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A Study on the Analysis of Natural Torsional Vibration of
Branched Shafting System for a Naval Vessel Propulsion

Young - Kwon, Yun

Department of Marine System Engineering
Graduate School

Korea Maritime University

Abstract

A propulsion shafting system in a naval vessel consists of twin
propeller shafts mainly according to the requirement of high power,
high speed and various operating modes.

Destroyer is intended for multi-purpose naval vessel. Destroyer’s
propulsion system consists generally of two controllable pitch
propellers(twin screws) powered by a combined gas turbine and gas

turbine(COGAG) propulsion system.
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Two gas turbines are connected at the reduction gear assembly by
a independent driving shaft. Each gas turbine set, gear drive and

shaft line are mechanically not restrained each other.

Therefore, the system includes the branched shafting and such a
branched shafting system has very intricate vibrating characteristics.

In this study, to evaluate vibrational characteristics of the
propulsion shafting system some analytical methods are studied and
vibrational equations are derived. And then, torsional natural
frequencies and mode shapes of the system are analyzed.

The analysis, including natural frequencies and mode shapes, for
12 cases of the system is conducted using ANSYS code with an

equivalent mass-—elastic model.
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Fig. 2.2 Schematic diagram of port shaft system
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Fig. 2.3 Schematic diagram of stb’d shaft system



Table 2.1 Shafting system data

Description Data
Shaft power 43,395 kW
Propeller speed 55 ~ 172 rpm
Propeller Type 165/XF5
Diameter 54 m
Weight 28,082 kgf
Material MIL-5-23284 Class 1
Propeller shaft 1250 m
Intermediate shaft 1175 m
Shafting Stern tube shaft 14.00 m
(port) Thrust shaft 5.05 m
Line shaft 10.35 m
Shaft spacer 0.10 m
Total shaft length 53.75 m
Material MIL-5-23284 Class 1
Propeller shaft 1250 m
Intermediate shaft 1175 m
Stern tube shaft 12.00 m
Shafting After line shaft 10.25 m
(starboard) Middle line shaft 12.00 m
Thrust shaft 452 m
Forward line shaft 10.00 m
Shaft spacer 0.10 m
Total shaft length 73.12 m
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Table 3.1 FEquivalent values of branched system

Geared branch
Reference Val " "
Description branch alue referre

actual value | Actual value | to revolution of

reference branch
RPM ij /Vg /Vg/ 7
Order number Z, 7, 7 2,
Moment of inertia /7, Ty AT,
Torsional stiffness #, fy 7 £,
Torque 7, 7, » 7T,
Damping coefficient C, C, PO
Amplitude o, O, O,/ n
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2] (355)9] &, weF FHEA ([A]—o0i M) =0 °l
v l= d7F HH 2] (355)+= v o] s Al o)

([A—0*[4))=0 (3.65)
w2 & N Fod,

([A1=A4)=0 (3.66)

of WAL oA IAF N, EE w2elA oA 00 Hi, wehA A (366)

(LA — MM}y =0 (L, j=1,2,, 2 (3.67)
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4.1 X4

2 dFdA iAoz st FFA= Fig 2.2% Fig 2.3°04 AAg A
Ay gy, RAY e Fig 2.4, Fig. 25 2t £33, 7 949 EAA+=

[>

7 oAn AR A AN e o] S8 A, Fig 41 e A4 1 o
S84 7 A Ao &N S JEU L, Fig 425 h2EHN A 2
W &8 7 Aud sdiel e s el

It MCR Reduction Reduction
em [rpm] ti t]
rpm ratio ratio
Propeller
=136.5
Reduction gear b
(Pinion, 2nd stage) | ¢ 6.07
6= 829 f =20.93

Reduction gear z
(Wheel, 1st stage) 6 3.44

a= 2857

Gas turbine
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Fig. 4.1 Reduction gear ratio(l engine operation)

It MCR Reduction Reduction
em : -
[rpm] ratio ratio
Propeller
c=172

Reduction gear b

(Pinion, 2nd stage) | ¢ 6.07
6= 1045 f =20.93
Reduction gear
gear 23y

(Wheel, 1st stage) b
a= 3600

Gas turbine

Fig. 4.2 Reduction gear ratio(2 engines operation)

Table 4.1 Physical properties of major material
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~ Young's Modulus .
D t
Material ensi Y3 modulus of rigidity Ylel(iv[ icress
P lke/m] 1 41 vpa) G[MPal [MPa]
MIL-S-23284
7,861.0 203,395.0 81,013.0 517.1
Class 1
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Fig 4.3 Operating map
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Table 4.2 Analysis cases of torsional vibration
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Adelstel ddsAe Azl Fak

il

4elst™ Table 4.37 7T},

Table 4.3 FExciting frequencies of system

Operating range | Exciting frequency
Part Remark
[rpm] [Hz]
Shalt of 1151 ~ 3600 19.2 ~ 60.0
gas turbine
46 ~ 114 5 blade x 1
Shaft of
propeller 55 ~ 136.6 92 ~ 228 5 blade x 2
(1 G/T)
09 ~ 23 shaft
46 ~ 14.3 5 blade x 1
Shaft of
propeller 55 ~ 172 92 ~ 287 5 blade x 2
(2 G/T)
09 ~ 29 shaft

