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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

2:2020(E)

This document is one of a number of International Standards dealing with piston rings for reciprocating
internal combustion engines. Others are ISO 6621-1, ISO 6621-3, ISO 6621-4, ISO 6621-5, ISO 6622,
[SO 6623, 1S0 6624, ISO 6625, ISO 6626 and ISO 6627 (see Bibliography for details).

The common features and dimensional tables presented in this document constitute a broad range of
variables, and the designer, in selecting a particular ring type, should bear in mind the conditions under
which it will be required to operate.
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Internal combustion engines — Piston rings —

Part 2:
Inspection measuring principles

1 pcope
This| document defines the measuring principles to be used for measuring piston rings; it applies to
pistgn rings up to and including 200 mm diameter for reciprocating internal combustion en|1gines.
This|document can be used for piston rings for compressors working under analogous condiitions.
2 Normative references
The [following documents are referred to in the text in such a way‘that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
ISO 4287, Geometrical Product Specifications (GPS) — Surface'texture: Profile method — Term$, definitions
and furface texture parameters
[SO {4288, Geometrical Product Specifications (GRS) — Surface texture: Profile method — Rules and
procedures for the assessment of surface texture
ISO $621-1, Internal combustion engines — Piston rings — Part 1: Vocabulary
[SO $624-1, Internal combustion engines'=- Piston rings — Part 1: Keystone rings made of cast iron
ISO $624-2, Internal combustion engines — Piston rings — Part 2: Half keystone rings made of cast iron
ISO $624-3, Internal combustiénlengines — Piston rings — Part 3: Keystone rings made of stedl
ISO $624-4, Internal combustion engines — Piston rings — Part 4: Half keystone rings made of steel
3 [ferms and-definitions
For the purpases of this document, the terms and definitions given in ISO 6621-1 and the follgwing apply.
ISO anddE€-maintain terminological databases for use in standardization at the following addresses:
— SO Online browsing platform: availabhle at httns: //arwurisa ora/ohn

or 5 1 o +
— IEC Electropedia: available at http://www.electropedia.org/
3.1
hy
distance between the sides, at any particular point perpendicular to the reference plane measured in
millimetres
Note 1 to entry: See Figures 1 and 2.
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3.2
h;
distance between the sides at a specified distance a4 from the peripheral surface.

Note 1 to entry: See Figure 4.
Note 2 to entry: Alternatively, the ring width is controlled by a, at a specified width h; (see Figure 6).

3.3
radial wall thickness
ax

radial distaree
millimetres

Note 1 to enffry: See Figure 7.

34
total free gap
m

p
chordal disfance between the gap ends of the ring in a free unstressed state,-measured at the cgntre
line of the rfadial wall thickness (3.3)

Note 1 to enfry: See Figure 10.

Note 2 to enfry: For rings with an internal notch for a peg, the total free'gap is defined by the chordal disance
marked as p fin Figure 11.

Note 3 to enflry: The total free gap is measured in millimetres.

3.5

closed gap
S1

distance befween the gap ends of the ring measured at the narrowest point, which the ring would have
when fitted|in a gauge of nominal cylinder boye size

Note 1 to en]ry: See Figure 12.

Note 2 to enfry: The closed gap s, is related to the nominal diameter d,.

3.6
tangential force
Fy
force necespary to maintain the ring at the closed gap (3.5) condition by means of a tangential pulll on
the ends of p circuniferential metal tape or hoop

Note 1 to en]ry: Seé€ Figures 13 tol5.

Note 2 to entry- Tauscutial forcetsmeasuredimNewtornrs:
Note 3 to entry: For single-piece rings, it is not recommended for rings d; < 50mm; for these rings, see 4.2.6.
Note 4 to entry: For multi-piece rings, vibration is used to reduce friction during or prior to measurement.

3.7

diametral force

Fq

force, acting diametrically at 90° to the gap, necessary to maintain the ring at the nominal diameter
condition measured in the direction of the force

Note 1 to entry: See Figure 20.

