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ABSTRACT

Korean Utility Helicopter (KUH) has been designed to avoid the blade passing
frequency and any instability due to a coupling of dynamic characteristics between the
main rotor and the airframe in ground operation. For these design objectives, the
vibration analysis and the ground resonance analysis were performed to analyze the
dynamic characteristics of the airframe and the main rotor. Then, the whirl-tower test
was conducted to identify the dynamic characteristics of the main rotor and the
ground vibration test (GVT) was conducted to identify the dynamic characteristics of
the airframe. The GVT for KUH was conducted with the test conditions and test
articles established in consideration of each flight and ground condition. This paper
shows the method and technique for performing the GVT for KUH and presents the
correlation technique and the results for the correlated analysis model.
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S = Table 1. Test Condition for Flight Operation
Pneumatic
= Soft Suspension . - - )
Excitation | Frequency |Location | Direction Force
Main Fx 500N
4 Main Fy 500N
) Main Fz 2x500N
Sine - -
5730Hz Main Mx 2x500N
Sweep :
Main My 2x500N
i L L - Tail Fy 500N
Fig. 3. KUH Test Article with Pneumatic Soft . 18.1Hz Main Fz 1000N
. Sine -
Suspension System (4/REV) Main My 2x500N
Sine Dwell | 12713Hz Main Fx 50<»300N

Reduced FEM ; 87 DOF

D N

Fig. 4. FE Model & Measurement Locations
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A WA 7HR 2712 Sine Sweep 7HXIOE

o Main Rotor
Dummy

Tail Rotor
Dummy

Fig. 5. Shaker Installation on Dummy Rotor
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Table 2. Test Condition for Ground Operation

Table 3. Modal Frequencies for MFW

. Tire Oleo -
Weight Pressure | Pressure Description
MFW 100% 100% | Normal

100% 100% | Normal
50% 100% | Deflated Tire
MTOGW
100% 30% Oleo Leakage
50% 30% Tire & Oleo failure
A NAE AgEe AEe Agste FRolb

ol 7] F= WFOE 1~5Hz Sine Sweep
s Agste] FFAAE Algste Al 7
Adete= 7Y & RE SA4S g8

3
Sine Sweep 713 AES T3 ¥ REe
| A71 A4 (Self Orthogonality)<
o]-&3te] 7zt RE9 =YPAS Hretdth

A71A [P RE WEew [M]&
FeoRdZRY dojxl A7 PHol
Aﬂﬂl%%‘%ﬁ(MFW)A mEo] BE 27 H A
& Fig. 63} 2] ID 4, 5, 61 Z=Z2 A3 6
7H 2= vzt PH 84 (Off Diagonal
Element)7} 0.30°]3t2 =HZQd R=dS &9l
At ID 4, 5, 6W RES Ae= FHEAAR
(H-stabilizer)®] 23 w3 E=of 9t 4
o] ol HithZ FHFQ LV} 034~037 FFL
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6.16.9

7.209

8.226

9.248

Fig. 6. Self-Orthogonality for MFW/Full Mass

D Mode Description Main Rotor Dummy
(MFW) 500kg(Full) | 250kg(Half)
1| 1% Vertical Bending 8.2Hz 9.0Hz
2| 1* Lateral Bending 8.5Hz 8.6Hz
3| MR Mast Pitching 13.0Hz 13.7Hz
4| H-Stabilizer Bending 14.8Hz 14.9Hz
5| 1*" Torsion 16.0Hz 16.5Hz
6| Forward Cockpit Bending 16.9Hz 17.3Hz
7| 2™ Vertical Bending 20.9Hz 21.1Hz
8| 2" Torsion 22.6Hz 23.2Hz
9| 2" Lateral Bending 24.8Hz 24 9Hz

Table 4. Modal Frequencies for MTOGW

D Mode Description Main Rotor Dummy
(MTOGW) 500kg(Full) | 250kg(Half)
1| 1* Vertical Bending 8.0Hz 8.3Hz
2| 1% Lateral Bending 8.2Hz 8.4Hz
3| MR Mast Pitching 12.9Hz 13.3Hz
4| H-stabilizer Bending 14.8Hz 14.8Hz
5[ 1* Torsion 15.7Hz 16.2Hz
6| Forward Cockpit Bending 16.6Hz 16.7Hz
7| 2™ Vertical Bending 21.1Hz 21.2Hz
8| 2™ Torsion 19.9Hz 20.1Hz
9| 2™ Lateral Bending 24.3Hz 24 9Hz
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Amplitude

