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Analysis of Crank Pin Bearing with Various
Inlet Groove Shape for Marine Engine

Yang-Hyop Ha, Deug-Woo Lee, Jung-Hoon Kim* and Sung-Woo Lee*

ERC NSDM, Pusan National University
*Research Institute of Machinery & Electrotechnology, R & D Center,
Samsung Heavy Industries, Co. LTD

Abstract—Crank pin bearing in two-stroke marine diesel engine is operated under quite severe
conditions since the elements are big and heavy and the sliding speed is very slow. Therefore it is
very difficult to form oil film. In this paper, two types of bearings with different groove shape are
compared. One has circumfercntial oil groove at lower position and the other has lengthwise oil groove
at upper position. Bearing clearance, oil inlet pressure and length to diameter ratio are selected s design
parameters. Locus of journal center and minimum oil film thickness are investigated to compare two

cases.

Key words—crank pin bearing, bearing mean clearance, minimum oil-film thickness.
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Fig. 1. Shape of marine diesel engine.
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Fig. 5. Weight coordinate system of connecting rod.

Fy =[me(agy +g)+Ay +sin®F, /cos® “
2-3. AA=A
FbEA 7 A1k Aol A AR 5] sk

A3t o] fhe] st L°1 oA &lt} f-ato] 5}
cho] MbAishiz el A= fandv]l E(half-

|
sommerfeld) =75 A}-&38lc}. &

supepe] A 2L ke ek,

o

z=004] P=0, (6)
oP

= 9 g 7

z =172 4] 30 (7

zg= R ol o) T WAkl mhE A
712 Fig. 63 ko] A A8t #)45 533} Case-
18 &}ol] flFubgko 2 Case-23= 4ol o] sk
° g Ff77t otz el

S8l FeTe] A

89

08t
1 4

I

bottom """" —
HEHT T
Fig. 6. Oil groove shape.
Case-1: 0= 65'~295", Z = % % Loli4} P=P,

Case-2: 8=65"~ 70", Z:—L L L Lol A P=P,
12 2

0=290°-295", Z = % L ~% Lo P=P,

2-4. 8lo| YA
o]-é'—x wlzd Ao &) LAl ke

Cl5olof shorz, B B4
4 qeh.

o] g2 3o
i ekt gt

W, = [[ P cos 6Rd 6z =0

W, = j Psin ORd 6dz =0

J

sl Aol uhbgALS Y32l Bato]
#] (Newton-Raphson method)
fob o] £ WEE PR B

]

4351l cH[9]. Table 1-& 354412 9]

Py
3
[
= ©

T
7

m

o

l>

Ni
=

b2

i
:ﬁ

ol o
oo

Table 1. General data of crank pin bearing according
to bearing shapes.
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Table 2. Comparison of minimum oil film thickness
for Case-1 and Case-2
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Fig. 11. Minimum oil film thickness Case-1 for various
oil inlet pressures.
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Fig. 12. Minimum oil film thickness of Case-2 for various
oil inlet pressures.
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Table 3. Minimum oil film thickness for various oil inlet
pressures

Casc-1 1 bar 3 bar 5 bar
ek FA(um) 1493 15.04 15.16
2K zZFE 108" 108" 108"

Table 4. Minimum oil film thickness for various oil inlet
pressures

Case-2 S bar 11 bar 15 bar

H AR FA@um) 2121 21.02 20.87

A EA R 110° 108° 112°
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Fig. 13. Minimum oil film thickness of Case-1 for various
bearing clearances.
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Table 5. Minimum oil film thickness for various bearing
clearances

Case-1 0.15 mm 0.2725 mm 0.4 mm
#4879 F2(um)  34.00 15.04 12.44
A 106" 108" 108°

Table 6. Minimum oil film thickness for various bearing
clearances

Case-2 0.15 mm 0.22 mm 0.29 mm .35 mm
FHAH A4 2498 22.07 21.02 18.05
(um)
R EA A= 110" 108" 108" 108°
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Fig. 15. Minimum oil film thickness of Case-1 for various

length to diameter ratios.
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Fig. 16. Minimum oil film thickness of Case-2 for various
length to diameter ratios.

Table 7. Minimum oil film thickness for various length
to diameter ratios

Case-1 0.25 0.36 0.45
# 2f-u T (um) 11.45 15.04 17.63
- Zb 106" 108" 108"

Table 8. Minimum oil film thickness for various length
to diameter ratios

Case-2 03 0431 055
# 480t T2 (um) 16.02 2102 25.04
o4 B 10’ 108° 12"
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a : acceleration
A, : x-directional reaction force of piston
A, : y-directional reaction force of piston
¢ : clearance
D : journal diameter
e : eccentricity
F, : cylinder pressure
F, : x-directional reaction force of crank pin bearing
F, y-directional reaction force of crank pin bearing
g : gravitational acceleration
h : film thickness
L : journal bearing length
/, : length of crank arm
I3 : length of connecting rod
m, : mass of connecting rod
m, : mass of piston
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: pressure
: journal radius

: time

: relative velocity between journal and bearing
: lengthwisc coordinate

: circumferential coordinate

: lubricant viscosity

: angular velocity

i

|

HO
ok

. Scobel, H. “Crosshead of the New MAN KSZ cngines,”

Marine Engr. and Naval Arch., pp.410-412, 1971.

. Gupta, B.K. and Phelan, R.M., “The Load Capacity

of Short Journal Bearings with Oscillating Effective
Speed,” ASME Journal of Basic Engineering, Vol. 86,
Pp.348-354, 1964.

M. and Ettles, C. M. McC.. “The Effect of
Added Rotation on Crosshead Bearing Performance,”
1. of Tribology Trans. ASME, Vol. 107, No. 1, pp.
104-109, 1985.

. Bates, T. W., Fantino, B., Launay, L. and Fren. J,,

“0il Film Thickness in an Elastic Connecting-Rod
Bearing Comparison between Theory und Experiment,’
STLE Tribology Transactions, Vol. 33, 1990.
and Li, D.F., "A Generalized Short
ASME Journal of Lubrication Te-
chnology, Vol. 102, No. 3, pp.278-282, 1980.

Bearing Theory,”

“Dynamically-Loaded Journal Bearings:
Mobility Method of Solution,” ASME Journal of
Basic Engineering, Vol. 87, No. 3, pp.537-547, 1965.

. Wakuri, Y., Hamadake, T. and Soejima, M., “Lubrication

of a Crosshead-Pin Bearing in a Two-Stroke Cycle
Bulletin of the Marine En-
gineering Society in Japan Tokyo, 1988, Vol. 16, No.
1, Mar. 1988, pp 1-11.

Marine Diesel Engine,”

. Hyun-Hae Shim, Chang-Ho Kim, Park-Kyoun Oh, Oh

Kwan Kwon, “Optimum Design of Dynamically-
Loaded Journal Bearings by Mobility Method,” Journal
of the KSLE Vol. 2, No. 2, 1986, pp.32-43.

“Finite Element Analysis
of Dydamically [.oaded Flexible Journal Bearings : A
Fast Newton-Raphson Method,” Journal of Tribology,

Vol. 111, October 1989, pp. 597-604.

Vol. 14, No. 3, 1998