Note 2 to entry: This method is only applicable to single-piece rings.

2 © IS0 2020 - All rights reserved
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3.8
oval
U
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3 to entry: Diametral force is measured in Newtons.

ity

difference between the mutually perpendicular diameters d; and d, when the ring is drawn to a closed
gap (3.5) within a flexible tape

Note 1 to entry: It can be either positive (d; > d,) or negative (d; < d,) (see Figure 21).

Note 2 to entry: This method is only applicable to single-piece rings.

Note|3 to entry: Ovality is measured in millimetres.

39

point deflection

w

deviption of the butt ends from the true circle when restrained in a gauge;ofnominal cy
diampeter

Note|1 to entry: See Figure 22.

Note|2 to entry: Point deflection is measured in millimetres.

3.10

light tightness

ability of the peripheral surface of a ring when mounted in+a gauge of nominal cylinder bore
exclfide the passage of light

Note|1 to entry: See Figure 23.

Note|2 to entry: Areas of the ring showing pinpoint;burry or fuzzy light shall be considered as light
Note|3 to entry: Light tightness is measuredin-percentage of ring circumference.

3.11

tapqr on peripheral surface

intentional angular deviation ofithe peripheral surface from a line perpendicular to the refeg
Note|1 to entry: See Figure 24.

Note| 2 to entry: In the-case of the taper faced peripheral surface with partly cylindrical area bot]
points shall be placed en’the taper area.

Note|3 to entry: Taper on peripheral surface is measured in micrometres or degrees.

3.12

barrel on‘peripheral surface

inteptionhal convex deviation of the peripheral surface from a line perpendicular to the refey

linder bore

diameter to

tight.

rence plane

h measuring

ence plane

Note
Note
Note

3.13

1 to entry: See Figure 26 for a symmetrical barrel and Figure 28 for an asymmetrical barrel.
2 to entry: t, is used for lower barrel face and t; for upper barrel face.

3 to entry: Barrel on a peripheral surface is measured in millimetres.

land width

hy
hs

width of the land which theoretically should be in contact with the cylinder bore

Note

1 to entry: See Figure 29.

© IS0 2020 - All rights reserved
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Note 2 to entry: Land width is measured in millimetres.

3.14

land offset

displacement of the two peripheral surfaces of a slotted or drilled oil control ring in relation to each
other in a radial direction

Note 1 to entry: See Figure 31.
Note 2 to entry: Land offset is measured in millimetres.

3.15

plating/coating thickness
distance bdtween the outer surface of the plating/coating and the surface of the base ring-matgrial
connected yith the different configurations of platings/coatings

Note 1 to enfry: See Figure 33.
Note 2 to enffry: Plating/coating thickness is measured in millimetres.

3.16
nitrided case depth
thickness of the surface layer with a hardness value 2700 HV 0,1 measured perpendicular to the|ring
peripheral gurface or side faces.

Note 1 to en]ry: See Figures 34 and 35.

Note 2 to enflry: Nitrided case depth is measured in millimetres.

3.17
keystone apgle
angle enclgsed by the two sides of the ring or altérnatively, the sum of both side face angleg, i.e.
included anjgle

Note 1 to enfry: See Figure 36.
Note 2 to enffry: Keystone angle is measurediin degrees.

3.18
obliquenesgs
unintentional deviation of thé-bisector of the keystone included angle from parallelism with the
reference plane

Note 1 to enfry: Not appli¢able to rings with designed twist (3.19).
Note 2 to enflry: See Figure 42.

Note 3 to enflry:Obliqueness is measured in degrees.

3.19
twist
intentional torsional deviation of the section of the ring from the reference plane when the ring
is restricted to nominal diameter, as in the case of asymmetrical rings such as those internally or
externally stepped or bevelled

Note 1 to entry: See Figure 43.

Note 2 to entry: Twist is measured in millimetres.

4 © IS0 2020 - All rights reserved
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3.20
unevenness

Te

2:2020(E)

unintentional deviation of the sides of the ring from parallelism to the reference plane, i.e. twisted or

dish

ed rings

Note 1 to entry: See Figures 46 and 48.

