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2.1.1  SAE Publications

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA and
Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J1588 Internal Combustion Engines—Piston Rings—Vocabulary
SAE J1589 Internal Combustion Engines—Piston Rings—Measuring Principles
SAE J1590 Internal Combustion Engines—Piston Rings—Material Specifications

SAE J1591 Integ

SAE J1996 Intefnal Combustion Engines—Piston Rings—Quality Requirements
SAE J1997 Intefnal Combustion Engines—Piston Rings—Rectangular Rings
SAE J1998 Intefnal Combustion Engines—Piston Rings—Rectangular Rings With Narrow Ring Width
SAE J1999 Intefnal Combustion Engines—Piston Rings—Scraper Rings

SAE J2000 Intefnal Combustion Engines—Piston Rings—Keystone Rings

SAE J2001 Intefnal Combustion Engines—Piston Rings—Half Keystone Rings
SAE J2002 Intefnal Combustion Engines—Piston Rings—Qih€ontrol Rings

SAE J2003 Intefnal Combustion Engines—Coil Spring t0aded Oil Control Rings
SAE J2004 Intefnal Combustion Engines—Expander/Segment Oil Control Rings
SAE J2226 Internal Combustion Engines—Riston Rings—Steel Rectangular Rings
2.2 1SO Publicatigns

Available from ANSIf 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-4900, www.ansi.prg.

TR refers to Technigal Report.

ISO 6621/1 Infernal.combustion engines—Piston rings—Vocabulary

ISO 6621/2 Internal combustion engines—Piston rings—Measuring principles
ISO 6621/3 Internal combustion engines—Piston rings—Material specifications
ISO 6621/4 Internal combustion engines—Piston rings—General specifications
ISO 6621/5 Internal combustion engines—Piston rings—Quality requirements
ISO 6622/1 Internal combustion engines—Piston rings—Rectangular rings

ISO 6222/2 TR  Internal combustion engines—Piston rings—Rectangular rings with narrow ring width
ISO 6623 Internal combustion engines—Piston rings—Scraper rings

ISO 6624/1 Internal combustion engines—Piston rings—Keystone rings
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ISO 6624/2 TR

ISO 6625

ISO 6626

ISO 6627 TR

ISO 6507/3

Internal combustion engines—Piston rings—Half keystone rings
Internal combustion engines—~Piston rings—OQil control rings
Internal combustion engines—Coil spring loaded oil control rings
Internal combustion engines—Expander/segment oil control rings

Metallic materials—Hardness test—Vickers test—Part 3: Less than HV 0.2

3. PISTON GROOVE NOMENCLATURE

(See Figure 1.)
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FIGURE 1B - PISTON RECTANGULAR GROOVE NOMENCLATURE
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FIGURE 1C - PISTON KEYSTONE GROOVE NOMENCLATURE
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4. PISTON GROOVE TERM DEFINITIONS

4.1

Piston Vertical Axis

The geometric axis of the piston skirt. To establish the piston vertical axis it requires alignment of a minimum of 8 points
with 4 target points on each of two datum planes. See Figure 2.

4.2  Wind (also “Wjnde”)

This term means thg planar tilt of the ring groove sides to the piston vertical axis, or ring groove squa
distance to the pistop vertical axis. See Figure 3.

Piston Pin Bore _// ;‘ﬁ:;c?mm
Cenbaihne |
(Crffset) Pisten
/ [ Wertcal
fais

FIGURE 2 - PISTON VERTICAL AXIS

FIGURE 3 - WIND (ALSO “WINDE")

reness over a given
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4.3 Circumferential Groove Waviness (also “Wave”)

Ring groove axial undulations are measured circumferentially over 360 degrees of the ring groove, and frequently
specified over shorter defined intervals. See Figure 4.

e
e ey

4.4 Ring Groove (

Tool marks in the s
roughness. See Figl

G-

|

|

FIGURE 4 - CIRCUMFERENTIAL GROOVE WAVINESS (ALSO“WAVE”)

Lhatter (also “Chatter”)

urface of the groove sides. These are of a higher frequency than waviness ye

re 5.
I !I = ]

|
e e | |
m: w.,..j: |

-M' ;,-’I
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FIGURE 5 - RING GROOVE CHATTER (ALSO “CHATTER”)

t lower than surface
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4.5 Groove Side Surface Finish (also “Roughness”)

The surface texture of the top and bottom sides of the ring grooves. Generally measured radially in the ring groove to
factor out wave and chatter contribution. See Figure 6.

