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A Study on Friction Reduction Related with the Piston Ring
Pack with Thinner Width Ring and Lower Tension Ring
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Abstract — To satisfy the more severe emission regulation and the demand of higher fuel economy in near future,
the combustion pressure and power output of engines is going to be higher. In order to get the reduction of engine
emission and the higher power, it is needed the reduction of the tension and width of ring pack. The lower tension
ring and the manufacturing technology of cast iron thinner width ring can bring the friction reduction between
the ring and liner during engine running. Therfore, the fuel economy can be achieved. Thereafter the engine emis-
sion can be reduced. In this study, by using a developed basic computer program that predicts the inter-ring pres-
sure, the motion of ring and the inter-ring pressure through a crevice volume model between adjacent rings, and
the oil film thickness and the friction computed by lubrication theories, it is to be examined the effect of friction
reduction from piston ring pack equipped with thinner width ring and lower tension ring.
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Fig. 1. Schematic diagram of piston-cylinder-ring pack.
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Fig. 2. Schematic of forces acting on a ring at the early
stage of compression.
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Table 2. Comparison among piston ring pack types

Ring Pack Type —

Ring Type, Specification

Ring

Ring

Ring

Pack #1 Pack #2 Pack #3

Items Specification
Fuel Gasoline

Engine Type L-4, DOHC
Displacement(L) 1.5
Bore diameter(mm) 76.5
Stroke(mm) 81.5
Connecting rod length(mm) 130
Compression ratio 9.5

Journal of the KSTLE
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Width(mm) 1.5 1.2 1.0

Top Thickness(mm) 3.25 2.5 2.0
Ring  End Gap(mm) 0.38 0.3 0.25
Tension F.(N) 12.5 10.7 8.9
Width(mm) 1.5 1.2 1.0

2nd Thickness(mm) 325 2.5 2.0
Ring  End Gap(mm) 0.38 0.3 0.25
Tension F.(N) 8.0 6.9 5.7
Width(mm) 292 2.0 2.0

oil - One Rail (0.51) 0.5) 0.5)
Ring Thickness(mm) 29 22 2.0
End Gap(mm) 0.46 0.4 0.35

Tension F.(N) 19.6 16.8 14.0

Table 3. Comparison among crevice volumes

Volume (x10”m®)

Ring Pack Ring Pack Ring Pack

#1 #2 #3

Volume 2 204.52 168.47 190.80

(Top groove ID, mm) (68.8) (70.3) (70.9)
(Top ring ID, mm) (71.2) (72.7) (73.7)
Volume 3 477.52 477.52 477.52
Volume 4 204.52 168.47 190.80

(2nd groove ID, mm) (68.8) (70.3) (70.9)
(2nd ring ID, mm) (71.2) (72.7) (73.7)
Volume 5 489.81 489.81 489.81
Volume 6 1106.78  784.85 882.67

(Oil groove ID, mm) (67.4) (68.8) (68.8)
(Oil ring ID, mm) (74.0) (75.4) (76.4)
Volume 7 992.81 347.13 302.21
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Fig. 6. Comparison with the calculated pressure in each crevice volume for each case of ring packs.
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Fig. 7. Forces on top ring, 6000 rpm WOT, case #1.
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Forces on Top-Ring at 6000 rpm, WOT, CASE #2
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Fig. 8. Forces on top ring, 6000 rpm WOT, case #2.

Forces on Top-Ring at 6000 rpm, WOT, CASE #3
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Fig. 9. Forces on top ring, 6000 rpm WOT, case #3.
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Forces on 2nd-Ring at 6000 rpm, WOT, CASE #1
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Fig. 11. Forces on second ring, 6000 rpm WOT, case #1.
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Fig. 12. Forces on second ring, 6000 rpm WOT, case #2.
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Forces on 2nd-Ring at 6000 rom, WOT, CASE #3

500 e
Pressure Force
Friction Force
Inertia Force
T
250 otal Force
g . BN Jp—
§ 0o \‘# B | Sy SOV /) N
S \
iw . N
S0 g0 180 270 360 450 540 630 720

Crank Angle[degree]
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Fig. 14. Total forces on second ring for each ring pack
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Forces on Oil-Ring at 6000 rpm, WOT, CASE #1
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Fig. 15. Forces on oil ring, 6000 rpm WOT, case #1.
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Fig. 16. Forces on oil ring, 6000 rpm WOT, case #2.
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Fig. 17. Forces on oil ring, 6000 rpm WOT, case #3.
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Fig. 19. Ring axial motion at 6000 rpm, WOT, CASE #1.

Vertical Position of Rings at 6000 rpm, WOT, CASE #2
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Fig. 20. Ring axial motion at 6000 rpm, WOT, CASE #2.
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Fig. 21. Ring axial motion at 6000 rpm, WOT, CASE #3.
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Top Ring Friction at 6000 rpm, WOT
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Fig. 22. Top ring friction force for each ring pack case,

6000 rpm WOT.
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Fig. 23. Second ring friction force for each ring pack
case, 6000 rpm WOT.

Oit Ring Friction at 6000 rpm, WOT
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Fig. 24. Oil ring friction force for each ring pack case,
6000 rpm WOT.
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Total Ring Friction at 6000 rpm, WOT
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Fig. 25. Total ring friction forces for each ring pack
case, 6000 rpm WOT.
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