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A Study on Engine Durability Considering Oil Consumption
and Wear of Piston-Ring Pack and Cylinder Bore

Sang Myung Chun'

Dept. of Automotive Engineering, Hoseo University

Abstract — Ring, groove and cylinder bore wear may not be a problem in most current automotive engines. How-
ever, a small change in ring face, groove geometry and cylinder bore diameter can significantly affect the lubri-
cation characteristics and ring axial motion. This in turn can cause to change inter-ring pressure, blowby and oil
consumption in an engine. Therefore, by predicting the wear of piston ring face, ring groove and cylinder bore
altogether, the changed ring end gap and the changed volume of gas reservoir can be calculated. Then the exces-
sive oil consumption can be predicted. Being based on the calculation of gas flow amount by the theory of piston
ring dynamics and gas flow, and the calculation of oil film thickness and friction force by the analysis of piston
ring lubrication, the calculation theory of oil amount through top ring gap into combustion chamber will be set.
This is estimated as engine oil consumption. Furthermore, the wear theories of ring, groove and cylinder bore
are included. Then the each amount of wear is to be obtained. The changed oil consumption caused by the new
end gap and the new volume of oil reservoir around second land, can be calculated at some engine running inter-
val. Meanwhile, the wear amount and oil consumption occurred during engine durability cycle are compared with
the calculated values. Next, the calculated amount of oil consumption and wear are compared with the guideline
of each part's wear and oil consumption. So, the timing of part repair and engine life cycle can be predicted in
advance without performing engine durability test. The wear data of rings, grooves and cylinder bore are obtained
from three engines before and after engine durability test. The calculated wear data of each part are turn out to
be around the band of averaged test values or a little below.

Key words - ring face wear, ring end gap, ring groove wear, cylinder bore wear, oil consumption, durability, pis-

ton-ring pack.
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Fig. 1. Side view of piston showing dimensions
relevant to oil consumption.
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Table 1. Averaged wear factors; initial volumes avai-
lable (V,), running-in wear factors (k) and steady-
state wear factor (77;)

Ring type Vo’ k(N -m)) m (m/N)
Top ring 0.124x 107
Second Ring 0216x10® 429x10™ 1.10x107*®
Oil ring 0.192x 107
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Table 2. Wear factors (C...) and metal hardness
(BHN) of grooves

Type of Type of c BHN
Groove motion " (kgdmm?)
Top ring Groove Ax%al 55 125
Radial motion motion 875
2nd Ring Groove Ax%al 55 125
Radial motion motion 225
Oil Ring Groove Ax%al 55 125
Radial motion motion 350
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Table 3. Engine Specifications

Engine Type L-4, DOHC (4V)

Fuel Gasoline
Displacement (L) 1.5
Bore Diameter (mm) 76.5
Stroke (mm) 81.5
Connecting Rod Length (mm) 130
Compression Ratio 9.5

Table 4. Piston-Ring Specifications

Ring Type Top Ring 2nd Ring Oil Ring
Ring Thickness (mm) 325 3.25 2.90
Ring End Gap (mm) 0.38 0.38 0.46
Ring Width (mm) 1.5 1.5 2.92
Groove Width (mm) 1.55 1.55 3.02
Ring Tension (N) 12.5 8.0 19.6

RPM Mode during Engine Durability Test
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Fig. 2. RPM mode during engine durability test.
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CYLINDER BORE WEAR DURING DURABILITY CYCLE
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Fig. 3. Cylinder bore wear at top ring position @
TDC during engine durability cycle,

CYLINDER BORE WEAR DURING DURABILITY CYCLE
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Fig. 4. Cylinder bore wear at oil ring position @
BDC during engine durability cycle.
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TOP%Y:J-};NDER BORE WEAR DISTRIBUTION DURING DURABILITY CYCLE

@TDC
w
e |
x|
[+]
@
w
[=]
=z
i
=
o
4
<]
z
Q
E
1773
o
a H
| 400.2hrs, 5600rpm
| —— 800.1hrs, 5600rpm
| —— 1200.0hrs, 5600rpm
OIL RING : _——_1500.3hrs, 5600rpm
@BDC ¢ 100 50 T a—

CYLINDER BORE WEAR(1 O'Sm)

Fig. 5. Cylinder bore wear distribution along liner
axial direction at various times.
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RING RADIAL WEAR DURING DURABILITY CYCLE
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Fig. 6. Ring radial wear during engine durability
cycle.

ol FHoln, 8 FHo] 2 F7b
o] YA vERdt. & ALt A &
7188 AFow ZrlEle AES
800AIZF WA & 243 npRgta vinA 3%
% 5] vpEae ZAzgke] sRxE Jellen F
7H49] 7= Z4RY kiR okt ZA AlkE
Ak AEEF AR Aol oF 158347 A &
Z3A17) mpRFo] FahAl szl AAEIY o] Al
He AxPRTE 197,875 km AEolch IS FH9
E39 nprFFe of 9-10 um A=E AAEIC o]
= 800AIZF U AlFofiA ] v RE A SHX|9
—3}5} Zrog 2 2= 9o}
 oFH wER g 7

o o
AN

¢

g,

fo

fr

B

i
r

N

[of

O_u

d= 74l F7K= Fig. 7

RING END GAP WEAR DURING DURABILITY CYCLE
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Vertical Position of Piston Rings at 1582.9hrs, 5200 rpm, WOT
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Fig. 9. Ring axial motion before 1583 hrs of engine
durability cycle.

Vertical Position of Piston Rings at 1583.3hrs, 5200 rpm, WOT

1
!
!
1
'
i
l
'
P
)
'
'
'

T

1
_/_,V'\

'

i

s .

[

1 .

' .

T

i i

' i
—m :

P .

'

1
1

Relative Position of Piston Rings

| — TOPRING |

1

‘

1

1

<

1

1

i

]

i

1

11

H b
| — OILRING ' , 2 i
3

1
1
!—— 2NDRING ! !
0 90 180 270 360 450 540 630 720
Crank Angle[degree]

Fig. 10. Ring axial motion after 1583 hrs of engine
durability cycle.
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Pressure[Pa]

Inter-Ring Pressure at 1582.9 hrs, 5200 rpm, WOT
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Fig. 11. Inter ring pressure at second land before
1583 hrs of engine durability cycle.
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Fig. 12. Inter ring pressure at second land after
1583 hrs of engine durability cycle.
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BLOW BY DURING DURABILITY CYCLE
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Fig. 13. Blow-by trend during engine durability cycle.
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