Fiaton Crown
T,
i

Groowve |

k1

( Iﬁl‘-::llilf

[E-::lu:_;hmems?'
Top Groove Side )
E |

Bottom 3 roove Side

FIGURE 6 - GROOVE SIDE SURFACE FINISH (ALSOROUGHNESS”)

4.6 Groove Radia| Profile (also “Groove Profile”)

This refers to the radial straightness of the ring groove sides usuallyxmeasured over a minimum of 2/3's of the radial depth
of the ring groove sige. See Figure 7.

Maasurement
] Interval
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4.7

Radial Tilt (also “Inclination”)

performance. lllustrated is upward tilt of compression grooves. See Figures 8 and 9.

Is the downward, zero, or upward slope of the ring grooves. This can be intentionally specified to enhance ring

Example of
Upward Tilt

Pterpen';:l cula |
fx Piston .I'
Vertical Axis

FIGURE 9

FIGURE 8 - EXAMPLE OF RADIAL UPWARD TILT (ALSO “INCLINATION”)

Example of
Upward Tilt

- EXAMPLE, ©F UPWARD RADIAL TILT KEYSTONE GROOVES (ALSO “INCL

NATION”)
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4.8 Ring Groove Depth

Is the radial distance from the root of the ring groove to the largest adjacent land. Ring groove depth can vary with runout
differences of the ring groove root and land diameters to the piston vertical axis, ring groove root or land roundness

variation, or addition of land ovality. See Figure 10.
/é%

FIGURE 10 - RING GROOVE DERTH
4.9 Groove Root Runout
Relative to the piston vertical axis. See Figure 11.

Groove Root
Deviation from
Piston Vertical I

/

Groove
— Reet

Piston
Vertical
Axis

Runout = Rmax - Rmin

FIGURE 11 - GROOVE ROOT RUNOUT
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4.10 Groove Root to Land Runout

This refers to the Ring Groove Root Diameter runout to the adjacent land diameter. See Figure 12.

4.11 Ring Groove §

All points of one grg
Figure 13.

Piston Land
Deviation from
Groove Root
Vertical Axis

—
fr—

Groove Root
Vertical Axi

Runout = Rmax - Rmin
FIGURE 12 - GROOVE ROOT TO LAND RUNOUT

ide Parallelism

ove side @re' equidistant from the perpendicular corresponding points on the oth

P,

er groove side. See

e

=

FIGURE 13 - RING GROOVE SIDE PARALLELISM
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4.12 Land Run out

This term is the piston land diameter run out to the piston vertical axis. See Figure 14.

Piston Land
Deviation from

| Piston Vertical Axi?
|

4.13 Land Offset

This term refers to
lands. May be added

Piston
Vertical

Axis

Runout = Rmax - Rmin

FIGURE 14 - LAND RUNOUT

he intentjohal offset of the ring land vertical axis to the piston vertical axis for
as a design feature. See Figure 15.

Piston Land

Piston /_ ; ;
Meortical Axis. \ Vertlcal AXIS

!!’ Piston Land
€ Offset

FIGURE 15 - LAND OFFSET

any number of ring
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4.14 Land Profile

This refers to the vertical shape of the ring lands of a piston. There may be a design feature (i.e., taper, barrel, etc.) that
accommodates for thermal expansion, and mechanical clearance, of the ring lands. See Figure 16.

