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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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INTERNATIONAL STANDARD

ISO 15872:2017(E)

Aerospace — UN]J threads — Gauging

1 Scope

This document provides methods for the gauging of ISO UN]J threads complying with ISO 3161.

Other methods of ensuring that the product is within the specified limits can be used, provided that

COorrq

2 Normative references

The
cons
unda

ISO 1
geon

ISO 3

3.1

Fort
ISO 3
— 1
— 1

3.1.1
best

cylinlder or sphere,which has a radius so that it will contact the thread flanks at the pi

inter
Note

3.1.2
indig

plation with the specitied gauges 1s established.

following documents are referred to in the text in such a way that someJor all of t
Fitutes requirements of this document. For dated references, only thé\édition cited
ted references, the latest edition of the referenced document (including any amendme

, Geometrical product specifications (GPS) — Standard reference temperature for the sp
etrical and dimensional properties

161, Aerospace — UN] threads — General requirements and limit dimensions

[erms, definitions, symbols and abbreviated terms

Terms and definitions
he purposes of this document, the term$.and definitions given in ISO 5408 and the foll

nd IEC maintain terminological databases for use in standardization at the following g

EC Electropedia: available at http://www.electropedia.org/

SO Online browsing platferm: available at http://www.iso.org/obp

wire size

section

1 to entry: The radius of the best wire or sphere is theoretically equal to 0,288 68P.

heir content
applies. For
hts) applies.

bcification of

bwing apply.

ddresses:

tch cylinder

fating gauge

device having contacts which will precisely compare the size oI a work piece thread to a setting
standard of known dimensions

Note 1 to entry: The value for the indicated characteristic thus established is the dimensional value attributed
to the work piece. An indicating gauge can have contacts designed to measure any thread characteristic. This
document specifies the characteristics and designs for ISO UN] threads.

3.1.3

simple pitch diameter
diameter of an imaginary cylinder intersecting an actual thread over the width of one groove where
that width is equal to one half of the basic pitch

© ISO

2017 - All rights reserved
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3.14

virtual pitch diameter

pitch diameter of the smallest (for external threads) or largest (for internal threads) perfect thread
form with GO gauge profile which can engage the product threads for a distance equal to the GO gauge
thread engagement

3.2 Symbols and abbreviated terms

See Table 1.
Table 1 Qymhnlc’ abbreviated-terms-and definitions
Symbeol or Symbol or
abbreviated Definition abbreviated Definition
term term
D Basic minor diameter of the internal To1/2 Tolerance for each flahk angle of
1 thread of a workpiece al profile with complete flanks
d Basic pitch diameter of the external Tuz)2 Tolerance for éach flank angle of
2 thread of a workpiece a2 profile with'tfuncated flanks
L Tolerance on the pitch diameter of
es Fundamental dev1at10_n of the exter- Tep GO ar@d NOT GO screw check plugd,
nal thread of a workpiece .
wear check plugs and setting plugp
El Fundamental deviation of the inter- T Tolerance for the major diameter ¢f
nal thread of a workpiece d the external thread of a workpiecg¢
Height of the triangle of a thread Tolerance for the pitch diameter of the
H : Tz -
profile external thread of a workpiece
H Tolerance for the diameter of plain T Tolerance for the minor diameter pf
1 plug gauges a3 the external thread of a workpiec¢
H Tolerance on the size of check plug T Tolerance for the minor diameter pf
P gauges for plain calliper gauges b the internal thread of a workpiecs
(LSL) Lower specification limit Tp Pitch tolerance
Distance between the middlq Of. the Tolerance for the pitch diameter of the
m tolerance zones TR of a scréwrring Tp2 internal thread of a workpiece
gauge and TCP of a GO check plug P
NN Y. Tolerance for the pitch diameter of GO
(USL) Upper specification limit TpL and NOT GO screw plug gauges
. Tolerance for the pitch diameter of GO
P Pitch TR and NOT GO screw ring gauges

2 © IS0 2017 - All rights reserved
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4 Types of gauges

4.1 Gauges and setting plugs for external threaded products

The function, design and use of gauges and setting plugs for external threads are explained in the
following subclauses.

