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A Study on the Reduction of the Torsional Angular
Acceleration on Chain Drive Wheel

of Marine Diesel Engine

Sang - Jin Kim

Department of Marine System Engineering
Graduate School

Korea Maritime University

Abstract

When the propulsion shafting system of marine diesel engine is designed,
the vibratory stresses on shafts should be reviewed and be satisfied with
limits which are laid down by classification societies. In addition, the
torsional vibration aspects for crankshaft of main engine are requested to

be checked by engine designers.

Especially, for the 4, 5, and 6-cylinder engines, the 2nd order moment
compensator(s) may be installed to compensate the external moments of
engine and not to excite the hull girder vibration. This moment
compensator which is mounted on fore and/or after-end of engine is driven
by the roller chain drive for some of MAN B&W 2-stroke diesel engines.
While the engine is running, the roller chain is worn down, which causes
the extension of roller chain. The chain therefore should be checked and

tightened by periods in order to keep its functionality.

= viii -



However, when the torsional angular acceleration of chain drive exceeds
the certain limit, the chain will suffer the excessive slack and transverse
vibration. This may cause fatigue, wear or damage on the chain and the

chain ultimately may be broken.

The research object of this thesis is to review factors which affect on
the angular acceleration of chain drive and to find out how to decrease the
angular acceleration of driving chain by checking factors which have a
major contribution to acceleration reduction using the statistical method of
DOE(design of experiment), correlation analysis and regression analysis

methods.
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Fig. 2.1 Chain drive system of MAN B&W S70MC-C engine
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Fig. 2.8 Damaged guide bar by excessive vibration of roller chain
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Fig. 2.9 Vibration mode of hull [9]
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Fig. 2.10 After-end 2nd order moment compensator [9]
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Fig. 2.11 Fore-end 2nd order moment compensator [9]

Fig. 2.12 Balancing weight (MAN B&W drawing )
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Table 2.1 Degree of applicable 2nd order moment compensator [10]

Crankshaft angular acceleration at chain drive a

Engine
a < Limitl Limitl < a < Limit2 Limit2 < a

No moment

. Full moment Reduced moment compensator,
4 or 5 cylinder .
compensator compensator Electric balancer
on hull side
No Moment
. Full moment Full moment compensator,
6 cylinder .
compensator compensator Electric balancer

on hull side
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Table 3.1 General particulars of the ship and engine

Item Description Remark

Ship type Crude oil tanker
Tonnage 105 K
Engine type 5S70MC-C
Bore/Stroke 600 mm / 2800 mm
Rating 21,100 BHP x 91 rpm
MEP 17.2 bar
Firing order 1-4-3-2-5
T/V damper D290/6 Geislinger
Flywheel moment of inertia 13,000 kg'm2

Propeller type FPP

Diameter x Blade No. 80m x 4 blade (Nifffoffze)
Propeller Pitch at 0.7R 5879.7 mm

Exp. area ratio 0.4516

Mass in air 31,880.0 kg

Moment of inertia in air 85,450 kg'm2
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Table 3.2 Specification of torsional vibration damper

sl

Items Description Remark
Type D 290/6 Geislinger
Inner inertia 1,100 kg m?
Outer inertia 17,400 kg m?
Torsional stiffness 13 MN m/rad
Linear viscous damping 300,000 N m-*s/rad

Fig. 3.3 Torsional vibration damper (Geislinger brochure)
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Table 3.3 Comparison of calculated and measured results(5th order)

Calculated Measured
Item Remark
result result
Critical speed 47.5 rpm 47.7 rpm 0.4%
Acceleration on critical speed 14.2 rad/s? 13.4 rad/s? 5.6 %
Acceleration on MCR (91 rpm) 15.2 rad/s? 14.3 rad/s? 5.9%
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Table 4.1 Factors and its level for T/V calculation

