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FOREWORD

(This Foreword is not part of ANSI/ASME B1.16M-1984))

The first issue of ANSI B1.16 was approved and formally designated as an American
National Standard on April 28, 1972. It was developed by Subcommittee,2_of the Bl
Committee to serve as the American practice regarding the specifications and ‘dimensions
for gages applied to metric screw threads. As in the first issue, this Edition of ANSI
B1.16M follows the American practice for the design and tolerances f6rgages of this type,
except for the truncations of the HI/LO elements, which are¢more in line with the
truncations specified in 1SO 1502.

This new publication, designated ANSI/ASME B1.16M-]984, has had considerable
new material added to cover the many options of gages and ‘measuring equipment shown
in ANSI B1.3M, Screw Thread Gaging Systems for Dimensional Acceptability. It has also
retained HI and LO functional gages but has eliminated’gages with pitch diameter outside
product thread limits. It also includes tabulated walues for the specifications of gage
elements for the standard series of metric M screw thread sizes listed in ANSI B1.13M,
Metric Screw Threads — M Profile.

ANSI/ASME BI1.16M was approved. by the ASME Standards Committee Bl on
April 27, 1984. The proposed Standatd was submitted by the ASME Board of Stan-
dardization to the American National Standards Institute. lt was approved and formally
designated an American National:Standard on May 25, 1984,

iii
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ANSI/ASME B1.16M-1984
AN AMERICAN NATIONAL STANDARD

AN AMERICAN NATIONAL STANDARD

1 INTRODUCTION

is Standard provides essential specifications and
nsions for the gages used on M series metric
threads, and covers the specifications and
nsions for the thread gages and measuring
equ/pment listed in Tables 1 and 2. The basic purpose
and| use of each gage are also described.

r easy reference, customary conversion of metric
tables has been incorporated as part of Appendix D.
Appendices A through D contain useful nonmanda-
tory information that is supplementary to the
reqyiired Sections of this Standard.

1.1| References

The latest editions of the following documents
form a part of this Standard to the extent spécified
herdin.

Ambprican National Standards

ANBI B1.2 Gages and\Gaging for Uni-
fied Inch Screw Threads

ANBI B1.3M Scréw)Thread Gaging Sys-
ttems for Dimensional
Acceptability

ANBI B1.7 Nomenclature, Defini-

tions, and Letter Symbols
for Screw Threads

ANSBI BL.I3M Metric Screw Threads —

GAGES AND GAGING FOR METRIC M SCREW THREADS

ANSI B89.3.1 Measurement of Qut-of-

Roundness

International Standard

1ISO 1502-1978 General Purpose [Metric

Screw Threads — (aging

1.2 Units of Measure

All dimensions in this Standard, including [tables,
are expréssed in millimeters (mm) unless otlerwise
specified.

1.3 Classification

In this Standard, the terms H1 and LO are ysed to
identify functional diameter thread gages, as per the
practice of the previous B1.16 Standard. Theq terms
apply to gages identified as NOT GO or mipimum
material (M/Mt), as described by their respective
standards.

1.4 Federal Government Use

When this Standard is approved by the Dpepart-
ment of Defense and federal agencies and is incorpo-
rated into FED-STD-H28/22, Screw Thread Stand-
ard for Federal Services, Section 22, the use [of this
Standard by the federal government will be subject to
all requirements and limitations of FED-STI}-H28/

M Profile 2
ANBI B46:.1 Surface Texture ’
ANBIJASME B47.1aM  Gage Blanks (Metric
Iranslation of ANSI
B47.1)
ANSI B89.1.6 Measurement of Quali- 2 BASIC PRINCIPLES
fied Plain Internal Diame- 2.1 Accuracy in Gaging
ters for Use as Master )
Rings and Ring Gages Thread plug gages are controlled by direct measur-
ANSI B89.1.9 Precision Inch  Gage ing methods. Thread ring gages, thread snap limit

Blocks for Length Mea-
surement (Thru 20
Inches)

gages, and indicating thread gages are controlled by
reference to the appropriate setting gages or direct
measuring methods or both.


https://asmenormdoc.com/api2/?name=ASME B1.16M 1984.pdf

ANSI/ASME B1.16M-1984 GAGES AND GAGING FOR
AN AMERICAN NATIONAL STANDARD METRIC M SCREW THREADS

TABLE 1 SCREW THREAD GAGES AND MEASURING EQUIPMENT FOR
EXTERNAL PRODUCT THREAD CHARACTERISTICS

Metric M
Maximum Minimum_Materfal
Material LO
Functional Thd. Groove
GO Diameter Pitch Diam. Diam.
Func. | Func. | Func. | Func.
Thread Gages Limit | Size | Limit | Size | Limit | Size | Limit || Size
and
Measuring Equipment A, A, B, B; C, C, D, D,
1 Threaded Rings (ANSI/ASME B47.1aM):
1.1 GO .
1P LO .

2 Tiread Snap Gages
21 GO segments )

2. LO segments .

2.8 GO rolls .

2.4 LO rolls .

26 Minimum material — pitch diameter type — copé‘and vee ]

26 Minimum material — thread groove diameter.
type — cone only .

3 Plain Diameter Gages

3J1 Plain cylindrical rings for major,diameter
3R Major diameter snap type
3B Minor diameter snap type
34 Maximum and minimum major diameter snap type
3p Maximum apd‘minimum minor diameter snap type
4 Indicating Fhread Gages
Having either two contacts at 180 deg. or three contacts
al 120-deg:
41 €O4egments . . . .
4.3 GO rolls . ) . )
4.5 Minimum material — pitch diameter type — cone and vee . 4
4.6 Minimum material — thread groove diameter type
— cone only . .
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TABLE 1 SCREW THREAD GAGES AND MEASURING EQUIPMENT FOR
EXTERNAL PRODUCT THREAD CHARACTERISTICS (CONT’D)

Metric M
Roundness of
Pitch Cylinder
Taper
Qval Multilobe of Pitch Major Minor
180(deg. 120 deg. Cylinder Lead Diameter Diameter Diam.
Incl. Flank Runout
Helix Angle Root | Major | Surface
Limit|| Size | Limit | Size | Limit | Size | Variation | Variation | Limit | Size Limit Size “{( Rad. | to Pitch | Texture
E, E, F, F, G, G, H i h I K, K, L M N
(Note 1)

. (Note 1)
[ ] [ ]
. (Note 1)
[ ] [ ]
[ ] [ ]
[ ] [ ]

[ ]

[ ]

[ ]
[ ]
[ ]

. . . ) (Note 1)
. . . . (Note 1)
[ ] [ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ]
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TABLE 1 SCREW THREAD GAGES AND MEASURING EQUIPMENT FOR
EXTERNAL PRODUCT THREAD CHARACTERISTICS (CONT’D)

Metric M
Maximum Minimum- Material
Material Lo
Functional Thd. Groove
GO Diameter Pitch Diam. Diam.
Func. | Func. | Func. | Func.
Thread :ases Limit | Size | Limit | Size {_Limit | Size | Limit || Size
an
Measuring Equipment A, A; B, B; C, C, D, D,
417 Major diameter and pitch diameter runout gage
4J8 Differential segment or roll
(GO profile for one pitch in length) used in combination
with a GO indicating gage to yield a diameter equivalent
for variation in lead (including uniformity of helix), and a
minimum-material indicating gage to yield a diameter
equivalent for variation in flank angle.
5 Indicating Plain Diameter Gages
5|1 Major diameter type
5|2 Minor diameter type
6 Pjtch Micrometer With Standard Contacts (Approximately LO
Profile) Cone and Vee ] J
7 Pltch Micrometer With Modified Contacts (Approximately
Pltch Diameter Contact) Cone and Vee . .
8 Thread-Measuring Wires With Suitable ' Measuring Means . .
9 Qptical Comparator and Toolmaker’s Microscope With Suita-
ble Fixturing . 4
10 Profile Tracing Equipment) With Suitable Fixturing
11 Lpad Measuring Machine With Suitable Fixturing
12 Helical Path Attachment Used With GO Type Indicating Gage
13 Helical PathvAnalyzer
14 Plain,Micrometer and Calipers — Modified As Required
15 Surface Measuring Equipment
16 Roundness Equipment
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TABLE 1 SCREW THREAD GAGES AND MEASURING EQUIPMENT FOR
EXTERNAL PRODUCT THREAD CHARACTERISTICS (CONT’D)

Metric M
Roundness of
Pitch Cylinder
Taper
Owal Multilobe of Pitch Major Minor
180 (deg. 120 deg. Cylinder Lead Diameter Diameter Diam.
Incl. Flank Runout
Helix Angle Root | Major rface
Limit| | Size | Limit | Size | Limit | Size | Variation | Variation | Limit | Size Limit Size \_Rad. | to Pitch xture
E, E; F, F, G, G, H | I ). K, K, L M N
[ ]
° ° . ° ° ° ° °
[ ] [ ]
[ ] [ ]
[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ )
° . . * ° ° ° I ° ° ° °
. . °
°
°
[ ]
. °
°
[ ] [ ] [ ] [ ]
NOTE:

(1) Maximum minor diameter limit is acceptable when product passes GO gage.
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TABLE 2 SCREW THREAD GAGES AND MEASURING EQUIPMENT FOR
INTERNAL PRODUCT THREAD CHARACTERISTICS

Thread Gages
and
Measuring Equipment

Metric M

Maximum
Material

GO

Functional
Diameter

Minimum"Materjal

Pitch Diam,

Thd. Groove
Diam.

Func.
Limit

Func.

Size

Func.
Limit

Func.

Size

Limit

Size

Limit

Size

A,

A,

B,

G

G,

D,

D,

-

—

hreaded Plugs (ANSI/ASME B47.1aM):
1. GO

-

. HI

—

pread Snap Gages
Il GO segments

N

N

.2 HIl segments

N

B GO rolls

H HI rolls

N

N

b Minimum material — pitch diameter type — cone
and vee

N

b Minimum material — thread groove diameter type
— cone only

Plain Diameter Gages
Jl Plain cylindrical plugs forsminor diameter

(¥

(Y]

R Major diameter snap-type

(Y]

B Minor diameter.shap type

(Y]

H# Maximum.and)minimum major diameter snap type

35 Maximufmrand minimum minor diameter snap type

Indicating Thread Gages
Having either two contacts at 180 deg. or three

contacts at 120 deg.
4.1 GO segments

4.3 GO rolls
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TABLE 2 SCREW THREAD GAGES AND MEASURING EQUIPMENT FOR
INTERNAL PRODUCT THREAD CHARACTERISTICS

Metric M
Roundness of
Pitch Cylinder
Taper
Oyal Multilobe of Pitch : Major Minor .
180 deg. 120 deg. Cylinder Lead Diameter Diameter Diam.
Incl. Flank Runout
Helix Angle Root | Minor | Surface
Limit || Size | Limit | Size | Limit | Size | Variation | Variation Limit Size | Limit | SiZe/| Rad. | to Pitch | Texture
E, E, F, F, G, G, H 1 h ) K, K, L M N
(Note 1)

. (Note.1)
L ] L ]
. (Note 1)
L ] L ]
[ ] L ]
L ] L ]

L ]

L ]
L ]
L ]

L ]
. . . . (Note 1)
. . ) . (Note 1)
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TABLE 2 SCREW THREAD GAGES AND MEASURING EQUIPMENT FOR
INTERNAL PRODUCT THREAD CHARACTERISTICS (CONT’D)

Thread Gages
and
Measuring Equipment

Metric M

Maximum
Material

GO

Functional
Diameter

Minimum Mate

rial

Pitch Diam.

Thd. Groove

Di

am.

Func. | Func.

Limit | Size

Func.
Limit

Size

Func.