Note 2 to entry: Not applicable to rings with designed twist (3.19), as covered by 4.2.18.

3.21

heli
disp

Note|1 to entry: See Figure 51.
Note|2 to entry: Helix is measured in millimetres.

3.22
free|flatness
relagionship between the ring in the free state and a plane parallel to itsreference plane

Note|1 to entry: Free flatness is measured in millimetres.

3.23

circ
thre

circqimferentially around the bottom side face of the.ring

Note|1 to entry: Circumferential waviness is measurediin micrometres.

-

acement of the gap ends perpendicular to the reference plane

himferential waviness
e or more lobes showing a continuous pattern of ‘peaks and valleys spaced at a se

[ frequency

4 Measuring principles

4.1 | General measuring conditiohs

The [following general requirements are applicable to all measuring principles unlesy otherwise

spedified:

a) fhering shall rest gn'the reference plane in the free or open condition. No additional fdrce shall be
hpplied to load thexing on the reference plane; except when measuring "unevenness" injaccordance
with 4.2.19 ord'helix" in accordance with 4.2.20;

b) fpertain measurements are made with the ring in the closed condition in a gauge of nomipal cylinder
bore didmeter. When orientated rings are measured in this way, they shall be so placed fthat the top
cide 6fthe ring is towards the reference plane;

c) medsurements shall be made using instruments with a resolution not to exceed 10 % of the

tolerance of the dimension being measured.

For further terms and definitions see ISO 6621-1.

© IS0 2020 - All rights reserved
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4.2 Characteristics and measuring principles
4.2.1 Ring width

4.2.1.1 Parallel sided rings, h; (in millimetres)

Measuring principle

Measure with spherical measuring probes each of radius 1,5 mm # 0,05 mm, exerting a measuring force of

In the Case(Cnln+—+—nA ailxinge tha ponociinn R tchalllbiag o da b atran thaclotc o d aot Sonoccthans (Can
TSttt O FHIE S et e astutr e e Stramr ot Hatat ot ewe e h ot SrotSaRa RoTacroSSTeH(See

Figure 2).
(V% <

Key
h; ring width
Figure 1

J/;/_I

i

Key
h; ring width
Figure 2

L

J_I_}LLJH HJ_J.

Figure 3

4.2.1.2 Kpystone rings, half keystone rings, h;

Measuring principle

Method A

This method determines h; for a specified value of a4 (see Figure 4).

7z

9
Key
h; keystone ring width
a, keystone ring depth
Figure 4

6 © IS0 2020 - All rights reserved
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Measuring principle

Measure with spherical measuring probes each radius 1,5 mm * 0,05 mm exerting a measuring force of ap-
proximately 1 N (see Figure 5).

If the measuring equipment is calibrated with parallel gauges instead of keystone gauges, the use of spherical
measuring probes for the measurement according to Figure 4 will give rise to an error as follows:

— for 6° keystone angle: 0,004 mm (Ring types: T, TB, TBA, and TM)
— for 7° keystone angle: 0,012 mm (Ring types: HK, and HKB)

— for 15° keystone angle: 0,026 mm. (Ring types: K, KB, KBA, and KM)

To ofptain the correct measured width of the Keystone ring, the above values shall be deducted from the meas-
ured values.

Valyes of a, are given in I1SO 6624-1 to ISO 6624-4.

|I/

4-0,002| A |—>

Key)|
a, keystone ring depth

Figure 5
Method B

Thid method determines a for a specifiedwalue of h; (see Figure 4).

Measure with a flat face probe exerting ameasuring force of approximately 1 N. The ring shall be pla¢ged between
twolsharp-edged (radius <0,01 mmjJ\circular discs which are spaced apart at the specified gauge width h; (see
Figyre 6).

Values of h; are given in IS0.6624-1 to ISO 6624-4.

