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Measurement and Assessment on the Shaft Power Measurement of Diesel

Engine using Strain Gauge in Marine Vessel
Don-Chool Leet - Myong—Ho Song1 - Sang-Hwan Kim®
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Abstract: The power measurement of main propulsion system on the new vessels can be
classified with the direct method acquired from the shaft’s strain using strain gauge
and the indirect method converted and summed from all of cylinders combustion
pressure using mechanical or electrical pickup device during the sea trial. This power is
fluctuated by external factors which was influenced by various sea motions with long
time interval and by internal factors which was influenced by varying torques of
torsional vibration and bending moment, due to mis-aligned shaft and whirling
vibration with short time interval. In this paper, the statistical analysis method for the
shaft power measurement and assessment using strain gauge in marine vessels are
introduced. And these are identified by the low speed two stroke diesel engine model
and four stroke medium speed diesel engine model including reduction gear.

Key words: Diesel engine, Marine vessel, Shaft power measurement and assessment,
Strain gage
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Figure 1: Ship motions

Furd x| oi g3 %] A133¢ AI8E, 2009. 11 / 1163



80 ol=FE -

L
< J

/

—
—_—~——

I

Figure 2: Rolling

|
|

z

Adubell A J 3] F =
]

vptol A At 4 (5), (6)3 2t
Lo, GM;
LA i 4 (5)
dt Icw
2k
7= (6)
(9@g)*?
3| B &5 Figure 334 7Fo] Aylo] Atz &
Fole ALZ UAHAS AeH 2 (1) 2o
Awz
Fz_f u (7)

wep 8B eEe)

7718 ek 4

4.(8)44 2
A ellx: =9 A

1164 / d=vidddx o] g3 A 337 Al8=, 2009. 11

g <" (Slamming) 5 <& FF Aves
of YA BRAHOT Aojupy Mute] AeH
AR 7E v A F 2 el A s E 7] ol
F49 W5 Ao

Adz  Awz

g dt? T u (8)

(A )y
7T g Aw 9)

F7F 6.5mel F3] & IXRoA BH7

wodA s AR
Co] T E2UAS ANH R v X2
A= F 6% ol B2 F3H(Heavier load) = 3]
A 96rpme 71ELCE THS 19 5-ulH
A 19R8ARE (¢ 20% S7HoZ SrtskH, o
Age LR(GFAF)ANA AAR &H Foll 42
Agolth, Figure 5+ ¥4 2.5m, 3 4m¢l 3l
FrAA S A FH A5E 1.5%(7
H71E 4.6%)8E B B Falb A= St

-z

o= IS FLsts THEA 9
3% ZFsie), o] Frel gz Aot
9]

FHE4L vHaA $ee RAET olelox
Y AN E5ol s 28 B Hols} ut
A Aot
BHP Shaft power
21,000
Heavy 10“,410J
running s,
. Extremely bad weather 6% 15000 / /6%2% sy,

£ Average weather 3%
ﬁ Extremely good weather 0%

15,000

/

12,000

N

i3
Clean hull and draught D 9,000 16

Digan = 6:50m »

Dr  =525m 2L,

Dy =7.75m 568 o 0|25
786 80 84 8 9 9% 100tmn

Propeller speed

b=

\\ N N
NN
\\ N

123
=

Source: Lloyd's Register

Figure 4: Service data over a period of a year
returned from a single screw container ship
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Figure 5: Measured relationship between power,
propeller and ship speed during sea trial of a reefer
ship
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Figure 7: Strain gauge for torsional vibration stress
& power measurement at intermediate shaft
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Figure 14: FFT analysis result of transmitted torque
at 6S90MC-C engine during the NCR speed test of
317k VLCC
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Figure 15: Measured power at 6S90MC-C engine
during the NCR speed test of 317k VLCC

Table 2: Power analysis result of 6S90MC-C engine
during the NCR speed test of 317k VLCC

Analysis | Mean | Shaft Min, Max. | Standard | Max.
Time power speed power power | deviation |deviation
(sec) (&W) | Gpm) | W) (kW) (kW) (%)

41 29445) 185 29191 29756 1472 411
8| 29445 785 29239 29685 1316 408
16| 29445 785  29276] 29675 1217 +0.8
32| 29445 185 29282 29548 905 05
96| 29445| 85| 29424| 29463 193] 01
192|  29445| 785 - - - -
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Figure 16: Measured torque curve of Mak6M43

engine during the NCR speed test of 687 TEU
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-+ -Max. ampltudefN-m] : ]

38
Frequency at max.[Hz] : 4.145
Summaton[kN-m mms] : 40045
3
25
£
%,
g
4
1
08 :
. . . A
5 0 15 0
FrequencylHz]

Figure 17: FFT analysis result of Mak6M43 engine
during the NCR speed test of 687 TEU container
vessel

Table 3: Power analysis result of Mak6M43 engine
by time interval during the NCR speed test of 687
TEU container vessel

Analysis Mean Shaft Min. Max. Standard | Max.
Time . speed | power power | deviation |deviation
(se) | P tpm) | W | &0 | &W | %
41 46433 122.7) 43970 4832.4 109.9 -5.3
8| 46433 1227 44374 48094 94.7 -4.3
16| 4643.3| 122.7| 4504.1) 4735.0 68.2 -3.0
32| 4643.3| 122.7| 45711 4677.6 34.8 -1.6
96| 4643.3| 122.7| 4639.7| 4646.2 3.3 -0.1
192| 46433 122.7 - - - -

Mean shafttanque JiN-m] : 351.2833

Medan shaft spaed [rpm]: 122.7287

Moo st poer 4] : 45432578

Figure 18: Power measurement result of Mak6M43
engine during the NCR speed test of 687 TEU
container vessel
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