Tuning wheel | T/V damper | Flywheel Intermediate Propeller
Item M.O.L damping M.O.L shaft stiffness M.O.L
[kg'm?®] [N'm's/rad]| [kg m?] [ N-m/rad] [kg'm?®]
Current
| - 300, 000 14,730 57.1x10° 106, 800
evel
Min. 6
level 0 30, 000 13,000 43.9%10 85, 440
Max.
1 60, 000 700, 000 42,000 81.6x10° 128, 160
evel
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Table 4.2 Factors and its level for installation of tuning wheel

Tuning wheel | Flywheel Intermediate Propeller

Item M.O.L M.O.L shaft stiffness M.O.L
[kg m?] [kg'm®] [N-m/rad] [kg'm?®]

Min. level 0 13,000 43.9x10° 85, 440
Max. level 60, 000 42,000 81.6x10° 128, 160

Table 4.3 DOE design

and its result for tuning wheel

Input Output
Case Tuning | Fly- Inter. shaft| Propeller | Fore-max Aft-max Stress
wheel | wheel . . . on
MOL | MOL stiffness M.O.L acceleration | acceleration shaft
1-1 0 [13,000 |43.9x10° 85,440 24.8 25.0 N
1-2 0 | 13,000 |43.9 128,160 24.8 24.9 N
1-3 0 | 13,000 |81.6 85,440 27.0 26.8 N
1-4 0 | 13,000 |81.6 128,160 26.4 26.7 N
1-5 0 42,000 |43.9 85,440 22.0 20.2 N
1-6 0 42,000 |43.9 128,160 22.0 20.0 N
1-7 0 42,000 |81.6 85,440 20.0 19.0 N
1-8 0 42,000 |81.6 128,160 20.0 189 N
1-9 | 60,000 | 13,000 |43.9 85,440 18.6 19.0 N
1-10| 60,000 | 13,000 |43.9 128,160 18.6 189 N
1-11 60,000 | 13,000 |81.6 85,440 195 195 OK
1-12 | 60,000 | 13,000 |81.6 128,160 19.2 19.3 N
1-13| 60,000 |42,000 |43.9 85,440 15.3 15.3 OK
1-14 60,000 |42,000 |43.9 128,160 15.2 15.2 N
1-15| 60,000 |42,000 |81.6 85,440 16.2 15.8 OK
1-16| 60,000 |42,000 |81.6 128,160 16.0 15.7 N
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Table 4.5 DOE design and its result for T/V Damper

Input Output
Case TV Fly= Inter. Propeller | Fore-max Aft-max Stress
damper | wheel shaft M.O.L acceleration | acceleration |
damping| M.O.L. stiffness shaft

2-1] 30,000 13,000 | 43.9x106 85,440 22.6 23.0 N
2-2| 30,000 13,000 |43.9 128,160 22.5 22.8 N
2-3 | 30,000 13,000 | 81.6 85,440 24.8 24.6 N
2-41 30,000 13,000 |81.6 128,160 242 245 N
2-51 30,000 42,000 |43.9 85,440 17.0 16.3 N
2-6 | 30,000 42,000 |43.9 128,160 16.9 16.3 N
2=-71 30,000 42,000 |81.6 85,440 17.8 17.2 N
2-8 | 30,000 42,000 |'81.6 128,160 17.8 17.0 N
2-9 || 700,000 13,000 1 43.9 85,440 18.3 18.7 OK
2-10| 700,000 13,000 | 43.9 128,160 18.1 18.6 OK
2-11| 700,000 13,000 | 81.6 85,440 20.4 20.3 OK
2-12]| 700,000 13,000 | 81.6 128,160 19.9 20.0 OK
2-13]| 700,000 42,000 |43.9 85,440 16.3 155 OK
2-141 700,000 42,000 |43.9 128,160 16.1 155 OK
2-15| 700,000 42,000 |81.6 85,440 175 16.3 OK
2-16| 700,000 42,000 |81.6 128,160 172 16.1 OK
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Table 5.1 Correlation analysis for factors to angular acceleration

of fore-moment compensator in case of tuning wheel

Tuning Flywheel Intermediate | Propeller
wheel moment shaft moment
Item moment stiffness
Mz Mz k izs M pp
Correlation r -0.811 -0.540 0.050 -0.020
P-Value 0.000 0.031 0.853 0.941
Result Accept Reject Reject Reject

