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The Effect of Transient Eccentric Propeller Forces on Shaft Behavior
Measured Using the Strain Gauge Method During Starboard Turning of a
4,700 DWT Ship
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Abstract : Generally, after stern tube bearing shows a significant increase in local load due to propeller load, which increases the potential adverse
effects of bearing failure. To prevent this, research on regarding shaft alignment has been carried out with a focus on reducing the relative slope
between the shaft and support bearing(s) under quasi-static conditions. However, for a more detailed evaluation of a shafiing system, it is necessary to
consider dynamic conditions. In this context, the results revealed that eccentric propeller force under transient conditions such as a rapid rudder turn at
NCR, lead to fluid-induced instability and imbalanced vibration in the stern tube. In addition, compared with NCR condition, it has been confirmed that
eccentric propeller forces given a rapid rudder starboard turn can lift a shaft from the stern tube bearing in the stern tube, contributes to load relief

for the stern tube bearing.
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2EY Q] Alo]A S o83 4,700 DWT Avke] 93 Hepr] Zzde] #AFdo] 5 7eed vA= 9% A
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Aukel FAGE S dutH o M qFHo] Wi | n)
SRl A Abgle] difioln ¥R AR, F
Aol g AF7F FAE I ITH(Lee, 2016b). L} o}
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Fig. 1. Shafting arrangement and position of strain gauge and

laser sensor.

Table 1. Specification of the ship

Vessel type

4,701 DWT training ship

Main engine

6S35MC(MAN Diesel & Turbo)

MCR: 4,457kW % 173 rpm

NCR: 3,789 kW x 163.9 rpm

4 blade fixed pitch

Diameter: 3,800 mm

Propeller
Material: Ni-Al-Bronze
Mass: 54.7 kN
Design speed 16.8 knots
Length overall 103 m

Table 2. Sensor connections

Sensor name

No Sensor type (mounted position)
| Strain gage for SG1 (in the vicinity of forward
bending stress stern tube seal)
2 .I_aser for L1 (intermediate shaft)
displacement
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Fig. 2. Measuring system arrangement.
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Table 3. Test condition of the ship

Test# Test condition Engine load pm
1 NCR straight 85% 163.9
2 Steady state straight 75% 157

Rapid rudder o
3 starboard turn 75% 157

oddubel o dEl AR s ehddef
(SOLAS) 1I-17 A 29713 333+ & 350004 th& & 30%=°
7k 28z oluhell &3k AU THIMO, 2014). TRRE,
AR HA4e ZEPEA 9] 5 (capability) H5l HF AF} 23 MBS X

]
o ol Aube] H74)

[}

se] A o] AEA AR Fde]l §5F e 9s) uA Aol sl 9l doleE 3%
(wakefield)H 3ol] 71915 Fie )7} Al 315710 WA pag ~Egol Ao)A 9= 7|Zoz 3 3)d7t 7Nk
E 9L ATsE AoIBE Fig 3048 2ol AWANN  drw washs A%le] Wasith dwHon WA
€7 ) 35 A AEGs)E Fet Avte] 27 A8 suloz = A AS 9Hd] Tl AHS A= 9° 7t
WEFer o0 WAE w 7tAE Adxder AdAsglY. A4S Fa AAsta sAEEAE dAGd =23 vbed
wak Avbel 4w, s, Avte] e e mAsed A @ ZRdle] AAEHel oF A Fampliudee] b = A
uho] i NCR oW o= #l3sldvt A o] Mdugh T H(seal) el AAE HA B F
F49 HEZ Fohs Aol o4 ol th(Yang, 2006), ©] %=
| v Fig. 5ol A ¢} zFo] aljpol]l :=Z e 1Al AAE dA], 1A
TR SR e B 317] 918k A& B} (bracket) A%}, AlA 2 e Y EA
i SRR | svlee] W, HiRATE #AH 0 SRRl Srg
: A TR eondion | ardeBdes | el ol €, 2842 vl gefv] 584 el WA

v Rapid rudder turn changes to 0 to 90 deg. 21 AleFo] A A tH(American Bureau of Shipping, 2017).

/-’ ang(ISeTSSDLeg Then return rudder
4 Ship's heading Gnle 0ideg
gradually changing

1. At NCR condition
Rudder angle 0 deg
Ship's heading 0 deg

Fig. 3. Sea route of test ship.

bl -1
oA} o]l AAs =g Faf Adure] A ElelHE st
A}, Fig. 5. An example of displacement measuring configuration at

after stern tube side.
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