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1. SCOPE AND FIELD OF APPLICATION:

ces, where they exist, are shown in Appendix A.

ument specifies the quality aspects that are capable,of defin
normally found on a drawing specification.’

icuity of trying to define in absolute terms the quality atta
1 commercial manufacture of piston rings is well known. In t
the commonly encountered aspects of quality in terms of cast
and other departures from ideal are quantified. Many minor d
rly quite acceptable; other defects because of size or number
ible.

ument covers the following:

le piece piston rings of greys’ carbidic, malieable, spheroida
hite cast iron or steel;

ipiece piston rings (oi] control rings) consisting of cast ir
spring components;

le piece and multipiece rihgs of steel, t.e., oll1 control rin
form of strip-'steel components or steel segments (rails) with
nder components. :

ion to specifying certain limits of acceptance relating to in
g principles (covered by SAE J1589) this document also covers
for/which no recognized quantitative measurement procedures
h-are only checked visually with normal eyesight and without

standard tolerances of ring width, radial wall thickness, and closed gap.

The requirements of this document apply to all rings up to and including
200 mm diameter covered by the above classification for both reciprocating

combustion engines and compressors.
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REFERENCES:
SAE IS0*
DESIGNATION EQUIVALENT
| INTERNAL COMBUSTION ENGINES - PISTON RINGS
31588 662171 Vocabulary | |
J1589 6621/2 Measuring principles
J1590 6621/3 - Material specifications
J1591 6621/4 General specifications
J1996 6621/5 Quality requirements
INTERNAL COMBUSTION ENGINES -CPISTO
J1997 6622/1 Rectangular rings
J1998 6622/2 TR Rectangular rings with_farrow ring width
J1999 6623 INTERNAL COMBUSTION«ENGINES - PISTO
SCRAPER RINGS
v INTERNAL COMBUSTION ENGINES - PISTO
J2000 6624/1 Keystone fings
J2001 6624/2 TR Half keyStone rings
J2002 6625 INTERNAL COMBUSTION ENGINES - PISTO
OIL~CONTROL RINGS '
J2003 6626 INTERNAL COMBUSTION ENGINES - COIL
LOADED OIL CONTROL RINGS
J20p4 6627 TR INTERNAL COMBUSTION ENGINES -
EXPANDER/SEGMENT OIL CONTROL RINGS
2859 SAMPLING PROCEDURES AND TABLES FOR
INSPECTION BY ATTRIBUTES
*TR| refers to Technical Report
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(ii) 3.

4.
4.1

4.2

TERMINOLOGY :

The terminology used in this document is as given in SAE J1588.
VISIBLE DEFECTS:

General:

Visible defects are divided into two principle classes as described in 4 2

to 4.5.

The first class covers those defects frequently found in castings and

includes such defects as porosity, sand inclusions, cavities,

etc.

The second class of defects covers mechanical abrasions which may dequr

during machining or handling of rings,
chippinjg, burns,

Inspectjion of piston rings for such defects is generally carried out

and cracks.

visually, without magnification,
corrected if necessary.

It is npt intended that every ring be rigorously inspected for size gnd
tion of defects but rather that the values given in the tablds and
in case‘of doubt, the valyes

given should be used as the means of judging the ‘quality of the ringq.

distrib
text be

Pores,

Such defects are permissible on uncoated surfaces and edges provided
the valpes given in Table 1 for size,

NOTE:

TABLE 1 -~ P4

used as a general guide.

However,

Cavities and Sand Inclusions:

number,

and includes scratches,

by inspectors having normg) €yesight

dends

that

and spacing are not exdeeded.

he depth of porosity cannot:be checked visually and therefore no
limiting values are given.

rmissible Values of Size, Number and Spacing qf Pores, Cavities and Sand Inclusions

Dimensions in millimpters

Nomina
diameter

dy

Defect
size
max

on periphery]

Defect
size
max

on other

surfaces!

Defect
size
max

on peripheral
edges

Defect
size
max

on other -

edges2

Number
per ring
max

Spati

30 ¢ dy § 60

0.1

0.3

0.1

0.1

2

60 < dy < TOD

0.15

0.5

0.1

0.2

4

100 < d; < 150

0.2

0.5

0.1

0.3

6

8

150 ¢ dq ¢ 200

0.2

0.8

0.1

0.4

6

8

"The defects should not be closer to an edge than one-half of the maximum permissible size
of the defect, with a minimum of 0.2 mm.