Table 5.2 Correlation analysis for factors to angular acceleration

of after—-moment compensator in case of tuning wheel

Tuning Flywheel Intermediate | Propeller
wheel moment shaft moment
Item moment stiffness
M gy M ey k izs M pp
Correlation r -0.711 -0.664 0.053 -0.017
P-Value 0.002 0.005 0.845 0.951
Result Accept Accept Reject Reject
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S=1.01824, A =95.0%, A(T%8)=93.1% (55)
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A5 = BYFoAe a9a% 449 MEY AAEE0 O 409 A7
Aol g A7 ATH(Table 5.3 #%), Teoldel walsol vala 4
#7457k o3 P-ghol *
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Table 5.3 Correlation analysis for factors to angular acceleration

of fore-moment compensator in case of T/V damper

T/V Flywheel Intermediate | Propeller
damper moment shaft moment
Item damping stiffness
drry My k izs M pp
Correlation r -0.449 -0.775 0.267 -0.045
P-Value 0.081 0.000 0.317 0.868
Result Reject Accept Reject Reject

Av] S QP FelAe] agas Aol HEd A7rEE A 49 A
Aatel thek F¥EA A3 (Table 5.4 #x), Fgho] o] malEd s 4
BATZE (> 0.7 ©13L P-gkel e E (a=0.05)R 0 Aon2 diygridol
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No [ dlZw# A% SE A% T p
(a) Ch 22.785 1.899 12.00| 0.000
(b) Zrrv | —3.69x10 " 0.88x10 % | —4.22| 0.000
(c) Mrrw | —0.14741x10 77 | 20.24x10"° | —7.28| 0.000
(d) Kzs 0.3912 0.1557 2.51| 0.029
(e) Merp | —5.85x10 " ° 13.74x10 " ° | —0.43] 0.678
$=1.17396, A =281.5%, A (T8)=283.0% (5.8)
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No | el=w% A SE A% T p
(a) Ch 23.751 1.746 13.61| 0.000

(b) Zary | —3.86x10 " 0.81x10 % | —4.80| 0.001

(c) Marw | —0.18233x10°° | 18.61x10"° | —9.80| 0.000

(d) Kz 0.3084 0.1431 2.15| 0.054

(e) Marp | —3.22x10 " ° 12.63x10 ° | —0.25| 0.804
$=1.07922, A =091.8%, A (T78)=288.9% (5.11)
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Angular acceleration(rad/s2)

Angular acceleration(rad/s2)
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(b) On the after-moment compensator (25.0 rag/s?)

Fig. 5.1 Synthesized angular acceleration on crankshaft

(T/W :0, F/W :13000, Inter.shaft: 43 9x105,
Propeller : 85440) [Case 1-1]
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(b) On the after-moment compensator (24.9 rag/s?)

Fig. 5.2 Synthesized angular acceleration on crankshaft

(T/W :0, F/W :13000, Inter.shaft: 43 9x105,
Propeller : 128160) [Case 1-2]

_59_



MCR
an

bynthesized angular accdleration

a5

|
Bar}e(‘gl range

) 7% N
[N

15

Angular acceleration(rad/s2)
Y

1a

a +H—% 6 ¥ +
2n > L] a0 i1 7a 8o o Lop

Engine speed [rpm]

(a) On the fore-moment compensator (27.0 rag/s?)

MCR
15

ynthesized angtlar accpleration

o

|
Barfe(\ range

: S
T’\? VAL
/ B

N

5th jorder

15

Angular acceleration(rad/s2)

“ /
5 / VAN

a H—F £2:) L2 t
T
n o Ar Al Lol T An Gy n

Engine speed [rpm]

(b) On the after-moment compensator (26.8 ragd/s?)

