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Abstract 
 
In two-stroke cycle engines, the piston and piston ring slide over not only the cylinder wall but also the cylinder ports. This study in-

vestigates whether piston rings project and get caught in the cylinder ports. We installed strain gauges, on the bottom sides of piston rings, 
over the intake and exhaust ports, and plotted the variation of strain per cycle, while running the engine. By examining the variation in 
strain on the bottom of the piston ring, we clarified that our piston ring indeed became momentarily caught in the cylinder ports.  
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1. Introduction 

In a two-stroke cycle engine, the piston and piston rings 
heat up due to combustion as the crankshaft rotates. The pis-
ton and piston ring slide over not only the cylinder wall but 
also the cylinder ports. Scuffing may occur on the piston rings 
as it slides over the cylinder ports because the ports can dis-
rupt the oil film on the sliding surface. Further, we hypothe-
size that piston rings can project and get caught in the ports 
(except piston ring gaps), causing further scuffing. As far as 
we can tell, no experiments have reported on the measurement 
of the extent to which piston rings project and get caught in 
the ports. In this study, we installed strain gauges, on the bot-
tom sides of piston rings, over the intake and exhaust ports 
and plotted the variation in strain per cycle, while running the 
engine. Examining the variation in strain per cycle, we inves-
tigated whether piston rings do in fact project and get caught 
in the ports. 

 
2. Experimental apparatus and procedure 

Fig. 1 shows our experimental apparatus. We used a two-
stroke air-cooled single-cylinder gasoline engine with a bore 
of 62 mm and a stroke of 58 mm. In this engine, the cylinder 
has an intake port on the thrust side, an exhaust port on the 
anti-thrust side, and scavenging ports on both the front and 
rear sides. In this piston, we installed two rings: a barrel-faced 

half keystone top ring on top and a taper–faced rectangular 
second ring below it. Both rings had a width of 2.0 mm, a 
thickness of 2.8 mm, and a tension of 11N. The ring grooves 
in our piston use stop pins to prevent rotation of the rings un-
der engine operation. Fig. 2 shows the positions of the intake 
and exhaust ports around the top and second rings. In order to 
measure the strain on the bottom sides of the rings as they slid 
over the ports, we used a strain gauge with a grid width of 
0.84 mm and a grid length of 2.0 mm. We attached the strain 
gauge on the bottom sides of our rings over the center of port 
width. To protect the lead wires of our strain gauge from 
breaking, we set terminals next to the strain gauge, then con-
nected our lead wires and heavy-duty signal wires via termi-
nals, as shown in Fig. 3. In order to prevent the strain gauge 
from damping, the strain gauge was covered with silicone 
sealing, as shown in Fig. 4. We ground and drilled the ring 
grooves and the piston crown, as shown in Fig. 5, then in-
stalled the rings and strain gauge, and finally drew signal 
wires from the strain gauge through the inside of the piston, 
and out of the piston crown. To prevent the signal wires from 
breaking under engine operation, we attached the signal wires 
to a steel sheet spring [1] with epoxy adhesive, as shown in 
Fig. 6. Signals from the strain gauge were sent via a bridge 
box to a dynamic strain amplifier, and finally displayed and 
recorded on an oscilloscope. 

In each experiment, we applied sufficient two-stroke oil to 
the cylinder wall at the engine bottom dead center (BDC), and 
then calibrated a ring strain of zero at the engine top dead 
center (TDC). We then ran the engine while measuring ring 
strain throughout the engine cycle. Experiments were carried 
out at room temperature with engine speeds of 100, 200, 300, 
and 400 rpm. 
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Fig. 1. Experimental apparatus. 
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Fig. 2. Positions of the intake and exhaust ports around the top and 
second rings. 
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Fig. 3. Strain gauge and signal wire at the bottom of the piston ring. 
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Fig. 4. Strain gauges and signal wires at the bottom of the second ring. 
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Fig. 5. Ground and drilled piston ring grooves and piston crown. 
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(1) Top view 
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(2) Side view 

 
Fig. 6. Signal wires installed on the steel sheet spring. 

 
3. Results and considerations 

Figs. 7 and 8 show typical examples of our strain measure-
ments from the bottoms of the top and second rings, respec-
tively, as they move above and over the intake port, while the 
engine ran at 300 rpm. At the bottom dead center (BDC), the 
top ring is located above the intake port, and the second ring is 
located over the intake port. 

