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A Study on Ring Face and Groove Wear
during Engine Durability Test

Sang Myung Chun'

Dept. of Automotive Engineering, Hoseo University

Abstract - Ring and groove wear may not be a problem in most current automotive engines. However, a small
change in ring face and groove geometry can significantly affect the lubrication characteristics and ring axial
motion. This in turn can cause to change inter-ring pressure, blow-by and oil consumption in an engine. There-
fore, 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 excessive oil consumption can be pre-
dicted. 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 cal-
culation 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 interval. Meanwhile, the
wear amount and oil consumption occurred during engine durability cycle are compared with the calculated val-
ues. 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 and grooves are obtained from three engines before and
after engine durability test. The calculated wear data of each part are turn out to be at the lower bound of aver-

aged test values or a little below.

Key words - ring face wear, ring end gap, ring groove wear, oil consumption, durability, piston-ring pack.
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Table 1. Averaged wear factors; initial volumes avai-
lable (V.), running-in wear factors (k) and steady-state
wear factor (7))

Ring type Vo) k (UN'm) 7 (m/N)
Top Ring  0.124*10°*
2nd Ring  0216*10°  429*10"  1.10*10"
Oil Ring  0.192*10%
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Table 2. Wear factors (C...) and metal hardness
(BHN) of grooves

Type of Type of C BHN
groove motion e (kgdmm®)
5 Axial motion 55
Top ring 125
groove Radial motion 875
; Axial motion 55
2nd ring 125
groove Radial motion 225
Oil ring Axial motion 55 125
groove Radial motion 350




Table 3. Engine Specifications

Ring type Top ring 2nd ring Oil ring
Ring thickness (mm) 3.25 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

Table 4. Piston-ring 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
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Fig. 1. RPM mode during engine durability test.
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RING RADIAL WEAR DURING DURABILITY CYCLE
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Fig. 2. Ring radial wear during engine durability cycle.
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RING RADIAL WEAR DURING DURABILITY CYCLE
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Fig. 3. Ring radial wear at the end of engine durability
cycle.
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RING END GAP WEAR DURING DURABILITY CYCLE
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Fig. 5. Ring end gap wear at the end of engine durability
cyele.

RING GROOVE WEAR DURING DURABILITY CYCLE
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Fig. 6. Wear inside ring groove during engine durability.
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APPENDIX

Engine Specification
Piston & Ring Specification
Combustion Chamber Pressure
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Fig. A Calculation procedure of piston-ring pack analysis.
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