4.3 X243 R HE
Al z=E'lo] 7} case d d1A1E ANSYS code® Fdstd o, 1/43%5 5 3

A3} = Table 4.4 2 Table 4.5 & 7t}

ANTY Ao FAE FFF, 10 gEol0l L 1A BA A% 7
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Table 4.4 Natural frequencies of torsional vibration(port)

Natural frequency[Hz]

Mode case 1 | case 2 | case 3 | case 4 | case 5 | case 6
(order) | 1 G/T | 2G/T | 1 G/T | 2G/T | 1 G/T | 2G/T
50 % 50 % 20 % 20 % 388% | 388%

1 3.0 2.8 8.2 3.1 3.1 2.9

2 20.0 8.6 20.0 8.6 20.0 8.6

3 22.9 1.5 23.0 21:6 22.9 215
4 27.3 234 217.3 23.5 27.3 234
5 43.5 26.7 43.6 26.7 435 26.7

6 58.8 279 58.9 27.9 58.8 279

7 68.1 43.4 68.1 43.6 68.1 43.5

8 - 58.8 - 58.9 - 58.8

9 - 68.0 - 68.0 - 68.0

Table 4.5 Natural frequencies of torsional vibration(stb’d)
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Natural frequency[Hz]

Mode case 7 | case 8 | case 9 | case 10 | case 11 | case 12
(order) | 1 G/T | 2 G/T 1 G/T | 2G/T 1 G/T | 2G/T
50 % 50 % 20 % 20 % 388% | 388%

1 2.3 2.2 2.5 2.4 2.4 2.2

2 18.1 8.6 18.2 8.6 18.1 8.6

3 20.8 18.3 20.8 184 20.8 18.3

4 27.3 22.6 27.3 22.6 27.3 22.6

5 34.4 26.7 34.5 26.7 34.4 26.7

6 46.0 27.8 46.1 27.8 46.0 27.8

7 59.8 34.4 59.8 34.4 59.8 34.4

8 65.4 46.0 65.5 46.1 65.5 46.0

9 79.0 59.8 79.0 59.8 79.0 59.8

10 - 65.4 u 65.4 - 65.4

11 - 79.0 = 79.0 - 79.0

(1) case 1 : &&=, 7F2=EHHl Axl 10 &, F7FF &3 50%
case 19 A% AFAEF+= Table 4.4 JERd wie} o] 77 RE=7}

EAseE, 1 FAAH FAREE

Sol thgat 2uh,

Fig. 4.4° 7 trolofadol s & 5 3l

- 23 (200Hz) 2= : 7] Bgolz 22 ARy A
ZS

- 32 (229Hz) B=  F37]
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Cadan, 22 (200Hz) RE) 3% (229Hz) BEEOA FZ7] EHol=
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2} (435 Hz) =M= ZF2EHEL <z 3}

........... order[HZ]
L 1 L 1 L 1 L 1 L
Gl s — P 3 I B IR IR 6 [58.8]
50
Feme T 5[43.5]
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9 30-
§ I DO 41[27.3]
g I DO 3[22.9]
= 20-4ceedoeeeeees 2[20.0]
104
Y 1[3.0]
0 T T T T T T T
0 2 4 6 8 10

Lever position

Fig. 4.4 Campbell diagram of port shaft

a2y Fig. 4504 & 5 Aol 24 (200Hz) 2=, 32 (229Hz) BR=

( 1 engine, propeller entrained water inertia 50 % )
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Fig. 4.5 Mode shapes of port shaft
[2Z(20.0Hz), 3Z+(22.9 Hz), 42(27.3Hz), 5} (43.5Hz) ]

(2) case 2 : FHdF, 7F=gHW dx 2 W &, ¥7H5 29 50%
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case 29 A% 1FAHFE Table 4.4 YeERA uvie o] 97 R}
EA =, 1 FA FHREEE Fig 4.69 #AH tholof1dolA & = 9l
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0t+—t S S P e 8 [58.9]
50

| . . A L Ll L e . 7[43.4]
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~ speed 1st 2nd
E -
3 30+
c 16[27.9
o 5[26.7
= --| 4 [23.4]
= 204" 3[21.5]
L

104 2[8.6]

1[2.8]
0 T T T T
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Lever position

