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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
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Introduction

This part of ISO 1938 is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO 14638). It influences chain links E, F and G of the size chain of standards
in the general GPS matrix. For more detailed information of the relation of this part of ISO 1938 to other
standards and the GPS matrix model, see Annex C.

The ISO/GPS matrix model given in ISO 14638 gives an overview of the ISO/GPS system of which this
document is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this document and
the default decision rules given in ISO 14253-1 apply to specifications made in accordance with this
docyrment, uniess otherwise indicated:

The |terms and concepts used in this first edition of ISO 1938-1 (compared to thé\former edition
ISO/R 1938:1971) have been changed according to needs and terminology in the otherGPS standards.

This|part of ISO 1938 deals with verification, using plain limit gauges, of linear-sizes for features of size
whep the dimensional specifications are required (see ISO 14405-1), for rigid-workpieces.

NOTE Tables 4 and 5 use the modifiers given in ISO 14405-1 and ISO 1101

© ISO 2015 - All rights reserved v


https://standardsiso.com/api/?name=72ca8b8e535d337f3217554b317e31ec



https://standardsiso.com/api/?name=72ca8b8e535d337f3217554b317e31ec

INTERNATIONAL STANDARD

ISO 1938-

1:2015(E)

Geometrical product specifications (GPS) — Dimensional
measuring equipment —

Part 1:
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part of ISO 1938 specifies the most important metrological and design characterist
gauges of linear size.

part of ISO 1938 defines the different types of plain limit gauges used to verify linear ¢
ifications associated with linear size.

part of ISO 1938 also defines the design characteristics and tlie metrological charac
b limit gauges as well as the new or wear limits state Maxindunt Permissible Limits (M|
state or wear limits state for these metrological characteristics.

|dition, this part of ISO 1938 describes the use of limitgauges. It covers linear sizes up
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1101:2012, Geometrical product specifications (GPS) — Geometrical tolerancing — Tolerances of form,
ptation, location and run*eut

14405-1:2010, Geometrical product specifications (GPS) — Dimensional tolerancing — Pqrt 1: Linear
14253-1:20%3; Geometrical product specifications (GPS) — Inspection by measurement of workpieces
measuring ‘equipment — Part 1: Decision rules for proving conformity or nonconformity with
fications

14253-2:2011, Geometrical product specifications (GPS) — Inspection by measurement of

Fworkpieces

and

measuring equipment — Part Z: Guidance for the estimation of uncertainty in GPS measurement, in
calibration of measuring equipment and in product verification

ISO 17450-1:2011, Geometrical product specifications (GPS) — General concepts — Part 1: Model for
geometrical specification and verification

[SO 17450-2:2012, Geometrical product specifications (GPS) — General concepts — Part 2: Basic tenets,
specifications, operators, uncertainties and ambiguities

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM)
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3 Terms and definitions

For the purpose of this document, the terms and definitions given in ISO 286-1, ISO 14405-1, ISO 17450-2,

ISO/IEC Guide 98-3 and ISO/IEC Guide 99 and the following definitions apply.

3.1 Limits

3.1.1
maximum material limit of size
MMLS

limit of size corresponding to the maximum material condition of feature of size

Note 1 to enflry: MMLS includes the numerical value for the size and the specified association criteria.

Note 2 to enfry: A number of different association criteria for size are given in ISO 14660-2 and 1S©, 144 05-1

3.1.2
least material limit of size
LMLS
limit of size|corresponding to the least material condition of feature of size

Note 1 to en]ry: LMLS includes the numerical value for the size and the specified ass
Note 2 to en

3.1.3

upper limif of size

ULS

largest per:rissible size of a feature of size
I

Note 1 to enflry: ULS is a numerical value.

[SOURCE: 1§0 286-1:2010, 3.2.3.1]

3.1.4
lower limif of size
LLS
smallest permissible size of a feature,of size

Note 1 to enffry: LLS is a numericalvalue.
[SOURCE: IS0 286-1:201043:2:3.2]
3.1.5

upper spedificationlimit
USL

ry: A number of different association criteria for size are givemindSO 14660-2 and ISO 14405-1

ociation criteria.

<of the gauge>"Timit of a specification for a metrological characteristic of a gauge having the largest yalue

3.1.6
lower specification limit
LSL

<of the gauge> limit of a specification for a metrological characteristic of a gauge having the smallest value

© ISO 2015 - All rights reserved
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3.2 Gauge types

3.2.1

limit gauge

gauge designed and intended to verify only if workpiece characteristics are inside or outside the
tolerance at one of its tolerance limits

Note 1 to entry: When a limit gauge is designed to verify an internal feature of size (a hole for example), then it
can be called internal limit gauge.

Note 2 to entry: When a limit gauge is designed to verify an external feature of size (a shaft for example), then it

can he-called-externallimit gauge

Note|3 to entry: General application of limit gauge is given in Annex A.
Note|4 to entry: A limit gauge may be physical or virtual.

3.2.
plain limit gauge
phydical limit gauge with only one or two gauge elements, each one simulating a perfect feafure of size,
whoge size is derived from upper or lower specification limits of the siz&of a feature of size

Note|1 to entry: When a plain limit gauge consists of only one element, it is-qualified as simple (simple plain limit

Note|2 to entry: When a plain limit gauge consists of two eleménts, it is qualified as double (double plain limit

limit gauge designed to simulate a cylinder as a contacting feature with an internal cylinder

Note|1 to entry: See Table 1.

Note|2 to entry: The GO gauge type A simulates a dimensional specification defining the maximum rhaterial limit
of site with the envelope requirement'when the gauge length is greater or at least equal to the length of the
featyre of size of the workpiece.

3.2.4
segmental cylindrical’bar gauge
gauge type B

contacting

gauge type C
segmental cylindrical bar gauge designed to simulate two reduced opposite angular portions of a
cylinder as a contacting surface with an internal cylinder

Note 1 to entry: See Table 1.

