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Abstract

This research deals with the implementation hydrodynamic (HD) lubrication system with an integration of

multibodydynamics (MBD) in order to analyze bearing lubrication characteristics such as pressure

distribution and oil film thickness dynamically. The HD solver developed newly will transmit force and

torque data to MBD solver, and receive position and velocity data from it continuously. After an analysis, we

will verify the result with existing commercial software. Moreover, other functions like adjusting size of mesh

grid, setting oil hole & groove effects, and consideration of thrust force will be introduced.
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Fig. 1 Integration of hydrodynamics with multi-body
dynamics.
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Fig. 2 Dimension of the journal bearing.

Ade wiAe R 74 G o 372 a9
A, thest ol FAT 4
C 2
| 1
(R @Y)
ReC’D 1 (ReC’zO(O.OOI)j )
R R

o 7S o)&stH AR ENHA A
Navier-Stokes A2 0 & A A
wlojg oA HAA =2

= 1L
3ol S5 dolEx WAANL Ae 5 ok

i(H—a—pj-%i(H—a—pj:lZ(Vz—Vl) 3)
ox\ MU ox

Hae BYsA, 4340 e g A

o] vt}

0 ) 0 9
ox\_ ox/ oz 0z
U

oH
12V, + 6U, — + 6H —=
ox ox

(&)

o714 r=2 ot
U

22 YEAFIS 5

o o
S >

FHz0] Folzl Azglel gEWAAL o
&3} 2ol Aol A} ™,
T 5 T
F=B (MY+®A1-0)=0 (6)

o17|1A, e @R G| Eeolo] wE oy,
O = 9A FF T+ WE(position level constraint
vector)Z WHHAT. M ¥ Q= 77} AuHin
Aol 4] 74 =8 (Contact force)o] X¢H A= -

431



F (q,v,%,A)=0 )

®(q)=0 ®)

A T TE AEH VLIS ted 2
o}

d(gq,v)=P,v-0=0 ©)

(q,v,0)=P v-y=0 (10)

DAE (Differential Algebric Equation)S 37| 9|3t
Backward V] & 329 dudEFL v T,
[ F(q,v,v,4) ]

P(q)

y d(q.v) .
(p) = Bgv.v) = (11)

U, (q+Byv+p)
U, v+ By+5,) |

[q :' ﬂl’ﬂljl]-
@%ewuaa 79l A%z ARG

p & T Al SFE-EH (Newton-

Raphson method)2 A} T}
HAp = -H (12)

i

p+1 =pi +Ap, i=1,2,3,... (13)

F, K F, F

0 0 0

o D 0 0
H, =|." . . =0 (14
Tole, @ &, 0

u,& U, 0 0

Lo vl Bul o]

A SR AP

(1) L& =5 A5 (Laminar flow)©] o}

@) &% FA9 B4 AFE 2329 53
Z1ol] Aberglol %

=y
)
o
ox
&
il
2
hc)
o
O

AMUANE osta) A Sy

(Finite Differnce Method)S AF-8-3}9131, & & o4k
st¥ WA AL oea 72,
a,P,=a,P,+a,F, +a,P, +a,P, +s, (15)

=
HE o]&3)|A] Fig3 ¢ & 2
3 B whEolr).

= AN

Table 1 Input data of the simple model.

Parameter Value Unit
Journal diameter 62.5 mm
Bearing width 25.0 mm
Lubrication gap 0.02 mm
Dynamic viscosity 0.006 N-s/mm?
Number of circumference nodes 30 N/A
Number of axial nodes 7 N/A

Fig. 3 Simple model.
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Fig. 6 Displacement in the lubrication region.

0.018 F T T T T T .
Fig. 4 Engine model. 0.010 - Time=1.0 sec r, l Time [s] ]
0014 F I 3
E L
o - :
im £ 0o1f ' ]g 3
n S o008 £ | 3
] E
o= g vooo \[ E
S gonef "1| 3
o= f 0.002 F ‘X\ 3
E 0f 3
=] E
e -8.0025° 1 7 3 3 3 ?
E Circumference Direction [radian]
03 f
om b h Fig. 7 Pressure distribution in the lubrication region.
- . . } . \ . x10 ¥ Fig. 8 3= X-Y "ol A & Simple model ¢ St
-a34a] 245 -130 4.1s 100 245 33 a Tl‘f]__‘gi_ contour % }\] Z_]_'Oﬂ [q_]j/]_ q_a_];ﬂ z_\] O] r/‘l_

G rank Ang ke

Aol zzol 98] t =00 ~20s o AAA of
2 2 (Y-direction) 0. 2 Ze]HA] 4= ¥} A4
g Folds & 4 da gEe Avare S
e o & 9

Fig. 5 Gas force of the engine model.

433



AN
t=0.0s t=02s
t=1.0s t=2.0s

Fig. 8 Pressure distribution of the simple.

412 QAZ =
3.12 oA =

=

=
At 4 7]E A Rds

4
8lal, 2 AFE Simple model I v}z7FA 2 A
SAad =@t ulaekelh Fg 9 & T
|4 Aol Al HEel WelE nvugk oz H
F2A Zpol= JARE vl HEgE Holal g

Fig. 10 &= A€y wolg Aol screw force
Hlugk Aog AEEHog 7o o AMRE

Atk Fig. 11 2 Ago]

%oz 3As

Engine model & 2 -3 Contour & A|ZHo

2} Uhehdl o]t}

=RO/EHD == RO/Steyr
[ ]

[ Displacement of Y-Direction [mm)] ]

Fig. 9 Displacement of the jounral.