Gauge type Subclause
a) GO screw ring gauges 6.1.2
b) Setting plug for adjustable GO screw ring and indicating thread gauges it
c) Vjrtual pitch diameter indicating thread gauges 6.1.1
d) Simple pitch diameter indicating thread gauges 6.1.3
e) Flat contact gauges for major diameter 6.1.4
f) Ppint contact indicating thread gauges for minor diameter 6.1.5
g) (Qptical comparator for root radius and minor diameter: 6.1.6

4.2 | Gauges for internal threaded products

The function, design and use of gauges for internal threads are explained in the following sphibclauses.

Gauge type Subclause

a) GO screw plug gauges 6.2.1

b) NOT GO screw plug gauges 6.2.2

c) Plain gauges for minor diameter (plug gauge) 6.2.3.1
d) (O full form screw.plug gauges 6.2.3.2
e) Vijirtual pitch diameter indicating thread gauges 6.2.4

f) Simple pitch diameter indicating thread gauges 6.2.5

g) Settingring gauge for indicating thread gauges (solid type) 72

5 Reference temperature

In accordance with ISO 1, the dimensions of the gauge and the product shall be checked at the
temperature of 20 °C.

If the product and the gauge have the same coefficients of linear expansion, the temperature may
deviate from 20 °C, provided the temperature of the product and the gauge are the same.

If the product and the gauge have different coefficients of linear expansion, the temperature of both, at
the time of gauging, shall be:

a) 20°C#2°Cforsizes 1,000 UN]J and smaller;
b) 20°C=%1°Cforlarger threads.

© IS0 2017 - All rights reserved 3
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6 Function, design and use of gauges
6.1 Gauges for external threads
6.1.1 Virtual pitch diameter indicating thread gauges

6.1.1.1 [t measures, on two or three segments or rolls, the maximum material virtual pitch diameter
taking into account variations of form such as pitch variation, helix and flank variations, roundness and
taper which produces an enlargement of the virtual pitch diameter. In addition, virtual pitch diameter
control ensures the flank angle contact is sufficient to ensure that the root radius does not exceed the
maximum ljmit. Measurement of virtual pitch diameter with indicating gauges shall be obtain¢d to
calculate virtual minus simple pitch diameter differential unless the simple pitch diameter limits;gauged

in accordanfe with 6.1.3, are within the limits defined by the maximum pitch diameter afnid-the [form
variation linpits in ISO 3161.
6.1.1.2 Ingdlicating gauges have two or three contacts at 180° or 120° respectively. Gauges [with

segments o1
equal to the
whichever is

6.1.1.3 Th
the circle su
diameter of
the gauge fr:
shall be flat

6.1.1.4 Th
maximum 1
thread towa
central. The
setting plug

6.1.1.5 Th

rolls are designed with the length of the GO virtual maximum material gauging eleﬁtents

GO ring gauge length equal to nine pitches (P) or the basic majerZdiameter of the t
the smallest. For configuration and profile requirements, see Figure 1.

e minor diameter of the GO virtual maximum material thread segments and the diamef
rrounded by the roll cluster of GO virtual maximum material rolls shall be equal to the

ead,

er of
pitch

the product minus 0,375H, less the Tpy, value in Table’2'minus tolerance when assembled in

hme. This corresponds to a flat width of 0,312 5P oxvthe minor crest for the thread. The
n an axial plane and parallel to the axis of the segments or rolls.

e major diameter of the GO virtual maximum'material segments and the root of the GO vi
aterial rolls shall be cleared beyond a Q{D25P flat either by an extension of the flanks ¢
rd a sharp vee or by an undercut no greater than 0,125P maximum width and approxim
root clearance shall be such that'the major diameter of the full form section of the t}
gauge is cleared after the assembled gauge has been properly set to size.

e pitch diameter cylinder.axis of threaded segments and rolls shall be straight withi

crest

rtual
f the
ately
read

h the

diameter tollerance zone equal to Tpr-specified in Table 2. The half-angle variations in the segment ofr roll
thread shall|be within the limits-specified in Table 3. For the pitch variations, see Table 4.

id or adjustable /GO screw ring gauges

irtual
with
shall
11 be
may

standardizedTsee
be obtained from ASME Bl 2.