3.2.6

full form spherical plug gauge

gauge type D

plain limit gauge designed to simulate a circle as a contacting feature with an internal cylinder

Note 1 to entry: See Table 1.

© IS0 2015 - All rights reserved 3
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Note 2 to entry: The shape of this gauge type is not spherical, but a torus - per tradition the name is “spherical

plug gauge”.
3.2.7

segmental spherical plug gauge

gauge type E

plain limit gauge designed to simulate two opposite angular portions of a circle as a contacting feature

with an internal cylinder

Note 1 to entry: See Table 1.

Note 2 to erjqclb&shap&oi&&gwg&&pﬂsmﬁp&mﬂm]ﬂﬁimu;pﬁaﬂﬂmﬂm&mﬁs&&gmantal
spherical plyg gauge”.

3.2.8

bar gauge
gauge type F
full form bar gauge

plain limit pauge designed to simulate two opposite planes as a contacting feature with an inte

feature of sjze consisting of two opposite planes

Note 1 to enffry: See Table 1.

3.2.9
rod gauge with spherical ends
gauge type G

plain limit pauge designed to simulate two opposite points as‘a contacting feature with an inte

feature of size consisting of two opposite planes or of a cylinder

Note 1 to enffry: See Table 1.

rnal

rnal

Note 2 to enfry: The active part of a rod gauge with sphexical ends consists only of two points: the two points at
the largest djstance between the two spheres.

Table 1 — Types of limit gauge for internal feature of size

Limit gauge

Type

Ilustration

Nominal con-
tacting feature
with feature
of size of “type
Cylinder”

Nominal cgn-
tacting featpre
with featurg of

size of type ‘{two
opposite pafal-
lel planey”

Full form cy]indrical\plug gauge

Gauge type A

Cylinder

Two opposite|par-
allel straightlines

Segmental cylindrical bar gauge

Gauge type B

Two opposite
angular portions
of cylinder

Two opposite par-
allel straightlines

Segmental cylindrical bar gauge with
reduced gauging surfaces

Gauge type C

Two opposite
angular reduced
portions of cyl-
inder

Two opposite par-
allel line segments

© ISO 2015 - All rights reserved
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Table 1 (continued)
. Nominal con-
Nominal con- .
. tacting feature
tacting feature with feature of
Limit gauge Type Illustration with feature

of size of “type

size of type “two
opposite paral-

Cylinder lel planes”

Full form spherical plug gauge Gauge type D (,\¥ Circle Two points

Two oppesite
Segmental spherical plug gauge Gauge type E angularportions|Two goints

of cirele

5 . Two gpposite par-

Bar pauge Gauge type F % Not applicable allel planes
Rod|gauge with spherical ends Gauge type G [=l Two points Two points

3.2.10

full form cylindrical ring gauge
gauge type H

plai

Note|1 to entry: See Table 2.

3.2.]1
full form notch gauge

gauge type]

limit gauge designed to simulate a cylinder as contacting feature with an external cylinder

plaif limit gaugé.designed to simulate straight lines or flat surfaces on two opposite parallel planes as
contpcting featlires with an external feature of size consisting of a cylinder or two opposite|planes

Note|1 to,éntry: See Table 2.

3.2.12

gap gauge
gauge type K

plain limit gauge designed to simulate portions (straight lines or flat surfaces) on two opposite planes
as contacting feature with an external feature of size consisting of a cylinder or two opposite planes

Note 1 to entry: See Table 2.

© ISO 2015 - All rights reserved
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Table 2 — Types of limit gauge for external feature of size

Nominal contacting feature with fea-
L. . ture of size of type:
Limit gauge Type Illustration -
P » | “two opposite parallel
cylinder b
planes
Full form cylindrical ring gauge | Gauge type H Cylinder Not applicable
Two oppo-
site parallel Two opposite parallgl
Full form ngtch gauge Gauge type] straight plands
lines
Two oppo-
site parallel | Two opposite parallel por-
Gap gauge Gauge type K straightline tions of planes
segments
3.3 Charpcteristics and function of gauges
3.3.1
non-adjustable gauge
gauge with pn inherent, stable and not changeable nominal metrological characteristic
Note 1 to engry: The metrological characteristics of a non-adjustable gauge may change with e.g. temperature
and wear.
EXAMPLE A full form cylindrical plug gauge and a full form cylindrical ring gauge are non-adjustable gapiges.
3.3.2
adjustablejgauge
gauge designed in a way that the inherent nominal metrological characteristic can be intentionally
changed by|the user
Note 1 to éntry: The metrological-characteristics of an adjustable gauge may also change with e.g.
temperaturg and wear.
EXAMPLE A variable gap'gauge and a variable rod gauge with spherical ends are adjustable gauges.
3.3.3
GO gauge
gauge designed to-verify the size of the workpiece relative to maximum material size according to
dimensionall specification

Note 1 to entry: Usually relative to the maximum material limit of size (MMLS) of the dimensional specification,
the GO gauge passing over the actual feature of size of the workpiece, defines an acceptance and the GO gauge,
not passing over the actual feature of size of the workpiece defines a non-acceptance.

3.3.4

NO GO gauge
gauge designed to verify the size of the workpiece relative to least material size according to dimensional

specificatio

n

Note 1 to entry: Usually relative to the least material limit of size (LMLS) of the dimensional specification, the
NO GO gauge not passing over the actual feature of size of the workpiece defines an acceptance and the NO GO
gauge passing over the actual feature of size of the workpiece defines a non-acceptance.

© ISO 2015 - All rights res
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3.3.5
length of gauge element
active length of a gauge in the direction perpendicular to a cross section of the gauged feature of size

Note 1 to entry: For a cylindrical gauge element, it is the length of the cylinder (see Table 4). For a gauge element
of type “two parallel opposite surfaces”, it is the length of the bar or notch (see Table 4). For a gap gauge, it is the
width of the anvils (see Table 4).