FIGURE 16 - LAND TAPER
4.15 Land Ovality

Land ovality is a design feature that will compensate for cylindersbore and piston shape changes due to thermal
conditions. The maj¢r axis of the ovality may be designed on an axis‘other than the skirt or pin axis. [Ovality is defined as
the major minus the¢ minor diameter of the land (positive ovalityZis shown in the figure). There are applications with
asymmetric and nontoval circumferential profiles. See Figure 17

Cwal
Land

|

1
_ i _ Major
Cweal
N

FIGURE 17 - LAND OVALITY
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5. PISTON RING AND GROOVE WIDTH

5.1

5.1.1 Rectangular

Widths of Rectangular Compression Rings, Oil Control Rings, and Mating Piston Grooves

Compression Rings

Typical Nominal Ring and Groove width that may be used are (mm)

0.80, 1.00, 1.20,

Typical Ring Width Tolerance:
-0.010/-0.030 mm

m

1.50, 1.75, 2.00, 2.50, 3.00, 3.50, 4.00, 4.50

Typical Groove Width Tolerance (See Note 4)
+0.030/+0.050 mm (Spark Ignition Engines)

-0.010/-0.040 m
-0.010/-0.030 m

Typical Minimum Ring to Groove Clearance for Uncoated Rings (Min Groove Width - Max Ring Width):

0.040 mm (Bore

0.050 mm (Bore|

0.060 mm (Bore|
NOTE 1: For all en
clearance
NOTE 2: For small
groove cle
NOTE 3: For small
wider than
NOTE 4: Dimensior
must be ¢

5.1.2 Three Piece

Typical Nominal Rin
2.00, 2.50, 3.00,

Typical Groove Widt

+0.030/+0.050 mm

5.1.3 One and Tw

Typical Nominal Rin

+0.040/+0.060 mm ((‘nmlnrneeinn Ignifinn aninnc)

m +0.040/+0.060 mm (Two Stroke Engine)

< 125mm, Spark Ignition Engines)
< 125mm, Compression Ignition Engines)
> 125mm)

5 above.

bore engine applications (approximately 80 mm @&r léss) or compressor appl
arance is typically 0.010 mm narrower than the clearances above.

DI diesel engines with top ring groove protector, top ring to groove clearance ar
the clearances above.

s apply to uncoated rings and untreated ring grooves. Applications with coating g
bnsidered on a case-by-case basis.

Oil Rings

j and Groove width that may be used are (mm)
3.50, 4.00

h Tolerance:

o Piece:Oil Rings

j@nd Groove width that may be used are (mm)

gine applications, the second ring to groove clearance is_typically 0.010 mm narrower than the

cations, the ring to

b typically 0.010 mm

nd groove treatment

400 A LO L OO0 .00 7 00 0O 0N

2.50, 3.00, 3.50,

Typical Ring Width Tolerance:

-0.010/-0.030
-0.010/-0.040

B FAVAV R JTViviare mvivisn e viv iy g v v o Rviv)

Typical Groove Width Tolerance:
+0.030/+0.050 (Spark Ignition Engine)
+0.030/+0.055 (Compression Ignition Engine)

Minimum Ring to Groove Clearance (Min Groove Width - Max Ring Width):

0.020 mm (Bore
0.040 mm (Bore
0.040 mm (Bore

< 125mm, Nominal Ring/Groove Width <3.0)
<125mm, Nominal Ring/Groove Width >3.0)
> 125mm)

Maximum Ring to Groove Clearance (Min Groove Width - Max Groove Width):

0.060 mm (Bore
0.080 mm (Bore
0.095 mm (Bore

< 125mm, Nominal Ring/Groove Width <3.0)
<125mm, Nominal Ring/Groove Width >3.0)
> 125mm)
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5.2 Widths of Keystone Rings and Mating Piston Grooves

Industry
Reference
Ring an

Pa
oTOOVE

Width

—

2

5.2.1 Keystone Rihg Width Definition, Measurement Method

FIGURE 18 - INDUSTRY REFERENCE RINGAND GROOVE WIDTH

Measurement methqds for keystone ring width should be in accordance with SAE J2000, SAE J2001,[and ISO 6624.

