By Chenna K. Reddy*

T he piston rings in LC. engines
LY have to parferm the following
functions:

o To form a seal for the high
pressure gases frem the
combusticn

" leak into the crank case.

To provide sasy passaga for
heat flow from tha piston crown
to the cylinder walls.

0 Ta maintain sufficient lubricating
oli an cylinder walls throughout
the entire length of the piston
travel, minimising 1he rings and
cylinder wear, and at the sama
lima, control the thickness of
the il film so thal satistaciory
il control is maintained. The ol
is not to be allowed o go up inlo
the cembustion chamber where
aventually it would burn to lsave
carbon deposils. |

Hing Consiruction

a construction of a piston ring and
ine nomenclature of its various parts
is shown in fig.1. The ring is ganerally
cast and machined carefully 5o thal
when in position, il is able 1o exarl
unifarm prassure against the cylinder
walls, A gap has 1o be cut oul at the
ends so thal while insarting tha ring
inta Lhe piston, it can be expanded,
slipped over Ihe piston head and
raieasad inlo the ring groove, Further,
the gap is aimost closed when the
piston s inside the cylinder, due 1o
which the ring is able fo exert
pressure an oylinder walls, which is a
musl for sealing purpose. Moreover,

chamber against |

any circumterential expansion of the
ring at higher aparating temparalure
may also be accommodated by the
end gap. Some dillerantial expansion
ol the ring with respect to the cylinder
is atways likely to cccur inspite of the
equal coefficients of cylinder and ring
matarials dua to the fact that the ring
is always operating at highar
temperatures than the cylinder walls,
that is why direclion of heat flow iz
from the rings to the walls.

The sealing action of the lop ring is
dusa to the fact that the high pressure
in the combustion chamber presses
the top ring tightly on the base of the
pisiton ring groove, thus sealing the
ring. Howaver soma leakage does
take place through the end gap of the
top compression ring. This leakage is
useful in that it provides the pressure
for sealing action of the second

A Fig. 1 Ring nomancialure

pistion ring, whera the sealing action
take place in he same way as in case
of the top compression ring.

The amount of end gap should,

howevar, be datermined cautioushy.

Excessive end gap would result in
ol
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blow-by and scuffing of the rings, On
tha other hand, lesser clearance
would causa the ring ends 1o bult al
higher temperatures, resulling in
axcassive and non-uniform prassure
on the eylinder wall, causing excessive
wear. In practice piston ring end gap,
when installed, is kept about 0.30 to
0.35mim.

The ring end gaps may ba aither
strainght butt type or tapered ar seal
cut type as shown in fig2. Out o
these butt type iz most common
mainly on account of it economics,

Factors Affecting Ring

Selection

The knowledge aboul the lollowing
factars is necessary 1o salact rings lor
a particular engine:

Dimensions of engine block
Fislon design

Pislon displacemeant

Fiston speed

Cylinder bore material
Carburalion

Bore to stroke ratio
Comprassion ratio

Cooling capacity
Crankcase prassures
Enging performance expectad
Harse powar raguirement

s i = |

Type ol cylinder bora lubrication

0 Peak manilold vacuum,

Types of Rings

The pislen rings ara of two types:(i)
Compression rings and (i) oil control
TiNgs.

The top compressian ring (L. the ring
nearast to the combustion chamber)
has to do the hard work of gas sealing
and transfer of heat iram the piston
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crown to the eylindar walls. Tha
compression rings perform a double
role. They seal and transfer heat, and
also assist the cil rings In contralling
oil,

The function of tha oil control rings

is evident from their nama. To
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perfarm this function effectively, they
must prevent excessive amounts of oil
from passing:

O Between tha ring face and the
cylinder wall

O Through the ring end gap
o Around behind the ring.

Design Considerations and
Maodifications

Mumber of rings:

Tha numbear of rings to be used on a
piston varies depending upan the
requirements. Earlier two to four
compression rings and ona to twa oil
control rings were used, but with
madern design trands of decreased
car and enging heights, the number of
rings is restricted o usually thras, out
of which one is the il control ring.