3.3.6
height of gauge element
active height of a gauge in the direction parallel to a cross section of the gauged feature of size

Note|1 to entry: For a gauge element of type two parallel opposite surfaces, it is the height of the bax pr notch (see
Tablg¢ 4). For a gap gauge, it is the height of the anvils (see Table 4).

3.3.7
new|state specification
<of p limit gauge> specification for metrological characteristics of a new)gauge to beg used by a
manufacturer or supplier

3.3.
weaf limits state specification
<of 4 limit gauge> specification for metrological characteristics ef a used gauge

Note|1 to entry: The user may use standardized wear limits state spécifications, e.g. as given in this parft of ISO 1938.
Note|2 to entry: The wear limits state specifications consider the'gauge as used, and can include wedr limits.

3.3.9
new|state permissible limits of a metrological.¢haracteristic
perrhissible limits of a metrological characteristie in a new state specification

3.3.10
wear limits state permissible limits.of a metrological characteristic
perrhissible limits of a metrological ¢haracteristic in a wear limits state specification

4 Abbreviated terms and symbols

For the purpose of this déciiment, the abbreviated terms and symbols given in Table 3 apply.

© IS0 2015 - All rights reserved 7
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Table 3 — Abbreviated terms and symbols

Description
Abbreviated term
B width of segmental gauge element
F tolerance value of form specification on limit gauge
GO g0 gauge
H interval tolerance on the size characteristic, S, for a limit gauge in the new state
LT length of gauge element
HG height of gauge element
USL upper specification limit (of a gauge)
.G length of gauge element
ILSL lower specification limit (of a gauge)
LMLS least material limit of size
M new state gauge
MMLS maximum material limit of size
NPL maximum permissible limits of a metrological characteristic
NO GO no go gauge
S size
SR spherical radius of the gauge
T tolerance
U wear limits state gauge
W workpiece
Symbol
y amount outside of werkpiece tolerance limit taking into account a margin of wear linit
for internal feature-of size
V1 amount outside of workpiece tolerance limit taking into account a margin of wear linit
for externalfeature of size
z distapce-between centre of tolerance for GO new state gauge and the lower specification
limifofan internal feature of size of a workpiece
71 distance between centre of tolerance for GO new state gauge and the upper specificafion
limit of an external feature of size of a workpiece
a safety allowance for measurement uncertainty for internal feature of size
1 safety allowance for measurement uncertainty for external feature of size

5 Design characteristics for gauges

The material used for gauges shall be suitably selected with due consideration to its size stability,
durability and stiffness.

Gauging elements shall normally be manufactured from a high quality steel suitably selected to provide a
high degree of wear resistance after heat treatment. Other wear-resistant materials, e.g. tungsten carbide,
may be used provided that their wear qualities are not less than those of the steel specified above.

NOTE The temperature expansion coefficient of the material used is to be considered together with the
wear resistance.

8 © IS0 2015 - All rights reserved
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Hard plating or other surface treatments in order to improve the wear resistance of the surface may

also

be applied to gauging surfaces, but the thickness of deposit shall at least be of an amount, that an

acceptable gauge always has a fully intact layer of wear resistant material.

The

hardness of the gauging surface shall not be less than 670 HV 30 (approximately 58 HRC),

irrespective of the type of material.

There may be specific applications where the use of special materials (e.g. aluminium and glass) is
required by the nature of the workpiece or the manufacturing environment. In such cases it may not be
possible to have the required hardness or wear resistance.

The g

typsd
exce
0,2

EXA
Add
All's
The

(e.g.
chan

Design options on some gauges are possible; these are.given below.

Whe

auginesurfaceshallbefinished by-fineerindingerlappinsoraprecesswhichreswltsin a smooth
of surface. The surface roughness of gauging surface shall be specified and the R, ¥alue shall not
ed 10 % of the new state gauge MPL for size (see Example and Table 6) with a upper limit value of
m, and cut-off value of 0,8 mm (see ISO 1302).

/-0,8/Ra0,2
MPLE Surface texture specification related to R, parameter on gauging surface:
tional surface texture parameters can be specified.
harp edges shall be removed unless functionally required.

design of grip handle of the plain limit gauge shall take{into account ergonomic considerations
knurling, hexagon shape) and the associated characteristics to the grip handle are jalso design
cteristics.

Air slot: for a GO gauge- full form cylindrical plug gauge: this option is intended to verify a hjlind hole, to
hvoid phenomena of compression and suction: This option requires defining the air slot dlimensions.

Precentering/pilot (see Figure 1): for.a GO gauge or a NO GO gauge - full form cylindrical plug gauge
hnd segmental cylindrical bar gauge; this option is intended to facilitate the introdugtion of the
bauge in the workpiece. This option requires defining the precentering or pilot dimensipns.

n a gauge with precentering-@ption is used for a blind hole, an air slot option may be usgd.

X

Figure 1 — Illustration of precentering option (example)

Other specific design characteristics, attached to a type of gauge, are described in Tables 4 and 5.
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6 Metrological characteristics

6.1 General

A plain limit gauge has one or two gauge elements (GO gauge or NO GO gauge, or GO and NO GO gauge).
Metrological characteristics are defined for these gauge elements. These metrological characteristics
influence the quality of the evaluation made using the gauge.

The most important metrological characteristics for the gauge elements are the size, S, and form, F.
The modifiers defined in ISO 14405-1 and the symbols defined in ISO 1101 can be used to define the
metrological characteristicg

The size can be seen metrologically by different ways. For example, on a cylinder, it is poSsib
evaluate thg maximum inscribed diameter, the minimum circumscribed diameter, the minimum
e maximum local diameter or the least square diameter. Each of them can yield diffgrent

diameter, t
result of m
adding afte

Depending
uncertainty

NOTE W

parallel lineq
G is the gaug

This part o
The final de

6.2 Metr]
gauge)

Tables 4 a
complemen

these metrd
S, of the gay

Table 4

pasurement. For this reason, the metrological characteristic includes this, information
" the size a modifier as defined in ISO 14405-1).

on the use of the plain gauge and its type, the metrological chardcteristic impacting
of verification can be different, for the same plain gauge.