Limit | Size

Limit

Size

A, A,

B,

B,

C, G

D,

5 Minimum material — pitch diameter type — cone
and vee

6 Minimum material — thread groove diameter
type — cone only

4

7 Minor diameter and pitch diameter runout gage

4

.8 Differential segment or roll

(GO profile for one pitch in length) used in combination
with a GO indicating gage to yield a diameter equivalent for
variation in lead (including uniformity of helix),\and a
minimum-material indicating gage to yield a diameter equi-
valent for variation in flank angle

ndicating Plain Diameter Gages
.1 Major diameter type

.2 Minor diameter type

A

itch Micrometer With Standard Gontacts (Approximately HI

frofile) Cone and Vee

A
A

itch Micrometer WithModified Contacts (Approximately
itch Diameter Contact)Cone and Vee

1

hread-Measuging'Balls With Suitable Measuring Means

b

Dptical Comparator and Toolmaker’s Microscope With Suita-
le Fixtuting’and Cast Replica

10

f

rofileTracing Equipment With Suitable Fixturing

14

Surface Measuring Equipment

15

Roundness Equipment
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TABLE 2 SCREW THREAD GAGES AND MEASURING EQUIPMENT FOR
INTERNAL PRODUCT THREAD CHARACTERISTICS (CONT’D)

Metric M
Roundness of
Pitch Cylinder
Taper
Oyal Multilobe of Pitch Major Minor .
180 deg. 120 deg. Cylinder Lead Diameter Diameter Diam.
Incl. Flank Runout
Helix Angle Root | Minor | Sprface
Limit | Size | Limit | Size | Limit | Size | Variation | Variation Limit Size | Limit | Size/| Rad. | to Pitch | Texture
E, E, F, F, G, G, H 1 5 [ K, K, L M N
[ ] [ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ]
[ ]
[ ] [ ] [ ] [ ] [ ] [ ] [ ] 9,
[ ] [ ]
[ ] [ ]
[ ] [ ] [ [ ]
[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ]
[ ]
[ ] [ ] [ ] [ ]
NOTE:

(1) Minimum major diameter limit is acceptable when product passes GO gage.
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2.2 Limitations of Gaging

2.2.1 Product threads accepted by a gage of one
type may be verified by other types. It is possible,
however, that parts which are near a limit may be
accepted by one type and rejected by another. Also, it
is possible for two individual limit gages of the same
type to be at opposite extremes of the gage tolerances

GAGES AND GAGING FOR
METRIC M SCREW THREADS

2.4 Standard Temperature

2.4.1 A temperature of 20°C (68°F) is the stan-
dard temperature used internationally for linear
measurements. Nominal dimensions of gages and
product as specified and actual dimensions as mea-
sured shall be within specified limits at this tempera-
ture. For screw thread gaging, the acceptable toler-

permitted, and borderline product threads accepted
by dne gage could be rejected by another. For these
reaspns, a product screw thread is considered accepta-
ble hen it passes a test by any of the permissible
gaggds in ANSI B1.3M for the gaging system specified,
proyided the gages being used are within the toleran-
ces $pecified in this Standard.

212.2 Gaging large product external and internal
threpds equal to or greater than 160 mm nominal size
with plain and threaded plug and ring gages presents
problems for technical and economic reasons. In
thesp instances, verification may be based on use of
modified snap or indicating gages or measurement of
threpd elements. Various types of gages or measuring
devices in addition to those defined in this Standard
are [available and acceptable when properly corre-
lated to this Standard. The producer and user should
agrde on the method and equipment used.

2|2.3 Indicating gages for internal threads smaller
than 5 mm are not available.

2.3

2{3.1 Measuring Pitch Diameter. The three-
wirel method of determining pitch diameter size of
threpd plug gages is standard for gages in this
Standard. Refer to Appendix B.

Determining Size of Gages

213.2 Size limnt\adjustments of thread ring and
extefnal thread-snap gages are determined by their fit

are

ance on the standard temperature is £1°C (£R°F).

2.4.2 As product threads are frequently checked
at temperatures which are not .controlled| it is
desirable that the coefficient of, the thermal ¢xpan-
sion of gages be the same as that of the product on
which they are used. Inastiuch as the majofity of
threaded product consists’of iron or steel, and screw
thread gages are ordinarily made of hardeneq steel,
this condition is cusually fulfilled without ppecial
attention, provided thread gages and produdt have
stabilized tosthe“same temperature. When thel mate-
rials of th€ product thread and the gage are dissimi-
lar, the\(differing thermal coefficients can| cause
seriou$.> complications and must be taken into
account, unless both product and gage at the {ime of
gaging are at a temperature of:

(a) 20°C +2°C (68°F +4°F) for 25 mm and $maller;

(b) 20°C +1°C (68°F +2°F) for sizes above|25 mm
to 75 mm;

(¢) 20°C +0.5°C (68°F x1°F) for sizes abbove 75
mm to 150 mm.

2.5 Rounding Procedure for ConvertingJMet-
ric Gage Values to Inch Gage Value

Determine metric gage dimensions from] gage
specifications. Calculate the inch gage size by|divid-
ing the metric gage size (given to three decimal

on their respective calibrated setting plugs. Indicating places) by 25.4. Round to five decimal places|by the
gagds apd thread gages for product external threads following method: when the first digit discafded is
tontrolled by reference to appropriate calibrated less than S5, the last digit retained should pot be

& PIUgES. changed—Hf the firstdiscardeddigit Tsgreaterthan 5,

setti

2.3.3 Size limit adjustments of internal thread
snap gages are determined by their fit on their
respective calibrated setting rings. Indicating gages
and other adjustable thread gages for product inter-
nal threads are controlled by reference to appropriate
calibrated setting rings or by direct measuring
methods.

10

orif it is a 5 followed by at least one digit other than
0, the last figure retained should be increased by one
unit. If the first discarded digit is a S followed by only
zeros, the last digit retained should be rounded
upward if it is an odd number, but not changed if it is
an even number. Metric dimensions are official
values, and all inch tables shown in Appendix D are
for reference only.
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EXAMPLES OF ROUNDING:
6.437243782 is rounded to 6.43724
6.437246643 is rounded to 6.43725
6.437245001 is rounded to 6.43725
6.437255000 is rounded to 6.43726
6.437245000 is rounded to 6.43724
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thread. At the functional diameter limit, using HI
and LO thread gages, the standard practice is to have
the gage tolerance within the limits of size of the
product thread. Specifications for gage limits are
listed in Tables 4 and 5.

3.5 Standard Thread Gage Tolerances

siongl stability. Thread gaging elements should be
precipely manufactured to assure adequate refine-
ment| of surface texture, prevention or elimination of
amorphous or smear metal, and uniformity of thread

form|over the entire length of the gaging member.

vpes of Gages

LO fhinctional diameter limit.

GO and NOT GO plain cylindrical plug or ring
gageq and snap or indicating gages check-the limit or
size df the minor diameter of produetiinternal threads
and the major diameter of product-external threads,
respegctively.

3.3 |nterpretation of Tolerances

abulated tolerance on any one element shall not
CCUTU, Ve OUg VaTTations iT C Olner two
elements are smaller than the respective tabulated

tolerances.

3.4 Direction of Tolerances on Gages

At the maximum-material limit (GO), the dimen-
sions of all gages used for final conformance gaging
are to be within the limits of size of the product

11

Standard tolerances for thread-working >gages,
thread-setting plugs, and setting rings areas-foliows:

(a) W tolerances, shown in Table 7, represent the
highest commercial grade of accuracy-and workiman-
ship and are specified for thread-‘setting gages;

(b) X tolerances, shown in.Table 6, are larger than
W tolerances and are used for product inspgction
gages.
Unless otherwise specified, all thread gages and
gaging contacts that directly check the prpduct
thread shall be X tolerance.

3.6 Tolerance on Lead

Cumulative effect of progressive or erratic |helix
variation and thick or thin end thread variatigns is
specified as an allowable variation between any two
threads not farther apart than the length of the
standard taperlock or trilock gage, shown in ANSI/
ASME B47.1aM. In the case of setting plugs, the
specified tolerance shall be applicable to the thread
length in the mating ring gage or nine pifches,
whichever is smaller. For setting rings, the tolerance
applies to a thread length of three pitches| The
tolerance on lead establishes the width of a [zone,
measured parallel to the axis of the thread, within
which the actual helical path must lie for the spegified
length of the thread. Measurements will be faken
from a fixed reference point located at the start of the
first full thread to a sufficient number of posjtions
along the entire helix to detect all types of| lead
variations. The amounts that these positions| vary
from their basic (theoretical) positions will be
recorded with due respect to sign. The greatest
variation in each direction [plus and minus (£

besele g 0 O v 0 a ',

sign, shall not exceed the specified tolerance. If the
variations are all in one direction, the maximum
value governs conformance. In the case of truncated
setting plugs, the lead variations present on the full-
form portion and the truncated portion of an
individual gage shall not differ from each other by
more than 0.003 mm over any portion equivalent to
the length of the thread ring gage, or nine pitches,
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whichever is less. (When linear lead and drunkenness
are measured as individual elements and the sum of
these does not exceed the tolerance specified, the gage
is well within tolerance.)

3.7 Tolerances on Half-Angle

Tolerances are cpPr‘ifiPrl for the half—anglec rather

GAGES AND GAGING FOR
METRIC M SCREW THREADS

ments are given in Table 14 for external product
threads, in Table i35 for internal product threads, and
in Table 16 for setting gages. See Appendix A for
methods of calibrating and inspecting gages.

than [the included angle to assure that the bisector of
the included angle will be perpendicular to the axis of
the thread within proper limits. The equivalent of the
variation from the true thread form caused by such
irregplarities as convex, concave or wavy flanks,
rounfled crests, or slight projections on the thread
form|shall not exceed the tolerance permitted on half-
anglq.

3.8 |Check of Effect of Lead and Flank Angle

Variations on Product Thread

When this check is specified, there are two general
metlHods available for the inspection procedures
involved.

(a) Direct Measurement of Lead and Half-Angle
of Flanks. The lead and flank angles of the product
thread may be measured by means of available
meaguring equipment, such as, but not limited to,
thredd indicating gages, projection comparators,
meaguring microscopes, graduated cone points, lead
meaguring machines, helix variation-‘measuring
ines, and thread flank charting‘\equipment.

and [equal halfcangle variations.
Differential Gaging Utilizing Indicating Thread
Gagps.\'See Sections 4 and 5 for explanation and

4 TYPES OF GAGES FOR PRODUCT
INTERNAL THREAD

4.1 GO Working Thread Plug Gages
(Table 2 — Gage 1.1)

4.1.1 Purpose and Use.) The GO thread plug
gage inspects the maximum-material GO fundtional
limit, 4,, of product internal thread. The GO thread
gage represents the.maximum-material GO|f{unc-
tional limit of the product internal thread, and its
purpose is to assure interchangeable assembly of
maximumématerial mating parts. GO thread plug
gages must enter and pass through the full-thfeaded
length-of the product freely. The GO thread plug gage
is a cumulative check of all thread elements gxcept
the minor diameter,

4.1.2 Basic Design. The maximum-mfaterial
limit on GO thread plug gages is made {o the
prescribed maximum-material limit of the pfoduct
internal thread, and the gaging length is equal|to the
length of the gaging plug.

reasons, the design and lengths of the gaging plug
members have been standardized for varioys size
ranges and pitches (see ANSI/ASME B47.1aM or
Table Cl).

4.1.3 Gage Blanks. For practical and eC(Fomic

4.1.4 Thread Form. The specifications for thread
form are summarized in Table 4 and Fig. 1.

4.1.5 Thread Crests. The major diameter{of the
GO thread plug gage shall be the same ps the

minimum majnr diameter of the prndn(‘t mternal

illustration of differential gaging for internal and
external threads.

3.9 Calibration Requirements and Standards

Calibration requirements and standards for X
tolerance thread gages, snap gages, and indicating
gages, Z tolerance plain gages, and measuring instru-

12

thread with a plus gage tolerance. The thread crests
shall be flat in an axial section and parallel to the
axis.

4.1.6 Thread Roots. The minor diameter of the
GO thread plug gage shall be cleared beyond a p/8
width of flat either by an extension of the sides of the
thread toward a sharp vee or by an undercut no
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\\

central
when

—D‘

N

{\

P

Min. pitch diam. of product
internal thread

Min _mincrdism—of product
internal thread

FIG. 1

greatg
centr

r than p/8 maximum width and approximately
pl.

.1.7 Runout of Pitch and Major Cylinders.
ead plug gages'an eccentric condition produces
rsize effective major diameter having a width

um-permissible limit for the root profile of the
prodyct-internal thread. The permissible maximum

measurement of runout (full-indicator movement)
with respect to the pitch cylinder to the measured

major diameter, shall not exceed the maximum major
diameter specified.