A minimum ol hwa compression rings
are required because of the high
pressure difference between the
combustion chamber and the
crankcase al the beginning of the

powar stroke. This difference may be
as high as 70 atmospheres. A single
piston ring cannot take such high
pressura, which necessilates the use
of al least two compression rings,
which divide tha pressure between
themselves. Increasing the numbear of
rings (which is restricted the maximum
piston height) alsa reduces the design
pressure between the rings and tha
cylinder  walls which result | in
decreased wear and consequantly
increaged lifa.

Comprassion .rhgs
Rings width:

The frand is towards reducing ring
width, During the part five decadas,
the ring widths have been reduced fo
abaut half (to about 1.5mm). Coupled
with  advantages of reduced ring
width ara alen its disadvantages,

0O Good resistanca o
ring sculfing

O Lower piston  haight
and consaqueantly
lower engine height.

O Good resistance to
ring flutter

O Problams "of ring
interia are reduced.

Disadvantages:

O Machining wveary
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" A Figa Compressian rirgs a] Plain
(b} Taper face {cjTorsional bwist
(d) Scraper type torssonal twist
{af' Tapar 1age torsional twist
) Kay stona

narew grooves in the
piston  accurately is
difficult.

O Aings with too much
‘reduced width  and
without a satisfactory
thicknass/width ratio
becama unstable in
the ring grooveas,

Shape

The basic ring shapes in
presant day use ara givan
in fig.3. The advantage of
the taper face, fig 3(a),
over the plain ring,fig 3(b),
Is that it reduces the
contact with the cylinder
wall to a narow line,
which affords high wunit
loading an the face of the
rng to accelerate ring
seating. It also provides a
downward scrapping

A

Fig,4 =
Tzt rings
{a] Action
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b} Action
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action which resulls in
relatively good oil control.
Machining of the inside
upper corner makes il a
torsional twist ring as
shawninfig 3 (e). Tha
internal farces are charged
due lo machining,sa, thal
when It is installed In the
cylinder, it turns about its
axis =0 as to provide a line
contact between the ring,
and its groove and also
contact with|the cylindar
wall -at its |lower adge
which confrioutes towards
a beltar conirol of passage
of both tha, combustion
gases and the engine oil.
The scrapar typa torsional
twist ring fig.3id} functions
lika the bevelled lorsianal
twist ring. However, due to
its narrow faca, it has
advantage of the higher
unit lace loading in the
untwisted  position. The
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| discourages the build up of carbon
daposits and therelare pravents ring
stock. Rings of this form are most
commaonly used for tap for the ring in

J, Fig. 6 Aings usad in dissal jeap
hidA-540 DP

wrbocharged engines.

A racent modification of the torsional
twist ring is the reversa-twist ring (fig
4{a)} whose |ower inner edge |s
bevelled instead of the upper inner
edge in case of torsional twist ring,
Alzo the outer face of the ring is
teperad lo compensate for the twist
which iz in opposite direction so that
in casa of normal positive twist ring
as shown in fig 4.(b}, the reversed
twist ring offars belter oil control than
a normal twist ring, but the later
affords better blow by control,

Another recent improvement in
compression ring design, which has

by eontrel an high spead
outpul engines. Moraovar,
the wear at the top of the
cylinder wall whare Lhea
{op ring changas directions
is also reducad. The radial
face ring may be bevelied
o make it positive twist or
reverse twist if so dasired.

In India radial face ring has
bean usad for the first
time as top ring in the
digsal angine DP-4.90 of
Mahindra Jeep M M 540
OP (Fig.B).