'hen a slot without envelope requirement is checked for its lower limit with a gauge type A
will be checked which do not exactly correspond to the definitignyfor two-point size. The gauge
e type that follows the definition for two-point size.

f ISO 1938 describes potential metrological characteristics available on plain limit g4
cision to select one or several metrological characteristics is left to the user.

nd 5 give potential metrological characteristics associated to a gauge type, but

Lary design characteristics as defined in Clause 5. Depending on the need of the user, a g
logical characteristics shall be.defined; by default the two point size is required for the
ge limit and the form deviation also.

plogical characteristic relative to the.type of limit gauge (GO gauge or NO GO

— List of potential design and metrological characteristics for external gauge type

e to
ocal

(by

the

two
type

uge.

also
et of
Size,

Description

Complemen-
tary design
character-
istics

Metrological
character-
istics for
GO gauge

Metrologjcal
charact¢r-

istics fqr

NO GO gapge

Full form cylindrical plug gauge — Gauge type A

¢S (GX)
¢S @GN)

o5 @Y

)

=1

LG

®S a
A FL
OlF]

P5GN)/0
¢S (LP)a
OlF]

10
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Table 4 (continued)
Description Complemen- | Metrological | Metrological
tary design character- character-
character- istics for istics for
istics GO gauge NO GO gauge
Segmental cylindrical bar gauge — Gauge type B
HF 2
\
A
?S (GX)CT
ok (GX)/0 CT
“» ¢s GN)CT
 T—F= LG o5 (GN)/0 CT
Q s @)CT;
B ¢S . (Ta
j | lorra
F (7
‘ OlFa | |
\- / o 4+ —- :|_
/
Segmental cylindrical bar gauge with reduced gauging surfaces —
Gauge type C
2]
¢s GXCT
. . _ o5 /0 CT
G ¢s GN)CT @
o5 (GN)/0 (T
B ¢S (LP)(Ta @
¢S .ET
LT a | ] a
O|F z
oy tl OlFa| |
[
° T e
i A
Full form spherical plug gauge — Gauge type D
F
85 @X)/0 | s @) /0 T
R ¢s @/0 | ¢s GN)/0 CT
LT oS (Pa | o5 CP)(Ta

¢S

s
1 AT
+HE==
\ LG=~0
T \E

OlFl.

OlF]
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Table 4 (continued)
Description Complemen- | Metrological | Metrological
tary design character- character-
character- istics for istics for
istics GO gauge NO GO gauge
Segmental spherical plug gauge — Gauge type E
~| F|
OlF 7]
\
m - ” ) L 7-
—\> T ¢S (@X)/0 (T | ¢S GR79 CT
ol +—+—1+ B s GN)/0 CT |16 (GN) /9 CT
LT
L0 N ¢S (P (Tw ¢S CP(Ta
v &~ 7 IOleez| | |O]F
A
\\s./ 1 :
m —_— e .
\
Bar gauge — Gauge type F LG S@ S@/D
0 i i 1) e s@ s@p
Y Sa S
2] — =
“ — /1] | IR
A F|B
. LT |F / —‘
) YAVAN
$+-—E=
\
< HG >
Rqd gauge:with spherical ends — Gauge type G
2x
OF 07
%Q F (Z
)
O . oS P)(Ta | ¢S AP)(Ta
SR
| l2|F oz] | |2]F o7]
———— | e
O LR
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a default metrological characteristics to be considered
@ maximum inscribed (see ISO 14405-1)
@ minimum circumscribed (see ISO 14405-1)
@ circumferential (see SO 14405-1)
two point size (see ISO 14405-1)
CT common tolerance (see ISO 14405-1)
Tjable 5 — List of potential design and metrological characteristics forinternal gauge type
Description Complemen-| Metrological Metrological
tary design | characteristics | charpcteristics
characteris- | “for GO gauge | for ND GO gauge
tics
Full form cylindrical ring gauge — Gauge type H
Dy oS @ o
Dy ¢S @ N ::/0
@ LG oS a 4 /0
| ’ 0P
a
g i O
3 A O] |
} L pmgledla
L] I
Full form notch gauge — Gauge type ] LG s@GX s GX)
L F HG s@Y s GV
— FlA
B ] @ @
wl  — -
—, [ /| F A FlA
A
/I F
//TF[E] T —
A I
| and and
Q =
L F=i I =it
Ha

a

@
@

default metrological characteristics to be considered
maximum inscribed (see ISO 14405-1)
minimum circumscribed (see ISO 14405-1)

two point size (see SO 14405-1)
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Table 5 (continued)

Description Complemen-| Metrological Metrological
tary design | characteristics | characteristics
characteris- | for GO gauge | for NO GO gauge

tics
Gap gauge — Gauge type K LG s@X s@X
7] HG s@ s@

s@Pa

s@Pa

a) normally

! A-A

- -
l JQ:V
| o
T
<T> —> -
—>
A

Constraint condition:

gravity direction

b) gap gapges shall only be used for rigid workpieces

the dimension HG is vertical compared to the

and

7]F]

and

| £Z]F]

a default |

@ maxin
@ minim
two p

netrological characteristics to be considered
jum inscribed (see ISO 14405-1)

um circumscribed (see ISO 14405-1)

int size (see ISO 14405-1)

7 Maxin

7.1 Gene€

The maxim

ral

1C

characteris

rum permissible limits on metrological characteristics

im_permissible limits for a gauge are completely equivalent to the specification limits|on a

a) The maximum permissible limits on form and orientation characteristics are asymmetrical.

1) The upper limit of MPL on these characteristics is equal to the value of F given in Table 6 and
depending to the type of the gauge.

