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A Study on Effects of the Changes in Lower Combustion Pressures
and Pressure-Viscosity Index on Pin-Boss Bearing Lubrication of
a Diesel Engine Piston Receiving High Combustion Pressure

Sang Myung Chun’

Dept. of Automotive Engineering, Hoseo University

Abstract —In recently designed diesel engines, the running conditions for piston pin bearings have become very
severe due to combustion pressure and temperature increase. In this paper, it will be investigated the tendency
of piston pin rotating motion by calculating the friction coefficient at piston pin bearings, the oil film thickness
and the frictional torques induced by hydrodynamic shear stress. Finally, the pressure distributions on the oil film
of piston pin bearings will be found by two-dimensional lubrication analysis in order to help the optimum design
of the bearings of piston pin. Specially, it is investigated how the changes in combustion pressure at exhaust and
intake stroke and the pressure-viscosity index effect on the film pressure distribution.
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Fig. 1. Diagram of a piston-connecting rod system.
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Table 1. Diesel engine 'speciflcation

o)

NS 1o lo
B o

Engine type Diesel DI engine
Engine volume 1991 cc
Max. power rpm 4000 rpm
Bore diameter 83.0 mm
Half stroke 46.0 mm
Con-rod length 145.8 mm
Engine oil SAE 5W40
Pin outer diameter 28 mm
Pin inner diameter 14.58 mm
Pin length 67 mm
Pin boss length 22.7mm (x2)
Pin boss radial clearance 0.00575 mm
Small end length 16.5 mm
Small end radial clearance 0.01625 mm
Pin material specific gravity 7.8

Engine oil inlet temperature 135°C @4000 rpm
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'Fig. 2. Load applied on a piston pin.
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piston pin boss at every crank angle.

A=AG7F AR 2d2ge] AR ol &8 vXle IF A7 59

Load (N} and Friction Coefﬁclent betwsen Piston-Pin and Con-Rod
1 .5 T T L T T |

f

i \ b

i ! b

J ! b

f P [

i | I _

Friction Coefﬁclent under Modrﬁed Combutlon Prsssure
— — Friction Coefficient under Measureed Combution Pressure
—— Load on Piston Pin under Modified Combution Pressure
- Load on Piston Pin under Measumsd Combution Pressure

Load (x10° N} & Friction Coefficient

-0'50 90 180 270 360 450 540 630 720

Crank Angle {degree)

Fig. 7. Load and friction coefficient between plston
pm and con-rod small end.

Hloly AA 71EE WSk wkelth

3-3. Tl £330} S|IMET

g e 55 27 7 59 #HE ddE &
chol mjAE f#ate] ulEdAT= Fig. 70 ZAERY
2, 928 fin { R2A g AFE AU Aol vt
FEAE Fig 84 Fig. 103} Fig. 1291 Z=AIHALE
3 o8 EXZ o PAHE YAE WY ke
Fig. 99} Fig. 113} Fig. 139 =A| 5 AT

Fig. 7oA TA1E 2% AdFoM e vtz 4=

x 10" Piston Pin Torque (N-m) @ Engine 4000 rpm

3

—— Con-Rod Torque @ Modified Comb. Pressure
~ ~ Pin Boss Torque @ Modified Comb. Pressure
—— Con-Rod Torque @ Measured Comb. Pressure
2- | — Pin Boss Torque @ Measured Comb. Pressure

Torque at Con-Rod & Pin Boss

Forz=0.0

270 360 450 540 630 720
Crank Angle (degree)

0 90 180

Fig. 8. Piston pin engine 4000 rpm,

£=0.0 m*/N.

torque at

Vol. 24, No. 2, 2008



60

Angular Velocity of Piston Pin(rad/sec), = 0.0

i}
_Q
°
£
2 =3 i
8
E -3.2+ | —— Pin Velocity under Modified Comb. Pressure |
= - — Pin Velocity under Measured Comb. Pressure
5 34 P .
o / Mo
= /
< 38 / ‘\
\ PN
'W3-8 " N g ™~ -
4 * o

0 90 180 270 360 450 540 630 720
- Crank angle (degree) '

Fig. 9. Angular velocity of piston pin, &=0.0 m*/N.

