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Coast-down Cycles of a Motoring Engine —
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Abstract - This paper presents a wear analysis procedure for the journal bearings on a stripped-down single-cyl-
inder engine during start-up and coast-down by motoring. A journal bearing is in the mixed elastohydrodynamic
(EHL) lubrication region when the shaft speed is less than the corresponding lift-off speed. Below the lift-off
speed, a wear scar can form on bearing surfaces. In part 1 of this paper, we develop the appropriate formulations
and the calculation procedure for the analysis. Specifically, we formulate an equation for modified film thickness
in a journal bearing considering the additional wear volume. In order to obtain the modified specific wear rate
induced by the modified Archard’s wear coefficient, we utilized the extended non-dimensional diagram for the
specific wear rate, k, the fractional film defect coefficient, ¥ and the asperity load sharing factor, j. This asperity
load sharing factor is newly calculated by setting the Zhao-Maietta-Chang (ZMC) asperity contact pressure equa-
tion coupled with the central film thickness equation derived by using the ZMC asperity contact model equal to
the modified central contact pressure derived by using the central (or maximum) contact pressure at the dry rough
line-contact configuration. We can use the procedure introduced in this paper to determine the lifetime (or long-
term) linear wear in radial journal bearings that is a result of repeated stop-start cycles.

Keywords — asperity contact(E7] Z), lift-off speed(B]| ZE-2.3 £ =), mixed elastohydrodynamic lubrication
(£ B {3 &2, start-up and coast-down cycle(Al& R Al FH A Abe] F), wear volume(PFE A 4])

Nomenclature b, = wear scar width (m)
c = radial clearance of a bearing (m)
= diameter of an area associated with an ¢,(@)= additional space for a bearing radial
absorbed molecular (m) clearance (= ¢, (&)*cos(7— 0 — ) ) (m)
= cross section of worn part or wear area of a ¢, (€)= y,-y, (m)
journal bearing ) a(@) = amodified bearing radial clearance
_R . R+c) . 2 _
( ?[2a—sm2a]— > [224—sin24] ) (m®) (=c+e,(0), - 2<@ <7+ 1) (m)
C. = centrifugal force of crank shaft (=m.o’r.)
TCorresponding author : sangmchun@hanmail net N) )
Tel: +82-41-540-5816, Fax: +82-41-540-5818 C.x = X-coordinate component of C,
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Y-coordinate component of C,
(=m.o’r.sind,) (N)

1+¢,(0")/c (m)

ey (8)e=-y)e (m)

= wear depth (m)
= Shaft diameter (m)
= nominal eccentricity of a journal bearing

(m)
modified eccentricity of a journal bearing
(m)

half effective modulus of elasticity
P o T
(‘0'5( E L D (Pa)

effective modulus of elasticity

(CEee))

heat of adsorption of Ilubricant on a
surface (KJ/mole)

Young’s modules of a shaft (cast iron)
(GPa)

Young’s modules of a bearing (White
metal = Babbitt metal) (GPa)

material number (=aE")

oil film thickness (m)

central film thickness in line contact con-
figuration (m)

non-dimensional form of oil film thickness

(A0
dimensionless central film thickness (=% )
dimensionless oil film thickness (= /164_9) )

Vickers hardness of the softer material
(=hdy) (ﬂ2 )

Hardnes$' (Vickers) of a shaft (cast iron,
MPa)

Hardness (Vickers) of a bearing (White
metal = Babbitt metal) (MPa)

He

_Hoytw H—y,+w,

(o2

1,

for general film thickness
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for central film thickness
specific wear rate or wear modulus (=K/hd

or 2a—sin2a—(1+ )’ (2A—sin2 A) ) (mZ/N).
8ap,n

modified specific wear rate for mixed

lubrication regime (=‘Pk/)

intermediate modified specific wear rate

=Yk

dimensionless Archard wear coefficient

contact length (m)

length between bearing #1 and flywheel (m)

= bearing length (m)

bearing ratio

length between bearing #1 and bearing
#2 (m)

central oil groove width (m)

bearing land (m)

mass of crank shaft (kg.)