6.1.3 Simple pitch diameter indicating thread gauges

The simple pitch diameter indicating gauge with cone and vee rolls or segments or rolls with best
wire size radius is applied to ensure that the pitch diameter is greater than the minimum limit. The
indicators are set to the GO threaded setting plug gauge. Readings indicate the position of the pitch
diameter and the minimum measurement shall be no less than the minimum pitch diameter limit. The
minimum measured pitch diameter shall be within the ISO 3161 form variation limit compared to the
virtual pitch diameter measurement in accordance with 6.1.1, i.e. the differential value.

The simple pitch diameter contacts have cone and vee rolls or segments which contact the product
pitch cylinder. Other designs have two or three rolls with radii on annular ribs on rolls made to best

4 © IS0 2017 - All rights reserved
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wire size. The product thread contacts are restricted to 1,5 pitch lengths. See Figure 2 and Figure 3 for
design and contact form.

6.1.4 Major diameter gauges

The maximum limit of the major diameter may be checked with a plain ring gauge, a plain GO calliper,
or plain diameter-measuring device; see Figure 4. The minimum limit of the major diameter shall be
checked with a plain diameter measuring device set to a plain diameter plug with Hp tolerance (see
Table 5). A plain micrometer calliper may be used to measure the major diameter and may have
standard gauge block settings.

6.1.3 Minor diameter gauges

It shall be set to the plain minor diameter setting plug with Hp tolerance (see Table §);-See|Figure 5 for
design and contact form.

6.1.4 Optical comparator checks

The pptical comparator shall be used to verify the root radius by comparing the shadow cgntour to the
radiys charts. The minor diameter may also be measured with an opfical comparator using|appropriate
meaguring techniques.

6.2 | Gauging for internal threads

6.2.1 GO screw plug gauges

To enjsure the ease of assembly of threads and conformance to the maximum material virtgal pitch and
major diameter limits, GO screw plug gauges or“the full form GO screw plug gauge in accordance with
6.2.3.2 shall be used. For gauge tolerances, see Table 2 to Table 4.

6.2.1 NOT GO screw plug gauges

To check that the simple pitch diameter is not greater than the maximum limit, NOT G({ screw plug
gauges shall be used. For gauge-tolerances, see Table 2 to Table 4.

6.2.3 Minor diameter gauges

6.2.3.1 The mininTum minor diameter may be evaluated by a plain cylindrical GO plug gaugg or a GO full
form|screw plug gauge in accordance with 6.2.3.2. The maximum minor diameter may be checked with
a plajn cylindrical NOT GO plug gauge. The diameters of the plain plugs shall be based on tle minimum
mindr diameter specified in [SO 3161 with gauge tolerance Hq specified in Table 7. Internal{micrometer
calligers;may be used to measure the minor diameter.

6.2.3.Z  The GO full form screw plug gauge shall be a modified GU screw plug gauge with a controlled
root radius on the gauge (see Figure 6) equal to the maximum external thread root radius specified in
[SO 3161 with a radius tolerance in accordance with Table 8.

6.2.4 Virtual pitch diameter indicating thread gauges

6.2.4.1 It measures, on two or three segments or rolls, the maximum material virtual pitch diameter
taking into account variations of form such as pitch variation, helix and flank variations, roundness
and taper which produces a decrease in the virtual pitch diameter. The virtual pitch diameter shall be
measured using indicating gauges to calculate the simple minus virtual pitch diameter differential unless
the simple pitch diameter limits are within the limits defined by the minimum pitch diameter and the
form variation limits in ISO 3161.