Rings for worn cylinders

An ordinary piston ring
meant for correctly bored
cylinder will not work
afficiently if flitted in a
bara which 1s worn aval, In
such cases, spring
expander piston ring may
be employad. They may
be two-plece, three-plece
or four-piace type. Spring
expanders are made of

A taper face, lorsional twist | become gquite popular is the radius-

Fig.5 ring as shown in fig 3(e) is | face ring, (fig.5). The advantage of

Fadius @ combination of the taper | the radius shape is thal there Is high | = —— TR

A face and torsional twist | unit loading due to the narow-line | SPMNO sléel wilh crimps A

o designs. Key stone rings, | contact and secondly the contactwith | Spaced uniformly alang Fig. 7
fig.3 (1} have inclinad side | the cylinder wall remains in tact even tha mrcur?nfe-re!me_ The Spring
faces and operate in | if the piston ring groove siraightness | OUIET Cast I7on ring exerts “Wlﬂtd::
grooves of similar | Is slightly off. Further, this contactis | @Nfy & part of the tofal “mg
geometry. Relative | notlost even when the ring changes | Pressureon the walls, the
movement between the | direction at the extreme of its stroke | rest being confributed by
ring and the groove in the | when a rocking action can take place the spring expandar which
transvarse diraction ' Thus, it resulls in good oil and blow | 18 putinside the outer cast
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DESIGN

tha ring and also radial pressure
exerted due to the internal spring
expandar,

Oil controlled rings

Caommonly used oil contral rings are
shown in fig.8. Recent research has
shown that for perorming its
functigns properly, the oll cantrol ring
apart from having increased ring
tension and reduced ring eylinder wall
contact area, must confarm 1o fha
cylindarwall. From this point of view,
steel expander type of rings are most
approgriate,

Faw such rings are shown in fig.&. The
ring shown in fig.8(a) Is  eguipped
with 'polygonal  flat  strip  sieel
expanders bearing on the bottam of
the plsten groove. Thase rings are

& Material type and struchial
Nn"  characlavistics
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hawva high comformatility but require
sulficient back clearance for
vantilation. Loading is achieved by
cireumfarential abutment of the
expander which may be gither axially
crimped or a coil spring.

Materials

The material genarally used for pistan
rings is fine-grained allay cast iron
containing silicon and manganase. it
has good heal and wear rasisting
qualities. The hardness on rockwell B
scale is about 100, Some piston ring
materials ara given in table -1.

iron one, (fig.7). In threa pieca typs, Alicy steal have also
apart from the cast iron ring and been used as ring

spring expandar, a spiral steal side rail . material, Chromium
plated - rings which

consisting of two turns of thin flal

steel is located below the cast iron ! ha'-re_ resulted in
ring. In faur-piece type, thero are two 2 pﬂnHH_iErEhIE sa'.rt_ng
such side rails placed cne below and in cylinder bore life.
{he other above the cast irgn ring. This Chromium [iself is

type of ring adapts itself 1o the 4 o € very I?a_nd due fta
irregularities of the cylinder bare due - which it is normally
to comparatively better flexibility of - — ExpEcted o wear

s- i Contifugally 6asL Malle: 110
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thecylinder walls rapidly. Yel it does
the trick because of vary fina finish of
its coating on the rng. Chramium
plating further helps the rings to resist
scuffing because it is difficull o be
waldad lo cast iron cylinder, Howevear,
thesa rngs should nol be used whan
the cylinder bora ilsell is hned with
chromium or any such hard matarial.

Rings with molybdenum-filled face
have alse been introduced recently. |
Tha molybdenum surface has larger
gil carrying capacity, .It, therefore,
provides better cylindar wall
lubricaticn with resultant longer
engine lifa. The higher melting point
of melybdenum (2620°C) enables the
ring 1o stand highar tampearatures
than other ring metals and thus resist
scuffing, A more recent development
s thermochemically treated chromium

~ chrome) especially suited for fop
rnig applications where lubrication is
marginal,

Stainless steel il rings resist pitling

and corrosian to remain clean and do
not clog with carbon as quickly as
other rngs. Further, these resist
excassive lension loss al angine
opearating lempearaluras.

Conclusion

Advanced engineering designs and
newly developing malerials may
reduce/eliminate pistan ring failures
{viz. rapid wear, scuffing and beakage)
and increase over-all efficiency of
internal combustion engines. The use
of radius face ring, the weaar at tha
top of the cylinder wall where the top
ring changes direclion s reduced.
Rings with melybdenum filled face
and thermochemically treated
chromium rings ara aspecially suitad
for top ring applications whara

lubrication is marginal. [E5)

A, Fig. 8 0l control rings,
a) Flaxgil ring b} Conformabla ring
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