8 A2AYA ZRHALAYH] g AL
g TAEICH, AQLdUY 540 ot uhE
A%l HIAA7) s2eels Uehton), Axsg 2
BE3) w9 57 AGON 92 kel 916 2
olg Vet ot F 7K Az g AgE
PHEAY Aol TAE A&3FY 54 "otk

ole¢} Fig. 8% Fig. 9ol Y AEXFE 7188}
A % A% FHE AP SHALAYY 3
ool MAE W rlREAd W 58 TASE),
Y A2AY SNE AA2EE goo) @
x10” Pislaon Pin Torque (N-m) @ Engme 4000 rpm

3
— Con-Rod Torque @ Modlﬁed Comb Pressure
- - Pin Boss Torque @ Modified Comb. Pressure
—— Con-Rod Torque @ Measured Comb. Pressure
2 | — Pin Boss Torque @ Measured Comb. Pressure |

Torgue at Con-Rod & Pin Boss

Y

For g = 1.4;.’.)(10’8

‘3 1 | 1 1 1
0 90 180 270 360 450 540 630 720
Crank Angie (degree)

Fig. 10. Plston pin torque at engine 4000 rpm,
£=1.43 x10° m*/N.

Journal of the KSTLE

—— Pin Velocity under Modified Comb. Pressure

Angular Velocity (rad/sec)
n

29| | — - Pin Velocity under Measured Comb. Pressure |
s 7 N
S
24+ / ! "
/ \
4 \ - - T~ -
‘2-6 B A N B - - ~ - - 7
2.8 ' ‘

0 90 180 270 360 450 540 630 720
Crank angle (degree)

Fig. 11. Angular velocity of piston pin, £=1.43x10°
m’*/N.
obd ALIA FolM wlFEZS 7|7} dobx HY
Ex7t ZA et

3MH Fig. 107} Fig. 119e 4EA=ATE 253
& 7990 ¢H AR v E JA4HH oA
nEEAd) A7)} Fold B st AAFH R 2
HERstT

FE ALY slolA FAE A uEES A\
9} 7 &% Fig 129} Fig. 139 =AIEeH, A
A4l Y EFE dadY SR EE=R

x10 Plston Pm Torque (N-m) @ Engme 4000 rpm

— Con-Rod Torque forg =0.0
— -~ Pin Boss Torque forz =0.0

—— Con-Rod Torque for ¢ = 1.43x1 0ot
2r — Pin Boss Torque for ¢ =1.43x1 0®

Torque at Con-Rod & Pin Boss
o

Under Modified Combustion Pressure

-30 90 180 270 360 450 540 630 720
Crank Angle (degree)

Fig. 12, Piston pin torque at engine 4000 rpm under
modified combustion pressure.



Aad Agusish PHHEAS7} DAY LY LB TR A wold §B mAE FT A7 61

Angular Veloclty of Piston Pm(radlsec)

-1.2 r
PR ~ Pin Velocity @£ =0.0 J
- L 8 |
147 AN - - Pin Velocity @ ¢ =1.43x10
i Y -~
o= 46" \ PN
g \\\ /’If \“-,_‘ ’-//
S -1.8f o7 o
4
£ -2r
g Under Modified Combustion Pressure
; -2.2
3
=]
o
=
< .
-3 1

0 90 180 270 360 450 540 630 720
Crank angle (degree)

Fig. 13. Angular velocity of piston pin under modi-
fied combustion pressure.

o] oA e 3H Sre oAt d4H A=A
T5 788 AS Axe] Al dAsto z ol o
AR EREAA niEEAS 277} FYHEAS
g A 2§ A9ur Holyon, o|zRE W)
£571 Bt FA vyt @9 WY £xe BE
35 &9 e HElleH, Fig. 19 Uehd e W
ol HiFo s 3)Hg).

34, W HA R0} ot

¢330 1 ANTE Teie A Wold fot
diglo] 24 == 87t ¥ EEE Fig. 149} Fig. 15
oF EAIFEAT. ol Hul F2 d=o] YAsks A
A% 10949 fEiqh ot dH, A4

Qil Film Pressure Distribution (MPa) in Axial Dlrechon Pin Boss
250

<+ Qutside Inside —»

200}
©
0.
£
® 150+
S
b
&
g 100+
& |
= / -

% —— Modified Comb. Pressure, £ =0.0
50

— MNeasured Comb. Pressure, £ = 0.0
~ — Modified Comb. Pressure, & =1.43x10
——  Measured Comb. Pressure, & = 1.43x10"

0
-1 0.5 0 0.5 1
Non-dimensional Axial Position (x/L)

Fig. 14. Maximum oil film pressure distribution of
pin boss bearing in axial direction.