171 18.1 19.1
Frequency (Hz)

Fig. 7. FRF with respect to 18.1Hz Excitation
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Fig. 8. MGB Pitch Oscillation Frequency
Change by Excitation Force
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Table 5. Modal Characteristics on Ground

. . Freq. | Damp | Modal
Weight Description (H2) (%) | Mass
MFW | Normal 56 6.1 3850

Normal 39 6.4 3600

Deflated Tire 3.8 6.4 3500
MTOGW

Oleo Leakage 41 6.5 3600

Tire & Oleo failure 39 6.7 3500

Table 6. Correlation Results for MFW/Full Mass

D Test Analysis Error Cross
Results Results Ortho.
1 8.2Hz 8.6Hz 5% 0.9
2 8.5Hz 8.4Hz 2% 0.9
3 13.0Hz 12.4Hz 5% 1.0
4 14.8Hz 14.9Hz 1% 0.7
5 16.0Hz 15.7Hz 2% 0.8
6 16.9Hz 17.1Hz 1% 0.8
7 20.9Hz 21.9Hz 5% 0.8
8 22.6Hz 24.4Hz 8% 0.8
9 24.8Hz 23.8Hz 4% 0.6
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Table 7. Ground Resonance Analysis Model
Correlation Results

Test Analysis

Weight Description Freq |Damp| Freq |Damp
(Hz) | (%) | (H2) | (%)

MFW | Normal 56 | 6.1 | 56 | 6.7
Normal 39 | 64 | 39 | 65
Deflated Tire 38 | 64 | 37 | 68

MTOGW,

Oleo Leakage 41 6.5 | 40 | 8.1

Tire & Oleo failure | 39 | 6.7 | 3.7 | 87
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D MFW/Main Rotor Full Mass MFW/Main Rotor Half Mass

Test Analysis Error Cross Ortho Test Analysis Error Cross Ortho
1 8.2Hz 8.6Hz 5% 0.9 9.0Hz 8.9Hz 1% 1.0
2 8.5Hz 8.4Hz 2% 0.9 8.6Hz 8.5Hz 2% 1.0
3 13.0Hz 12.4Hz 5% 1.0 13.7Hz 14.0Hz 2% 1.0
4 14.8Hz 14.9Hz 1% 0.7 14.9Hz 15.0Hz 0% 0.9
5 16.0Hz 15.7Hz 2% 0.8 16.5Hz 17.2Hz 5% 0.8
6 16.9Hz 17.1Hz 1% 0.8 17.3Hz 17.3Hz 0% 0.6
7| 20.9Hz 21.9Hz 5% 0.8 21.1Hz 22.1Hz 5% 0.9
8 22.6Hz 24.4Hz 8% 0.8 23.2Hz 24.4Hz 5% 0.8
9| 248Hz 23.8Hz 4% 0.6 24.9Hz 23.9Hz 4% 0.6
D MTOGW/Main Rotor Full Mass MTOGW/Main Rotor Half Mass

Test Analysis Error Cross Ortho Test Analysis Error Cross Ortho
1 8.0 8.2 2% 0.9 8.3 8.3 0% 0.9
2 8.2 8.0 2% 0.7 8.4 8.1 5% 0.9
3 12.9 12.4 4% 0.9 13.3 13.9 5% 0.9
4 14.8 14.9 1% 0.9 14.8 14.9 0% 0.8
5 15.7 14.8 6% 0.8 16.2 16.1 0% 0.8
6 16.6 16.6 0% 0.8 16.7 16.8 1% 0.6
7 211 21.2 1% 0.5 21.2 21.3 0% 0.6
8 19.9 20.5 3% 0.7 20.1 20.5 2% 0.7
9 243 23.2 5% 0.6 24.9 23.3 6% 0.6
A2 BAE frairwde] ne o

Figure 1. 1% Vertical bending

Figure 2 : 1% Lateral bending

Figure 4 : H-Stabilizer bending

Figure 5 : 1 Torsion

Figure 7 : 2" vertical bending

Figure 8 : 27 Torsion

Figure 9 : 2" Lateral bending