2) The lower limit of MPL on these characteristics is equal to 0.

3) The evaluation of these characteristics shall be in accordance with ISO 1101 and shall fulfil MPLs.

EXAMPLE1 A metrological characteristic of cylindricity with its MPLs is equivalent to the following

requirement:

14

Flits meaning is given in ISO 1101.
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b) Specifications for metrological characteristics associated to S to a limit gauge of the same type
used as a GO gauge and as a NO GO gauge are different (see 7.2 and 7.3) and applicable by default to
the two point size #5 (LP),

Specifications for new or wear limits state attached to the metrological characteristics associated to S
to limit gauges are always different for GO gauges and may be equal for NO GO gauges. The new state
specification limits of GO gauges are always positioned inside the workpiece tolerance.

Tables 6 to 11 can be used directly when the tolerance of the dimension of feature of size of workpiece
is given as a code according to ISO 286-1:2010. When the size tolerance is not given as an ISO code, the
standard tolerance grade shall be defined as the standard tolerance grade corresponding to the first
toleffance interval, I, given in Iables 7 to 11, lower than the tolerance interval of the workpiece in the
same range of nominal sizes.

EXAMPLE 2 For a dimensional specification given on the workpiece, by 20 + 0,02 ®, the tolerande interval on
the Workpiece is equal to 40 um. In Table 8, in the nominal range in which 20 is included, the lower §tandardized
tolerpnce interval is equal to 33 pm, corresponding to the standard tolerance gradejequal to 8, which is to be
used|to define the metrological characteristic for a plain limit gauge to verify this dimensional specification.

NOTE For GO gauges, the specification limits are positioned by z and z1 relative to the tolerande limit of the

worlipiece (see Figures 2 and 3) in order to allow a certain wear and therefore a certain time in uge before the
size and form is worn outside the specification for the limit gauge.

7.2 | Limit gauges for internal features of size

The positions of new state tolerance limits, and wear limits'for limit gauges for internal feafures of size
in rdlation to workpiece tolerance limits are shown in Eigure 2.

The NO GO gauge specification is positioned relative to the LMLS of the workpiece tolerancg.

The [GO gauge specification is positioned relative to the MMLS of the workpiece tolerance.

H/2 u
[JSL\ = LMLS o —
H el B I
H/2
/// H/2
B /_H - Y H _'ﬂ//_
zZ
LSL,, = MMLS
——}L——————) y Lower wear limit
gy 74 gl
I
Tolerance on Nominal size up to Nominal size
workpiece or equal to 180 mm above 180 mm

Figure 2 — MPL size position for GO and NO GO gauges for workpieces of internal feature of size

The value for H (see Figure 2) is specific for each type of limit gauge, workpiece tolerance grade and
workpiece feature size and shall be taken from Table 6.
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The values of z, @ and y (see Figure 2) is specific for each workpiece tolerance grade and workpiece
feature size, and shall be taken from Tables 7 to 11.

When a plug gauge is used as a NO GO limit gauge (for LMLS) of a workpiece feature (LMLSw) the
requirement on the size, S, of the gauge element shall be in accordance with the following gauge
tolerances for new and wear limits state (see Figure 2):

— for the upper specification limit: USLy Nogo =USLy nogo =USLw —a +g

— for the lower specification limit: LSLy Nogo =LSLy nogo =USLw —a —g

where « is gqual to zero when the nominal value is up to or equal to 180 mm.

When a plug gauge is used as a GO gauge (for MMLS) of a workpiece feature (MMLSy), the reguirement
on the size, [S, of the gauge element shall be in accordance with the following gauge tolerances:

a) for the hew state (see Figure 2):
e H
1) forfthe upper specification limit: USLy go =LSLy +z+ B

2) forfthe lower specification limit: LSLy go =LSLy +z A

b) for the wear limits state (see Figure 2):

1) forfthe upper specification limit: USLy ¢o = LSLgy+ 2z + %
2) for|the lower specification limit: LSLy go =LSLy +a—y
where

y  repfesents an amount outside of workpiece.tolerance limits taking into account a margin of wear ljmits
of O gauge;

a repfesents a safety allowance for measurement uncertainty.

7.3 Limif gauges for external(features of size

The positiohs of new state tolerance limits, and wear limits for limit gauges for external features off size
in relation o workpiece tolérance limits are shown in Figure 3.

The GO gaupe specification is positioned relative to the MMLS of the workpiece tolerance.

The NO GO pauge specification is positioned relative to the LMLS of the workpiece tolerance.
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_y',lt_'_'_'_'_'_'_O_t'l':'y_lt_'marwearIimit
USLy, = MMLS
Z1 Z1
.y — |H
H/2 H/2
H/2
H/2 u L - T
LSLyy = LMLS
Tolerance on Nominal size up to Nominal size
workpiece or equal to 180 mm above 180 mm

Figure 3 — MPL size position for GO and NO GO gauges for workpieces for an external
feature of size

The alue for H (see Figure 3) is specific for each type of limit gauge, for workpiece tolerande grade and
size pnd shall be taken from Table 6.

The value of z1, a1 and y1 (see Figure 3) is specific for each workpiece feature size and toleifance grade.
Valuks for z1, a1 and yq shall be taken fromh Tables 7 to 11.

Whdn a gauge (type ring) is used as a GO gauge for an external feature of size of a workpiece (MMLSyw), the
requirement on size, S, of the gauge element shall be in accordance with the following gauge folerances:

a) for the new state (see Figlice 3):
) A H
1) for the upper specification limit: USLy go =USLy —2 +?

P) for the lgwet specification limit: LSLy go =USLy —24 —%

b) for the wear limits state (see Figure 3):

1) Afor the upper specification limit: USLy go =USLw +y1 —a;
2) for the lower specification limit: LSLy go =USLy —24 —%
where

y1 represents an amount outside of workpiece tolerance limits taking into account a margin of wear limits
of GO gauge;

a1 represents a safety zone for compensation of measurement uncertainty.