Fig. 4.6 Campbell diagram of port shaft

(2 engines, propeller entrained water inertia 50 % )
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Fig. 4.7 Mode shapes of port shaft
[1X(2.8Hz), 22(8.6 Hz), 3Z+(21.5Hz) ]
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Fig. 4.10 Campbell diagram of port shaft

( 1 engine, propeller entrained water inertia 20 % )
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Fig. 4.11 Mode shapes of port shaft
[22(20.0 Hz), 32(23.0 Hz), 42(27.3 Hz), 52 (43.6 Hz) |
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(4) case 4 : HAF, 7F2=HW A 2 O F5, U 29 20%
case 49 A% 1H2%4E= Table 4.4 YE vlel o] 97 2=7}
ZAstEH, 1 FoA FAEREE Fig 4129 7AW tholofa#loa] & &
- 22 (86Hz) B= @ FX7] EYol= 12 A& X
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Fig. 4.12 Campbell diagram of port shaft
( 2 engines, propeller entrained water inertia 20 % )
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........... order[Hz]

L | L | L | L |
Ot 8 [58.8]
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Tromremmrer g 7[43.5]
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N speed 1st 2nd
E |
? 30 6 [27.9]
o i 5[26.7]
4[23.4]
§ 204 3[2L5]
LL -
104 2[8.6]
| 1[2.9]
O T T T T
0 2 4 6 8 10

Lever position

Fig. 4.17 Campbell diagram of port shaft

(2 engines, propeller entrained water inertia 38.8 % )
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a8y Fig 41804 & & 9% 22 (86Hz) BRE ~ 42 (234Hz) =
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Fig. 4.18 Mode shapes of port shaft
[2Z(8.6 Hz), 3x}(21.5Hz), 4% (23.4Hz) ]
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Fig. 4.19 Mode shapes of port shaft
[52(26.7Hz), 62+(27.9 Hz), 72+(43.5Hz), 8 (58.8 Hz) |
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60 ' ' : ' ' 7 [59.8]
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T 6 [46.0]
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L.
> R i T . San R 5[34.4]
S 304
o F B 427.3]
§- 204 3[20.8]
L — 2[18.1]
10 4
.................................................................. > 1[2.3]
0 T T T T u T ) T T
0 2 4 6 8 10

Lever position

Fig. 420 Campbell diagram of stb’d shaft

(1 engine, propeller entrained water inertia 50 %)
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——3[20.8]
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2 4 6 8 10 12 14 16
Stern side Bow side

Position of propulsion shafting

Fig. 4.21 Mode shapes of stb’d shaft
[1R(2.3Hz), 2X}(18.1 Hz), 3x(20.8 Hz) ]
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Fig. 4.22 Mode shapes of stb’d shaft
[4R(27.3Hz), 53} (34.4Hz), 63(46.0 Hz) ]
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----------- order[Hz]

60 1 ] L 1 | 9[59.8]
50 A
R S SRR AL AR IAAR A EARS” SERREERE R 81[46.0]
Shaft Propeller blade frequency G/ T speed
"~ 40 speed
I
‘;‘ B R S B Y O R R R T PR PP PP 7[34.4]
(8] _
S 30 6 [27.8]
S 5[26.7]
o) 4[22.6]
n 204— 3[18.3]
10— 2[8.6]
1[2.2]
0 T T . T T T
0 2 4 6 8 10

Lever position

Fig. 4.23 Campbell diagram of stb’d shaft

(2 engines, propeller entrained water inertia 50 %)
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Fig. 4.24 Mode shapes of stb’d shaft
[1X(2.2Hz), 2X (8.6 Hz), 3x}(18.3Hz) ]
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Fig. 4.25 Mode shapes of stb’d shaft
[4A(22.6 Hz), 5Z(26.7Hz), 62(27.8 Hz) ]
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Fig. 4.26 Mode shapes of stb’d shaft
[7RF(34.4Hz), 8x}(46.0 Hz), 9= (59.8 Hz) ]
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........... order[HZ]
60 , I . ! . L . L . 7 [59.8]
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40 - speed 1st 2nd
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L R 5 [34.5]
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>
T 20 3[20.8]
= e 2[18.2]
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0 . . . . . : . . 1[2.5]
0 2 4 6 8 10
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Fig. 4.27 Campbell diagram of stb’d shaft

(1 engine, propeller entrained water inertia 20 %)
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a8y Fig. 428914 & & Aol 22 (182Hz) E=9F 34 (208Hz) R=
oA FR7)e] MAsE AFo] Fomz FHoT Q¥ FAE TAA %
[e]

= Aoz ArRHY, 32 (208Hz) =9 42 (273 Hz) L E=ol A ZF2E R Al

o Ast= 1Fo] A et erz gF&rjo] el AR A= 3

Zo 73k Aol 27])% 7] F 8 A (self synchronized clutch)E A A dto] v
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Fig. 4.28 Mode shapes of stb’d shaft
[2A(18.2Hz), 3x(20.8Hz), 42 (27.3 Hz) ]
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Fig. 4.29 Mode shapes of stb’d shaft
[53(34.5Hz), 62(46.1 Hz) ]
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........... order[HZ]