asperity density (m™)

dimensionless asperity radius (= nR’)

total number of revolution or required
lifetime revolution

lift-off speed or transition speed (rpm)
total interface pressure between the bearing
and the shaft (Pa)

non-dimensional asperity contact pressure

4R,
( TP )

projected bearing load (=W,/DL) or
apparent pressure in a journal bearing
(N/m?)

kN = 2a—sin2a—(1+ )’ (2A—sin2 1)

pelasuc

87

= elastic contact pressure (Pa)

Pelasio-plasic= €lastic-plastic contract pressure (Pa)

Peiasic = plastic contact pressure (Pa)

fluid hydraulic pressure (Pa)

asperity contact pressure (Pa)

oil inlet pressure (Pa)

length between geometry center of crank
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shaft and center of mass of crank shaft (m)

= shaft radius (m)

effective radius ofl curvature or equivalent
conte.ict radi'us = (}—ei I%) ) (m)
bearing radius (m)
gas constant (J/(mole K))
sliding distance (m)
time differential of sliding distance (m/s)
fundamental time of vibration of molecule
in an absorbed state (s)
oil inlet temperature (=23.3) (°C)
absolute temperature of surface film (K)
rolling velocity of two contacting surfaces
(= (u+u)/2) (m/s)
sliding velocity (= u, — u,) (m/s)

U,
1)
dimensionless hardness number (= %‘f)

dimensionless velocity (=

wear volume of a journal bearing (=A4.L)
(m’)

wear volume rate (m’/s)

= wear volume at each crank angle in 1

revolution (=V,/N) (m®)

load per contact length (N/m)

Z —h'+y, (starred variables are normalized
by 0) (=(="-1)))

critical interference at the point of initial
yield (= (0.6zV)’f) (m)

wi/R.

wi/o

critical interference at the point of fully
plastic flow (=54w,) (m)

wo/R,

w/o

dimensionless total normal load (or force)

(7

= asperity contact load (N)

weight of crank shaft (N)

weight of flywheel (N)
hydrodynamic load (N)
total normal load or force (N)

W\, W=
w =

X =

X =

V2 =
s =

» =

Iy & B
I

AZ12] A5 Al]Z B A B Aol ZelA] Aoldulolss] vk @71 o] & 2 a4 Az 1

applied load of Bearing #1 and #2 (N)
W,
)

dimensionless total normal force (:E”R

% = Rsin(z— @) (m)

coordinate of vertical direction of crank
shaft

WR=¥] (m)
{(JR=x)-a)| (m)

distance between the mean line of the
surface heights and the mean line of the

surface summits, (y, = 0'0;(5;9 o ory;=0.920)
n

(m)

Vs

R,

coordinate of horozontal direction of crank
shaft
coordinate of longitudinal direction (L/R)
pressure-viscosity index (=0.48)
pressure-viscosity coefficient (=Z(5.1 x 10”
(In(146)+9.67))
wear angle based on bearing center
(o= arccosz—%ii);&z ) (radian)
o/N at each crank angle in 1 revolution
(radian)
asperity radius (m)
dimensionless asperity radius (= g )
load-sharing ratio for the fluid portion

/4
(= W 5}1 )
load-sharing ratio asperity portion

/4
(= W 50 )
dimensionless wear depth or relative wear
depth (=d/R)
relative wear depth at every crank angle
in 1 revolution (=9/N)
film thickness parameter (= g =3)
eccentricity ratio
relative radial clearance (=c/R)
coordinate of circumferential direction of
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a journal bearing (degree or radian)
crank angle of crank shaft (degree or radian)
wear angle based on shaft center

_ -28+245+
(2 arccos> 2(12+ Q(ngé)éa ) (radian)
AN at each crank angle in 1 revolution
(radian)
lubricant viscosity@23.3°C at the ambient
pressure (Pa.s)
Poisson’s ratio of a shaft (cast iron)
Poisson’s ratio of a bearing (White metal)
density of a shaft (cast iron) (kg/m®)
density of a bearing (White metal) (kg/m”)
oil density@23.3°C (kg/m’)
equivalent rms of surface roughness of
combined surface (= o +0o; ) (m)
rms(=R,) of surface roughness of a shaft
(cast iron) (m)
rms(=R,) of surface roughness of a bearing
(White metal) (=1.2503) (m)
the standard deviation of the surface