0,

=
L/ [
hs 0,001
Key
h; keystone ring width
a, keystone ring depth
Figure 6

© IS0 2020 - All rights reserved 7
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4.2.2 Radial wall thickness, a;

Measuring principle

1. Measure radially between a flat measuring surface on the peripheral surface and a special measuring
surface of the radius approximately 4 mm on the bore, and using a measuring force of 3 N to 10 N (see
Figure 8).

N\

Key
a, radial wpll thickness
Figure 7

2. Measurfe radially between cylindrical inserts or rollers of radius approximately 4 mm and with a measuring
force off 3 N to 10 N. The peripheral surface of the rollers shall be pergendicular to the reference plane.

Figure 8
The length of the rollers shall be greater than the axial ring width (see Figure 9).

Figure 9

4.2.3 Total free gap m, p

Measuring principle

Measure with a steel rule to the nearest 0,25 mm.

Optionally, this feature can be measured with callipers.

8 © IS0 2020 - All rights reserved
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Measuring principle
m
Key
m free gap
a; tadial wall thickness
Figure 10

p
| ’b:/

Key)|

p fiee gap

a, Yadial wall thickness

Figure 11
4.2.4 Closed gap, s,
Measuring principle

Mealsure in a bore gauge of nominal'diameter using a wedge gauge or feeler gauges and using a meaguring force

of approximately 1 N (see Figure12).

For flosed gap tolerances lowerthan values in the ISO standard tables (ISO 6622, 1SO 6623, ISO 6624, ISO 6625,

ISO p626, ISO 6627) measuring methods with improved accuracy are required. One example would| be to use

an optical technique. The gap area shall be thoroughly cleaned to obtain an accurate measurement.

. , . +0,001 xd;
The|diameter of thig bore gauge shall comply with the following: d; 7
Cortection shall be made for any deviation of the bore gauge from the nominal ring diameter.

Key
d; nominal diameter

s; closed gap

Figure 12

© IS0 2020 - All rights reserved 9
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4.2.5 Tangential force, F, (in Newton)

4.2.5.1 For single-piece rings

NOTE Not recommended for rings d; < 50mm; for these rings, see 4.2.6.

Measuring principle

1. Tape method (see Figure 13)

The encircling steel tape of thickness 0,08 mm to 0,10 mm is carried around 10 mm diameter rollers set
20 mm apart (see Figure 13). In tightening the tape, the ring is closed to the point where the gap ends

touch aprd themopemnto the ctosed gap dimension previousty measured. The ring force isthenm read off from

the prefcision measuring scale. The gap of the ring shall be symmetrically disposed between the rolleps.

An altefnative method to set up the tangential loading of the force measuring instrument is using-a solid
disc of hominal bore diameter 0,005 mm to set up the length of the tape. The gauge disc is ifiserted info
the tapp and the tape length adjusted until the specified mean limit tangential force is indicated.

1

Key
1 measuring scale

2 diameter|of rollers 10 mm
s; closed gdp

F, tangentigl force

Figure 13

2. Hoop ntethod (see Figure 14)

The rinlg is placed in a correctly sized hoop with its gap aligned to the gap of the hoop. The hoop is then
closed In a precision loadihg-machine until the loading pins are at a predetermined distance apart at
which point the hoop is precisely at the cylinder bore diameter appropriate to the ring (see Figure 14),|The
force igthen read offfrom the display.

10 © IS0 2020 - All rights reserved
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Measuring principle

Key
1 njeasuring scale

2 lqading pins pacing to suit machine

d; pominal diameter

s; dlosed gap

F, thngential force

Figure 14
3. |Encircling tape method

A steel tape 0,08 mm to 0,1 mm in thickness enéircles the ring crossing at the gap (see Figure 13).

The tape is tightened until the ring is closedito the closed gap previously measured. The ring fgrce is then
read off the precision measuring scale.

NOTE No vibration when measuring'sihgle-piece rings according to methods 1), 2) and 3).

4.2.5.2 For multi-piece rings

Measuring principle

For the measurement of ¢oil$Spring loaded rings or similar rings where the spring is supported in the bore of
the ying, the gap of theZspring shall be positioned at 180° to the gap of the ring.