2Not on inside gap edges of piston rings with internal notch.

3Spacing includes defects on adjacent or opposite surfaces.
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4.3 Scratches, Indentations, Depressions and Cracks:

4.3.1 Scratches: Isolated scratches are permissiblé provided that

No burrs are produced exceediﬁg the permissible values given i

a. n
4.4.1.1;
b. On the periphery with turned surface they are not deeper than the tool
marks or, for peripheries without a turned surface, not deeper than
0.004 mm;
c. Pn the side faces they are not deeper than 0.01 mm;
d. Dn other surfaces they are not deeper than 0.06 mm.:
4.3.2 Indeptations, Depressions: Indentations and depressions-are permifsible
proviided that ’
a. [he values given in Table 1 for number and spacing of defects pre met;
b. No burrs are prodUced exceeding the permissible values given ip
B.4.1.1;
c. [hey do not exceed the values for size and depth given in Tablg 2.
Ringp of a coated/inlaid fype shall pot have indentations or deprefsions
on the periphery.
NOTE} Indentations arising from hardness measurements on the side|faces
: are acceptable provided-that they do not exceed the 1imits given in
Tables 2 and 11.
TABLE V2 - Permissible Size of Indentations and Depressions
Dimensions in millimeters
Nominal Defect size Defect size Depth
diameter max max max
dy on periphery on side face
30 <dy < 100 0.3 0.6 10% of corresponding
00-¢ dq < 200 0.5 » 1 max defect size surface |
4.3.3 Cracks: No cracks are permissible.

See also 4.5.4 for chromium-plated peripheries.
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) 4.4 Edges:
4.4.1 Edge

4.4.1.1 Burrs:

Configuration: A1l edges of the piston ring shall be sharp; ideally

they should be free from burrs and from ragged edges whether arising from
crumbling of material or from deburring.
impossiblie to achieve regularly in volume production and hence both burrs

and removal of edge material is permitted up to the maximum sizes given in
4.4.1.1 and 4.4.1.2.

Such conditions are almost

Burrs are permitted up to the maximum values given in Table 3.

Th¢
SUY
po
the

Any
for

orientation and direction of burrs shall relate to the funct
faces of the piston ring, that is to say any burr present_sho
nt in the direction of sliding motion of the ring and not.nor

direction of sliding.

burrs remaining on the edges of rings should be firmly adher

ming an integral part of the edge.

TABLE 3 - Maximum Size of Burrs for A1l Sizes ¢f)*Ring

Bimensions in millimeters

onal
km
al to

ent,

Size of burr!

Location of burr max
n edges adjacent to
the peripheral surface and side faces 0.006
the butt ends (gap surfaces) 0.04
the outside groove face {011 rings) 0.2
the inside surface<and the ends -of the slots (oil rings) 0.5
all other surfaces 0.1

4.4.1.2 &4

in

Maximum valdes of burrs on steel rings are to be agreed on between

manufacturer and purchaser.

Table 4.

pction,

it is permissible to remove material from the edges to the values given
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4.4.2

4.4.2.1

Chip
Gap,

Ch
a.

b.

Ty

(See~4.4.2.2 for explanations of F and K.)

TABLE 4 ~ Edge Material Removal in Deburr Operations

Dimensions in millimeters

Removal of
material
Location of edge max
On peripheral edges 0.08
On peripheral edges of the gap]_ 0.15
On other ndgne 025

YDoes not apply to rings ceated on the periphery
that have gap edge chamfers.

ping and Similar Defects on Peripheral Edges, Perdipheral Edges
Outside Gap Corners and On Peripheral Chamfers:

ipping and similar defects are permitted at/these points provi
They are free of loosely adhering particles;
No burrs are produced exceeding the‘values permitted in 4.4.

