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Abstract @ The car ferry operating between the mainland and the island plays an important role on transportation of goods and passengers.
Therefore, the improvement of efficiency and safety as well as economic factor are importantly considered in the development process of car ferry.
Double-ended car ferry is already popularized because of its economic feasibility and convenience for passenger in Europe and developed countries,
and the demand is booming in domestic. In this paper, dynamic characteristics of propeller shaft and strength in double-ended car ferry are analyzed
using campbell diagram and modal analysis. Based on the analysis of dynamic characteristics, resonant phenomenon and critical speed are stable

when occurring the propeller shaft vibration due to forward and reverse propeller shaft working.
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Fig. 1. Status of Specific-ton Cargo Ferry & Ship.
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Fig. 2. Oversea Typical Double Ended Car Ferry Case.
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Fig. 3. Status of Navigation Time Cargo Ferry & Ship.
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Fig. 5. Double Ended Car Ferry Shaft Model.
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st Table 2. Double Ended Car Ferry Shaft Material Properties
DESCRIPTION Material
1 PROPELLER WITH CAP ALBC3
2 ROPE GUARD STEEL
3 BEARING STOPPER HBSC1
4 BEARING LIGNUMVIATE
5 STERN TUBE SC+STPG
6 PROPELLER SHAFT STS304
Fig. 4. Double Ended Car Ferry Predict Model. 7 INTER SHAFT SF45
8 COUPLING SF45
Table 1. Double Ended Car Ferry Principal Dimension 9 PACKING COTTON
Length O. A 49.000 M 10 PACKING GLAND HBSC1
Length B. P 27.000 M
Breadth Mould 10.000 M 3. A58 28 AH
Depth Mould 2.850 M
— e P ATH 1 AR B HAE A
Camber 0.080 M - =
Gross Tommage 250 Tor Aol mEL A%el dF dRAFAA AP A7) &
Crow 3 Poople g Aed Aute 0% FUF ZeAoE o AnnE
Passenger %2 People of ek BE MEY AFSY % AL Gee i3
Car 16 o Wtk FE B FEF] FAE v A1)~ @)
Navigation Area Sea Water ALt #k o]/do]ofof dkti(Korea Register of shipping, Machinery
Voyage Time 30M Installations, 2013). ©] ¢} #& X392 RuleS 7|Fo 2 FA 2

Voyage Schedule Time 1.5 Hour Under
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Fig. 6. Double Ended Car Ferry Boundary condition.
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Table 3. Material Properties
B T4+160 ol )
[T 1Cal3—2 ) Tensile Yield Elongation
Mat. strength strength Hardness
<A< 0,
(F, 0< A <09) (MPa) (MPa) (%)
T 4160 SF45 693 400 26.2 160
n=138—"—CC, 4)  SUS304 620 330 70 85
o 0.9< A <1.05 HBsCl1 430 150 10 100
(&, 09= A =1.05) STPG 412 245 25 40
o 1BE A% AgTE A9 WEY AE S 3 _
5. ol 4 A3t
|3 = (N/mm?)
A ARSI e A& s geke] H] P
A= XA §
T, : & AR FAH L2944 E (N/mm?) =T = o = o
C, : %9 = o woke] #ak A4 FA 3] dwrAQl wojy W] o FA A= Fig 7
M = = o T _ - -
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Fig. 8. Analysis result for Equivalent Inter shaft.
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Table 4. Output Different Analysis result

Equivalent Stress [MPa]

Output Rpm I S

100 % 495.05 8.9379 MPa 19.173 MPa
90 % 445.54 8.9385 MPa 19.173 MPa
80 % 396.04 8.9391 MPa 19.173 MPa
70 % 346.54 8.8696 MPa 19.173 MPa

[T]= Inter shaft, [S]=Stern tube
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Table. 5 Inter Shaft Thickness Different Analysis result

Mode Whirl Mo.clfz Critical Speed Natural Frequency
(mm®) Stability (Rpm) (Hz)

110 FW STABLE 592.15 9.8691

110 BW  STABLE 592.17 9.8694
112.5 FW  STABLE 612.73 9.9289
112.5 BW  STABLE 612.76 9.9293

115 FW STABLE 634.33 9.9388

115 BW  STABLE 634.36 9.9393
117.5 FW STABLE 654.51 10.309
117.5 BW  STABLE 654.81 10.313
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Fig. 11. 1 Mode Shape FW. Fig. 16. 3 Mode Shape BW.
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Table 6. Result of analysis of Campbell Diagram

Whirl Critical

" x Mode Direction Speed 0- Rpm 2000. Rpm
Fig. 13. 2 Mode Shape FW. 1 BW 495 Rpm 49.514 Hz 49.514 Hz
2 FwW 506 Rpm 51.062 Hz 36.712 Hz

3 BW 1355 Rpm 135.52 Hz 135.52 Hz

4 FwW 1408 Rpm 139.79 Hz 144.13 Hz

5 BW 2613 Rpm 261.3 Hz 261.3 Hz

6 FW 3422Rpm  27048Hz  364.86 Hz
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