5.2.2 Keystone Gfoove Width Definition, Measurement Method

Typically specified gn the print as a diameter measuréd over gage pins. Reading is then translated|into a vertical width

dimension, W. See Kigure 18.

diameter over pin

groove width W
gapé-distance specified

gage pin

gage pi

Trom land diameter

diameter

Ref: ring gage
height ag

measured from
land. Typ. 1.5mm

FIGURE 19 - KEYSTONE GROOVE WIDTH DEFINITION

Where a nominal groove width dimension is specified on the print, it is recommended that the datum for the gage distance
(typical 1.5 mm) is the largest adjacent land, not the cylinder bore diameter. See Figure 18.
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5.2.3 Keystone Ring-to-Groove Clearance, Calculation

Clearance should be calculated and specified in the vertical plane.

Typical ring and groove designs have asymmetrical angles, therefore the clearance could be specified at the ID, OD, and

Gage point of the ring/groove. See Figure 20.

Side clearance interpretation
options (ID, OD, Gage point)
with dis-similar ring &
groove angles.

CII

C1

C2ll

c2'

cC=C+C"
C2=C2' +C2"

R\

The ID and OD clgarances (C1 and C2) method should assume maximum material conditions
clearance may occUyr at either C1 or C2. “The clearance at the gage point should be checked at

Recommended cleafances are specifiedin-Table 1. See Figure 20.

Thering is flush
with'the largest
adjacent land.

FIGURE 20 - KEYSTONE RING-TO-GROOVE CLEARANCE

(mmc).  Minimum
nominal dimensions.
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5.2.3.1 Keystone Ring Groove Clearance Calculation
See Figure 21 for an example calculation.
T 7>
y \\
The ring.is flush
Gage / with the‘largest
{a6} adjacent land.
Cl
——-
L = Largest adjacent
land diameter<
C=C'+C 2
FIGURE 21 - KEYSTONE RING GROOVE,CLEARANCE (EXAMPLE CALCULATIQN)
vZ = Radial Distance from Center of Pin to Gage Point = (D-d)/2 - (L/2 - g) (Eq. 1)
aZ = Radial Gage Point to Tangent.Point = (d/2)sin(A/2)
vK = Axial Distance From Tangent Point to Gage Point = (vz - az)tan(A/2)
cZ = Axial Height from Pin Center to Tangent Point = (d/2)cos(A/2)
k¥ = Width of Groove at Gage Point = 2(cz-vk)
C[r Clearance at Gage Point = kx-jx

The resultant refere
not be the starting p

5.2.4 Keystone G

Keystone compress

nce clearance € should then fall within the recommended limits. Recommende|
bint of ring af)groove dimension calculations.

oove Reference Clearance Recommendations

iomyring tolerances - reference SAE J2000 and SAE J2001. Piston groove

tolerances, 15 degr

e nciuaed angdle.

Diameter over Pin: £0.12

Piston land diameter: £0.10
Land run-out to piston axis: 0.05
Keystone groove, bottom side angle: +0.083 degree (5 minutes)
Keystone groove, included angle: £0.125 degree (7.5 minutes)
Keystone ring, bottom side angle: +0.2 degree (12 minutes)
Keystone ring, included angle: £0.2 degree (12 minutes)

Ring groove run-out to piston axis: 0.10

d clearances should

dimensions, typical
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Heavy-duty engine applications (100 to 200 mm), typical 15 degree included angle. Measured at the ring gage distance
{ae} from largest adjacent land diameter. See Table 1.

TABLE 1 - NOMINAL KEYSTONE GROOVE CLEARANCE AT GAGE POINT
(HEAVY-DUTY APPLICATIONS)

Reference Clearance Range  Reference Clearance Range

min max
Top Keystone 0.090 0.140
2nd Keystone 0.060 0.110

Small bore engine 4§
adjacent land diame

[pplications, typical 15 degree included angle. Measured at the ring gage distan
er. See Table 2.

TABLE 2 - NOMINAL KEYSTONE GROOVE CLEARANCE AT GAGE(POINT
(SMALL BORE ENGINE APPLICATION)

Reference Clearance Range
max

Reference Clearance Range
min

Top Keystone 0.060 0.110

525

Typical 7.5 degree
Table 3.