Fig. 5.3 Synthesized angular acceleration on crankshaft

(T/W :0, F/W :13000, Inter.shaft:g81.6x105,
Propeller : 85440) [Case 1-3]
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(b) On the after-moment compensator (26.7 rad/s?)

Fig. 5.4 Synthesized angular acceleration on crankshaft
(T/W :0, F/W :13000, Inter.shaft:g81.6x105,
Propeller : 12860) [Case 1-4]
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(b) On the after-moment compensator (20.2 ragd/s?)

Fig. 5.5 Synthesized angular acceleration on crankshaft
(T/W :0, F/W :42000, Inter.shaft: 43 9x10°,
Propeller : 85440) [Case 1-5]
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(b) On the after-moment compensator (20.0 ragd/s?)

Fig. 5.6 Synthesized angular acceleration on crankshaft
(T/W :0, F/W :13000, Inter.shaft: 43.9x105,
Propeller : 128160) [Case 1-6]

_63_



Angular acceleration(rad/s2)

oD M & @3 m

24

22

20

1d

16

14

12

10

Angular acceleration(rad/s2)

MCR

ﬁ Synthesized angular afkeleration

; I
nrrllgd fange - J” \\
<—H M A " // \

[ NS\ | [~
[ TN N/
.’l \\ et M=
.‘[ bth order
/ A\
. A\ A
/ VAV Wi
A N
R Ao vl A ==

Engine speed [rpm]

(a) On the fore-moment compensator (20.0 rag/s?)
MCR

A . |
I Synthesized angular a:celeﬁtl n
Barr?(:d'q‘ange A ‘/ \‘
<\ I [/\ [V
[ N/ M\ Y M
AN ]
f W‘der
/
[ A
/ A Ln A
S J VANEVANE| VAR

Engine speed [rpm]

(b) On the after-moment compensator (19.0 ragd/s?)

Fig

. 5.7 Synthesized angular acceleration on crankshaft

(T/W :0, F/W :42000, Inter.shaft:81.6x10°,
Propeller : 85440) [Case 1-7]
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(b) On the after-moment compensator (18.9 ragd/s?)

Fig. 5.8 Synthesized angular acceleration on crankshaft

(T/W :0, F/W :42000, Inter.shaft
Propeller : 128160) [Case 1-8]
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(b) On the after-moment compensator (19.0 ragd/s?)

Fig. 5.9 Synthesized angular acceleration on crankshaft
(T/W :60000, F/W :13000, Inter.shaft: 43.9x10°,
Propeller : 85440) [Case 1-9]
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(b) On the after-moment compensator (18.9 ragd/s?)
Fig. 5.10 Synthesized angular acceleration on crankshaft

(T/W : 60000, F/W :13000, Inter. shaft: 43 9x10°,
Propeller : 128160) [Case 1-10]
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(b) On the after-moment compensator (19.5 ragd/s?)

Fig. 5.11 Synthesized angular acceleration on crankshaft

(T/W :60000, F/W :13000, Inter.shaft:g81.6x10°,
Propeller : 85440) [Case 1-11]
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(b) On the after-moment compensator (19.3 ragd/s?)

Fig. 5.12 Synthesized angular acceleration on crankshaft

(T/W :60000, F/W:13000, Inter.shaft:g81.6x10°,
Propeller : 128160) [Case 1-12]
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(b) On the after-moment compensator (15.3 ragd/s?)

Fig. 5.13 Synthesized angular acceleration on crankshaft

(T/W : 60000, F/W : 42000, Inter.shaft: 43 9x10°,
Propeller : 85440) [Case 1-13]
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(b) On the after-moment compensator (15.2 rag/s?)