When a gauge (type ring) is to be used as a NO GO gauge of an external feature of size of a workpiece
(LMLSw), the requirement on size, S, of the gauge element shall be in accordance with the following
gauge tolerances:

— for the upper specification limit (see Figure 3): USLy; yo go =USLynogo =LSLw + a4 +g
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H
— for the lower specification limit (see Figure 3): LSLy o go =LSLynogo =LSLw +a1 5

where a7 is equal to zero when the nominal value is up to or equal to 180 mm.

7.4 Values for calculation of MPL of limit gauges

When the size tolerance of the workpiece is given as a code according to ISO 286-1, use Tables 6 to 11

directly.

When the size tolerance is not given as an ISO code, use the first IT grade in Tables 7 to 11 with a

tolerance ir

The form lignit values are half the values given in column 2 x Fin Table 6.

When the g
y1, @ and aq

Up to 1 mm|

Gauges for |

Table 6 -

are equal to zero.

grades IT14 to IT18 are not provided.

T17 and IT18 are of limited usefulness in current gauging practice:

1.1 1 1 1 1 Ll h 1 Ll 1 .
LEIvVAal'IOWCT UldIl OI' €qudl L0 UIC LOICT dIICE HILET VAl I UIC SAITIC MTUIIIAT STZC T dITgC.

— Values of H and F for calculation of MPL limit gauges infstandard tolerance gradps
according to ISO 286-1

Fade 6 to 8 is associated with the letter N (6N, 7N or 8N), then for the GO gauge'the valyes y,

Workpiece standard tolerance grades

IT8 IT11 IT13
IT6 §v, to and to
IT10 IT12 IT18
Type of gauge Size | Form |\SiZe | Form | Size | Form | Size | Form | Size | Horm
and and and and hnd
orien orien- orien- orien- ofien-
tation tation tation tation tation
HN2xF| H 2xF| H 2xF| H 2xF| H IxF
Full form cylindrical plug gauge
Segmental cylindrical bar gauge IT2 | IT1 | IT3 | IT2 | IT3 | IT2 | ITS | IT4 | IT7 | |T5
Segmental cylindrical bar gauge with reduced
gauging surfdces
Full form sphprical plug gauge
IT2 | IT1 | IT2 | IT1 | IT2 | IT1 IT4 | IT3 | IT6 T5
Segmental spherical plug gauge
Bar gauge IT2 | IT1 | IT3 | IT2 | IT3 | IT2 | ITS IT4 | IT7 T5
Rod gauge wifh sphericalends IT2 IT1 IT2 IT1 IT2 IT1 IT4 IT3 IT6 T5
Full form cylindricakring gauge IT3 IT2 IT3 IT2 IT4 | IT3 IT5 IT4 | IT7 T5
Full form notghgauge IT3 IT2 IT3 IT2 IT4 IT3 IT5 IT4 IT7 T5
Gap gauge IT3 | IT2 | IT3 | IT2 IT4 | IT3 | ITS IT4 | IT7 IT5
18 © IS0 2015 - All rights reserved
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Table 7 — Values in micrometres of parameter to define the gauge limits in relation with the
workpiece limits — Workpiece standard tolerance grades IT6

ISO 1938-1:2015(E)

Nominal dimension

Workpiece standard tolerance grades

Table 8 — Values in micrometres of parameter to define the gauge limits in relation
workpiece limits — Workpiece standard tolerance grades IT 7 to IT 9

mm IT6

> < T z Z1 Q, o y Y1
- 3 6 1,5 0 1 1,5

6 8 15 Z 0 T 15
6 10 1,5 2 0 1 1,5
10 18 11 2 2,5 0 1,5 2
18 30 13 2 3 0 1,5 3
30 50 16 2,5 3,5 0 2 3
50 80 19 2,5 4 0 2 3
80 120 22 3 5 0 3 4
120 180 25 4 6 0 3 4
180 250 29 5 7 2 4 5
250 315 32 6 8 3 5 6
315 400 36 7 10 4 6 6
400 500 40 8 11 5 7 7

with the

Nominal dimension

Workpiece standard tolerance grades

mm IT7 IT8 IT9

> < T 7,721 | a1 | YY1 T z,zZ1 | q,a1 | yy1 T z,Z1 ,ar | Y1
- 3 10 1,5 0 1,5 14 2 0 3 25 5 0 0
6 12 2 0 1,5 18 3 0 3 30 6 0 0
6 10 15 2 0 1,5 22 3 0 3 36 7 0 0
10 18 18 2,5 0 2 27 4 0 4 43 8 0 0
18 30 21 3 0 3 33 5 0 4 52 9 0 0
30 50 25 3,5 0 3 39 6 0 5 62 11 0 0
50 80 30 4 0 3 46 7 0 5 74 13 0 0
80 120 35 5 0 4 54 8 0 6 87 15 0 0
120 180 40 6 0 4 63 9 0 6 100 18 0 0
180 250 46 7 3 6 72 12 4 7 115 21 4 0
250 315 52 8 4 7 81 14 6 9 130 24 6 0
315 400 57 10 6 8 89 16 7 9 140 28 7 0
400 500 63 11 7 9 97 18 9 11 155 32 9 0

19
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Table 9 — Values in micrometres of parameter to define the gauge limits in relation with the
workpiece limits — Workpiece standard tolerance grades IT 10 to IT 12