For the measurementof expander/segment oil control rings, the ring assembly shall be mounted in a|carrier
simylating the piston ring groove. The gap of the spring element is placed at 180° to the gap of the rajls, both of
whi¢h shall bé in'line. Choice of ring carrier type (see Table 1) shall be decided between manufacturgr and client.

For the measurement of a ring provided with a wavy spring, or other spring which is groove root sypported,
the Ting assembly shall be mounted in a carrier simulating the groove, the root diameter of which i§ equal to

the lnean diameter of the piston ring groove in which the ring will be used.
Tolerance on carrier root diameter +0,02 mm. The gap of the wavy spring shall be at 180° to the gap of the ring.

© IS0 2020 - All rights reserved 11
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Measuring principle
A
R
| )\
| 1
'd
T
Key
1 measuring scale
s; closed gdp
F, tangentigl force
Figure 15

Table 1 — Alternative ring carriers

Dimensions in millimetres

Types Carrier grove width
Tolerance
I h; +0,01
11 h, +0,02 Jo0z
111 h, +0,08
h{ = nominal ring width

1. Tape mpthod with circumferential vibration

Identichl procedures are used as for singl€ piece rings but an appropriate vibration shall be applied to the
tape lofading mechanism to relieve forces of friction (see Figure 16). A suitable level is 40 Hz to 50 Hz af an
amplityde of £0,15 mm.

1

Key

1 measuring scale

2 diameter of rollers 10 mm
3 vibration

s; closed gap

F, tangential force

Figure 16

2. Encircling tape method with axial vibration

12 © IS0 2020 - All rights reserved
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Measuring principle
Identical procedures are used as for the single piece rings (encircling tape method) except that a carrier
may be used and vibration (slapping) is applied to the encircled ring or encircled ring with carrier to re-
duce friction (see Figure 17). A suitable level of slapping is 1 to 3 times per second.
&QJ\~ 1
WARNNGS
7 SN
S ~N
Ly ~V
A
F
| NV
B
1 | T
772)
Key)|
1 dlapping
s; dlosed gap
F, thngential force
Figure 17
3. |Hoop method with circumferential vibiration
Identical procedures are used as for single-piece rings but an appropriate vibration shall be applied to the
hoop loading mechanism to relievedll forces of friction (see Figure 18).

© IS0 2020 - All rights reserved
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Measuring principle

Key
1 measuring scale

2 loading pin spacing to suit machine
3 circumfgrential vibration

d; nominalldiameter

s; closed gdp
F, tangentigl force

Figure 18
Tape- or Hopp-method with axial vibration

Identical precedures are used as for single-piece ringsdbut an appropriate axial vibration shall be applied td the
carrier whigh is simulating the ring groove to relieveforces of friction.

A suitable lgvel of vibration is 420 Hz (= equal t6'25 000 cycles per minute). The axial vibration shall have ah
amplitude that the exerted force on the carrier will reach approximately +18 N. (see Figure 19).

14 © IS0 2020 - All rights reserved
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Measuring principle

\ 3
51
1
2

Key)|

1 rheasuring scale

2 diameter of rollers 10 mm

3 4gxial vibration

d; pominal diameter

s; dlosed gap

F, thngential force

Figure 19

Befdre tangential force measurements are made, rings shall be degreased and optionally lightly codted with
thinjmachine oil.

Itisfrecommended that closed gap measurements be made immediately prior to measuring tangential force.
In order to improve cansistency of measurement and particularly with coil spring loaded rings whith are treat-
ed by black oxide or‘phosphate, it is permissible to rotate the spring forwards and backwards to smooth the
surfpce before cartying out measurements.

NOTE The réproducibility of tangential force measurements has not been high in the past, but curfent ma-
chines usingencircling tape and hoop methods give an overall reproducibility of the order of 10 %.