© IS0 2017 - All rights reserved 5
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6.2.4.2 Indicating gauges have two or three contacts at 180° or 120° respectively. Gauges with
segments or rolls are designed with the length of the GO virtual maximum material gauging elements
equal to the GO plug gauge length equal to nine pitches (P) or the basic major diameter of the thread,
whichever is the smallest. For configuration and profile requirements, see Figure 7.

6.2.5 Simple pitch diameter indicating thread gauges

The simple pitch diameter indicating thread gauge with cone and vee rolls or segments or rolls with
the best wire size radius is applied to ensure that the pitch diameter is not greater than the maximum
limit. The indicators are set to the GO threaded ring gauge. Readings indicate the position of the pitch

diameter an

d the maximum measurement shall be not greater than the maximum pitch diameter

The maximi
the virtual g

The simple

pitch cylind
wire size. Tl
design and ¢

7 Setting

7.1 Setting gauges for external threads

7.1.1 The
simple pitch

required. Chieck the GO screw plug gauge as required.

7.1.2 Set
setting plug
measureme}

7.1.3 Set
diameter of
of Hp (see Tj

Im measured pitch diameter shall be within the ISO 3161 form variation limit compar
itch diameter measurement made in accordance with 6.2.4.1.

pitch diameter contacts have cone and vee rolls or segments which contact the prq
er. Other designs have two or three rolls with radii on annular ribs on rells made to
ne product thread contacts are restricted to 1,5 pitch lengths. See Figuré8and Figure
ontact form for simple pitch diameter indicating thread gauges.

5 of gauges

virtual pitch diameter indicating gauge is set to the ‘threaded setting plug whose av{
diameter (see Figure 10) is equal to basic size.Set and check the GO screw ring gau

the simple pitch diameter indicating gauge to the calibrated or marked pitch dian
gauge. These gauges are the same setting gauges as described in 7.1 to permit differg
1t calculations.

he major and minor diametér indicating gauges to their respective plain setting plugs
these plain setting plugs shall be made to the maximum dimension with a negative tolej
hble 6, Figure 11 and Figure 12). The micrometer callipers may have standard gauge |

settings.

7.2 Setting ring gauge for indication thread gauges

The virtual
gauge to me

pitch diameéter indicating thread gauge and the simple pitch diameter indicating th
asure internal threads is set with the solid GO screw ring gauge.

8 Gaugingof threads

imit.
ed to

duct
best
9 for

brage
e as

heter
ntial

The

ance
block

read

8.1 General

Gauges with a wear allowance, which allows gauges to exceed the maximum or minimum limits of the
product thread, are not permitted for UN] threads.

A product thread characteristic is acceptable when any appropriate standardized gauge can be
assembled. The manufacturer is responsible for ensuring that, whatever the case, the means ultimately

ensures cha

racteristics in accordance with the envelope requirements.

External threads shall be evaluated as follows.

a) Check the virtual pitch diameter by measurement using either an indicating gauge or an assembly
with a GO threaded ring gauge.

© ISO 2017 - All rights reserved
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c) Compare the difference between the virtual and simple pitch diameter measurements to evaluate
the cumulative effect of variations defined in ISO 3161.

d) Check thread minor and major diameters with indicating gauge and root contour with an optical

comparator or tracing machine.

e) Normally, the use of more than one gauge option is not required. A product thread characteristic is
accepted if it satisfies any one appropriate standard gauge. However, if there is a conflict between
gauges for the product external thread maximum material limit, the product thread shall be

8.2 | Internal threads evaluation

3 r‘r‘ppfpd as ]nng asthe thread satisfies the GQ thread ring gauge

— (Check the maximum material limit of the virtual pitch diameter as well as the minjmum major

ﬂiiameter with a GO screw plug gauge. A full form screw plug gauge may be used for this cleck. A check
or the virtual pitch diameter by measurement with an indicating thread'gatge may be ysed also.