Nominal dimension Workpiece standard tolerance grades
mm IT10 IT 11 IT 12

> < T z,z1 | a1 | yy1 T 7,71 | a,a1 | »YV1 T z,z1 | a1 | y»y1
— 3 40 0 0 60 10 0 0 100 10 0 0
3 6 48 0 0 75 12 0 0 120 12 0 0
6 10 58 7 0 0 90 14 0 0 150 14 0 0
10 18 70 8 0 0 T10 16 0 U T80 16 0 0
18 30 84 9 0 0 130 19 0 0 210 19 0 0
30 50 100 11 0 0 160 22 0 0 250 22 0 0
50 80 120 13 0 0 190 25 0 0 300 25 0 0
80 120 140 15 0 0 220 28 0 0 350 28 0 0
120 180 160 18 0 0 250 32 0 0 400 32 0 0
180 250 185 24 7 0 290 40 10 0 460 45 15 0
250 315 210 27 9 0 320 45 15 0 520 50 20 0
315 400 230 32 11 0 360 50 15 0 570 65 30 0
400 500 250 37 14 0 400 55 20 0 630 70 35 0

Table 10 - Values in micrometres of parameter to define the gauge limits in relation with the
workpiece limits — Workpiece standard tolerance grades IT13 to IT15

Nominal dimension Workpiece standard tolerance grades
mm IT13 IT14 IT15

> < T z,z1 | a1 (| Bpy1 T 7,71 | a1 | Y1 T z,z1 | a1 | ¥y1
— 3 140 20 0 0 250 20 0 0 400 40 0 0
3 6 180 24 0 0 300 24 0 0 480 48 0 0
6 10 220 28 0 0 360 28 0 0 580 56 0 0
10 18 270 32 0 0 430 32 0 0 700 64 0 0
18 30 330 36 0 0 520 36 0 0 840 72 0 0
30 50 390 42 0 0 620 42 0 0 1000 80 0 0
50 80 460 48 0 0 740 48 0 0 1200 | 90 0 0
80 120 540 54 0 0 870 54 0 0 1400 | 100 0 0
120 180 630 60 0 0 1000 60 0 0 1600 | 110 0 0
180 2r_'n 720 Q0 2!‘.‘ 0O 11!‘.‘(\ 100 /1!'_' 0O 1Qlin 170 Z0. 0
250 315 810 90 35 0 1300 | 110 55 0 2100 | 190 90 0
315 400 890 | 100 45 0 1400 | 125 70 0 2300 | 210 110 0
400 500 970 110 55 0 1550 | 145 90 0 2500 | 240 | 140 0
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Table 11 — Values in micrometres of parameter to define the gauge limits in relation with the

workpiece limits — Workpiece standard tolerance grades IT16 to IT18

Nominal dimension Workpiece standard tolerance grades
mm IT16 IT17 IT18
> < T 2,21 | a,a1 | YY1 T | zz1 | qa1 | yy1 T z,z1 | aat | yy1
— 3 600 40 0 0 1000 80 0 0 1400 80 0 0
6 750 48 0 0 1200 96 0 0 1800 96 0 0
6 10 900 56 0 0 1500 | 112 0 0 2200 | 112 0 0
1U 1o 1100 [$F:3 U V) 16UU 125 V) U /U0 125 0 0
18 30 1300 72 0 0 2100 | 140 0 0 3300 | 140 0 0
30 50 1600 80 0 0 2500 | 160 0 0 3900 |, 160 0 0
50 80 1900 90 0 0 3000 | 180 0 0 4600 | 180 0 0
80 120 2200 | 100 0 0 3500 | 200 0 0 5400 | 200 0 0
120 180 2500 | 110 0 0 4000 | 220 0 0 6300 | 220 0 0
180 250 2900 | 210 110 0 4600 | 360 180 0 7200 | 470 230 0
250 315 3200 | 240 140 0 5200 | 400 200 0 8100 | 520 250 0
315 400 3600 | 280 180 0 5700 | 450 230 0 8900 | 600 280 0
400 500 4000 | 320 220 0 6300 | 500 250 0 9700 | 710 320 0
8 Proving conformance with specification for limit gauges
By default, when proving conformance and non-conformance to the specifications, ISO 14253-1:2013
appljes when the conformance/non-conformance assessment uses the analysis of a mpasurement
resuflt associated to its uncertainty, except when a special agreement exists between the cystomer and
the gupplier. Uncertainty evaluation shall be performed according to ISO/IEC Guide 98-3, and more
spedifically according to 1SO 14253-2:2011.
9 Verification of dimensional specification of a workpiece with limit gauges
In the case of verificatioh coming from a plain gauge, there is no measurement result, only [verification
“GO’l or “NO GO” contifg from use of a GO gauge or NO GO gauge:
a) the GO gaugesshall fit (go) entirely relatively to the concerned surface of the workpiece;
b) the NO<GO'gauge shall not begin to fit (NO GO) relatively to the concerned surface of thg workpiece.
Basgd-on the mathematical analysis of both the workpiece and gauge tolerances limits [and having
takenthto-aceount-the-unecertainty-concept-there-isarisk-whenassessinga-workpieeeas-‘conforming

to specifications when using a GO gauge or NO GO gauge. This is especially true when the tolerances
locations of the gauge are taken into account relative to the workpiece tolerances.

— In actual work, this risk for a GO gauge tends to zero when taking into account the location of the
GO gauge tolerances relative to the workpiece tolerances. In order to fit a gauge in a workpiece, it
is mechanically necessary to have a clearance between the workpiece and the GO gauge. For this

reason, if the GO gauge fits into the workpiece, there is a low risk of falsely declaring

conformity

to the maximum material limit of the dimensional specification of a workpiece, (no contribution of
form deviation inside the workpiece, excess of tolerance limits of the GO gauge compared with the
workpiece tolerance). When the GO gauge is at the wear limits there is a greater risk of falsely declaring
conformity of a workpiece. For this reason, it is important to carefully manage the wear limits.

© ISO 2015 - All rights reserved
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For the NO GO gauge, the major risk of using the NO GO gauge depends on the workpiece form

deviation (See Figure 4). For this reason, if the NO GO gauge does not fit into the workpiece, there is
arisk of falsely declaring conformity to the least material limit of the dimensional specification of a
workpiece (form deviation inside of workpiece, excess of tolerance limits of NO GO gauge compared
to workpiece’s tolerance).

