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Abstract: In developing an aircraft, configuration determination and requirement proofing depend on flight test
results. Since the flight tests require much time and high cost, systematic flight test planning and analysis are
needed to reduce cost and development time. This paper presents a desirability function approach to present
an integrative measure of vibration levels at important positions and suggests a fractional factorial design
which is one of the experimental design methods to help perform systematic flight tests. A method to
perform flight tests in stages is also suggested to further reduce the number of flight tests.
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Table 1 Control factors of vibration tests
Control Factor Description Range of interest
Blade Mass 0.4R Reduce vibration loads occurring at the rotor Low ~ High
Blade Mass 0.9R Reduce vibration loads occurring at the rotor Low ~ High
Pendulum Reduce vibration loads occurring at the rotor Low ~ High
Spring Plate Reduce vibrations transmitted to the body Normal, Stiffer
Engine Mount Reduce vibrations transmitted to the engines Rigid, Soft
Cockpit Absorber Absorb cockpit vibrations Low ~ High
Seat Absorber Absorb seat vibrations Low ~ High
Cabin Absorber Absorb cabin vibrations Low ~ High
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Fig. 1 Desirability function for the smaller-the-better case
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Fig. 2 Design space of 2-level 5 factors (2°) factorial design
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Fig. 3 Design space for 25‘;1 fractional factorial design
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Table 2 Factors and levels
Factors
A: Blade Mass | B: Blade Mass | C: Spring D: Engine E: Pendulum
(0.4R) (0.9R) Plate Mount
- Low Low Normal Rigid Low
Levels - - - -
+ High High Stiffer Soft High

Table 3 25[;1 fractional factorial design table (coded unit)

ABCD
No A B C D (—E)
1 - - - - +
2 + - - - -
3 - _ - -
4 + - - +
5 - - + - -
6 + - + -
7 - + -
8 + + - -
9 - - - + -
10 + - - +
1 - - +
12 + - + -
13 - - + + +
14 + - + + -
15 - + + + -
16 + + + + +
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Table 4 25[/_1 fractional factorial design table (un-coded unit)

No 0. 4]13;13(16 Ma(sng Spring Plate Engine Mount Pendulum
1 Low Low Low Rigid High
2 High Low Low Rigid Low
3 Low High Low Rigid Low
4 High High Low Rigid High
5 Low Low High Rigid Low
6 High Low High Rigid High
7 Low High High Rigid High
8 High High High Rigid Low
9 Low Low Low Soft Low
10 High Low Low Soft High
11 Low High Low Soft High
12 High High Low Soft Low
13 Low Low High Soft High
14 High Low High Soft Low
15 Low High High Soft Low
16 High High High Soft High

Table 5 Data for the 2-level 5-factor fractional factorial design

Mass 04R Mass 09R Pendulum Spring Engine Desirability
- - Plate Mount
Low Low Low Rigid High 0.000
High Low Low Rigid Low 0.116
Low High Low Rigid Low 0.134
High High Low Rigid High 0.000
Low Low High Rigid Low 0.365
High Low High Rigid High 0.452
Low High High Rigid High 0.123
High High High Rigid Low 0.684
Low Low Low Soft Low 0.126
High Low Low Soft High 0.000
Low High Low Soft High 0.000
High High Low Soft Low 0.109
Low Low High Soft High 0.128
High Low High Soft Low 0.662
Low High High Soft Low 0.369
High High High Soft High 0.433
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18| Pareto Xt E
(B2 2 Desirability, 20t = 0.05)
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Fig. 4 Pareto chart for the 2-level 5-factor fractional factorial design data

221 Ash Desirability O Mass_0.4R, Pendulum, Engine Mount

Desirabilityl CHEF Z=EE FdF L H(ZESHE SR

Tt =z Haz= 5B H= T P
e 0.23118 0.002113 109.43 0.000
Mass_0.4R 0.15140  0.09570 0.002113  35.83 0.000
Pendulum 0.34118 0.17059 0.002113  B80.75 0.000
Engine Mount -0,17865 -0.08932 0.002113 -42.28 0.000
Mass_0. 4R+Pendulum 0.16021  0.08011 0.002113  37.92 0.000
Pendulum+Engine Mount -0.05747 -0.02873 0.002113 -13.60 0.000
5 = 0,00845049 PRESS = D.00182812

B-HE =99.91% R-HMS(HS) = 99.77% R-MIS(5=E) = 99.87%

Fig. 5 Statistical analysis result of the 2-level 5-factor fractional factorial design data after pooling
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Aell By frolgh alade] et AA7F 37NN et AT A 163] HIAAIR HolHE 379
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Fig. 6 Main effect plot for the 2-level 5-factor fractional factorial design data
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Fig. 7 Interaction effect plot for the 2-level 5-factor fractional factorial design data
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Fig. 8 Cube plot for the 2-level 5-factor fractional factorial design data
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Fig. 9 Contour plot of desirability with respect to Mass(0.4R) and Pendulum
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