It isjrecommended that manufacturer and client agree on a suitable factor to take account of differgnt ma-
chineszdifferent locations and different operators
4.2.6 Diametral force, F (in Newton)

NOTE This method is only applicable to single-piece rings.
© IS0 2020 - All rights reserved 15
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Measuring principle
Diametral force is measured in purpose-built machines which incorporate flat plates for closing the rings (see
Figure 20).
Key
Fy diametral force
d; nominalldiameter
Figure 20
4.2.7 0v4dlity, U (in millimetres)
NOTE This method is only applicable to single-piece rings.
Measuring principle
Measure with the ring drawn to its closed gap in a flexible steel tension tape or band of thickness 0,08 mm o
0,10 mm using a diametral measuring device exerting a measuring force of <1 N (see Figure 21). With the ring

closed with
to measurin
control ring

b

the tape, it is an acceptable-alternative to clamp it between plates and then remove the tape p
s the diameters d; and d, Hewever, clamping of the ring between plates is not applicable to oil
5 with slots.

rior

Key

d; diameter in the direction of the gap
d, diameter 90° to the gap

s; closed gap

Figure 21

16

© IS0 2020 - All rights reserved



https://standardsiso.com/api/?name=6b5894df43bc3e715a24dbd026702705

IS0 6621-2:2020(E)

4.2.8 Point deflection, I (in millimetres)

Measuring principle

Measure with a probe of spherical radius of 1,5 mm * 0,05 mm with measuring force of approximately 1 N,
the ring being mounted in a gauge of nominal cylinder bore diameter relieved over the gauge angle, 6, (see
Figure 22).

Point deflection W and the gauge angle, 6, shall be agreed between the manufacturer and the client.

The following gauge tolerances apply for this test:
— Angle 0: #1°

+0,001 xd,

— |Diameter:d;

— |Circularity: max. 0,000 1 x d;

Key)|
1 ghuge

Figure 22

4.2.9 Light tightness (percentage of ring circumference)

Measuring principle

Measure in a gauge equipped with a suitable light source and determine the percentage of the ring ¢ircumfer-
encg which will allow light to pass (see Figure 23).

[t is permissible to rotate the ring in the*gauge to remove any slight surface roughness on the peripheral sur-
face| Unless otherwise specified examination and measurement should be made without magnificafion and

with normal eyesight. It is important to avoid errors of parallax and to protect the viewer against stray light
peng¢tration.

[llurtpinance behind the ring shall be 400 lux to 1 500 lux above the ambient conditions. The following gauge
tolerances apply for this.test:

+0,00Txd,

— [Diameter: d1) 4

— |Circularify; max. 0,000 1 x d;

Key
1 lamp

Figure 23

© IS0 2020 - All rights reserved 17
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4.2.10 Taper on peripheral surface (in micrometres or degrees)

Measuring principle

Method A

Measure at the back of the ring perpendicular to the reference plane using flat faced probes exerting a force of
approximately 1 N (see Figure 25).

The measurement recorded is the difference in radial dimension of the ring peripheral surface between two
points, near the top and near the bottom, distance H apart. The dimension H shall be approximately two-thirds
of the total axial width of the ring's peripheral surface and the recorded measurement may be converted to the
taper angle in degrees or minutes.

r

Figure 24

Method B

The ring shdll be placed on a reference plane and the peripheral surface of the back of the ring graphed, perpen-
dicular to tHe reference plane, using a profile measuring machine.

Magnificatign used shall be clearly indicated.

NOTE The Jame methods can be used to determine the unintentional taper'which can be present on, for example,
a nominally|straight-faced rectangular ring.

AT ©
[T

Figure 25

4.2.11 Barrel on peripheralSurface, t,, t; (in millimetres)

Measuring principle

Method A

Measure at fthe back.of the ring perpendicular to the reference plane using flat faced probes exerting a for¢e of
approximately A\N'(see Figure 27).

The measurnenxent-recorded-is-the-difference-in-radial-dimension-ofthe. ring pnvi;\hnr‘a] surface-betweenltwo

points, one at the peak of the barrel (at or near the centre line of the ring) and the second at a distance hg/2 from
the centreline of the nominal ring width h;.