— (Check the minimum material pitch diameter with a NOT GO screw plug gauge. Mdasuring the

required.

gimple pitch diameter with an indicating thread gauge is (exceptfor thread sizes less than 0.190 in)

— (Check the minimum minor diameter with either a GO plain“plug gauge or GO full fornj screw plug

gauge. Use a NOT GO plain plug gauge to check the maximmum minor diameter.

Table 2 — Tolerances for pitch diameter of GO and NOT GO screw plug gauges a
pitch diameter of GO and NOT GO screw check plugs, and setting plugs

Tolerances in inches

Taz or Tpy Tcp2 Tpy,
upto and
over . .
including
— 0.002
0.000 2 0.000 2
0.002 0.003
0.003 0.006 0.000 3 0.0003
0.006 0.008 0.000 35 0.000 4
0,008 0.012 0.000 47 0.0005
0.012 0.020 0.000 6 0.000 7
0.020 0.026 0.0007 0.0009
a  See Figure 10.

nd on

© IS0 2017 - All rights reserved
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Table 3 — Tolerances for each half-angle

Tolerances in minutes of an angle

Number of Pi;ch T . /9a T a
threads per inch in a1/ a2/2
80 0.012 500 £60
72 0.013 889 +48
64 0.015 625 +40
56 0.017 857 +35
18 0.020 833 31 A
44 0.022 727 +26 Q'\
40 0.025 000 +25 %
36 0.027 778 +21 o,\‘],
32 0.031 250 +18 2|
28 0.035 714 +17 £170)
24 0.041 667 +16 s@}?
20 0.050 000 +15 , 0
18 0.055 556 +13 Q\(
16 0.062 500 12 Y £16
14 0.071 429 £11 )"
13 0.076 923 %]
12 0.083 333 Qi’@ =14
11 0.090 909 A@“ B +13
10 0.100000 +12
9 0.111 111 A
8 0.125 009>~ £11
7 0.142 857
6 03166 667 +8
5 (07200 000 110
45 D" 0222222 h
4 7| 0250000
a  See Figiftd13.
K
D
s
S
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Table 4 — Pitch tolerances

Values in inches

Thread length
>1.250 >2.000
<1.250 ‘ <2.000 ‘ <3150
Tp
0.000 2 | 0.000 24 | 0.000 28

NOTE The pitch tolerance, Tp, applies to the maximum measured error whether

it occurs as a cumulative progressive error over the total length of thread or as a
il

Table 5 — Tolerances for plain setting plug for major and minor diametérs of extern

T
perroatt-errorotr—asarotartrrotr-orpiten-

For a double-length setting plug, the thread length used when determining the pitch
deviation is one-half of the overall thread length of the setting plug, and the pjteh
tolerance is the maximum permissible deviation between any two threads spaced
apart by not more than one half the overall length of the setting plug.

Telerances in inches

T4 Tolerance
over up to and including Hpa
— 0.003 0.000 08
0.003 0.005 0.0001
0.005 0.013 0.000 15
0.013 0.033 0.000 24
0.033 0,037 0.000 31

a  See Figure 11 and Figure 12.

Table 6 — Tolerances for plain plug for minor diameters of internal thread

Tolerances in inches

Top1 Tolerance
over up to and including Hip
3 0.004 0.000 15
0.004 0.007 0.000 2
0.007 0.015 0.000 3
0.015 0.028 0.000 5
0.028 0.050 0.0009

al threads

[72])

Table 7 — Controlled root radius tolerances for GO full form screw plug gauges

Tolerances in inches

Threads per inch Radius tolerance Threads per inch Radius tolerance

80 0.000 21 36 0.000 51

72 0.000 24 32 0.000 55

64 0.000 28 28

56 0.000 31 24 000071

48 0.000 35 20 0.0009

44 0.000 43 18to0 10 0.001

40 0.000 51 9to4 0.002

© IS0 2017 - All rights reserved
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10

Table 8 — Factor m for setting gauges

Values in inches

Taz ma

over up to and including

— 0.002 0.004
0.002 0.003 0.005
0.003 0.005 0.006
0.005 0.008 0.007
0-008 0-042 0-008
0.012 0.020 0.010
0.020 0.026 0.013

a  See Figure 10.