Fig. 5.14 Synthesized angular acceleration on crankshaft

(T/W : 60000, F/W : 42000, Inter.shaft: 43 9x10°,
Propeller : 128160) [Case 1-14]
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(b) On the after-moment compensator (15.8 ragd/s?)
Fig. 5.15 Synthesized angular acceleration on crankshaft

(T/W : 60000, F/W : 42000, Inter. shaft:g] 610",
Propeller : 85440) [Case 1-15]
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(b) On the after-moment compensator (15.7 ragd/s?)
Fig. 5.16 Synthesized angular acceleration on crankshaft

(T/W : 60000, F/W : 42000, Inter. shaft:g] 610",
Propeller : 128160) [Case 1-16]
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(b) On the after-moment compensator (23.0 ragd/s?)
Fig. 5.17 Synthesized angular acceleration on crankshaft

(Damp : 30000, F/W :13000, Inter.shaft: 43.9x105,
Propeller : 85440) [Case 2-1]
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(b) On the after-moment compensator (22.8 ragd/s?)
Fig. 5.18 Synthesized angular acceleration on crankshaft

(Damp : 30000, F/W : 13000, Inter.shaft: 43 9x109,
Propeller : 128160) [Case 2-2]
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(b) On the after-moment compensator (24.6 ragd/s?)

Fig.

5.19 Synthesized angular acceleration on crankshaft

(Damp : 30000, F/W : 13000, Inter.shaft: 81 .6x10°,
Propeller :85440) [Case 2-3]
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(b) On the after-moment compensator (24.5 ragd/s?)

Fig. 5.20 Synthesized angular acceleration on crankshaft

(Damp : 30000, F/W : 13000, Inter.shaft: 81 .6x10°,
Propeller : 128160) [Case 2-4]
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(b) On the after-moment compensator (16.3 rag/s?)
Fig. 5.21 Synthesized angular acceleration on crankshaft

(Damp : 30000, F/W : 42000, Inter.shaft: 43 9x109,
Propeller : 85440) [Case 2-5]
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(b) On the after-moment compensator (16.3 rag/s?)

Fig. 5.22 Synthesized angular acceleration on crankshaft

(Damp : 30000, F/W : 42000, Inter.shaft: 43 9x109,
Propeller : 128160) [Case 2-6]
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(b) On the after-moment compensator (17.2 ragd/s?)
Fig. 5.23 Synthesized angular acceleration on crankshaft

(Damp : 30000, F/W : 42000, Inter.shaft: 81 .6x10°,
Propeller : 85440) [Case 2-7]
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(b) On the after-moment compensator (17.0 ragd/s?)

Fig. 5.24 Synthesized angular acceleration on crankshaft

(Damp : 30000, F/W : 42000, Inter.shaft: 81 6x10°,
Propeller : 128160) [Case 2-8]
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Fig. 5.25 Synthesized angular acceleration on crankshaft

(Damp : 700000, F/W :13000, Inter. shaft: 43.9x105,
Propeller : 85440) [Case 2-9]
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Fig. 5.26 Synthesized angular acceleration on crankshaft

(Damp : 700000, F/W :13000, Inter. shaft: 43.9x105,
Propeller : 128160) [Case 2-10]
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Fig. 5.27 Synthesized angular acceleration on crankshaft

(Damp : 700000, F/W :13000, Inter.shaft:g1.6x10°,

Propeller : 85440) [Case 2-11]
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Fig. 5.28 Synthesized angular acceleration on crankshaft

(Damp : 700000, F/W :13000, Inter.shaft:g1.6x10°,
Propeller : 128160) [Case 2-12]
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(b) On the after-moment compensator (15.5 rad/s?)
Fig. 5.29 Synthesized angular acceleration on crankshaft

(Damp : 700000, F/W :42000, Inter. shaft: 43.9x105,
Propeller : 85440) [Case 2-13]
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Fig. 5.30 Synthesized angular acceleration on crankshaft

(Damp : 700000, F/W :42000, Inter. shaft: 43.9x105,
Propeller : 128160) [Case 2-14]
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Fig. 5.31 Synthesized angular acceleration on crankshaft

(Damp : 700000, F/W :42000, Inter.shaft:g1.6x10°,

Propeller : 85440) [Case 2-15]
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Fig. 5.32 Synthesized angular acceleration on crankshaft