4.1.8 Pitch Cylinder. The pitch cylinder shall be
round and straight within the gage pitch diameter
limits specified.

m

N
a

\\\\/ N \ /
\///)&\\&, 74
NN

‘\\‘\\‘\’/ approx.

undercut

/.

/)

when not

7/

MAXIMUM-MATERIAL GO FUNCTIONAL LIMIT

13
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N7

internai thread

Min. major diam. of product

4.1.9 Lead and Half-Angle Variations.
and half-angle variations shall be within the |
specified. See Table 6.

[Lead
imits

4.1.10 Incomplete Thread. The feather edge at
both ends of the threaded section of the gaging
member shall be removed. On pitches coarser|than
0.8 mm, not more than one complete turn of the
threads shall be removed to obtain a full-thread

60 deg.
acceptable in lieu of the blunt start.

4.1.11 Chip Grooves. Each GO thread plug
gage, except in sizes M4 and smaller, shall be
provided with a chip groove at the entering end. On
reversible gages, a chip groove shall be provided at
each end. Chip grooves that are in accordance with


https://asmenormdoc.com/api2/?name=ASME B1.16M 1984.pdf

ANSI/ASME B1.16M-1984
AN AMERICAN NATIONAL STANDARD

GAGES AND GAGING FOR
METRIC M SCREW THREADS

- ’\,/ Grinding wheel or
. convoluting tool
’ N

\'.

Start of full-
form thread

Eonvotuti \ '
TN

rise L \\\

Major diam.
of thread
plug gage

Convolution
diameter

comfmercial practice are acceptable, such as'a’groove
cut 4t an angle with the axis or a longitudinal groove
cut parallel with the axis and extending the complete
length of the gaging member. The\groove shall be
located circumferentially at the~start of the full
thread, and in all cases the depth shall extend below
the foot of the first full thread. The distance from the
majqr diameter of theithread plug to the crest of the
convolution rise inAront of the chip groove, due to
the [radius of the" convoluting tool, shall be a
minimum of K42 as shown in Fig. 2. The beginning
of tlLe first.thread shall be full form. The recom-
menfed-widths for chip grooves are as shown in
Table 3:

\ Remove incomplete thread /

for one complete turnat
both ends.

FIG. 2 PARTIAL END THREADS AND CHIP GROOVES

‘— H/2 min.
Chip

ﬂ_groove width\
Contour at
bottom of

chip groove
optional

TABLE 3 RECOMMENDED WIDTHS
FOR CHIP GROOVES

Chip Groove Width, A,

mm
Nominal Diameter,

mm Max. Min.
M4 and smaller No chip groove rgquired
Over M4 to M5, incl. 0.91 0.p6
Over M5 to M10, incl. 1.32 107
Over M10 to M12, incl. 1.70 145
Over M12 to M24, incl. 2.1 1p0
Over M24 to M39, incl. 3.30 10
Over M39 4.90 170

4.1.12 Identification. The GO thread plugs
should be marked by the metric nominal size, pitch-
tolerance class, GO, PD, and pitch diameter in
millimeters (if PD is basic size, tolerance class may be
eliminated).

EXAMPLE:
M8 X 1-6H GO PD7.350

14

4.2 HI Thread Plug Gages (Table 2 — Gage
1.2)

4.2.1 Purpose and Use. The Hl thread plug gage
inspects the HI functional diameter limit, B,, of
product internal thread. The HI thread plug gage
represents the HI functional diameter limit of the
product internal thread.
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TABLE 4 SPECIFICATIONS AND FORMAT FOR TABLES 10 AND 12 — LIMITS OF SIZE OF
THREADED AND PLAIN GAGES FOR METRIC M EXTERNAL AND INTERNAL THREADS

Nominal Size and Pitch 1 (To be specified)
Tolerance Class 2 Of external thread to be checked
Pitch 3 Max. pitch diameter of external thread;
P diameter gage tolerance minus
Minor | 4 Max. pitch diameter of external\thfead;
diameter minus H/2; gage tolerance minus
Thread gages
Pitch 5 Min. pitch diameter of ‘external thfead;
Cageslfor L0 diameter gage tolerance plus
Externpl
Threads Minor 6 Min. pitch diameter of external thfead
diameter minus 0.2p; gage tolerance plus
GO 7 Max. majerdiameter of external
Plain gages thredd; gage tolerance minus
for major
diameter NOT GO 8 Min. major diameter of external
thread; gage tolerance plus
1 Major 9 Min. major diameter of internal
co diameter thread; gage tolerance plus
Pitch 10 Min. pitch diameter of internal thjead;
diameter age tolera lus
Thread gages gag rance pu
Major 1 Max. pitch diameter of internal thfead
Cages|for i diameter plus 0.2p; gage tolerance minus
internpl
Threads Pitch 12 Max. pitch diameter of internal thfead;
diameter gage tolerance minus
GO 13 Min. minor diameter of internal
Plain gages thread; gage tolerance plus
for minor ;
diameter NOT GO 14 Max. minor diameter of internal
thread; gage tolerance minus
Tolerance Class 15 Of internal thread to be checked
Thread plug gages when applied to the product be forced after the drag is definite. Special require-
internal thread_‘may engage only the end threads ments such as, but not limited to. an exceptidnally
(whidh may, @0t" be representative of the complete thin or ductile material. or a small number of threads,
threafd). Entering threads on product are incomplete may necessitate modification of this practice.
and germivgage to start. Starting threads on HI plugs
are subjeet—to—pgreater—wear—tham—the—remamimz——4-2-2 Basic Design—Tobetter cheek—theaxi-

threads. Such wear in combination with the incom-
plete product threads permits further entry of the
gage. HI functional diameter is acceptable when the
HI thread plug gage is applied to the product internal
thread it does not enter, or if all complete product
threads can be entered, provided that a definite drag
from contact with the product material results on or
before the second turn of entry. The gage should not

15

mum functional diameter limit, the flank contact is
reduced by truncating the major diameter, and the
length of the gaging element, where practical, 1s less
than that of the GO gage.

4.2.3 Gage Blanks. For practical and economic
reasons, the designs and lengths of the gaging
elements have been standardized for various size
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ranggs and pitches (see ANS1,ASME B47.1aM or from p/8 maximum width, either side of and

Tablg CI). approximately central with the center line ¢f the
thread groove.

4.2 .4 Thread Form= The specifications for thread

form|are summaiz¢d in Table 4 and Fig. 3. 4.2.7 Runout of Pitch and Major Cylinders.

The permissible maximum effective diametgr, as
I . .

,4""5 Th¥€ad Crests. The maximum major determined by adding measurements of runouf (full-
dlam:ter. oNthe ,Hl lhr.ead plug gage shall be e?qual to indicator movement) with respect to the [pitch
the maxiorum pitch diameter of the product internal cylinder to the measured major diameter, shdll not
threadphus62pwiththe gage toterance rimos—Thrs :

corresponds to a width of flat at the crest of the gage
equal to 0.385p. See Table 4.

4.2.6 Thread Roots. The minor diameter of the
HI thread plug gage shall be cleared beyond a p/8
width of flat by an extension toward a sharp vee of
the sides of the thread from the position correspond-
ing to this approximate width; or by an undercut to
any dimension no wider than the width resulting

16

exceed the maximum major diameter specified.

4.2.8 Pitch Cylinder. The pitch cylinder shall be
round and straight within the gage pitch diameter
limits specified.

4.2.9 Lead and Half-Angle Variations. Lead
and half-angle variations shall be within the limits
specified. See Table 6.
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4.2.10 Incomplete Thread. The feather edge at
both ends of the threaded section of the gaging
member shall be removed. On pitches coarser than
0.8 mm, not more than one complete turn of the end
threads shall be removed to obtain a full-thread blunt
start. See Fig. 2. On pitches 0.8 mm and finer, a 60
deg. chamfer from the axis of the gage is acceptable
in lie

.11 Identification. The HI thread plug gage
should be marked with the metric nominal size, pitch-
tolerance class, HI, PD, and pitch diameter in

M8 X 1-6H HI PD7.500

hread Snap Gages — GO Segments or
Rolls (Table 2 — Gages 2.1 and 2.3)

4.3.1 Purpose and Use. The thread snap gage
wo GO threaded segments or two GO zero lead
inspects the maximum-material GO functional
A,, of product internal thread. The setting of
the GO segments or rolls represents the maximum-
ial GO functional limit of the product internal
, and its purpose is to assure interchangeable
bly of maximum-material mating parts. Fhe
segmgnts or rolls theoretically engage over the full-
ed length of the product. The segments(or rolls

individual gage manufacturer. The lengths of the two
threaded segments and the two thread rolls spaced
180 deg. apart are equivalent to the standard plug
gage blank lengths for practical and economic
reasons. See Table Cl and Fig. 4. Internal product
threads less than 5 mm in diameter are not practical
to check with snap gages. GO thread segments shall
engage 25% or more of the product circumference.
The product shall be checked around circumference

17
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of thread at sufficient axial positions to check the
full-thread length. Thread rolls shall be applied
axially at several locations (three if possible) over the
full-thread length of product. The circumference shall
be checked at each position.

4.3.3 Thread Form. The specifications for thread

4.3.4 Thread Crests. The outside diameter ¢f the
threaded portion of the GO segments or rolls has the
equivalent of a p/8 flat on the thread'with a plug gage
tolerance. The thread crest shall'be“flat in an |axial
section and parallel to the axis of the gaging member.

4.3.5 Thread Roots/\The minor diameter ¢f the
threaded portion of the-GO segments or rolls shpll be
cleared beyond a p/8-flat either by an extensipn of
the flanks of thethread toward a sharp vee or by an
undercut no_greater than p/8 maximum width and
approximately central.

4.3.6 Runout. The pitch and major cylindé¢rs of
thegthreaded portion of the GO segments or| rolls
shall not exceed the runout as determined by
measurements of runout (full-indicator movement)
on each gaging member, with respect to the |pitch
cylinder. Runout shall not exceed one-half the X gage
major diameter tolerance.

4.3.7 Pitch Cylinder. The pitch cylinder gf the
threaded portion of the GO segments or rolls shjall be
straight and round within the X gage pitch diajneter
limits specified.

4 .3.8 Lead, Pitch, and Half-Angle Variatjons.
Lead, pitch, and half-angle variations shall be Within
the limits specified. See Table 6.

