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Precise propulsion shafting alignment of ships is very important to prevent damage of its support bearings due to excessive
reaction forces caused by hull deflection, forces acted on propeller and crankshaft, and so forth, In this paper, a new iterative
shafting alignment calculation procedure considering the interaction between shaft deflection and oil film pressure of Sterntube
Journal Bearing (SJB) bush with single or multiple slopes is proposed. The procedure is based on a pressure analysis to
evaluate distributed equivalent support stiffness of SUB by solving Reynolds equation and a deflection analysis of shafting system
by a finite element method based on Timoshenko beam theory, SUB is approximated with multi—point biaxial elastic supports
equally distributed to its length, Their initial stiffness values are estimated from dynamic reaction force calculated by assuming
SJB as single rigid support, Then, the shaft deflection and the support stiffness of SUB are sequentially and iteratively calculated
by applying a criteria on deflection variation between sequential calculation results, To demonstrate validity and applicability of
the proposed procedure for optimal slope design of SJB, numerical analysis results for a shafting system are described,

Keywords : Propulsion shafting alignment(=2EA A=) Qil film analysis(R256HA). Finite element  analysis(S3I2AsHA),
Sterntube journal bearing(AMO2E HE HIHZ!). Iterative analysis(EH=E l1Ad). Convergence criteria(~2 71&)
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Fig. 1 Schematic diagram of propeller shaft and bush

of sterntube journal bearing in dynamic
rotating condition
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Fig. 2 Equivalent oil film problem
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- Shaft FE model including bearing offsets, loads and etc.
- SIJB geometry including taper
- Shaft diameter & rotating speed
- Qil film division number, oil viscosity and etc.
- Convergence criteria
v

| Shaft deflection analysis (SJB: Single rigid support) |
¥

Evaluation of shaft eccentricity along longitudinal direction |

| Evaluation of equivalent stiffness of SIB by oil film analysis |
v

| Shaft deflection analysis (SJB: multi-elastic supports) |

Fig. 4 Procedures of the proposed shaft alignment
analysis
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Table 1 Qil film analysis case to verify the adopted

method
Bearing length L (mm) 1,000
Shaft speed w (rpm) 90
Inner radius of bearing R (mm) 500
Shaft radius = (mm) 499.9
Oil viscousity 7 (Ns/mm?) 1.50e-8
Shaft eV (vertical) ~0.08 at =0
eccentricity e 008 at Y=1
(mm) eH (horizontal) 0.00 at ¥=0
0.00 at Y=1

p*max = 1.840F p*max = 1.864

Fig. 5 Non—-dimensional oil pressure for the validation
problem
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Fig. 6 Numerical model for shafting system

JSNAK; Vol. 53, No. 6, December 2016

451



= M Mojat Mg HIolE 79 2| 4oAES et F

=

Table 2 Information on shafts

Length | Typical diameter
Shaft type
(mm) (mm)
Propeller 7,569 565
Intermediate 7,398 490
Thrust 720
- 5,406
Equivalent crankshaft 389

Table 3 Bearing sizes and offsets in hot dynamic

condition
Bearing Igir:r Length | Offset
ID Position (mm) (mm) | (mm)
1 Aft. SJB 565.9 1,130 0.0
2 Fwd. SJB 567.0+« 285 0.0
3 Intermed. shaft | 495.0+« 240 -1.55
4 Thrust 720.0+« 234 -2.52
5~9 Crankshaft 389.0+a 234 -2.52

«: Clearance for fabrication

Table 4 Loads and forces at 100% submerged

condition
Component Magnitude
Propeller nut & cap weight 904 kg
Propeller weight 23,604 kg
Fly wheel weight 2,947 kg
Chain force -104,000 N
Moving mass of crank shaft 159,400 N
Thrust Engo()m:apn;])at MCR CW 195,875 Nm
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(b) Vertical bearing reaction force

Fig. 7 Shaft deflection and bearing reaction force:
Single rigid support model for aft SJB
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Fig. 8 Shaft deflection and bearing reaction force:
Multi elastic spring model for aft SJB with

installation slope of —0.2x<10? rad
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Fig. 9 Oil film pressure distribution on aft SJB
according to its installation slope
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Table 5 Calculation results on reaction force and
maximum oil pressure acted on aft SJB
according to its modelling method and
installation slope

Reaction force (N) Max. oil
pressure
Aft SJB | Slope (N/mm?) and
model | (mrad) . .
Vertical Horizontal | location from
(STBD, +) aft end
Single |1 337 258 0 -
rigid
5.720 at
0.0 |311,001| -2859.9 0.05L
0.239 at
-0.1 | 311,307 | -1646.9 0.13L
Multi—
elastic | -0.2 [311,367 | -1439.3 obzszaat
spring :
through 0.236 at
oil ﬂ|m -0.3 | 311,395| -1345.9 0.40L
analysis
0.239 at
-0.4 | 311,413 | -1291.2 0.60L
0.295 at
-0.5 | 311,420 | -1285.1 0.83L
L =565mm
D_=02mm

DY
D

Fig. 10 Additional partial slope for aft SUB bush
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