Fig. 7 shows that the bottom of the top ring had a positive 
strain during the downward stroke and a negative strain during 
the upward stroke. However, the strain did not increase instan-
taneously in either the downward or upward strokes, because 
the top ring did not pass over the intake port. Part “A” of Fig. 
8 shows the second ring strain increasing during the down-
ward stroke while moving past the intake port to BDC. We 
surmise that the second ring projected into the intake port 
there. Then part “B” of Fig. 8 shows strain instantaneously 
increasing immediately after the second ring moved upward 
from BDC. Evidently, the second ring gets caught in the in-
take port. 
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Fig. 7. Strain at the bottom of the top ring above the intake port at 300 
rpm; Crank angles of 0 and 360º represent TDC, and 180º BDC. 
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Fig. 8. Strain at the bottom of the second ring over the intake port at 
300 rpm; (a) represents the position where the bottom side of the ring is 
located at the upper side of the intake port, and (b) the position where 
the upper side of the ring is located at the upper side of the intake port. 
 
 

Figs. 9 and 10 show typical examples of our strain meas-
urements from the bottoms of the top and second rings, re-
spectively, as they move over the exhaust port, while the en-
gine again ran at 300 rpm. Both top and second rings pass 
over the exhaust port.  

Fig. 9 shows no strain increase when the top ring moved 
over the exhaust port. However, part “C” of Fig. 10 shows 
instantaneous strain increase in the upward stroke when the 
second ring moved to the bottom side of the exhaust port. It 
seems that the second ring also gets caught in the exhaust port. 

Each engine speed showed these phenomena. 
Next, we analyzed the piston behavior using the simulation 

software “AVL EXCITE Piston & Rings.” We created an 
analysis model with conditions corresponding to our experi-
mental apparatus and conditions. The results indicated that in 
the downward stroke, the piston moves from the exhaust port 
side to the intake port side, and then it moves along the intake 
port side. Immediately after the piston moves upward from 
BDC, it moves from the intake port side to the exhaust port 
side, and then continues moving along the exhaust port side. It 
appears that the second ring projects and gets caught in the 
ports when the piston moves along the intake and exhaust port 
sides, and it moves from the intake port side to the exhaust 
port side. 
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Fig. 9. Strain at the bottom of the top ring over the exhaust port at 300 
rpm; In Figs. 9 and 10, (a’) represents the position where the bottom 
side of the ring is located at the upper side of the exhaust port, (b’) the 
position where the upper side of the ring is located at the upper side of 
the exhaust port, (c’) the position where the bottom side of the ring is 
located at the bottom side of the exhaust port, and (d’) the position 
where the upper side of the ring is located at the bottom side of the 
exhaust port. 

 
 

 
 
Fig. 10. Strain at the bottom of the second ring over the exhaust port at 
300 rpm. 

 
 
In our experiment, only the second ring projected and got 

caught in the ports. It seems that it is easier for the second ring 
to project and get caught in the ports than the top ring, proba-
bly because the contact width of the second ring with its taper-
face is narrower than that of the top ring with its barrel-face. 

 
4. Conclusion 

We investigated whether piston rings project and get caught 
in the ports by examining the variation in strain on the bot-
toms of the rings while an engine is run. The result indicated 
that the second ring indeed projected and got caught in the 
intake and exhaust ports. 

 
Acknowledgment 

We wish to thank Mr. Akira Hikone of Teikoku Piston Ring 
Co., Ltd. for his valuable assistance with the piston behavior 
simulation. 

 



230 K. Nakashima et al. / Journal of Mechanical Science and Technology 24 (2010) 227~230 
 

 

References 

[1] M. Yamamoto and O. Tsutsui, Experiment and evaluation 
technology of tribology to solve problem, The 39th Tribol-
ogy Advanced Course, Tokyo, Japan (1994) 91-108. 

Kohei Nakashima received his Ph.D. 
degree in Mechanical Engineering from 
Meijo University, Nagoya, Japan in 
1996. He is currently an Associate Pro-
fessor at the Department of Transporta-
tion Engineering at Meijo University. Dr. 
Nakashima’s research interests include 
engine tribology, engine cooling, and 

fuel cell. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