4.3.9 Identification. The assembled gage should
be marked by the metric nominal size, pitch-tolepance
class, GO, PD, and pitch diameter in millimetgrs.
EXAMPLE:

4.4 Thread Snap Gages — HI Segments or
Rolls (Table 2 — Gages 2.2 and 2.4)

4.4.1 Purpose and Use. The thread snap gage
with two H1 segments or two HI rolls inspects the HI
functional diameter limit, B,, of product internal
thread. The setting of the HI segments or rolls
represents the maximum functional diameter limit of
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TABLE 5 SPECIFICATIONS AND FORMAT FOR TABLES 11 AND 13 — LIMITS OF SIZE OF
THREAD-SETTING GAGES FOR METRIC M THREAD WORKING GAGES

Nominal Size and Pitch 1 (To be specified)
Tolerpnce Class 2 Of external thread to be checked by gagq set
with plug
Truncated* 3 Max. pitch diam. of external thread plus §.2P;
. gage tolerance minus
Major
Plug for GO dia:'neter i )
Full-form 4 Max. major diameter of external thread; gage
tolerance plus
Pitch diameter 5 Max. pitch diameter of external thread; gdge tol-
erance minus
Full-Fprm Truncated* 6 Min. pitch’diameter of external thread pljis
and {Note 1) 0.2P; gage tolerance minus
Trundated
Settir:E Mdax. major diameter of external thread pfo-
Plugs vided that major diameter crest width shall not
be less than 0.0254 mm (0.022 mm truncafion).
Major Apply W tolerance plus. Exception: if mirfimum
Plug f - : i
lug for LO diameter Full-form < major diameter crest width is less than 0.0254
mm (0.022 mm truncation), set nominal cfest
width to 0.0254 mm and apply gage tolergnce
minus. For the 0.0254 mm crest, major diarpeter is
equal to the maximum major diameter of the
external thread plus 0.216506p minus the sym of
the external thread pitch diameter tolerance|and
0.0440 mm.
Pitchldiameter 8 Min. pitch diameter of external thread; gage tol-
erance plus
Pitch diameter 9 Min. pitch diameter of internal thread; W gage
Ririg for {Note 2) tolerance plus
GO Minor 10 Min. minor diameter of internal thread; WV gage
Solid|Thread-Setting diameter tolerance minus
Ringg for Snap and
Indichting Gages Pitch diameter L Max. pitch diameter of internal thread; W gage
. (Note 2) tolerance minus
Ring for
HI Minor 12 Max. minor diameter of internal thread; W
diameter gage tolerance minus
Toleqanice-Class 13 Of internal thread to be checked by gage set

R
W HRE

*Indicated rows apply to truncated setting plugs only.
NOTES:
(1) Truncated portion is required when optional sharp root profile in Figs. 19 and 21 is used.
(2) Tolerances greater than W tolerance for pitch diameter are acceptable when setting internal indicating or snap gages that

are capable of compensating and when agreed upon by the supplier and user.
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TABLE 6 X GAGE TOLERANCES FOR THREAD GAGES

Tolerance on Major
or Minor Diameters 1
Tolerance (Note 4) (Notes 2, 4)
on
Tolerance Half-Angle To and To and Above Above Above
Pitch, on Lead, mm of Thread, Including Above Including 39 mm to 100 mm mm
mm {Notes 1, 3) deg. = min. 100 mm 100 mm 39 mm 100 mm to 200 ‘mm to 300 mm
1 2 3 4 5 6 7 8 9
0.2 0.005 0 40 0.008 e 0.005
0.25 .005 0 40 .008 e .005
0.3 .005 0 30 .008 - .005
0.35 .005 0 30 .008 . .005
0.4 .005 0 30 .010 L. .005 ...
0.45 .005 0 30 .010 R .005 0.008
0.5 .005 0 30 .010 RN 005 .008
0.55 .005 0 30 .010 . 2005 .008
0.6 .005 0 20 .010 A .005 .008
0.65 .005 0 2 .010 .. .005 .008
0.7 .005 0 20 .010 A .005 .008
0.75 .005 0 20 .010 2y - .005 .008
08 .008 0 15 .013 0.018 .008 .010 0.013 0]015
1. .008 0 15 .013 .018 .008 .010 .013 015
1.25 .008 0 15 .013 .018 .008 .010 .013 015
1.5 .008 0 10 1015 .023 .008 .010 .015 018
175 .008 0 10 .015 .023 .008 .010 .015 018
2, .008 0 10 .015 023 .008 .010 .015 018
25 .008 0,10 .015 .023 .008 .010 .015 018
3. .008 0.0 .018 .028 .010 .013 .015 018
3.5 .010 0 5 .018 .028 .010 .013 .015 018
4. .010 0 5 .018 .033 .010 .013 .015 018
4.5 .010 0 5 .020 .033 .010 .013 015 020
5. .010 0 5 .020 .033 .010 013 015 020
5.5 010 0 5 .020 .033 .010 .013 .015 020
6. .010 0 5 023 .038 .010 .013 .015 020
8. .010 0 5 .023 .038 .010 .013 .015 020
NOTES:

(1) Allowable variation in lead between any two threads shall not be farther apart than the lengths of the standard gages that are
shown in ANSI/ASME B47.1aM.

{2) Above M300, the tolerance is directly proportional to the tolerance in col. 9, in the ratic of the diameter to 300 mm.
(3) See 5.13.9.

(4) Tolerances apply to designated size of thread. Apply tolerances in accordance with Table 4.

19
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the product internal thread. In applying the thread
snap limit gage, the HIl functional diameter is
acceptable when gaging elements do not pass the
product thread.

Internal thread snap gages by design must have an
outside diameter of gaging elements below minor
diameter of internal thread in order to enter. The

the resistance to contact after being set to

The HI thread snap gage will also indicate out-of-
roundpess of the pitch cylinder for 180 deg. ovality by
using |the gage at different diametral locations on
internpl thread. The HI thread snap gage will also
check|for taper of pitch cylinder by using the gage at
differ¢nt locations axially on internal thread.

4.4.2 Basic Design. In order that the HI thread
snap page may effectively check the HI functional
diameter limit, the flank contact is reduced by
truncgting the thread on segments and rolls. As the
design of the segments and rolls is different with
each [gage manufacturer, the number of threads
engagpd in product thread will vary. Usually, the
numbgr of pitches engaged is approximately two.
Interqal product threads less than 5 mm in diameter
are ngt practical to check with snap gages.

4.4.3 Thread Form. The specifications for thread
form pre summarized in Table 4 and Fig. 5.

4.4.4 Thread Crests. The maximum major
diamgter of the HI segments and rolls shall be equal
to thel pitch diameter of segment ©Or1,roll plus 0.2p with
the gage tolerance minus. This corresponds to a
width| of flat at the crest equal to 0.385p. See Table 4.

4.4.5 Thread Roots: The minor diameter of the
HI segments and rolls shall be cleared beyond a p/8

ANSI/ASME B1.16M-1984
AN AMERICAN NATIONAL STANDARD

4.4.7 Pitch Cylinder. The pitch cylinder of the
threaded portion of the HI segments or rolls shall be
round within the X gage pitch diameter limits
specified.

4.4.8 Lead, Pitch, and Half-Angle Variations.
Lead, pitch, and half-angle variations shall be within

4.4.9 Identification. The assembled gage shpuld
be marked by the metric nominal size, pitch-tolerpnce
class, HI, PD, and pitch diameter in-millimeters.

EXAMPLE:
M8 X I-6H HI PD7.500

4.5 Thread Snap . Gages — Minimum
Material Pitch Diameter Cone and Vep
(Table2)— Gage 2.5)

4.5.1 Purpose and Use. The thread snap
with two' segments or two rolls, both made to
andCvee design as shown in Fig. 6, inspects
minimum-material limit pitch diameter, C,, of
product internal thread.

Internal thread snap gages by design must haye an
outside diameter of gaging elements below mjinor
diameter of internal thread in order to enter.| The
gage checks the minimum-material pitch diameter
limit by sensing the resistance of contact after being
set to master.

The cone and vee snap gage can check roundness
of pitch cylinder for 180 deg. ovality by using the
gage at different diametral locations on int¢rnal
thread.

The cone and vee snap gage can check tap¢r of
pitch cylinder by using the gage at different locations
axially on internal thread.

gage
cone
the
the

4.5.2 Basic Design. The segments are uspally
made having a surface contact slightly abovg the
pitch line near the center of the flank. The rolls are

ig.s:

4.4.6 Runout. The pitch and major cylinders of
the threaded portion of the HI segments or rolls shall
not exceed the runout as determined by measure-
ments of runout (full-indicator movement) on each
gaging member, with respect to the pitch cylinder.
Runout shall not exceed one-half of the X gage major
diameter tolerance.

21

made with a point or line contact approximately at
the pitch line, depending upon the angle variations of
the thread flanks. See Fig. 6 for details. Internal
product threads less than 5 mm in diameter are not
practical to check with snap gages.

4.5.3 Thread Form. The specifications for thread
form, thread crests, and thread roots are summarized
in Fig. 6.
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\— Pitch cylinder

4.5.4 Identification. The assembled.gage should
be marked by the metric nominal size, pitch-tolerance
class| PD, and pitch diameter i millimeters.

EXAMNPLE:
M8 X 1-6H PD7.500

4.6 [Thread Snap Gages — Minimum
Material:' Thread Groove Diameter Type

(Table' 2 — Gage 2.6)

Pitch diameter

FIG. 7 THREAD SNAP..GAGES — MINIMUM-
MATERIAL THREAD GROOVE DIAMETER LIMIT

AN\

2

Gaging contacts with radius

one-half “‘best size thread
wire diamm:

The roll thread snap gage will check roundngss of
the pitch cylinder for 180 deg. ovality by usirg the
gage at different diametral locations.

Also, the roll thread snap gage will check taper of
the pitch cylinder by using the gage at different
locations axially.

4.6.2 Basic Design. The “best size” thread wire

radius contacts on the rolls check the threads pt the
pitch cylinder. Ribs on roll contacts are made one
pitch apart. Internal product threads less than [ mm

in diameter are not practical to check with| snap

45—1—Purpuse—and—Use Fhethread—smap gage
with two rolls with “best size” thread wire radius
contacts inspects the minimum-material limit pitch
diameter, D, of the product internal thread.

Internal thread snap gages by design must have an
outside diameter of gaging elements below minor
diameter of internal thread in order to enter. The
gage checks the minimum-material pitch diameter
limit by sensing the resistance of contact after being
set to master.

24

gages.

4.6.3 Thread Form. The specifications for the
form on gage rolls are summarized in Fig. 7.

4.6.4 ldentification. The assembled gage with
rolls should be marked with the metric nominal size,
pitch-tolerance class, PD, and pitch diameter in
millimeters.
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EXAMPLE:
M8 X 1-6H PD7.500

4.7 Thread-Setting Solid Ring Gages

4.7.1 Purpose and Use. Thread-setting ring
gages are used for setting internal thread indicating
and snap gages. GO thread-setting ring gages are

ANSI/ASME B1.16M-1984
AN AMERICAN NATIONAL STANDARD

minor diameter minus the sum of the W gage toler-
ances for pitch and minor diameter for GO setting
gages, and minus twice the sum for HI setting gages.

4.7.7 Pitch Cylinder. Conformance of these
elements is normally determined by the manufactur-
ing of the setting ring gages to the applicable setting

madd to the maximum-material limit of the internal

thread specification and HI thread-setting rings to
the tinimum-material limit. Setting rings under 5
mm {liameter are too small to be practical.

4.77.2 Gage Blanks. GO and HI solid thread ring
gage|blanks have been standardized for various size
ranges and pitches (see ANSI/ASME B47.1aM).
Length of gage thread is a minimum of four pitches.

4.]7.3 The GO and HI thread-setting gage threads
are dtated in detail below and are summarized in
Tablgs S, 7, 11, and 13, and Fig. 8.

4.7.4 Thread Crests
4.7.4.1 The minor diameter of the GO setting

ring gage is equal to the minimum minor diameter of
the ipternal thread.

4.7.4.2 The minor diameter of the HI setting
ring gage is equal to the maximum minor diameter of
the ipternal thread.

4.7.5 Thread Roots

.7.5.1 The major diameter of the GO setting
ring gage shall be cleared beyond p/8 width of flat by
an extension of the'flanks toward a sharp vee
or by a clearance cut_of substantially p/8 width and
apprpximately central> See 5.1.6.

.7.5.2 The-major diameter of the HI setting
ring|gage shall’ be cleared by a clearance cut of
substantially~ 0.385p width and approximately cen-
tral. |The -form is optional. It may clear a p/8 flat if

not ut—See—5-2-6-

plug ga
prag-gage-

4.7.8 Pitch Diameter Limitation of Taper|. The
taper shall be within gage pitch diameter-limits|

4.7.9 Lead and Half-Angle. Lead and half-angle
variations shall be within limits.specified in Taple 7.

4.7.10 Incomplete Threads. The feather edge at
both ends of the thread ring gage shall be rempoved.
On gages larger than {2 mm nominal size, or hlaving
pitches coarser than 1.25 mm, not more than one
complete turn of the end threads shall be remoyed to
obtain a_full'thread blunt start. On gages 12 mm
nominal_size and smaller, or having pitches of 1.25
mm ot finer, a 60 deg. chamfer from the axis ¢f the
gage, 1S acceptable in lieu of the blunt start.