Qil Film Pressure Distribution (MPa) in CImumferential Direction, P-Boss
300 r
— Modlﬂed Comb Pnessure E_,“‘0.0

- Measured Comb. Pressure, : =0.0
- -~ Modified Comb. Pressure, £ = 1.43x10°
— Measured Comb. Pressure, £ =1.43x10°

:

,\,.
5

Qil Film Pressure (MPa)
3 @

8

%% 180 150 120 % e 30 0 30
Bearing Angle (degree)

Fig. 15. Maximum oil film pressure distribution of

pin boss bearing in circumferential direction.

HES A dAAAE S AR B9, g8 -AER]
TE A& w7t Al (degree of misalignment)
0.1903 =5, HEHAEATE FLS w= 017173
THoh SAHAALAYEE FEsHs AreE 2
0.1795} 0.164°]0tt. meby] FRe|AH) Z5dh=
A= Y AEATE AHT 7ol

o]FA AL FEitEe AUz AQLaY F99
Hslol #AAIGle] dFHUFeEE Y AREATE I

<]

#3 A= @ 37_&11/4 °k179 MPa° %Y, 48 A%
A& “784;4 23 AL oF55Eo)A] %2091\41) =
e om, S18ko 2= ?:]ra:l ArA|L=e] 78 -2

o) AAIQLe] x/L Fhol +2/7 XA ettt
4. 48 B

2 97 23 o 22 8L €2 T U’k
1 99 BAsEE ANEoR S WEFoE e
on, A2 AYRT ResE A ek
T FEAEATE A A9 297 e AL
2o} o AA Ve
T e e dEAEATe] o] AH,
U HEATE TRE YT} sletsle] ol 9
oA},
3 FEIS] BEE SAE B 71280 Qs
ol B SHN 7 1o o ojsal
ﬁ_g_ﬂﬂ % H]—a}:__i /“zlzoﬂ,\-] o= H]—E]:_i
ol &5,

Vol. 24, No. 2, 2008



62
z I

=2 20074% R AHFAT(T AR

o) AT ISR AR Aer|EAN

2H] Y-S Wol FYPdE drdr FHAEE
10029840) |

&l

HO

0

1. Y. Mihara and T. Someya, “A Study on the Measure-
ment of Oil-film Pressure in Engine Connecting Rod
Bearing and Piston Pin-Boss by Thin-film Sensor”,
ASIATRIB 2002 International Conference, Jeju
Island, Korea, Oct. 21-24, pp. 409-410, 2002.

2. Y. Mihara, K. Sekine and T. Someya, “Study on the
Development of a Thin-film Sensor for Measuring
Oil-film Pressure in Engine Bearing and Piston Pin-
boss”, Tribology Series(Leeds), Amsterdam; Boston;
Elsevier, pp. 391-402, 2003.

3. T. Someya and Y. Mihara, “Engine Tribology by
Means of New Thin-Film Sensors”, KSTLE 2005
Automotive Tribology International Symposium and
40th Spring Conference, Kwangju, Chosun Univ.,

Journal of the KSTLE

10.

Vg

June 16-17, Vol. 1, pp. 3-23, 2005.

J. L. Ligier and P. Ragot, “Piston Pin: Wear and
Rotating Motion”, SAE International, SAE 2005-01-
1651 (SP-1964), pp. 760-768, 2005.

. S. M. Chun, “Study on the Rotating Motion of a Pis-

ton Pin of Full Floating Type”, J. of the KSTLE, Vol.
23, No. 3, pp. 95-102, 2007.

Smalley AJ, McCallion H. The effect of Journal
Misalignment on Performance of a Journal Bearing
under Steady Running Conditions. Proc Inst Mech
Engrs(Part 3B) 1966-1967 ;181:45-54.

P. C. Warner, “Static and Dynamic Properties of Par-
tial Journal Bearings”, J of Basic Engineering,
Trans. ASME, Series D, Vol. 85, 1963, p. 247,
1963. |

. J. F. Booker, “Dynamically Loaded Journal Bearing;

Mobility Method of Solution”, J. of Basic Engineer-
ing, Trans. ASME, Series D, Vol. 87, pp. 537-546,
1965.

B. J. Hamrock, Fundamentals of Fluid Film Lubrica-
tion, McGraw-Hill, Inc., pp. 57-61, 1994.

C. J. A. Roelands, “Correlational Aspects of the Vis-
cosity-Temperature-Pressure Relationship of Lubri-
cating Qils”, V. R. B. Druk, Groingen, Netherlands,
1966.



