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Abstract—The minimum oil film thicknesses (MOFT) in the crankshaft main bearings of a 1.5
liter, L-4, gasoline engine are measured and calculated to study the dynamically loaded engine
bearing. The MOFT are measured simultaneously at each of the five main bearings using the
total capacitance method(TCM). To improve the reliability of the TCM, a reasonable determination
method of bearing clearance is introduced and the effects of bearing cavitation and aeration on
the test results are analyzed. Also the crankshaft is grounded by means of a slip ring instead
of the friction contact method to improve the test precision. The calculation is based on the model
of statically determinate beam, short bearing approximation and Mobility method. From the compa-
rison between the measured and calculated MOFT curves, it is found that a qualitative similarity
exists between them, but in all cases, measured MOFT are smaller than that of calculated. The
crankshaft vibration and the imbalance of the load distribution between the engine bearings have
important influence upon the MOFT curve. So it is found that the calculation result from the
model of the statically determinate beam has a limitation in predicting bearing performance.
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a Function of Crankangle
(No.1 and No.5 Main Bearings)
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Table 1. Specifications of Engine and Bearing

Engine type In-line 4 cyl. gasoline
Bore X Stroke (mm) 755X 835
Max. Power (ps/rpm) 105/5500

Main Material A20/Al 79%, Sn20%, Cul%
Bearing Width(mm) 17
Dia.(mm) 50
Groove 180° half groove(NO. 1,2,4,5)
Geometry  Plain thrust (NO.3)
Carnk- Material Nodular cast iron

shaft Roughness 0.8s

C:[30+31N+32N2+33/V3+34N4]_Cl 1)

o] 7] 4] ay ---a, s regression coefficient

C; ; Shield wireol 23} A gef
aga AxEid Y H HHLFoRAEH A
B ol i wo]g o] HAfebwA h,E oS
o] Al3]oze A4kd 4 gk
h,,=Cr[1— {1—(kAD/CzCY}"2] 2

o714 Cy; wloled o] wbAwe: S
D ; 299 §314142.08, SAE10W-30)
K : 2719 48885X10 2 [F/m])
A le]E WA
@49 frEdE u}%wr e hael % 7kt 1.
wojgle 2ot} 2. !
= etk 3. %%H"rfﬂl F7|E
*éff*«l *134@% Fol7] 9lsle= Olﬁifﬂ 7}’@3&
gAY eakE AR 287 glom B =

*1% % }~ st o] 912 Shgo s AT 2 e
apRos REsa, olg Axseht Pie A4
shodet.
Mool WAe DA fate] wola g
o WHE shdon, AYEHIL B weiae

%2
)
Py
o
BN
)
oft
o
£
iltad
X
=,
s
©
o
N
>
!

ok ol2yE shpel HEE HEsty, el
SEEE IR P

AT ES A7) A g Q4 ),
shg &g e AHeshe A4 adaste 43
o) bd 2 Qlsto] HA 3| 22 o] Wale FAl7}
A E=F olE glol7] kel AHFRAE &
d2 FEA7IH AR AYFARZES] IR
AAE= 9ol ulto g Q13 A Leke] AR

Agel AgEe] ZA FAE Fu AwAe] vhu)

2 |m

o

ol oX 2 U
LW

o

Journal of the KSLE

o)A - 3gH

MEASURED BY Vs 100 K0
WAYE FORM ANALYZER O

CAPACITANCE MODEL
of TEST BEARING

CAPACITANCE TECHMIQUE
ELECTRICAL EXCITATION

100 kH:
2.0 Ve
AC FUNCIION

l GEMERATOR

Fig. 2. Electric Circuit for Measuring Total Capaci-
tance

relative to shaft

(a) 1500 rpm

Fig. 3. Calculated Journal Locus relative to shaft
(No.1 Main Journal)

u}.

B Aoz olelgt BAE A@s] S5kl 2
gaze ol 299 AAse 4A0E o
Zaddom, o2t 99 FAPES HAEY £
At

3-3, JWIAZE 25 =X
oz welg o] fapiAE A wf 2 At
Hu B FAA717] Slslod= vy WY f8F 2=
TAske 7o) AeHQ), ol® sjAoz
FIHe A& }~ﬂ #A7F ook webA
MOFT #A4ke $J3 sledztg8 &4317] 9slo]

>
¥
itio ml

A AT AYAANZE A Mod Rl 2xF
ZAslolrh Fig 32 ol o2 AMd & 34 A4S
dehdct. Bxle] s xert ngoR HHA Hi
FEEA A 27 o) wigFe s Ae3s #
T olek Ao 2 HA SAE ol 4 2%}
Foelgia mﬂe}:ﬂ% dwell 3 MOFT 44 il



AR vl wolRel e Hagut FA B A7 53

PN OUTER SIDE 'K'TYPE THERMO

~COUPLE JUNCTION

JOURNAL
OUTER SIDE ]
(o0 wre f
SUP RING \
(1K SR~10) ] \
AN
— - -_..___.__.,_.O..._‘ —_
—-J {
PIN INNER SIDE

THERMO PEN )

METER RECORDER JOURNAL

INNER  SIOE

Fig. 4. Measurement Method of the Crankshaft Sur-
face Temperature

Table 2. Mean Value and COV of (MOFT),.(No. 1
Bearing, 1500 RPM, WOT)

Averaged Cycle Mean of cov
Number (MOFT),;, o (%)

10 151 0.0882 58

20 151 0.0789 5.2

50 1.52 0.0821 54

100 1.51 0.0898 5.9
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(a) measured

(b) simplified

Fig. 7. Measured and Simplified Bearing Shape of the
Test Engine

(No.5 Main Bearing: Cgi—15, Cg=25, Ci=50)
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CAVITATION

OIL FILM

Fig. 11. Model of a Journal Bearing with Cavitation
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Table 3. Measuured OQil Aeration Rate of Test
Engine
Engine Speed (rpm) Aeration (%)
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Table 4. The Firing Region of Individual Cylinder
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