60 ' ' ' : ' 9[59.8]
50
Ty 8 [46.1]
Shaft Propeller blade frequency G/ T speed
— 40 - speed  1st 2nd
e T 7[34.4]
>
2 304 [ 6[27.8]
g N O '15[26.7]
T ol T 4[22.6]
- | 3[18.4]
104 ——— 2[8.6]
ik SAASAMASLES - LAaMMS iht A1 L1 TEREER el . ~{1[2.4
0 T T T u T : T T [24]
0 2 4 6 8 10

Lever position

Fig. 430 Campbell diagram of stb’d shaft

(2 engines, propeller entrained water inertia 20 %)
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a2y, Fig. 431914 2 % 91%0] 13 (24H) Z=oA FQ 30 24
e QLo 2/ vegoy, A MEINES dodlE Fa A F
et 227 Byols ArPVome 3o AL ¢gle Ao AnHAd.
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Fig. 4.31 Mode shapes of stb’d shaft
[1A(2.4Hz), 2% (8.6 Hz), 3x}(18.4Hz) ]
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283 Fig. 4.32°04% & 5 %ol 43 (226H) RE ~ 63 (27.8 Hz)
BEAA FX7)e LAstE AEL ooz FIoz AY EAle RAFA
g Aor AlmET

e, s ARl A W Fo] A dEon 3H&rlo] )
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Fig. 4.32 Mode shapes of stb’d shaft
[4A(22.6 Hz), 5Z(26.7Hz), 62(27.8 Hz) ]
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§h, Fig. 433X % & & ko] 74 (344Hz) 2= ~ 9% (59.8 H
Pz

130] Zowg Fro=z A

15

Relative amplitude

order [Hz]

Stern side Bow side

Position of propulsion shafting

Fig. 4.33 Mode shapes of stb’d shaft
[7R(34.4Hz), 8x}(46.1 Hz), 9= (59.8 Hz) ]
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(11) case 11 : &=, 7F2=HAH AR 1 of 45, 75 239 388 %

5= Table 4.5 YELH whe} o] 97 E X7}
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Ak, 1 Tl FXIRE=E Fig 4.34 9 74 tololagol A o
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- 52 (344 Hz) = : 7b2~EHl d@I} F2
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Fig. 43414 12 (24Hz) 2=, 72 (59.8Hz) BE= ~ 92 (79.0 Hz) R =0
Me 2 9 sx84 ous F A s 3102 Asdrh
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........... order[Hz]
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N
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>
g 20 e 3[20.8]
= S S R 2[18.1]
104
e N BB R S 1[2.4]
0 T T T T : T T
0 2 4 6 8 10

Lever position

Fig. 434 Campbell diagram of stb’d shaft

( 1 engine, propeller entrained water inertia 38.8 % )
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a8y Fig. 435914 & & %ol 24 (181Hz) =9 3% (20.8Hz) &
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15
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Position of propulsion shafting

Fig. 4.35 Mode shapes of stb’d shaft
[1R(2.4Hz), 2X(18.1 Hz), 3x(20.8 Hz) ]
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Fig. 4.36 Mode shapes of stb’d shaft
[4A(27.3Hz), 5X}(34.4Hz), 62(46.0 Hz) ]
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----------- order[Hz]

60 : ' ' 9[59.8]
50
gl 8 [46.0]
Shaft Propeller blade frequency G/ T speed
— 40 - speed
N
T i 7[34.4]
2 _
8 30 5 6[27.8
g i 51[26.7
T 20 4[22.6]
= 3[18.3]
LL -
10 21[8.6]
] 1[2.2]
O T T T T
0 2 4 6 8 10

Lever position

Fig. 4.37 Campbell diagram of stb’d shaft

(2 engines, propeller entrained water inertia 38.8 % )
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a2y, Fig. 438014 2 % l%o] 12 (22H) R=olA FR 30 24
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Fig. 4.38 Mode shapes of stb’d shaft
[1X(2.2Hz), 2X (8.6 Hz), 3x}(18.3Hz) ]
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a3, Fig. 4.39 4% & 4 9%
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Fig. 4.39 Mode shapes of stb’d shaft
[4A(22.6 Hz), 5Z(26.7Hz), 62(27.8 Hz) ]
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§h, Fig. 440 X% & 5 Akl 7x (344Hz) 2= ~ 9% (59.8 H
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Fig. 4.40 Mode shapes of stb’d shaft
[7RF(34.4Hz), 8x}(46.0 Hz), 9= (59.8 Hz) ]
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