1.387 2.008 406.1 378.6
Fuel 1.360 1.764 406.2 403.3
Hydraulic 3.099 1.633 659.9 428.0
Mission 1.468 1.949 427.5 482.6
Electrical 1.110 1.274 275.6 311.4
Avionics 1.615 1.336 366.9 388.4
Landing 1.841 2.980 456.1 487.3
Propulsion 1.265 2.586 414.5 556.2
Communication 1.779 2.589 444.8 599.2
Navigation 1.378 1.881 443.6 425.4
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