They do not exceed half the width of any witness land on, fo
example, taper-faced rings;

They do not exceed the values given in the following tables:
(1) Table 5 for uncoated rings,

(2) Table 6 for. plated, coating rings,

(3) Table 7 for spray-coated rings,

(4) Table 8 for chamfers on all rings.

pical defects are illustrated in Figures 1 to 6.

at the

Hed that

.1
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TABLE 5 ~ Permissible Size of Chipping and Defects on Uncoated Rings op
Peripheral Edges, Peripheral Edges of the Gap and Outside Gap Corners

Dimensions in millimeters

Defect Defect Defect Defect
in direction normal }in direction normal{ in direction in direction
to periphery2 to peripher‘y2 along edge2 along edge2
Ring Land
width width on peripheral on peripheral on peripheral | on peripheral
edge—of gap edge edge—of gap3 dge
hy h4 or hS Fy, F3 Fo, F3 K1, K3 Kb, K3
hy <2 - 0.2 a5
2¢hy <4 - 0.2 0.6 ~
4 ¢hy <6 - 0.3 0.8
- hly, hg < 0.5 0.1 0.1 0.6
- hl4, hg > 0.5 0.2 0.2 0.8

"Number and
25ee Figures[

3Subject to

pacing of defects to be in accordance with Table T.
1, 2, 3, 4, and 5.

maximum of one-third of peripheral width~of ring ar land.

TABLE 6 — Permissible Size of Chipping and Defects on Coated Rings
With Chromium Plated Periphery, on Peripheral Edges, Peripheral
Edges of the Gap and Outside Gap Corners!

Dimensions in mifilimeters

Defect

Defect . Defect Defect
in direction normal in direction normal in direction in [direction
teo periphery2 to periphery2 along edge2 along edge2
Ring Land :
width width on peripheral on peripheral on peripheral | on jperipheral
edge of gap edge edge of gap3 edge
h] h5 Fy. F3 Fo, F3 Ky, K3 i Ko, K3
hy <2 < 0.2 0.3
2¢hy <4 - 0.2 0.4
4¢hy b - 0.3 0.4
- hg < 0.5 0.1 0.1 0.1 0.6
- hg > 0.5 0.2 0.1 0.2 0.6
U R t

)

INumber and spacing of defects to be in accordance with Table 1.
2see Figures 1, 2, 3, 4, and 5.

3Subject to a maximum of one-third of peripheral width of ring or land.

-1
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TABLE 7 - Permissible Size of Chipping and Defects on
Spray Coated Rings on Peripheral Edges, Periprera1
Edges of the Gap and Outside Gap Corners

Dimensions in millimeters

l Defect Defect Defect Defect
. in direction in direction in direction in direction
; normal to normal to along edge2 along edge2
i periphery2 periphery?
! Ring width
g on peripheral on peripheral on peripheral on peripgheral
E edges of the gap on edges3 edge of the gap? edge’
i hh F1. F3 F2. F3 Kis K3 K2 {3
| hy < 2 0.3 0.5
I
L 2¢hp <4 0.3 0.6
4 ¢hy<6 0.4 0.8

INumbgr and spacing of defects to be in accordance with, Table 1.
25ee Figures 1, 2, 3, 4, and 5.
30n1y for fully faced and semi-inlaid design.

4Subjact to a maximum of one-third of peripheral width of ring or coating.

Peripheral Edge.and Peripheral Edge of the Gap'

Dimensions in millimeters

hy

Ring width

hy <2

Size of defect Ly/Lp

2¢hy <4

4¢h <6

INumber and spacing of defects to be in

TABLE 8 - Permissible Size of Chipping and Defects on Chamfers at the

accordance with Table 1.
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FIGURE 1 - Chipping on Peripheral Edges of the Gap
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FIGURE 2 - Chippinglon Peripheral Edges
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FIGURE 3 - Chipping on Outside Gap Corners
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FIGURE 4 - Combination of Figures 1 and 3

-9 -



https://saenorm.com/api/?name=d6a486ae06120d2bcb16f08093657cc7

SAE J1996 Issued JUN9O

FIGURE 5 - Chipping on Opposite Gap Corners

FIGURE & - Chipping on Chamfers

4.4.2.2 Ky|, K2, K3, Fy, F2, and F3 Dimensions (See Figures 1 to 6):
Ky[, K2, K3 afeialways the dimensions of the defect measured alonp
the edge cut by the defect;

Fi|, Fo% F3 are always the d1mens1ons of the defect measured normpl
tol theedge cut by the defect.

However, when chipping or other defects occur on outside gap corners,
i.e. when the defect crosses the intersecting edges of the peripheral
edge and the peripheral edge of the gap, a convention is required.

The defect is taken as appropriate to the edge that contains the larger
amount of the defect. For example in Figure 3, most of the left side
defect is on the peripheral edge and therefore the defect is appropriate
to that edge. Hence the K value lies along the peripheral edge and is
denoted K3 while the F value, although it lies along the peripheral

edge of the gap, is taken as the dimension measured normal to the
peripheral edge and is denoted Fj.