4.7.11 ldentification. The GO and HI thread-
setting ring gages should be marked by metric

nominal size, pitch-tolerance class, GO or HI,|SET-
TING, PD, and pitch diameter in millimeters.
EXAMPLE:
M8 X 1-6H GO SETTING PD7.350
M8 X 1-6H HI SETTING PD7.500
4.8 Plain Plug, Snap, and Indicating Gagé¢s to
Check Minor Diameter of Internal Thread

4.8.1 Purpose and Use. The GO and HI thread
gages of all designs are cleared at the root but do not
check the minor diameter of the product internal
thread. Accordingly, 4.8.1 through 4.8.6 dejcribe
types of plain diameter gage or precision instruinents
used to check the maximum- and minimum-material

ot

4.7.6 Runout of Pitch and Minor Diameter
Cylinders for Sizes 5 mm and Larger. The pitch
and minor cylinders of setting ring gages shall not
exceed the runout as stated hereinafter. The permissi-
ble minimum effective minor diameter as determined
by runout (full-indicator movement) with respect to
the pitch cylinder subtracted from measured minor
diameter shall not be less than the specified minimum

25

1. b £ale . 2.
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4.8.2 GO and NOT GO Plain Cylindrical Plug
Gages (Table 2 — Gage 3.1). Plug gages shall be
made to Z tolerances and as shown in Fig. 9. GO
shall be made to plus tolerance; NOT GO shall be
made to minus tolerance. GO cylindrical plug gage
must enter and pass through the length of the product
without force. NOT GO cylindrical plug must not
enter. See Table 8 for gage tolerances.
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Clear P/8
when not
undercut

Width
approx.
central
when
undercut

P/4 (Ref.)

J

Min. minor diam. of
internal thread

internal thread
Max. pitch diam. of
internal thread

Max. minor diam)-of

(a) Thread-Setting Ring for Maximum-Material

/ underc
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Form of refief
optional

30 deg./1

Pitch cylinder

60 deg. '_
0.250H 3 | < P12 > i
£E|3R
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a| €
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Limit and GO Thread Gage

Form of relief optional

7

[/ approx.
i

AA

undercut

. %
N

Pitch cylinder

L

(b) Thread-Setting Ring for Minimum-Material

Limit and HI Thread Gage

FIG. 8 THREAD FORM OF SOLID THREAD-SETTING RING GAGES
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‘ «
1’ GO <
f(

AA

—— Y

)}
5

Made,to Class Z tolerance
(See Table 8)

FIG. 9 MINOR DIAMETER LIMIT — CYLINDRICAL PLUG GAGES

TIc design of the GO and NOT GO cylindrical with gaging contacts (segments or rolls) at 120 deg. or

plain plug members has been standardized for 180 deg. Size range for segment type is approximately
varigus sizes, ranges, and pitches. See ANSI/ASME 5 mm to 65 mm in diameter. Above 65 mm| gage
B471aM. contacts are plain diameter rolls. Another degign is

the use of prism fingers for 5 mm size and larggr with
4.8.3 Identification. The cylindrical gage shall contacts at 180 deg. See Fig. 10 for details. In each

be marked with the m¢tric nominal size, pitch- design, the gages are set with cylindrical ring |[gages,
toleqance class, GO ot NOT GO, minor diameter in outside micrometers, vernier calipers, or a gap| made
millimeters, and MINOR DIAMETER. with gage blocks and jaw accessories. Gage cqntacts
EXAMPLE: are collapsed into tapped hole and released to cpntact

8 X 1-6H GO.6:917 MINOR DIAMETER product minor diameter. Dial indicator gages g|ve the
8 X I-6HNOT GO 7.153 MINOR DIAMETER size of the product between minimum and majimum

tolerance. Snap gages check the minor digmeter
limits by sensing the resistance at contact after| being

4.8.4 Precision Instruments (Table 2 — Gage
13). >, . . g
micrometer calipers, pocket slide calipers, and vern-
ier inside calipers can also be used to measure the
minor diameter of product internal thread. 4.8.6 Identification. After contacts have been
assembled in the snap or indicating gage, the
4.8.5 Snap (Table 2 — Gages 3.3 and 3.5) assembled gage should be marked with the metric

and Indicating Gages (Table 2 — Gages 3.3, nominal size, pitch-tolerance class, and the minor
3.5, and 5.2): Plain Diameter Gages for Check- diameter limits in millimeters.

ing Minor Diameter of Internal Thread. Gages are EXAMPLE:

made to the individual gage manufacturer’s standard M8 X 1-6H 6.917-7.153
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TABLE 8 GAGE TOLERANCES FOR PLAIN CYLINDRICAL GAGES

Size Range, mm Tolerances, mm (Note 1)
Above To and Including XX X Y Z(Note 2) 2z
1 2 3 L] 5 6 7
1 2 0.0005 0.0010 0.0018 0.003 0.005
21 36 6-0008 6-:0015 6-:0023 0-003 0:006
38 64 0.0010 0.0020 0.0030 0.004 0.008
64 115 0.0013 0.0025 0.0038 0.005 0.010
115 165 0.0017 0.0033 0.0048 0.006 0.013
165 230 0.0020 0.0041 0.0061 0.008 0.016
230 300 0.0025 0.0051 0.0076 0.010 0.020
NOTES:

(1) Tolerances apply to actual diameter of plug or ring. Apply tolerances in accordance with Table
4. Symbols XX, X, Y, Z, and ZZ are standard plain cylindrical gage tolerance classes,

(2) Used as tolerance on plain cylindrical plug and ring gages to check minor diameter¢or internal
threads and outside diameter for external threads. Also used for masters for setting indicating
thread gages where design permits.

4.9 $nap (Table 2 — Gage 3.4) and Indicating assembled gape should be marked with the metric

(Table 2 — Gage 5.1) Gages to Check nominal §ize,” pitch-tolerance class, GO, NOT|GO,
ajor Diameter of Internal Thread major diameter limits in millimeters, and MAJOR
.. . MET TERNAL.
4.9.1 Purpose and Use. The minimum major DIAMETER INTERNAL
EXAMPLE:

diamgter limit of the product internal thread is
consiflered acceptable when the product thread
accepts GO gages. If further gaging is required, 4.9.2
descrlbes the types of gages used to check_the
maxijum- and minimum-material limits of ‘the

M8 X I-6H GO 8.000 NOT GO (Customer’s Specificdtions)
MAJOR DIAMETER INTERNAL

majoy diameter. 4.10 Functional Indicating Thread Gages for
4.9.2 Snap and Indicating Major. Diameter Internal Thread (Table 2 — Gages 4.1
R and 4.3)
Gages. Gages are made to manufacturer’s standard
with 5 deg. maximum gage comtacts at 180 deg. in 4.10.1 Purpose and Use. The GO indicating
the fprm of relieved thread/contacts. See Fig. 11, thread gage (4.1 and 4.3) inspects the maxirmmum-
sketch (a) for segment (type. Size ranges from material GO functional limit and size, A, and A3, and
approximately S mm t9 %5 mm. Above 65 mm, gage the HI functional diameter limit and size, B, and B,,
contdcts are thread relieved rolls at 120 deg. See Fig. of product internal thread. By the use of segments,
11, sketch (b). Another design is the use of conical rolls, or fingers, the gage is also used to ¢heck
contdct on onefinger and two “best size” thread balls roundness of pitch cylinder. Some types of indicating
on ofher comntdct as shown in Fig. 11, sketch (¢). In gages are set by using thread-setting ring gages. See
each fesign;;the indicating gages are set with cylindri- 4.7. Other types may be set with plain ring gages or
cal ring-gages, outside micrometers, vernier calipers, with gage blocks and jaws. Readings indicat¢ the
or gap ade—wT TaApT Tawa P Tess posTitiorof produ ead-withd etoreTra cTange.
Gage contacts are collapsed into tapped hole and
released to contact product major diameter. Dial 4.10.2 Basic Design. Indicating gages have
indicator gages give the size of the product between three contacts at 120 deg. or two contacts at 180 deg.
minimum and maximum tolerances. Snap gage Gages are made with segments, rolls, or fingers with
checks the major diameter limit by sensing the the length of the functional GO gaging elements
resistance at contact after being set to master. equal to the length of the standard GO thread plug
gage. Internal product threads less than 5 mm in
4.9.3 |dentification. After contacts have been diameter are not practical to check with indicating

assembled in the snap or indicating gage, the gages.
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FIG. 10 INDICATING PLAIN DIAMETER GAGES —
MAX.-MIN. MINOR DIAMETER LIMIT AND SIZE
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\\ ternal Thread

Three threads max.

Segments
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Three ribs  max.
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QNN :. N\
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FIG. 11 SNAP AND INDICATING DIAMETER GAGES —
MAX.-MIN. MAJOR DIAMETER LIMIT AND SIZE
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4.10.3 Thread Form. The specifications for
thread form on GO functional segments, rolls, or
fingers are summarized in Table 4 and Fig. 12.

4.10.4 Thread Crests. The major diameter of
the GO segments, rolls, or fingers is equivalent to a
p/8 flat with a plus gage tolerance. The thread crests

GAGES AND GAGING FOR
METRIC M SCREW THREADS

the use of interchangeable segments, rolls, or balls,
the gage is also used to check roundness and taper of
pitch cylinder. Some types of indicating gages are set
by using a thread-setting ring gage. See 4.7. Readings
indicate the position of product thread within the
tolerance range. Other types may be set with gage
blocks and jaws, plain ring gages, or measuring

be flat 1alnl d el to th 1
shall be-flat+h-an-axia plane-andparallelto e_axils

of the segment, roll, or finger.

4.10.5 Pitch Cylinder. The pitch cylinder of the
segments, rolls, or fingers shall be round and straight
within the gage pitch diameter limits specified in
Table 6.

4.10.6 Lead and Half-Angle Variations. Lead
and |half-angle variations on thread of segments,
rolls| and fingers shall be within the limits specified.
See Table 6.

4.10.7 Thread Roots

.10.7.1 The minor diameter of the GO
thregded segments, rolls, or fingers shall be cleared
beyond a p/8 width of flat either by extension of the
sides| of the thread toward a sharp vee or by an
undercut no greater than p/8 maximum width and
apprpximately central.

4.10.8 Runout. The pitch and major cylinders of
the {hreaded portion of the GO segménts or rolls
shall| not exceed the runout as determined by mea-
surements of runout (full-indicatormovement) on
each|gaging member, with respect-to pitch cylinder.
Runput shall not exceed one-half X gage major di-
ameter tolerance. See Table\6.

4.10.9 Identification. The gaging elements, seg-
men{s, rolls, or/fingers shall be identified by the
metric nominal size and pitch. When indicating gage
1s asembled‘with proper contacts, the gage should be
marked with the metric nominal size, pitch-tolerance
clasg, PD7 and pitch diameter limits in millimeters.

k.
TITACTIITICT

4.11.2 Basic Design. Indicating (gages| have
three contacts at 120 deg. or two contacts at 180 deg.
Gages are made with segments, rells; or ball fesign
with cone and vee configuration (pitch diameter type)
or ball only (thread grooye''diameter type)| It is
impractical to attempt cheeking internal product
threads smaller than 5_mm’ with indicating gages.

4.11.3 Thread Form. The specifications for cone
and vee segmentS)are shown in Fig. 13; the ball flesign

and thread.-groove diameter type are shown ip Fig.
14.

4:11.4 The major diameter of the cone and vee
segments or rolls is made to manufacturer’s stapdard.
See Figs. 13 and 14,

4.11.5 Identification. The gaging elements, seg-
ments, rolls, or ball fingers should be marked with
metric nominal size and pitch. When gage is agssem-
bled with proper gaging contacts, the indicating gage
should be marked with the metric nominal size [pitch-
tolerance class, PD, and pitch diameter in| mlli-
meters.

EXAMPLE:
M8 X t-6H PD7.500

4.12 Indicating Runout Thread Gage for
Internal Thread (Table 2 — Gage 4.V)

4.12.1 Purpose and Use. This indicating gage
inspects the runout of the minor diameter to th¢ pitch

diameter M, of the product internal thread. Readings
indicate the position of product minor diamgter to

EXAMPLE:
M8 X 1-6H PD7.350-7.500

4.11 Minimum-Material Indicating Thread
Gages for Internal Thread
(Table 2 — Gages 4.5 and 4.6)

4.11.1 Purpose and Use. The indicating thread
gage inspects the minimum-material limit and size (C,
and C,, D, and D,) of product internal threads. By

+h MNP D vs M7 +h +al 'f'\d
aricpnirrarancterwitrir e rotrcranmc i spocmed.

4.12.2 Basic Design. Indicating gages have
three contacts, one plain and two threaded, at 120
deg.. or two contacts, one plain and one threaded, at
180 deg. See Fig. 15, sketch (a). The range of
segments is 5 mm and larger; the range of rolls is 75
mm and larger.