© ISO 2017 - All rights reserved
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0,562 5H

Segments Zero lead rolls

twoor'three contacts2 two or three contacts
Key
1 itch. diameter 7  for two or three contacts respectively
2 a&xdmum major diameter of product external thread 8  form of segment or roll
3  gauge thread form 9 maximum minor diameter of product external thread
4  clear 0,125P when not undercut 10 maximum pitch diameter of product external thread
5 form of relief optional — width approximately 11 pitch cylinder

central when undercut
6  maximum product external thread

a The total segment contact to be a minimum of 25 % of circumference.

Figure 1 — Virtual pitch diameter indicating thread gauges for external threads

© IS0 2017 - All rights reserved 11
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0,05P \D
7

0,1P (ref.)
-
k/

0,1P (ref.)

Segments Zero lead rolls
two or three contacts? two or three contacts
Key
1  pitch diameter 3 form of relief optional
2 gauging element 4  external thread

a The total segment contact to be a minimum of 25 % of circumference.

b Contact ceptral on pitch line.

Figure 2 — Simple pitch.diameter indicating thread gauges with cone and vee for external thrieads

12 © IS0 2017 - All rights reserved
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R = 0,288 68P3°
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Key

jritch diameter
oll
é¢xternal thread

LW N

Rolls — Gauging contacts.

o

Bept wire size radius.

(g}

Twlo ribs on top roli:
d Onje rib on bottom Toll.

e Ong rib on edch'roll, one-third pitch apart.

Figure 3— Simple pitch diameter indicating thread gauges with radius roll for exter]

Rolls
three or two contacts

© IS0 2017 - All rights reserved
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-
B

a)

R
|
b)
Segments Rolls
two or three contacts two or three contacts

Key
1 major dipmeter
2 plain gayge contact
3 external fthread

Figure 4 — Major diameter indicating plain gauges for external threads

14 © IS0 2017 - All rights reserved
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d)
Segments Zero lead rolls
two or three contacts two or three contacts
Key
1  three thread segments or rolls 4  for two or three contacts respectively
2 radius not to exceed root radius of part 5 minor diameter

3  external thread

Figure 5 — Minor diameter indicating thread gauges for external threads
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Key
1 major digmeter
2 pitch diameter

3 minor dipmeter

Figure 6 — GO full form screw plug gauges for maximunimaterial, internal threads
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< :
0'125/3\ 130° .

N 60° [

GO threaded segients Threaded contacts GO zero lead rolls
two or three‘contactsa two or three contacts
Key
1 itch diameter 6  form of relief optional — width approkimately
2 'j[:inimum major diameter of product internal thread central when undercut
3 Inimum product internal thread 7 pitch cylinder
4  gauge thread form 8  minimum minor diameter of product internal thread
5 clear 0,125P when undercut 9  minimum pitch diameter of product internal thread
10 fingers

a The total segment contact to be a minimum of 25 % of circumference.

Figure 7 — Virtual pitch diameter indicating thread gauges for internal threads
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Segments Rotls
two or three contactsb two or three contacts
Key
1 pitch diameter 2 internal thread 3 gauging elements 4  form of relief optional

a Alternate designs: Contacts in other positions near the pitch cylinder may also be applied.
b The total segment contact to be 25 % or more of circumference.

Figure 8 — Simple pitch diameter indicating thread gauges with cone and vee for internal threads
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