Half-Keystone Reference Groove Clearance Recommendations

ncluded angle. Measured at the ring gage distance {as} from largest adjacent

ce {ag} from largest

land diameter. See

TABLE 3 - NOMINAL HALF-KEYSTONE AT GAGE POINT GROOVE CLEARANCE
Reference Clearance Range  Reference Clearance Range

min max

Top Half Keystone 0.060 0.110

Add +0.025 mm typi

cal after maximum material calculation to achieve recommended range.
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5.2.6 Keystone Groove Up-Tilt Recommendation

To compensate for thermal and mechanical deformation of the piston lands and grooves.

Used in conjunction with symmetrical angle (preferred), nonsymmetrical angle or twist section keystone compression
rings. See Figure 22.

Heavy-duty en

uptilt: +15 to +25 minutes.

5.2.7 Keystone Ripg-to-Groove Contact Bias

See Figure 23.

piston vertical axis

—groove inciodedangte (c)

up-tilt=c/2-d

groove bottom angle (d)

FIGURE 22 - KEYSTONE GROOVE UP-TILT

gine gpplications (100 to 200 mm), typical for 15 degree included angles. Recommend

{negative)
Q0 or "front edge’ contact
{positive)

groove bottom angle (d)
contact bias,g=b-d

positive = QD contact

negative = |0 contact

FIGURE 23 - KEYSTONE RING-TO-GROOVE CONTACT BIAS

Heavy-duty engine applications (100 to 200 mm), typical for 15 degree included angles.

ed nominal range of

ID or *back edge’ contact
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Typical nominal ranges, nominal values, g.

a. Top groove: +30 minute (OD contact) to —10 minute (ID contact)

b. 2nd groove: +35 minute (OD contact) to —30 minute (ID contact)

Excludes the effects of ring twist.

6. GROOVE ROOT DIAMETER CALCULATION

6.1 Piston and Ring Assembly

(See Figure 24.)

Top Ring

Top Land Diameter (d |04

Groove Root Diameter (d )

Second Ring

Groove Root Diameter (d grye)

Oil Ring

Third Land Diameter (d |5,9

Groove Root Diameter (d ?VD.I

Skirt Diameter - Pin Axis

Skirt Diameter - Thrust Axds

FIGURE 24 - PISTON AND RING ASSEMBLY
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6.1.1 Coil Spring Loaded Oil Ring

(See Figure 25.)

Oil Ring -
Groove Root Diameter (d e} S 2.
a 14 i e ——
e e - | 12

6.2 Compression Ring Groove

(See Figure 26.)

FIGURE 25 - COIL SPRING LOADED OIL RING

ry<rs
| Fillet
>, | Contact

The ring is flush
with the largest
adjacent land.

% L= Largest adjacent ry>rs
Q/ land diameter Back
%v . *,| Contact
dland

FIGURE 26 - COMPRESSION RING BACK CLEARANCE
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If ry > r5 then the contact is at the back of the ring.
dgrvemaxy = (diangmin), — (a,,max) — 2(aymax) (Eq. 2A)
If ry < r5 then the contact is at the fillet radius
dgnemaxs = (diangMin), — (arsmax) — 2(asmax) — 2(rsmax) + 2(rsmin) (Eq. 2B)
where:
dqne = top or second ring groove root diameter
d\and = ring land difametet (acc Note 2)
a,, = groove root|to ring land runout
a, = top or secornd ring radial wall thickness

rs = groove root fadius
r, = top or second ring ID radius or chamfer

NOTE 1: Minimized|ring radial back clearance is achieved by applying statistical methods to the prevjous calculation.
NOTE 2: Low limit gf the largest land diameter adjacent to the groove. Includes-éffect of land ovality When present.
NOTE 3: Equation 1 yields zero back clearance.

NOTE 4: In the abpence of known land diameters, the minimum«bore diameter may be subst|tuted. However, an
appropriate allowance for estimated land clearance should‘be included in the back clearange calculation.
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