The ball-type indicating gage has two balls on one
contact engaging two threads, and one contact has a
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DIAMETER RUNOUT —
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plain prism shaped finger 180 deg. apart from the ball
contact. See Fig. 15, sketch (b): the range is 15 mm
and larger.

The indicating gage is set by a GO setting ring gage
(see Fig. 8) with plain gaging contact on minor
diameter of thread ring gage and the thread contact
on pitch diameter of ring thread gage.

GAGES AND GAGING FOR
METRIC M SCREW THREADS

essentially zero variation in all other thread elements,
while the other size, GO functional size, is the size of
the thread with the effects of all variations in all other
thread elements added to the pitch diameter. The
numerical difference between these two sizes is called
a cumulative thread element variation differential
and represents the diametral effect of the total

4.12.3 Thread Form. The specifications for
thread form on vee segments or rolls are summarized
. 15. Plain contacts have line bearing on minor
ter of product. Balls are “best size” thread ball

4.12.5 Lead and Half-Angle Variations. Lead
and half-angle variations on threaded segments or
rollsshall be within the limits specified. See Table 6.

4.1 2.6 ldentification. The gaging elements, seg-
ments, rolls, or ball finger should be marked with the
nomfnal size and pitch. When gage is assembled with

and RUNOUT.

EXAMPLE:
Ni8 X 1-6H RUNOUT

4.13 Differential Gaging (Table)2 — Gage

4.8)

4.013.1 The concept of\differential gaging for
prodpct internal screw, €hreads makes use of funda-
mental geometric theorems that relate directly to size,
positjon, and form,

amountof-thread—elementvarrattons——

The inspection process that further refines, thq total
amount of thread element variation so\that the
amount of variation for each individual el¢ment
becomes known is called single “thread el¢ement
variation differential.

4.13.2 Cumulative Thréad Element Variation
Differential. Indicating_/gages have either |three
contacts at 120 deg. spacing or two contacts at 180
deg. spacing. The indieating gages with segments or
rolls as shown in‘Figs. 12 and 16, sketch (a) gipe the
functional size indicating reading, Z. The inditating
gages with(Cone and vee segments or rolls with one
thread pitch engagement at pitch diameter ling, Fig.
13, and\thread groove diameter type, Fig. 14, sketch
(a).or(b), or both, shown in Fig. 16, sketches (¢) and
(d); give the pitch diameter size indicating readipg, X.
The difference in the indicator readings, X|— Z,
between the two types of gages gives the cumylative
form differential reading which corresponds o the
pitch diameter equivalent, AD,c, for the combifpation
of lead, helix, flank angle, roundness, and |taper
variations on the product thread. See Fig. 16.

4.13.3 Single Thread Element Variation
Differential
4.13.3.1 Lead (Helix) Differential Redding.

The indicating gage reading, Y, using the full-form
thread segments or rolls with one thread | pitch
engagement, similar to Figs. 12 and 16, sketch|(b), is
compared to the reading, Z, using the functionpl size

Fdr differential-gaging, two methods are used for gage shown in Figs. 12 and 16, sketch (a P The
meajuring sctéw thread size: difference between the measured values, Y — Z]is the
() GO“funictional size ) lead differential reading which corresponds {o the
(b] pifeh diameter (or thread groove diameter) pitch diameter equivalent, AD,\, for the leal and
O thiviwh L1 o . . helix variation of the product thread.
1 ly wilLIT d SVIVyy LIITVAU ITAads P\/ll\'hl PUDILIUII A TINT

form [i.e., zero variation in lead (including helical
path), flank angle, taper, and roundness] are these
two measurements equal. Differential gaging is a
variables method of in-process inspection, final
conformance inspection, or both, that provides the
actual numerical values for both GO functional and
pitch diameter sizes. These are the two extreme sizes
of any product screw thread. One of the sizes, pitch
diameter, is the size of the thread pitch diameter with

38

4.13.3.2 Flank Angle Differential Reading.
The indicating gage reading, X, using segments or
rolls with cone and vee design, Figs. 13 and 16, sketch
(c), is compared to the reading, Y, using the full-form
thread segments or rolls, similar to Figs. 12 and 16,
sketch (b). Both designs have one thread pitch
engagement. The difference between the measured
values, X — Y, is the flank angle differential reading
which corresponds approximately to the pitch diame-
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also used for details)

A\
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N

N rm
T AN
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| also used for.fead and .
\ﬁ/ angle abalysis T
Rolls 7
Two or Three
/_L;\ Contacts N
1
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X
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AD, . = X-Z = cumulative form angle analysis only
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ADg)\ = Y-Z = individual efement
analysis for lead variation

AD g = X-Y = individual element
analysis for angle variation

FIG. 16 INDICATING THREAD GAGES — DIFFERENTIAL GAGING
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ter equivalent, AD,oc, for the combined flank angle
variation on the product thread.

4.13.3.3 Roundness and Taper Differential
Readings. By the use of full-form thread segments
or rolls with one thread pitch engagement, similar to
Figs. 12 and 16, sketch (b), cone and vee segments or
rolls, Figs. 13 and 16, sketch (c), or thread groove

GAGES AND GAGING FOR
METRIC M SCREW THREADS

Cone and vee
HI profile
or PD contact

‘see Fig. 3 or 13}

diampter type, Figs. 14, sketch (a) or (b), and 16,
sketch (d), the roundness and taper of pitch cylinder
is/checked. Rotate the product between contacts at
diffegent axial locations on thread for maximum
diffefence in roundness and taper readings. Two
contdcts spaced 180 deg. apart give even lobing out-
of-round measurement. Three contacts spaced 120
deg. |apart give odd lobing out-of-round measure-

igs. 12 and 16, sketch (b) lower contact, has a
at on outside diameter. The cone and vee
nts or rolls, Fig. 16, sketch (c), are described
hown in Fig. 13. Thread groove diameter type,
6, sketch (d), is described and shown in Fig.14.

s, or rolls should be marked by, metric nominal
size [and pitch. Indicating gages,Sassembled with
propgr contacts, should be marked-with metric nomi-
nal sjze, pitch-tolerance class; and the type of differ-
entia) reading specified above:

EXAMPLE:
M8 X 1-6H Flank Angle ‘Differential Variation

4.14 Pitch Micrometers (Table 2 — Gages 6

and 7)

4.14.1 Purpose and Use. Inside micrometers,
calip ; i T g =
ments. Cone and vee contact points are modified for

a HI profile or pitch diameter contact only. See Fig.
17.

4.15 Thread-Measuring Balls
(Table 2 — Gage 8)

4.15.1 Purpose and Use. One indicating gage
using thread-measuring balls as gaging elements

S

TTITTTA

2 3 4
|||I|I||||

\_/
Inside-Micrometer
Caliper Type
(Ref Table 2 — 81, 82, C1, C2.
Eq, E2,G1,Gz)
FIG. 17 INSIDE MICROMETER,

CALIPER TYPE

inspects the pitch diameter of the internal thread. It is
shown in Fig. 14, sketch (a). Special fixturing and
ball probes may be required when using a threg-axis
coordinate measuring machine for internal measure-
ment of pitch diameter. See Appendices BS and B10
for more information on thread-measuring balls.

4.16 Optical Comparator and Toolmaker]s
Microscope (Table 2 — Gage 9)

4.16.1 Purpose and Use. The optical compara-
tor magnifies and projects the thread profilelon a
screen. Internal threads are checked using cast
replicas. For best profile image, the threaded ifem is
positioned so that the light is aligned with the thread
lead angle. Since the thread profile is defined in a
plane containing the axis, a correction factor mpst be
added to the measured flank angle observed nprmal

- 1 lead
threads, the correction factor is less than 0 deg., 5
min. See A2.6.1.

Optical comparators are generally fitted with
lenses providing various magnifications between 10X
and 100X. Profile dimensions are checked using
appropriate linear and angular scales on the machine
and by application of thread profile, radius, and
other overlay charts. Flank angles, thread crest and
root flats, root radius, other groove and ridge di-
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mensions, and axial plane pitch and lead may be
checked. Major, minor, and pitch diameters are iden-
tified, then measured using table traverse readouts.

4.16.2 The toolmaker’s microscope is similar in
function to the optical comparator but does not
include screen projection or overlay charts. Magnifi-

ANSI/ASME B1.16M-1984
AN AMERICAN NATIONAL STANDARD

stylus displacement, a filtering system for isolating
lobing from surface irregularities, various means for
centering the amplified stylus trace on the polar
chart, and a selection of rotating speeds. For details
on measuring and for other methods for checking
roundness, see ANSI B89.3.1, Measurement of Qut-
of-Roundness.

catio rcat
complarators. Profile reticules are used in place of

chartp.

4.17| Profile Tracing Instrument

(Table 2 — Gage 10)

4.17.1 Purpose and Use. The instrument
inspegts thread contour to an accuracy of 0.005 mm
for 24 mm of horizontal and 2.5 mm of vertical travel
at 100X magnification.

The tracing on the chart paper may be analyzed for
elemdnts of the thread profile, including depth, crest
width, lead, angle, and radius at root of thread.

The instrument is generally able to check internal
threadls of 4.5 mm and larger at magnifications from
5X tq 100X.

4.18| Surface Roughness Equipment

(Table 2 — Gage 14)

4.18.1 Purpose and Use. Measurement of
surfage roughness on screw thread flanks-is.usually
made| with an instrument which traverses a radiused
stylug across the iay. The stylus displacement due to
the sprface irregularities is electronically amplified
and the meter reading displays’ the arithmetical
average roughness height in.micrometers (see ANSI
B46.1|, Surface Texture: Surface Roughness, Wavi-
ness, fand Lay). Some.instruments produce a chart of
the traced path which shows the peak-to-valley
heighits of the surface irregularities. Special fixturing
is reduired to”position and guide stylus over thread
surfafe.

4.20 Miscellaneous Gages and Gaging
Equipment

4.20.1 The description of intetnal gages ip 4.1
through 4.19 is definitely not a_complete catalpg of
the various types available for,inspection purposes.
The gages not described above may be used proyided
they adhere to the standard thread practice not¢d in
this Standard (i.e., “ttuncation, form of thpead,
tolerance, etc.) and ‘have producer and consfimer
agreement.

5(TYPES OF GAGES FOR PRODUCT
EXTERNAL THREAD

5.1 GO Working Thread Ring Gages
(Table 1 — Gage 1.1)

5.1.1 Purpose and Use. The GO thread|ring
gage inspects the maximuin-material GO functjonal
limit, 4,, of product external thread. The GO thread
ring gage when properly set to its respective|cali-
brated thread-setting plug represents the maxithum-
material GO functional limit of the product extgrnal
thread, and its purpose is to assure interchanggable
assembly of maximum-material mating parts.

Adjustable GO thread ring gages must be set tp the
applicable W (see Table 5, Note 2) tolerance-sdtting
plugs. The product thread must freely enter th¢ GO
thread ring gage for the entire length of the thrdaded
portion. The GO thread ring gage is a cumulative
check of all thread elements except the majolr di-

4.19 Roundness Equipment
(Table 2 — Gage 15)

4.19.1 Purpose and Use. There are two types of
precision roundness measuring instruments: preci-
sion rotary tables and precision spindles. A special
stylus coupled to an electric unit records the out-of-
roundness on a circular chart as it traces around the
internal cylindrical surface of the workpiece. The
instrument provides a series of magnifications for

4]

ata
(27983237 gy

5.1.2 Basic Design. The maximum-material
limit or GO thread ring gage is made to the pre-
scribed maximum-material limit of the product
thread, and the gaging length is equal to the thickness
of the thread ring gage.

5.1.3 Gage Blanks. For practical and economic
reasons, the designs and thicknesses of thread ring
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GO Ring Gage

D

N

.