(Damp : 700000, F/W :42000, Inter.shaft:g1.6x10°,

Propeller : 128160) [Case 2-16]

_89_



-

L

o] - of] A

[e;

e

T
T o %_ G
) ) W_@ ojp WW = =
= R X T % W H.M uy
B 5 =
el & o = Mro a o i L N
ﬂ%ﬁlmw 1%@%% X ow %o
ol gl o ol Mu i o o X — il A4r L . T ™
Mﬂ o OL U;.m hr Z_.# = ‘M o 1__/| \mwo ,UI oW
i ol il o ~ = A e ul
Py P o up %o o N = XH = N SO -
LG = ° = o ° 2
%mom__ﬂﬁa N o B Lo a4 = X
= N A = o M o o A T " = 2
L T — o o 3 ° N Cl w2
Z o M o P Mw - = T w o ay
a4 7 Ny o e S o o
T A i _ N N H] ™
— &H ) W o il i s i~ 5w o Mo
@ TR ° i o] e g
= N ! 263 E_a o :.L L R s ol ) —_ e
e r 2w W B g CA ¢ 2w
wm Y = z St % Y tx ¥ ey
- ,|o oge —_ - .z_._u o do i_u < e R E
o T o e I 4o o B
o @ kLl cUC) W 4
o W = P _ ; o N . 2 u e
w < - el R ) < <N
T T < X o o oA | AONINGS
_@.Wﬂwﬂm M@;;ma;; @ < o = V"
AT K ] ﬁw a5 = o g P o o T w = o
e & ey R = 7O = N To
B ) M.MM &) o A FK J._,T %0 % oo fia
A ¥ B o Py ® s L=
L:lﬂﬁc% L L 7 ﬂﬂ%ur e ™
w2 W %o T R A gz < T wm
Ho T do S o w "o = M = < s ™ X
Py w8 » T e s S o 32 -
_ < % = mo%zﬁmxﬂﬁﬂ wr@?wﬂ y DR
o wjp W _ rAR o I - § i NE ol
o Mo — & ° oyl o = o7 o ) T o P ey
_ = A M wj w: LS o = N - T X
_ww o " z & T TN, Mo 1] wnE N O ~ i N
?ﬂ%mw )%%ﬂié Eemﬂa% T o~ T
NN S w ™ ~ — = — - T ° p
R N8 s N O 4 ~ mi M
wE N up ™ W e 0 ., T
T T N H - No o A 4r
= R A T T K o . ~
a2 s 5 o Ao
SN N n F = g
nl] - WE Ho
TR

- 90 -



ol

23|
o))

Aol A

=

A QL5 Al = el A

@t whebA

HA

[¢)

iy

by
)

= =071

B4 weh ge

S

o

_91_

asy

= A 2~ "o
kel

R
o} #] o}

A

=
-

J

Fhel = wlel
157} ol

R

ol

9

13
=

3L
i

e}



[1]

[2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

o o)A AW e) BaABA MELNE o] B AP,
g7 Boksl A, A47 A28, pp.3—23, 1980.

2,
folr
T B{N
&
ofo
au)

MAN B&W Diesel A/S, "Angular Acceleration Limits at Chain Drives
for Engines with 2nd Order Moment Compensator”, 2004.

hetAl, A, “HA 718, E AL pp. 351~362, 1995,

Dennis A. Lundell, "Controlling Polygonal Speed Variation”, Power

Transmission Design, p. 63, 1987.

RexnordAl A&, "Roller Chain Design”, p. 7.

Sine L. Pedersen, ”"Simulation and Analysis of Roller Chain Drive
Systems”, Technical University of Denmark and Alborg University

Ph.D thesis, pp.1~2, 47~48, 2004.

S. W. Nicol, J. N. Fawcett, "Reduction of Noise and Vibration in Roller
Chain Drives”, Proc Instn Mech Engrs Vol. 191 39/77, pp. 363~371,
1977.