\V«J a MW!VUW\}‘J' i

1A
i

i

i

oA -

[—RD/EHD — RD/Steyr ]

[ Screw Force of Y-Direction [N] J

(e 1]

Fig. 10 Screw Force between the Journal and
Bearing

5. 8 8

B ATAE sl FAYG5}

&
kv
i
o

> 12

ot o] &5 nlgoR HoYgE X ads A
Ao M 4 gl HD A4 T2
e wEaL T 2o o o] FpeiAA
o e 2 B39 4 V)5 AW 2l o
gk A Ads Advk i e BEle
AN mEAg 7|Ee] S FAEA ZEas
Hla A5eM AgHon dAsAY B v

< Ith= e wslA A= 7

A2 s e =
AsfA Zmago] AdeHA &= AR
2 A7 2d, AAxDS 2
FB gae] dAo] Jheskal, £ 9
a4 sXskE o] 7hs st o
SHo A A &HA §& AtEE =5 oot

(1) C. M. Taylor, 1993, “Engine Tribology,” Elsevier
science publishers B. V., pp. 75~87.

(2) K. P. Oh, and P. K. Goenka, 1985, “The
elastohydrodynamic solution of journal bearings
under dynamic loading,” ASME, Journal of tribology,
Vol. 107, No. 3, pp. 389~395.

(3) G A. Labouff, and J. F. Booker, 1985,
“Dynamically loaded journal bearings: a finite
element treatment for rigid and elastic surfaces, ”
ASME, Journal of tribology, Vol. 107, No. 4, pp.
505~515.

(4) K. Prabhakaran Nair, R. Sinhasan ,and D. V. singh,
1987, “A study of elastohydrodynamic effects in a
three-lobe journal bearing,” Tribology international,

434



Vol. 20, No. 3, pp.125~132.

(5) Takero Makino, and Toshimitsu Koga, 2002 ,
“Crank Bearing Design Based on 3-D Elasto-
hydrodynamic Lubrication Theory,” Mitsubishi
Heavy Industries, Ltd. Technical Review, Vol. 39, No.
1, pp. 16~20.

(6) O. Reynolds, 1886, “On the Theory of Lubricaiton
and its Application to Mr. Beauchamp Tower’s
Experiments, Including an Experimental
determination of the Viscosity of Olive Oil,” Phil.
Trans. Roy. Soc., Vol. 177, pp.157~234.

(7) H. H. Ott, 1948, “Zylindrische Gleitlager unter
instationarer Belastung,” Diss. ETH. Zurich.

(8) H. W. Hahn, 1957, “Das Zulindrische Gleitlager
endlicher Breite unter zeitlich veranderlicher
Belastung,” Diss. TH. Karlsruhe.

(9) D. Dowson, and G R. Higginson, 1959, “A
numerical Solution to the Elastohydrodynamic
Problem,” J. Mech. Eng. Sci., Vol. 1, pp. 6~15.

(I10)Hamrock, B. J.,, and Dowson, D., 1976,
“Isothermal Elastohydrodynamic Lubrication of
Point Contacts, Part I, Theoretical Formulation,”
ASME J. Lubr. Technol., Vol. 98, pp. 223~229.

(11)Sasa Bukovnik, Nicole Dorr, Valdas Caika,
Wilfried J. Bartz, and Bernhard Loibnegger, 2006,
“Analysis of diverse simulation models for
combustion engine journal bearings and the influence
of oil condition,” Tribology International, Vol. 39, pp
820~826.

(12) D. Peiskammer, H. Riener, M. Prandstotter, and M.
Steinbatz, 2002, “Simulation of motor components:
intergration of EHD - MBS - FE - Fatigue,”
ADAMS User Conference.

(13)H. Riener, M. Prandstotter, and W. Witteveen,
2001 , “Conrod Simulation: Integration on EHD -
MBS - FE - Fatigue,” ADAMS User Conference.

(14)M.-T. Ma, I. R. W. McLuckie, A Poynton, and D.
Garner, “An EHD study of a connecting rod big end
bearing including elasticity and inertia effects of the
bearing structure,” AVL .

(15)S. A. McKee, and T. R. McKee, 1932, “Journal
bearing friction in the region of thin film
lubrication,” SAE, J., Vol. 31, pp. 371~377.

(16)Joseph Edward Shigley, Joseph Shigley, Charles
Mischke, and Richard Budynas, 2003, “Mechanical
Engineering Design,” 7th edition, pp. 479~492.

(17)Jeffrey S. Marth, 1999, “Renewable lubricants
manual,” Chapter 2. Principle of lubrication, pp.
2.1~2.10.

(18)D. S. Bae, J. M. Han, and H. H. Yoo, 1999, "A
Generalized Recursive Formulation for Constrained
Mechanical System Dynamics," Mech. Struct. And
Machines, Vol . 27, No. 3, pp. 293~315.

435



	Text1: 대한기계학회 2008년도 추계학술대회 논문집