1 4 3 2 1 3
a) Case of a hole b) Case of.a’shaft
Key
1 GO gauge
2 NO GO gauge
3 Zone forim deviation of conformance risk
4  Real wolkpiece
Fjgure 4 — Impact of deviation form on proving of conformance of workpiece

Limit gaugsg
rigid workp

The tolerar]
temperatur]

Limit gaugg
technical p
also Annex]

s described in this part of ISO 1938 aréumainly intended for the verification of tolerance
ieces.

e in the GPS field (20 °C), seeVISO 1.

s shall generally be in"accordance with the size specification operator specified or
‘oduct documentationmy(‘TPD) to be able to function as a perfect verification operator
B, when limit gauges are used as simplified verification operators). The size specificg

operator shpll be indicated émthe TPD according to ISO 14405-1.

Especially

mportant fof~the limit gauge being a perfect verification operator for the indid

specificatiop operatonis:

gauget
or spec

ypeshall be correctaccordingto the indicated specification operator, e.g. default specificg
fication modifier(s);

s on

ces for limit gauges given in this part of ISO 1938 are valid at the default conditiop for

the
(see
ition

ated

ition

with the specification operator indicated on the technical product documentation (TPD).

length of gauge element and if relevant also the width of the gauge element shall be in accordance

During the process of verification of a limit gauge, each metrological characteristic (example: size S) is
evaluated, and associated with its uncertainty of measurement. This uncertainty of measurement shall
be taken into account for the decision of the conformance of the plain limit gauge.

The size of the gauge is associated with its uncertainty of measurement, U. This uncertainty shall
be taken into account during the process of verification and for the decision “conformance” or “non-
conformance”.

EXAMPLE 1 Ifthe evaluated characteristic is a two point size and the specification to verify on the workpiece
is also a two point size then the uncertainty to consider is the measurement uncertainty on the two point size.
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EXAMPLE 2 Ifthe evaluated characteristic is a two point size and the specification to verify on the workpiece
is a global size of type GG distance (see ISO 14405-1) then the measurement uncertainty to consider is the
measurement uncertainty on the two point size complemented by two times the default form of the gauge.

10 Marking
Each gauge shall be legibly and permanently marked with the following:
— size tolerance of the workpiece given by:

— the workpiece tolerance limits, or

— by ISO code (nominal size value of the workpiece with the symbol designating the tolerance
class according to ISO 286-1), or

— by the nominal size value of the workpiece, with the lower and upper deviation of thg workpiece,
or with only the suitable deviation (lower or upper) depending of the gauge type (GP or NO GO)
and its nature (internal or external): see 7.2 and 7.3,

and

— the type of limit gauge: GO or NO GO, or by colour coding: green for GO gauge (optiorjal) and red
for NO GO gauge.

EXAMPLE1 20H6GO or 0 20H6 +13 GO or 0 20H6GO
EXAMPLE2 12,1+0,15NOGO or -150 12,1+0,15 +150~"NO GO
EXAMPLE3 12,25-0,3/0 NOGO

EXAMPLE4 1195/12,5 NOGO

— the serial number (alphanumerical);

— fthe manufacturer’s name or trademark.

The [marking shall not be on gauging surfaces and shall not affect the metrological chafacteristics
of tHe gauges.
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Annex A
(informative)

General principles and application of limit gauging

A.1 General principles

To verify, by
according t
are used, a

gauge accot]

r gauging, a size specification defined by a bilateral tolerance for a workpiece feature,of
b the indicated specification operator on the technical product documentation, two ga
GO gauge according to the type of size indicated by the specification operatorrand a N
ding to the type of size indicated by the specification operator.

The GO gaujge passes into/over the workpiece feature without using excessive force.”The gauge p3

the total ler]
The NO GO

NOTE W
in the quality

the workpied
In such caseq

A.2 Appl

gth of the feature.

bauge does not pass into/over the workpiece feature without using'excessive force.

'hen more than one gauge is used for gauging of the same tolerancelimit (e.g. by the machine too
function at a suppliers plant and a third gauge at the customers plant) disagreement of complian

e may occur because of the relatively large tolerances for gauges in relation to the workpiece toler]
the gauge with the size closest to the workpiece tolerancélimit is giving the most correct evalua

ication

A.2.1 General

The limit g3
process wit

In the case
verification|

The limit g
a character
results (Yeg

There are t
and the lim

Inspection
workpiece s

uging allows the verification of a limit of a specification including dimension, by a phy
hout the use of mathematical to¢ls by the user.

of plain limit gauges described in this part of ISO 1938, the limit gauging consists ir
to a size characteristic ofla feature of size.

Quging is not a technique used in a measurement process to give a numerical valy
istic. It is a technigle used in a checking process to provide only one out of two pos
/No, GO/NO GO, Accepted/Not accepted, etc.).

wo types of.limit gauging, the limit gauging of the size relative to the maximum matg
t gauging of the size relative to the least material.

size

uges

D GO

sses

| and
e for
hnce.
ion.

sical

the

le of
sible

erial,

by dimit gauges is recognized as authoritative for acceptance, and it is agreed tH

at a

izeyspecification is satisfactory if the result of inspection by a gauge is conforming Wit}ll the

requiremen

tsortnis part or IvsU 1950.

To avoid any dispute requiring verification of the gauges of the manufacturer, the following procedure

is recomme

nded in the use of gauges of the manufacturer and the purchaser.

A.2.2 Use of new gauge and wear limit gauge by the manufacturer

Generally, the inspection department of the manufacturer that checks the workpieces made in the
workshop can use the same types of gauges as those used in the workshop. In order to avoid differences
between the results obtained by the workshop and inspection department, it is recommended that the
workshop uses new or only slightly worn GO gauges while the inspection department uses GO gauges
having sizes nearer the permissible wear limit.
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