W

g, oW g, A% 294 Ade AFSAI AN, FT4g

’

3] A, A27d A25, pp. 174~180, 2003

[e]
T

7]

r

MAN B&W Diesel A/S, "Vibration Characteristics of Two-Stroke Low
Speed Diesel Engines”, 1995.

[10] MAN B&W Diesel A/S, "Symposium of Engine Dynamics”, 1998.

_92_



[11] -

<, pp. 1~12, 1989.

w3 A, #1338 Al

2}
<

[12]

Ab=E, 2004.

SR, olEE “olge
g7l weta A, A137 A2

—(:5_]__

, pp. 21 ~42, 1989.

<

=13
=

o

’

”

& 4]

15

Rl

, Pp. 37~48, 1984.

<

7185 #, A8dA Al

uk
|

s

ki3

’

”

:rL

d

o

7

i

, pp. 307~316, 1985.

<

4

LIRS R

Al

R R e SEEER

B
L

K

]

o

[16]

1986.

YApe,

o) shaL 9

oF

f

o

s

o
<
™

"

LN

f4el o v B

9]

[17] o1& 3], °]337],

, 2001.

7I1AE 3] =g A9, A257 Al2s

—(:5_]__

,

A", WAL, pp. 11~12, 2001,

[18]

o
e

N

S

g

1% 7HBB)/Improve”,

S
L

d

[19] A&+, “Alx%F< Six Sigma 7H4%

pp. 14~64, 2002.

AL
;00
Bo
—
o

o

[20] # %<, Drabkin Sergey, "t}

, Pp. 64~64, 1996.

<

3 A, #1248 A4

(), pp. 2, 2002.

[21]

_93_



	제1장  서 론
	제2장  체인 구동시스템과 체인 구동 휠의 각가속도
	2.1 2차 모멘트 콤펜세이터와 롤러 체인 구동시스템
	2.1.1 롤러 체인
	2.1.2 롤러 체인 스프로킷 휠
	2.1.3 체인 죄임장치
	2.1.4 가이드 바
	2.1.5 평형추

	2.2 롤러체인과 각가속도

	제3장  추진 축계의 운동방정식
	3.1 축계 개요
	3.1.1 비틀림진동 댐퍼의 진동모델
	3.1.2 평형추의 진동모델
	3.1.3 크랭크축의 진동모델
	3.1.4 중간축과 프로펠러축의 진동모델
	3.1.5 프로펠러 진동모델

	3.2 운동방정식
	3.2.1 관성, 강성 및 감쇠매트릭스
	3.2.2 기진토크 벡터
	3.2.3 기계적 임피던스법

	3.3 비틀림진동 해석 및 측정 결과 검토
	3.3.1 합성진동 각가속도 계산 결과
	3.3.2 해석 및 측정 결과 비교 검토


	제4장  실험계획법에 의한 체인 구동휠의 비틀림 각가속도 저감 방법 제시
	4.1 기초이론
	4.1.1 각가속도에 영향을 미치는 인자
	4.1.2 각가속도 저감을 위한 인자 선정

	4.2 실험계획법
	4.2.1 실험계획법
	4.2.2 실험계획법의 순서
	4.2.3 분산분석
	4.2.4 상관분석
	4.2.5 회귀분석

	4.3 실험계획 수립
	4.3.1 실험변수
	4.3.2 실험인자의 수준 결정
	4.3.3 관성모멘트 변경에 의한 실험계획 수립
	4.3.4 감쇠 변경에 의한 실험계획 수립


	제5장  해석 결과 분석 및 각가속도 저감 방안
	5.1 튜닝휠 설치 시 비틀림진동 해석 결과
	5.1.1 해석 결과 분석
	5.1.2 상관분석 결과
	5.1.3 회귀분석 결과

	5.2 비틀림진동 댐퍼 설치 시 비틀림진동 해석 결과
	5.2.1 해석 결과 분석
	5.2.2 상관분석 결과
	5.2.3 회귀분석 결과

	5.3 비틀림 각가속도 저감 방안

	제6장  결 론
	참고문헌

