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A Study on the Analysis of Axial Vibration of Flexible Shafting
System for Propulsion and Lift in Air Cushion Vehicle

Seon-Tae Sont - Byung—-Lea Kil* « Jung-Ryul Kim*

Abstract : In this study, axial vibration analysis has been conducted on a propulsion and
lift shafting system for an air cushion vehicle using ANSYS code. The shafting system
is totally flexible multi-elements system including wood composite material of air
propeller, aluminum alloy of lift fan and thin walled shaft with flexible coupling. The
analysis calculated the axial natural frequencies and mode shapes of the shafting
system taking into account an equivalent mass-elastic model for shafting system as well
as the three-dimensional models for propeller blade and fan impeller. Such a flexible
shafting system has very intricate vibrating characteristics and especially, axial natural
frequencies of flexible components such as propeller blade and impeller of lift fan can be
lower to the extent that causes a resonance in the range of operating revolution. The
results for axial vibration analysis are presented and compared with the results of axial
vibration test for lift fan conducted during Sea Trial.
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(1) 224 (propeller shaft section)

(2) +2%A4 (drive shaft section)

(3) 2924 (lift fan shaft section)
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Table 1 Model of shaft section

shaft section from to

ropeller after end of propulsion

1 Zhap}tin propeller low speed

& shaft gear
. propulsion s .
9 drlv.e high speed lifting high
shafting speed gear
gear
3 lifting fan lifting slow | forward lift
shafting speed gear fan

Propulsion Gas Turbine
i e

Lifting Fan

Flexible Shaft Coupling
= it Thin Walled Shaft

- Ball Bearing/Roller Bearing ! |

Fig. 1 Propulsion and lift system on ACV
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(a) Propulsion shaft section
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(b) Drive shaft section
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(¢) Lift fan shaft section

Fig. 2 Mass and elastic model of propulsion and lift
shafting
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g. 3 Solid model of lift fan impeller
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Fig. 4 Solid model of propeller blade
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Table 2 Excitation source and frequency
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No.|| Eexcitation frequency
source

1 || 1xshaft speed unbalance

No. of impeller blade

2 x shaft speed

lift fan impeller

propulsion

3 No. of propeller blade
propeller

x ghaft speed

axial natural frequency
4 | of impeller
x ghaft speed

lift fan impeller

axial natural frequency

5 | of propeller blade propulsion

propeller blade

x shaft speed
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Table 3 Natural frequency of propeller shaft section

Natural frequency (Hz)
Mode
(order) Case 1 Case 2
(shaft not stick) (shaft stick)
1 36.9 39.6
2 57.5 83.0
3 519.6 159.6
4 962.0 552.1
5 1095.8 962.5
6 1736.8 1097.0
200 - 1dle Speed (ﬁ;;e“r:mg
k) 1506 [ Hz]
150 4
E 100 -
é Propeller Bladd
g_ Frequeney o,
3
(not stick) g7 o
50
(stick) 396
oronel Tnot stick) 8-
Shat Speud o
0 T T T
0 4(0.325) 8(0.65) 12(0.975) 1801310

Gas Turbine Speed(Propeller Shaft Speed) [rpm ]

Fig. 5 Campbell diagram of propeller shaft excitation
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Fig. 6 Mode shapes of propeller shaft
(Case 2, 83.0 Hz)

Table 4 & =249 Eﬁﬂol‘:ﬂ ZHA
AZstoln Fig. 7¢ AW 4

L=
AETe & 3 L-rg} ol

o
P -}

olE I-H

skl

Table 4 Natural frequency of propeller blade

Vibratory mode Natural frequency (Hz)
1 2.4

7.5

11.7

15.4

22.6

33.6

35.2

42.2

0 -3 O U W N

Idle oo d Opeating

50 R

422( Hz)

40 -

30 .

Frequency {Hz ]

16(1.3)<1?
Gas Tubin eSp ced( PropellerS haftS peal) [rpm]

3} 4(0.325) 40.65) 12 (0.975)

Fig. 7 Campbell diagram of propeller shaft excitation
(propeller blade)
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Table 5 Natural frequency of drive shaft section

Vibratory mode Natural frequency (Hz)

44.6

79.6

103.9
137.3
144.1
149.3

S UL R W N =

Operating

150 - 1dle Spead opars

1373 [Hs]

103.9
1004

Drive Shaft
Frequeny

D)

796

Frequency [Hz]

50

46

0 3(1 45) 82.9) 1'2(4_35) 16(5.8<10"

Gas Turbine Speed(Drive Shaft Speed) [mpm ]

Fig. 9 Campbell diagram of drive shaft excitation
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Table 6 Natural frequency of lift fan shaft section =%
. Natural Frequency
Vibratory Mode (Hz] Table 7 Natural frequency of lift Fan impeller
1 411 Vibratory Mode | Natural Frequency (Hz)
2 59.8
3 79.0 1 26.8
’ 2 39.0
4 95.2 3 39 5
5 96.0 4 85.3
6 921.2 5 859
6 95.0
1000 - Idle Speed (l);x;?:mg
9212 [Hz) 50 - Idle $eed O;Z:;;ilg
800
40 . 390895
[Hz }
600 o
g Lift Fan Blade 30 -
3’ 400 4 - :T 268
) 7
% Lift fan
L;_E 20 - Shaft Pod
200 A
Lift fan b
Shﬂf{ Specd 95.2/96.0
AN 289
. \ T 2] 10 -
0 | ;(0.425; ;3(0.85) 1|2(1.275;) 1e(1.;10“
Gas Turbine Speed(Lift Fan Shaft Speed) [rpm | /
Fig. 11 Campbell diagram of lift fan shaft excitation 0 . . e e
0 4(0.425) §0.85) 12(1.275)  16(1.7)* v’
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Gas Turbine Speed(Lift Fan Shaft Spead ) [rpm ]

Fig. 12 Campbell diagram of lift fan shaft excitation
(lift fan impeller)
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.1i0046

C -aiwg 28
078587 .141505

Z.141627 i . o oar
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~"Clo7a70s
- 110168

Fig. 13 Mode shape of lift fan impeller (26.8 Hz)

15 Analym wasetom
[} W47 0O
RHS= 0330

Ph{e = L3188
CRESTF= 13.0)

¥

Acceleration in G-

Req: 2850
. o 0 o
Tmain meane Spee. a4

Fig. 14 Measurement result - natural frequency of lift

fan impeller
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Fig. 15 Measurement result-vibration spectrum on
bearing of lift fan impeller shaft
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Fig. 16 Measurement result - position of vibration
sensors on bearing of lift fan impeller shaft
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