VN

- 10 -
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4.4.2.2

4.4.2.3

(Continued):

In the case of the defect on the right side corner, most of the defect
lies along the peripheral edge of the gap and the defect is therefore

appropriate to this edge.

is measured along the peripheral edge of the gap and F3 is its
dimension normal to the edge of the gap.

The measurement K3 in this case, therefore,

The Timitations for chipping and similar defects on peripheral edges,
peripheral edges of the gap and opposite gap corners are given i

d.

n a to c.

Peripheral edges: Defects to be included in the assessment
peripheral edge are all values of Fy and Ky as well ascCthe F
K3 values of outside gap corner defects if these are,appropr
to the peripheral edges, e.g., the left hand defect illustra
Figure 3.

Maximum sizes are given in Tables 5, 6, and 7 (peripheral ed
column).

Peripheral edges of the gap: Defects £ovbe included in the
assessment of the peripheral edges ofithe gap are all values
and Ky as well as the F3, K3 valuestof outside gap corner
defects if these are appropriate_to the peripheral edges of
e.g. the right hand defect illustrated in Figure 3. .

pf the

B »
iate
ted in

ge

of Fy

the gap,

Maximum sizes are given in Tables 5, 6, and 7 (peripheral edge of

gap column).

However, an additionad Timitation is that the sum of the def

ect

sizes measured in the axial direction, i.e., along the peripheral

edge of the gap, shall not exceed the values given in Tables
and 7. . : '

The defects ‘to be added taken from the examples in Figure 4
(right hand corner) + Ky + F3 (left hand corner).

Opposite gap corners: Defects at outside gap corners are ac
for/in the assessments shown in a and b either as peripheral
defects or as peripheral edge of the gap defects.

5, 6,

are K3

counted
edge

However an additional limitation is that the sum of the defe
measured circumferentially on opposite corners shall not exc
values given in Tables 5, 6, and 7.

The defects to be added in Figure 5 are the K3 value of the
hand corner plus the K3 value on the opposite corner and the
value of the right hand corner plus the K3 value of the oppo
corner.

cts
eed the

left

F3
site

-1 -
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4.4.2.4 The limitations for chipping and similar defects on the chamfers at the

peripheral edge and at the peripheral edge of the gap are as fol

lows:

This.type of defect is illustrated in Figure 6 and is more likely to
occur on chromium plated- chamfers (machined or unmachined), on machined

chamfers on metal sprayed rings (fully coated), and on machined
on grey iron rings. The maximum values of the defects allowable
given in Table 8 and are the same for all rings with chamfers on
peripheral edge and peripheral edge of the gap.

chamfers
are

Deffects counted as on the chamfers shall not cut peripheral edge
pefripheral edges. of the gap but may just cut side faces or gap,f

4.4.3 Chipping and Defecté on Inner Edges and Other Edges: Chippihg and
on inner edges and other edges are permissible provided that:

4.4.4

a.

b.

o burrs are produced exceeding the values given 4n74.4.1.1;

hey do not exceed the maxihum established vadues given in Tab
ores, cavities, and sand inclusions.

Chipping and Defects on Inside Gap Cornersy “Chipping and defects
insilde gap corners are permitted prqvided that:

No burrs are produced exceeding the values given in 4.4.1.1;
The rings do not have an interfnal notch;

They do not exceed 0.3 mm<in the radial direction and 0.5 mm i
circumferential and axi@l directions for coil-spring-loaded oi
control. rings; '

They do not xceed tﬁe values given in Table 9 for remaining ri
designs.

TABLE 9 ~ Permissible Size.of Chipping and
Defects on Inside Gap Corners

Dimensions in millimeters

S Or
pCces.

defects

le 1 for

n the

—a

Size of " Size of Size of
Nomirat defeect defeet defect
diameter measured measured measured
dj : axia]ly] ﬁadia]]y] circumferentially
30 < dy < 100 0.6 0.8 1
100 ¢ dy < 200 0.8 1 1.5

]Subject to a maximum of one-third of the ring width or radial
wall thickness.

- 12 -
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.5

Other Characteristics Subject to Visual Inspection Only:

.1 Discolouring or Staining of Surface:

even

Discolouring or staining spread

ly or unevenly over the ring surfaces is permissible. This does not
include rust.