Alternatively, the difference in radial dimension can be measured at gauge points h,s and h,, from the bottom
of the ring.

18 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=6b5894df43bc3e715a24dbd026702705

IS0 6621-2:2020(E)

Measuring principle
f
NS EeuE
S

fy & &
Key
1 |reference plane
h; |ring width
hg |gauge width
h,s |lower barrel measurement position
h,¢ |barrel peak axial position
h,, |upper barrel measurement position
t, [lower barrel face
t; |upper barrel face

Figure 26

Figure 27

Method B

The|ring shall be mounted'on a reference plane and the peripheral surface of the back of the ring graphed, per-
pendlicular to the refereénce plane, using a profile measuring machine.

Magnification used Shall be clearly indicated (recommended ratio between vertical and horizontal mdgnifications
10 of 25).

NOTIE The same methods can be used to determine the unintentional barrel which can be present on, ffor example,
a nominally'straight-faced rectangular ring.

Gauge-width (hg) is only informative.

© IS0 2020 - All rights reserved 19
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Measuring principle

NS A i v
S
f g &
Key
1  reference plane
2 top sid¢ identification mark
h; ring width
hg gauge width
h,s lower barrel measurement position
h,¢ barrel peak axial position
h,, upper Harrel measurement position
t, lower Harrel face
t;  upper bharrel face
Figure 28

4.2.12 Land width, h,, h; (in millimetres)

Measuringprinciple

Method A

SV

For all form§ of land (sharp edge, chamfered orgadiused) measure with a measuring microscope or on a pro-
jector. The measurement shall be made only on the peripheral surface of the lands (see Figure 30).

Key
h, land width

hs land width
Figure 29

Figure 30

20
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Measuring principle

Method B

For all forms of land, the ring shall be placed on a reference plane and the lands shall be graphed on a profile
measuring machine.

Magnification used shall be clearly stated.

NOTE Land offset, (see 4.2.13), can be included and obtained from this
measurement at the back of the ring.

4.2.13 Land offset (in millimetres)

Measuring principle

Method A

Meapure at the back of the ring from a line perpendicular to the reference plane (see Figuxe’31) using flat measur-
ing probes exerting a force of approximately 1 N. The ring shall be loaded against the nteasuring instrjiment in the
direftion of and in the position of the force F (see Figure 32). Value of force F shall bejinthe range of 3 N to 5 N.

:E:}/ i 1 [0,002

Figure 31 Figure 32
Method B

See method Bin 4.2.12.

4.2.14 Plating/coating thickness (in millimetres)

Measuring principle

Measure non-destructivély in the middle of the width of plating/coating using a calibrated inductive thickness
meajsuring instrument,-The calibration shall be made using a master ring being tested.

Suggested points formeasuring shall be at the back of the ring and at 15 mm from each gap end.
Th

(¢

plating/ceating thickness shall fulfil the specification at any particular point of the peripheral $urface.

57 E7. BN

)4
T

a) Fully faced b) Inlaid c) Semi inlaid
Figure 33
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4.2.15 Nitrided case depth (in millimetres)

Measuring principle

To be measured on prepared cross sections of the ring. The micro-hardness HV 0,1 shall be measured at vari-
ous distances from the peripheral or side face surfaces. Recommended increments are 0,01 / 0,015 / 0,02.

The hardness values should be plotted against the perpendicular distance from the surface (see Examples 1
and 2) and the hardness characteristic curve drawn through the points in accordance with proper mathemati-
cal principles.

The diagrams in Figures 34 and 35 show typical shapes of hardness curves.

EXAMPLE 1 _Nitrided case depth 0,05 mm (NTQ50) EXAMPLE 2 Nitrided case depth 0,25 mm (NS020)

|
¥ Y
1200 1200
1000 H e 700 HV 0,1 1000 H 700 HV 0,1
80 N 800
600 600 H N
4do 400 "~
200 o 200
0 0
0 002 006 01X 0 0,02 006 01X
0,04 0,08 0,04\ 0,08
Key Key
Y hardnessfHV 0,1 Y hardness HV 01
X measuring distance X measuring-distance
Figure 34 Figure 35

The depth af which the hardness characteristic curve crosses the”700 HV 0,1 line is the case depth.

