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ABSTRACT

The airframe ground vibration tests were conducted on the KC-100 aircraft according to the
regulation requirement, KAS 23.629(a)(2) and the modal characteristics for the target modes were
measured. To make FE model tuning, a design sensitivity approach with engineering judgment was
implemented using MSC/Nastran and Attune, a genetic algorithm based parameter optimization
software. Based on the comparison between initial prediction and test results, design variables such
as beam cross-sectional properties and spring stiffnesses were devised. As the results, the correlation
of the FE model to the GVT results was made appropriately, meeting the goal of matching the target

frequencies within 5%.
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Table 1 Comparison between test and analysis before
model tuning (Fuel Empty/Cabin Empty Condition)
FEM TEST

Error| Mode Description Phase
Freq. | Freq. |Damp

2.8 1.1 | 4% | % Aileron Rotation Anti
3.0 7.8 8% | X Elevator Rotation Sym
6.0 8.1 2% | X Rudder Rotation Anti
6.5 60 [ 2% | A HT Roll Anti
7.2 62 | 2% | x Wing 1* Bending Sym
9.5 10.6 | 3% | > |Fuselage Lat. Bending | Anti
9.9 123 | 2% | X Aileron Rotation Sym
10.2 9.9 3% | O Flap Rotation Sym
12.5 122 | 3% | O HT Bending Sym
13.1 115 | 3% | % Flap Rotation Anti
143 | 140 | 3% | O Wing 1¥ Bending Anti
15.6 186 | 3% | X Elevator Rotation Anti
21.0 195 | 2% | A Wing 2™ Bending Anti
22.1 205 | 2% | A\ Wing Pitching Sym
234 | 248 | 4% | A VT Bending Anti
O

26.5 | 258 | 3%

Wing 2" Bending Sym

(O: below 5%, A:below 10%°]H, X: above 10%)

Table 2 Sine dwell test results of control surface modes

Stick/Pedal Free Fix
Phase Sym Anti Sym Anti
Aileron 8.47 Hz 2.86 Hz 10.44 Hz 9.64 Hz
Elevator 6.00 Hz - 8.00 Hz -
Rudder - ~2.0 Hz - 5.17Hz
Flap (8.0 Hz) (8.0 Hz) 9.37 Hz 9.37 Hz
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Figure 1 Stiffness Model of KC-100 Aircraft

Figure 2 Mass Model of KC-100 Aircraft
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Figure 3 Overview of the Aileron Control System and
Design Variable Locations
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Table 3 Comparison between test and analysis after model
tuning (Fuel Empty/Cabin Empty Condition)

ARX

{ﬁi;r IEI]—EIZ[ Ortho|Damp| Error| Mode Description |Phase
9.6 | 8.0 | 04| 4% x Aileron Rotation Anti
80 | 77 |-1.0 | 8% | o Elevator Rotation | Sym
52 152] 09|2% | o Rudder Rotation Anti
6.0 | 6.1 |-1.0| 2% | © HT Roll Anti
Figure 4 Design Variables in the Aileron Control 62 | 64| 09|2% | o Wing 1% Bending | Sym
System 106 | 9.1 | -0.8 | 3% | x |Fuselage Lat. Bending | Anti
104104 | 07| 2% | o Aileron Rotation Sym
94 1 93 | 06| 3% | o Flap Rotation Sym
33 ZEEA 714 122]128] 08]3% | o HT Bending | Sym
94 196 |-05|3% | o Flap Rotation Anti
A REls AR Adtel dXA717] fske] A 140 137] 08| 3% | o | Wing1*Bending | Anti
4 T AR g HA ks Foble HA 186|187 09|3% | o | Elevator Rotation | Anti
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(O: below 5%, A:below 10%°]H, X: above 10%)
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X default_Deformation2 : X

default_Deformation :
Max 7.84-004 @Nd 553204

Max 1.77+001 @Nd 553204

(a) Elevator rotation (Sym)

‘ Freq. of Test : 6.01 Hz ‘ ‘ Freq. of Analysis : 6.13 Hz ‘

8.41-003

default_Deformation2 :
Max 3.41-003 @Nd 653204

default_Deformation :
Max 1.21+001 @Nd 653204

(b) Horizontal tail roll (Anti)

Figure 5 Mode comparisons with tuned model.
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