4
summits, (o= 127169107
(npo)

=0.920) (m)
standard deviation of summit (asperity)
height of a shaft (cast iron) (=0.9207) (m)
standard deviation of summit (asperity)
height of a bearing (White metal) (=0.9205)
(m)
standard deviation of surface height of a
shaft (cast iron) (=o;) (m)
standard deviation of surface height of a
bearing (White metal) (=a) (m)
centerline average (cla=R,) of surface
roughness of a shaft (cast iron) (m)
centerline average (cla=R,) of surface
roughness of a bearing (White metal) (m)
dimensionless surface roughness (= 1% )
dimensionless standard deviation of the
surface summits (= A )
attitude angle (degree or radian)
the fractional film defect coefficient due
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Fig. 1. The schematic drawing of the journal bearing
system of a stripped down single cylinder engine.
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Fig. 2. Simplified diagram of the journal bearing system.
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Fig. 3. Angular velocities of the shaft of a journal bearing
installed in a stripped-down diesel engine during start-up
condition.

100

90 L I

|
|
|
L

I I I I I
70 ! | | | |
[ 1 ! cycle 80 ‘

60
50-

cycle 100

30

Angular velocity(rad/sec)

|
I
I
!
I
}
|

20

I

!

10 cycle 120

cyclet21,

7 i i i cycle 122 i

o0 90 180 270 360 450 540 630 720
Crank analeldearee)

Fig. 4. Angular velocities of the shaft of a journal bearing
installed in a stripped-down diesel engine during coast-
down condition.

Vol. 31, No. 3, June, 2015



116

Fig. 40l ZAIE niel 2o}, o] gk sexishe 7<%
TE AREste], 7 A A Zelxe] Hilge] W
315 sl =2 E] (mobility) WAL, 310-E
AR ATt

Ao Ato]Zellx o] A&t A= 712 Fig. 39
SAIE ulel o] 514° lom, npx|Ek Afo]ZofA|
o] mpzt Z&A=A 7+ Fig. 49 E=A1E ule} 7ho]
528°Att. AlE Ato]E2 Alo|F #1HE AlolF
HANA) 4470 2] Alo]E R o]Fo] Hom, AlF A
2] Al ALO)F #ASHE] Alo]F #122714] 78
e AtelER o]FoRltt. 27| Al AlolE &<t
= ZEEe 7HEA F7RIoW, Als BA A
o|Fe] o] ke AEEE 27| AlF Al

HHEthe vlwE AHE) st

EFeY FART BEe ®AEHE A
e vl gZE-0x £ W2 (3)[4]
S} o] x¥HAT S4E A&t frE-9=
FEnn Zom, welde 1 &7 ERRY o
QoM ¢HHEGY B} BEo] QI Fo] £
gow 2 Auw FHd o] Aol Ao

172

60P,A(G.+G3)

1.044
4.678c(£) u(—)
D c

4714 Py WO 9 sk (Nm), A=
b w7l 1 gk 302 BT g8t o
= 3 vy 1H AR g Ht AlE
(root mean squat: rms)°|™ ¥ A7 )t
A B3k (centerline average: cla)?l o}
on®l 12502 Bttt

Ny =

[
~
W
~

[9, 10 Fig. 59 zow,

2 (49} o] 58 F 9k oA o=

Lk o, e WAL (=e/c)C], 9714

e= HAEoItE o= AMZE (attitude angle)o]™,
s

J. Korean Soc. Tribol. Lubr. Eng., 31(3) 2015

€ (0) =y1-y,= |V (R2-x2)-d}|-| {V(RE Where, x=b,,/2=Rsin(A-(8"-(n-1)))

Fig. 6. The additional space for oil film thickness created
by the surface wear scar of a journal bearing.
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Fig. 9. Flow chart for wear analysis of journal bearings
operating under start-up and coast-down conditions.
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