.2 Casting Skin and Deposits on Inside Surface: The following defects are

permitted:
a. Unmachined (NCU) areas within 5 degrees of the gap ends;
b. |Firmly adherent deposits arising from processing of the ring:

.3 Chipping on Uncoated Surfaces: This is permissible providéd the ¢hip
siz¢s do not exceed the maximum values established in Table 1 for pores,
cavities and sand inclusions. :

-4 Chrgmium Plated Periphery: The chromium plating shal}l be fully cherent,
i.e] there shall be no visible macro cracks, pores; blisters, chromium
beads (undercut bulge in the surface) or pin heles.

Excgptions with regard to pin holes may be.agreed on between manufiacturer
and [purchaser. ’

.5 Spray Coatings: Spray coatings are not homogeneous. The acceptance
conditions may be agreed on between:manufacturer and purchaser; otherwise,
manyfacturer's specifications apply.

MATERIAL:

Specificatjons:

The basic material specifications are given in SAE J1590.

The detail specifications and acceptance conditions may be agreed on between
manufacturer and _purchaser; otherwise, the manufacturer's specificafions
apply.

Loss of Tapgential Force Under Temperature Effects:

Some 1pss'of tangential force at engine operating conditions is accefptable.

For the purposes of establishing quality, test conditions and loss of
tangential force with the ring closed to nominal diameter are given in
Table 10.

- 13 -
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TABLE 10 - Test Conditions to Measure Tangential Force Loss

Loss of Test conditions | Test conditions
tangential { (ring closed to (ring closed to
SAE reference Material class force nominal diameter) nominal diameter)
max )
% Temperature Time
°C h
11997, J1998, 10, 20, 30 12 300 3
J1999, 9200, 40, 50, 60 8 300 3
J2001, J2002, ' ' (
and J2003
Rings with 10, 20, 30, 40, 50 25 250 5 i
cast iron garts| WF! {10, 20, 30, 40, 50 12 250 5 |
Single and i
multipiece 60 30 220 5 :
steel oil - 15 220 5
control rirgs Wr!
TWF = reduded heat set.
6. RAISED MATERIAL CAUSED BY MARKING OF RINGS:
Raised material is permitted subject\to the values given in Table 11.
TABLE 11 - Maximum Permitted Raised Materal
Dimensions in millimeters
Nominal \diameter Value above surface i
dy max !
30 ¢ dqy <100 0.008
100 ¢ dy ¢ 200 0.07
7. MACHINING-OF PERIPHERY AND SIDES - UNINTENTIONAL DEPARTURE FROM IDEAL |PROFILE
AND FLATNESS? ' '

Machining operations are not perfect and the peripheral and side faces cannot
be machined precisely to profiles and dimensions given or implied in the
general specifications (see Section 3).

- 14 -
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N

1

In the

Permis

Stra

sible Deviations for Peripheral Surface Profile:

ight faced rings, coated or uncoated, according to SAE J1997, J1998,

and J2000:

a.

Stra

Permissible barrel: 0.002 mm per millimeter of ring width hy
(measuring points: see SAE J1997, J1998, and J2000).

ight faced ringé, coated or uncoated, according to SAE J1997 and J1998

without IW/IF and J2000:

a.

Stra
with

Permis

NOTE:

In the

Permissible taper: 0.005 mm per millimeter of ring width hj

IW/IF and J2001:

Permissible taper: 0.006 mm per millimeter of ning width hy

, D and DV type oil control rings: |
Permissible radial land offset: 0.015 mm

ype, coil spring loaded oil control rings, coated or uncoated:
Permissible radial land offset:

Ring width hy < 6 mm : 0.015 mm
Ring width hy > 6 mm : 0.025 mm

Kible Side Face Unevenness:

radial direction: - 50% of hy; - tolerance.

and keystone'\rings.
circumferential direction, see Table 12.

TABLE 12 - Permissible Side Face Unevenness
in the Circumferential Direction!

Dimensions in millimeters

Nominal diameter Permissible unevenness
d
30 ¢ dy <125 | 0.02
125 ¢ dy < 175 0.03
175 < dy ¢ 200 0.04

This does not apply to twist rings, scraper
rings and oil control rings.

- 15 -

ight faced rings, coated or uncoated, according to SAE. 371997 and J1998

This does not.(apply to twiét rings, scraper rings, half keystpne rings
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