Méx. pitch diam. of product
external

Min. minor diam. of product

internal thread minus allowanc

FIG. 18 MAXIMUM-MATERIAL GOFUNCTIONAL LIMIT

gages have been standardized for various size ranges of flat less than P/4, which may encroach ¢n the
and |pitches (see ANSI/ASME B47.1aM or Jable maximum permissible limit for the root profile|of the
C2). product external thread. The permissible mifjimum
effective minor diameter as determined by measure-
5{1.4 Thread Form. The specifications/for thread ments of runout (full-indicator movement) wjth re-
form are summarized in Table 4 and\ Fig. 18. spect to the pitch cylinder shall not be less than the
specified minimum minor diameter minus the qum of
5J]1.5 Thread Crests. The minor diameter of the the gage tolerances for the pitch and minor diameters.
G_O thr.ead ring gage shall b€ gqual to the maximum 5.1.8 Pitch Cylinder. Pitch cylinder is [trans-
;;}t/czln d.i;}a]mete.r of the ptrolduct eXt_;}r]',]al thread mdlntls ferred by the setting of the thread ring gage [to the
with a minus gagetolerance. This corresponds to - .

a wiflth of flat of P/4. The thread crests shall be flat applicable truncated sctting plug gage.
in af axial sectignyand parallel to the axis. 5.1.9 Lead and Half-Angle Variations.| Lead
and half-angle variations shall be within the|limits

5{1.6 Thread Roots. The major diameter of the
GO |threadring gage shall be cleared beyond P/8
width ‘of-flat by either an extension of the flanks toward

specified in Table 6. Misalignment of the threads on
each side of the adjustable slot may not exceed the
lead limits.

a sharp vee or by a clearance cut of substantially P78
width and approximately central. The root clearance
must be such that the maximum major diameter of the
full-form section of the truncated thread-setting plug
gage is cleared after the gage has been properly set
to size.

5.1.7 Runout of Pitch and Minor Cylinders.
On thread ring gages, an eccentric condition results in
an undersize effective minor diameter, having a width

42

5.1.10 Incomplete Thread. The feather edge at
both ends of the thread ring gage shall be removed. On
gages larger than M 12 or with a pitch coarser than 1.25
mm, remove not more than one pitch of the partially
formed thread at each end to obtain a full-thread blunt
start. On gages M 12 and smaller or witha pitch of 1.25
mm or finer, the end threads may have a 60 deg.
chamfer from the axis of the gage to a depth of half to
one pitch. This is acceptable in lieu of the blunt start.
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5.1.11 Chip Grooves. GO thread ring gages of
the adjustable tvpe do not require chip grooves as the
adjusting slots serve this purpose. Solid working
thread ring gages are made with or without chip
grooves. depending upon the gage designer’s require-
ments.

d be marked by the metric nominal size. pitch-
tolerpnce class, GO. PD. and pitch diameter in milii-
metefs.

EXAMPLE:
Ni& X 1-6g GO PD7.324

5.2 LO Thread Ring Gages (Table 1 — Gage 1.2)

5.2.1 Purpose and Use. The 1.O thread ring
gage [inspects the L.O functional diameter limit. By, of
prodpct thread. The 1.O thread ring gage. when
propgrly set to its respective calibrated thread-setting
plug|represents the LO functional diameter limit of the
prodlct external thread. The 1.O thread ring gage and
L.O threaded segment type indicating gage are more
reliable for checking thin-walled parts which might be
defofmed by a LO thread snap. LO thread ring gages
must|be set to applicable W tolerance-setting plugs.

1.} thread ring gages when applied to the product
extennal thread mayv engage only the end threads
(whigh mav not be representative of the complete
prodpct thread).

Starting threads on 1.O thread ring gages are:subject
to greater wear than the remaining threads\Such wear
in combination with the incomplete thteads at the end
of thp product thread permit furtherentry in the gage.
1.O flunctional diameter limit is(agcéptable when the
LO thread ring gage is applied torthe product external
thredd if:

(a] it 1s not entered:c0r

(b} all complete product threads enter. provided
that [a definite drag from contact with the product
material resulis-on or before the second turn of entry.
The gage should not be forced after the dragis definite.

Specjal réquirements such as exceptionally thin or duc-
tile nraterial. small number of threads. etc.. may neces-

ANSI/ASME B1.16M-1984
AN AMERICAN NATIONAL STANDARD

5.2.4. Thread Form. The specifications for
thread form are summarized in Table 4 and Fig. (9.

5.2.5 Thread Crests. The minimum minor di-
ameter of the LLO thread ring gage shall be equal to the
minimum pitch diameter of the external thread minus
0.2p with gage tolerance plus. This corresponds to a

5n. See
Table 4.

5.2.6 Thread Roots. The major diameter qdf the
L.O thread ring gage shall clear the product thregd by
using a clearance cut of 0.385p width approximpately
central. except for threads smaller than 5 mm| and
pitches smaller than 0.8 mm. The LO thread ring|gage
shall clear the maximumtmajor diameter of the|full-
form portion of the truneated thread-setting plulg for
the 1.O thread ring gage. Thus. contact of the thread
gage can occur op-the sides of the threads. but npt on
the crest or ro0t. Also. the effect of angle variatign on
the fit of the'gage with the product thread is miminfized.

5.2.7 Runout of Pitch and Minor Diameter
Cylinders. The permissible minimum effective minor
diameter. as determined by subtracting runout mea-
surement (full-indicator movement) with respect to the
pitch cviinder from the measured minor diameter |shall
not be less than the specified minimum minordiameter
minus twice the sum of the gage tolerances lor pitch
and minor diameters.

5.2.8 Pitch Cylinder. Pitch cylinder is trans-
ferred by the setting of the thread ring gage tp the
applicable truncated setting plug gage.

5.2.9 Lead and Half-Angle Variations. [ead
and half-angle variations shall be within the limits
specified in Table 6.

5.2.10 Incomplete Thread. The leather edjge at
both ends of the thread ring gage shall be removed. On
gages larger than M 12 or having pitches coarser|than
}.25 mm. not more than one complete turn of the end
threads shall be removed to obtain a full-thread plunt

sitate modification of this practice.

5.2.2 Basic Design. To better check the LO
functional diameter limit, the flank contact is less than
that of the GO gage. and the length of the gaging ele-
ment where practical is less than that of the GO gage.

5.2.3 Gage Blanks. For practical and economic
reasons, the designs and thicknesses of thread ring
gages have been standardized for various ranges and
pitches (see ANSI/ASME B47.1aM or Table C2).

75

StaTt O gages M2amdsmmatterorhavimeprtctes of
1.25mm or finer.a 60 deg. chamfer from the axis of the
gage is acceptable in lieu of the blunt start.

5.2.11 ldentification. The LO thread gage
should be marked by the metric nominal size. pitch-
tolerance class, LO. PD. and pitch diameter in milli-
meters.

EXAMPLE:
M8 X 1-6g LO PD7.212
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Optional sharp root
[/, clear (see 5.2.6) |

/
A

—

-

D)

Min. pitch diam. of product
external thread

5.3

Thread Snap Gages— GO Segments product circumference. Product shall be ch
or Rolls (Table 1—Gages 2.1 and 2.3) around full circumference of thread at sufficien
. sitions to check the full-thread length.
5.B.1 Purpose and Use. The thread snap gage p(),“ 1ons to chec ¢lu read feng
. Thread rolls shall be applied at several loc
with [two GO threaded segments or two GOVero lead . . . A
. . . ! . (three if possible) axially over the full-thread len
rolls|inspects the maximum-material GO functional . . )
S . the product. The circumference shali be chech
limit} Ay, of product external threadsThe setting of the ,
. . each position.
GO segments or rolls representsthe maximum ma- i o
terial GO functional limit of the product external 5.3.3 Thread Form. I'hespecnflcau.ons fort
thredd. and its purpose is~teJassure interchangable form are summarized in Table 4 and Fig. 20.
assefhibly of maximumematerial mating parts. The 5.3.4 Thread Crests. The distance betwed
gaging length of the segmients or rolls is equal to the minor diameter of the GO thread segments af]
length of the standatd-G O ring gages. The segments or outside diameter of GO thread rolls shall be eq
rollsfhave a cumuldtive check of all thread elements the maximum pitch diameter of the product ex
except the major diameter. thread minus /2 with a minus gage tolerance
The GOithread snap gage can also check roundness assembled in gage frame. This correspondsto a
of the pitch'cylinder for 180 deg. ovality by using the of flat of P/ 4 on crests. The thread crests shall be
gagelat(different external diametral locations on the an-axial plane andparallel to the axis

Gage
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5.3.2 Basic Design. The GO segments and rolls
assembled into gage frames are the design of the indi-
vidual gage manufacturer. The lengths of the two
threaded segments and the two thread rolls spaced 180
deg. apart are equal to the standard GO ring gage
blank lengths for practical and cconomic reasons. See
ANSI'ASME B47.1aM or Table C2.

GOthread segments shall engage 25 or more of the
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5.3.5 Thread Roots. The major diameter of the
GO thread segments and root diameter of the GO rolls
shall be cleared beyond a P/8 flat either by an ex-
tension of the flanks of the thread toward a sharp vee
or byan undercut no greater than '8 maximum width
and approximately central. The root clearance must be
such that the maximum major diameter of the full-
form section of the truncated thread-setting plug gage
is cleared after the gage has been properly set to size.
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5.3.6 Runout. The pitch and minor cylinders of
the threaded portion of the GO segments or rolls shall
not exceed the specified runout as determined by
measurements of runout (full-indicator movement).
On each gaging member, with respect to the pitch
cylinder, runout shall not exceed one-half the X gage
minor diameter tolerance.

GAGES AND GAGING FOR
METRIC M SCREW THREADS

outside diameters of LO thread rolls shall be equal to
the minimum pitch diameter of the product external
thread minus 0.2p with the gage tolerance plus when
assembled in gage frame. This corresponds to a width
of flat at the crest equal to 0.385p. See Table 4.

5.4.5 Thread Roots. The major diameter of the
1L.O thread segments or root diameter of the 1.0 rolls

5/3.7 Pitch Cylinder. The pitch cylinder of the
threpded GO segments and rolls shall be straight within
the X gage pitch diameter limits specified.

5/3.8 Lead, Pitch, and Half-Angle Variations.
Leagl, pitch, and half-angle variations shall be within
the |imits specified. See Table 6.

5|/3.9 Identification. The assembled gage should
be marked by the metric nominal size, pitch-tolerance
clasg, GO, PD, and pitch diameter in millimeters.

EXAMPLE:
M8 X [-6g GO PD7.324

5.4| Thread Snap Gages—LO Segments

or Rolls (Table 1—Gages 2.2 and 2.4)

5{4.1 Purpose and Use. The thread snap gage
with two LO segments or two LO rolls inspects the LO
fungtional diameter limit, By, of product external
thread. The setting of the LO segments or rolls
represents the LO functional diameter limit of>the
progluct external thread. In applying the thread snap
limit gage, the LO functional diameter~limit is ac-
cepfable when gaging elements do not pass over the
progluct thread.

he LO thread snap gage can.also check roundness
of the pitch cylinder for 180 degiovality by passing the
gage over the thread at different diametral locations on
the external thread.

e LO thread snap.gage can also check taper of
pitch cylinder by passing the gage over the thread at
different locations/axially on external thread.

5/4.2 Basic Design. In order that the LO thread

P C dil U CE C d 4 J Ve C UC =
of the segments or rolls is different with each gage
manufacturer, the number of threads engaged in
product thread will vary. Usually, the number of
pitches engaged is approximately two.

5.4.3 Thread Form. Thespecifications for thread
form are summarized in Table 4 and Fig. 21.

5.4.4 Thread Crests. The minor diameter of the
LO thread segments and the inner distance between the

78

shall clear the product thread by using a cleararfce cut
of 0.385p width approximately central~¢xcept for
threads smaller than 5 mm and pitches smaller than 0.8
mm. Snap gage contacts shall clear\'the majimum
major diameter of the full-form poftion of the getting
plug for the LO thread snap gage.-Thus, contact| of the
thread gage can occur on the'sides of the thread But not
on the crest or root. Alse;¢he effect of angle vatiation
on the fit of the gage-with the product thrpad is
minimized.

5.4.6 Runout: The pitch and minor cylinders of
the threaded.O segments or the pitch and qutside
cylinders~of/the rolls shall not exceed the spgcified
runout\as'determined by measurement of runout (full-
indicator movement). On each gaging membefr, with
respect to the pitch cylinder, runout shall not ¢xceed
one-half the X gage minor diameter tolerance.