Measure hardness "HV 0,1" in accordance with the approptiate ISO Standard i.e. ISO 6507-3 and using any quit-
able hardneps measuring machine.

Suggested ppsitions for establishing the cross-sections for the hardness measurements are at the back of the
ring and at 15 mm from each gap end.

For thinner pitrided case depths where it is impractical to apply the hardness measurement method (e.g. on
expanders dr segments), an alternative method (e.g. micro analysis of the etched ring cross section) may b
agreed between the manufacturer and the elient.

NOTE Relidble non-destructive measuring principles for determining the "Nitrided case depth" of nitrided
piston rings|are not known up tonew. Nitrided case depth shall fulfil the specification at any particular point
of the peripheral surface and/or.the ring side faces.

4.2.16 Keystone anglé(in degrees)

Measuring principle

Method A

Measure ln atrue radial direction at the back of the rn‘\n‘ the difference in rlnn width at twao nr\lnf‘c of kn wn
distance apart, using spherical probes each of radius 1,5 mm + 0,05 mm exertmg a force of approx1mately 1N.

The keystone angle can then be calculated as the sum of both side angles (see Figure 37).

=z

Key
1 included angle

Figure 36
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Measuring principle

Figure 37
Method B

Meafsure, in a true radial direction at the back of the ring, the difference in ring width, Gsing two prpbe systems
fornped as knife edges, each probe exerting a force of approximately 1 N.

Thelkeystone angle can then be calculated as the sum of both side angles (se€Figure 38).

Figure 38
Methods Cand D

Botl methods involve the use of/apirobe which traverses in a true radial direction, a known distande across the
side|face at the back of the ring: THe probe has a spherical radius of 1,5 mm #* 0,05 mm and exerts a force of ap-

projimately 1 N. The referenceplane plate on which the ring rests for measurement is provided with a location
to efsure that the line ofmeasurement is truly radial (see Figure 41).

1) |Method C

The referenceplane plate is inclined at an angle equal to the nominal side face angle of the ring and hence
the contactisurface of the probe traverses a path nominally parallel to the axis of the motion of the probe.

The probée/measures any deviation of the side face from parallel and allows the actual angular deviation to
be caleulated. Hence the actual side face angle can be determined.

The ring is measured on both sides and the sum of the side face angles gives the keystone angl¢ (see Fig-
ure 397.

2) Method D

The reference plane plate is parallel to the axis of motion of the probe and the ring side face lies at an
angle to the reference plane equal to the nominal side face angle of the ring. The contact surface of the
probe in traversing the side face describes the full movement equivalent to the side face angle: the latter
can then be calculated directly.

The ring is measured on both sides and the sum of the side face angles gives the keystone angle (see Fig-
ure 40).
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Measuring principle

ﬁ —=

§"
< ‘
5 [ ]

1 side horizontal

Key

2 nominal gngle of side face

Figure 39 Figure 40

Key
1 line of mg¢asurement

2 referencq plane plate

Figure 41

4.2.17 Obliqueness (in degrees)

Measuring principle

The measurfng principles.are identical with those given for keystone angle, see 4.2.16.

When each gide face'angle is available, obliqueness is one half the difference between the two side face angles,
for example| withwa.}5° included angle ring where one side is 7°40' and the other is 7°20', the obliqueness is|10".

When the d¢viation from each side angle is available, the obliqueness is one half the sum of the two deviatigns;

. h b 1 4l 4 il o L 1 e = Watl 14l £ 4l l.l. O Watl
1n t e apov CAdllllJlC, LIIT TWU SITUT IdLT UTVIAdUIUILIS dI'T TAUIT 1U dIlIU LTI TIUTI'T LIIT UUllLluCllCDb 151U .

—
L |

a QObliqueness.

Figure 42
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