5.4.7 Pitch Cylinder. The pitch cylinder |of the
threaded LO segments or rolls shall be straight within
the X gage pitch diameter limits specified.

5.4.8 Lead, Pitch, and Half-Angle Variauons.
Lead, pitch, and half-angle variations shall be within
the limits specified. See Table 6.

5.4.9 ldentification. The assembled gage $hould
be marked by the metric nominal size, pitch-tolprance
class, LO, PD, and pitch diameter in millimeters.

EXAMPLE:
M8 X 1-6g LO PD7.212

5.5 Thread Snap Gages — Cone and Vee
{Table 1 — Gage 2.5)

5.5.1 Purpose and Use. The thread snap gage
with cone and vee rolls or segments inspects min{mum-

FteratdiaTmeter it - The Setting o gcone and
vee rolls or segments represents the minimum-material
limit pitch diameter of the product external thread.

The cone and vee snap gage can check roundness of
pitch diameter for 180 deg. ovality by passing the gage
over the thread at different diametral locations on the
external thread.

The cone and vee snap gage can check taper of pitch
cylinder by passing the gage over the thread at different
locations axially on external thread.
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5.5.2 Basic Design. The segments are usually
made having a surface contact at or slightly above the
pitch line near the center of the flank. The rolls make
point or line contacts approximately at the pitch line,
depending upon the angle variations of the thread
flanks. See Fig. 22 for details.

5.5.3 Thread Form. The specifications for thread
form, thread crests, and thread roots are shown in
Fig.[22.

5/5.4 Identification. The assembled gage should
be marked by the metric nominal size, pitch-tolerance
clasy. PD. and pitch diameter in millimeters.

EXAMPLE:
M8 X 1-6g PD7.212

5.6|Thread Snap Gages — Minimum
Material: Thread Groove Diameter
Type (Table 1 — Gage 2.6)

516.1 Purpose and Use. The thread snap gage
with radius type ribbed rolls inspects minimum-mate-
rial diameter limit, D,. The setting of the thread groove
diameter type snap gage by LO setting plug gage
reprgsents the minimum-material limit pitch diameter
of the product external thread.

The thread groove diameter type snap gage can

chedk roundness for 180 deg. ovality by passing-the
gagq over the thread at different diametral locations on
the ¢xternal thread.
The thread groove diameter type snap)'gage can
chedk taper of pitch cvlinder by passing the gage over
the thread at different locations aXially on external
thread.

516.2 Basic Design. The thread groove diameter
type|has *best size " thread\wire size radius ribbed rolls
whidh contact at the piteh line.

516.3 Thread Form. Thespecifications for radius
type|rolls are shown in Fig. 23,

516.4 1dentification. The assembled gage should
be markediby the metric nominal size, pitch-tolerance
clasy. RD<and pitch diameter in millimeters.

GAGES AND GAGING FOR
METRIC M SCREW THREADS

diameter of the product external thread. The GO gage
must completely receive or pass over the major diam-
eter of the product external thred to assure that the
major diameter does not exceed the maximum-ma-
terial limit. The NOT GO cylindrical ring gage or NOT
GO plain snap gage must not pass over the major
diameter of the product external thread to assure that

material limit.

5.7.2 Design of Gage Blanks and Gages. |Plain
cylindrical ring blanks and plain progressive adjuftable
snap gages have been standardized)for various size
ranges (see ANSI/ASME B47,1aM and Fig. 29).

5.7.3 ldentification. /Cylindrical rings or|plain
snap gages should be marked with metric nomingl size,
pitch-tolerance class,GO and/or NOT GO, and major
diameters in millimeters.

EXAMPLE:
M8 X 1-6g GO 7.974 and/or NOT GO 7.794

5.7.4<Precision Instruments (Table 1 — Gage
14). Precision instruments such as dial caliperd, out-
side ‘micrometers, vernier calipers, and pocke{ slide
calipers can also be used to measure the major
ditameter of product external thread.

5.8 Snap Gages for Minor Diameter of
Product — External Threads
(Table 1 — Gages 3.3 and 3.5)

5.8.1 Purpose and Use. The GO thread ring
gages inspect the depth of thread equivalent {o the
minor diameter of the product internal thread. |If the
minor diameter of the external thread requires dheck-
ing. a minimum-maximum thread snap gage may be
used. GO segment or roll snap gage must pas§ over
product thread. NOT GO segment or roll mugt not
pass over product thread.

5.8.2 Basic Design. A thread snap gage hds seg-
ments or rolls with a thread form of 55 deg. maximum.
There usually are three threads on the segments or

EXAMPLE:
M8 X 1-6g PD7.212

5.7 Plain Ring and Snap Gages to Check
Major Diameter of Product External
Threads (Table 1 — Gages 3.1, 3.2,
and 3.4)

5.7.1 Purpose and Use. The GO and NOT GO
cylindrical ring and plain snap gages inspect the major

three ribs on the rolls on GO and NOT GO gaging
elements. See Fig. 25.

5.8.3 ldentification. Thread snap gages should
be marked with metric nominal size, pitch-tolerance
class, GO, NOT GO, minor diameter limits in milli-
meters, and MINOR DIAMETER EXTERNAL.
EXAMPLE:

M8 X [-6g GO — NOT GO (Customer’s Specifications)
MINOR DIAMETER EXTERNAL
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5.9 Functional Indicating Thread Gages
for External Thread (Table 1 —
Gages 4.1 and 4.3)

5.9.1 Purpose and Use. The indicating thread
gage with segments or rolls inspects the maximum-

material GO functional limit and size, 4, and A4,,

and ~the—LQ functional-diameter—limit_and Q;7F'

GAGES AND GAGING FOR
METRIC M SCREW THREADS

5.9.7 Pitch Cylinder. The pitch cvlinder of the
thread segments and rolls should be straight within the
X gage pitch diameter limits specified.

5.9.8 Lead, Pitch, and Half-Angle Variations.
Lead, pitch. and half-angle variations shall be within
the limits specified. See Table 6.

B: and B:. of product external thread. The gage is also
used|to check even or odd lobe roundness of pitch
cylinder.

Inflicating thread gages must be set to the proper
thregd-setting plug gages. Readings indicate the posi-
tion [of product external thread within the tolerance
rangg.

5.9.2 Basic Design. Indicating gages have two
or three contacts at 180 deg. or 120 deg.. respectively.
Gaggs with segments or rolls are designed with the
length of the GO functional maximum-material gaging
elemfents equal to the length of the standard GO ring
gagep.

5.9.3 Thread Form. Thespecifications for thread
form for GO functional maximum-material segments
and folls are summarized in Table 4 and Fig. 26.

5.9.4 Thread Crests. The minor diameter of the
GO [functional maximum-material thread segments
and the diameter of the circle surrounded by the ol
cluster of GO functional maximum-material rolls shall
be equal to the maximum pitch diameter of the'product
external threads minus H 2 with a minus X gage
tolefance when assembled in gage frame. This corre-
spords to a width of flat of P 4 onCrests. The thread
cresqs shall be flat in an axial plane-and parallel to the
axis |of segment or roll.

5.9.5 Thread Roots= The major diameter of the
GO [functional maximum-material thread segments
and the root of the GO'functional maximum-material
rolls| shall be cleared bevond a P 8 flat either by an
extepsion of theflanks of the thread toward a sharp vee
or by an undercut no greater than P/8 maximum width
and gpproximately central. The root clearance must be
such|that'the major diameter of the full-form section of

5.9.9 Identification. The segmentsand ro}iqshall
be identified by the metric nominal sizeCand pitch.
When indicating gage is assembled with proper con-
tacts, the gage should be marked-“with the metric
nominal size, pitch-tolerance cldss:”’ PD, and |pitch
diameter limits in millimeters,
EXAMPLE:
M8 X 1-6g PD7.324-7.212

5.10 Minimum-Material Indicating Thread
Gages for External Thread (Table 1 —
Gages 4.5 and 4.6)

5.10.1 Purpose and Use. The indicating thread
gage with cone and vee rolls or segments and the thread
groove diameter type with rolls inspect the minimum-
material limit and size. C; and C:, D, and -, of
product external thread. Either type of three-ro|l and
three-segment gage can check roundness of |pitch
cylinder for 120deg. lobing and taper of pitch cyl|nder.
The two rolls and two segments check even Ipbing
roundness and taper. The indicating gages are ket to
proper thread-setting plug gage. Readings indicdte the
position of product external thread pitch diameter
within the tolerance range.

5.10.2 Basic Design. The cone and vee indicat-
ing thread gage has rolls or segments with contacjt near
the pitch line or contact slightly above the pitch line
near the center of the flank. The thread groope di-
ameter type indicating thread gage also has two or
three rolls with the radii on the ribs of rolls mgde to
“best size” thread wire size.

the thread-setting plug gage is cleared after the as-
sembled gage has been properly set to size.

5.9.6 Runout. The pitch and minor cylinders of
the threaded segments and the pitch and outside
cylinders of the rolls shall not exceed the specified
runout as determined by measurements of runout (full-
indicator movement). On each gaging member with
respect to the pitch cvlinder. runout shall not exceed
one-half the X gage minor diameter tolerance.

84

5.10.3 Thread Form. The specifications on form
of cone and vee rolls and segments and thread groove
diameter type rolls are shown in Figs. 27 and 28.

5.10.4 Identification. The assembled gage should
be marked with the metric nominal size, pitch-toler-
ance class, PD, and pitch diameter in millimeters.

EXAMPLE:
M8 X [-6g PD7.212
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One rib on
top rolt

H—Pitch diameter

Two ribs
on bottom
roll

One rib on
each roll
one-third pitch
apart

Rolls
Two or Three
Contacts

DIAMETER LIMIT AND SIZE
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5.11 Indicating Runout Gage for External
Threads (Table 1 — Gage 4.7)

5.11.1 Purpose and Use. This indicating gage
inspects the runout of the major diameter to the pitch
diameter, M,, of the product external thread. Read-
ings indicate the position of product major diameter to
the pitch diameter within the tolerance specified.

5.11.2 Basic Design. Indicating gages have three
contdcts, one plain and two threaded, at 120 deg., or
two dontacts, one plain and one threaded, at 180 deg.
The threaded segments or roll contacts are minimum-
matefial pitch diameter type. See Fig. 27. The lengths
of the plain and threaded contacts are designed equal
to the length of the standard GO ring gage. See
ANS[I/ASME B47.1aM and Table C2. The indicating
gage s set to a basic full-form thread-setting plug gage
with|plain gaging contact on outside diameter of
thread-setting plug gage and thread contact on pitch
diamgter of thread-setting plug gage.

5.11.3 Thread Form, Thread Crests, and Lead
and Half-Angle Variations. The specifications for
thread form, thread crests, and lead and half-angle of
thread segments and thread rolls are noted in 5.9. Plain
contjcts have a line bearing on major diameter of
prodpct. See Fig. 29.

5.11.4 Identification. The gaging elements, seg-
ments, or rolls should be marked with metric nominal
size fnd pitch. When indicating gage is assembled with
proppr gaging contacts, the indicating gage should be
marKed with the metric nominal size, pitch-tolerance
class| and RUNOUT.

EXAMPLE:
N8 X 1-6g RUNOUT

5.12 Differential)Gaging
(Table. 1= Gage 4.8)

5.12.1<The concept of differential gaging for
product_external threads makes use of fundamental
geo ; ) ) .
tion, and form,

For differential gaging, two methods are used for
measuring screw thread size:

(a) GO functional size

(b) pitch diameter (or thread groove diameter)

Only when a screw thread has perfect position and
form [i.e., zero variation in lead (including helical
path), flank angle, taper, and roundness] are these two
measurements equal. Differential gaging is a variables
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method of in-process inspection, final conformance
inspection, or both, that provides the actual numerical
values for both GO functional and pitch diameter sizes.
These are the two extreme sizes of any product screw
thread. One of the sizes, pitch diameter, is the size of
the thread pitch diameter with essentially zero varia-
tion in all other thread elements, while the other size,
. — . th the

effects of all variations in all other thread-eleéments
added to the pitch diameter. The numericaldifference
between these two sizes is called a cumulative thread
element variation differential and repréesents the diam-
etral effect of the total amount™eof thread elgment
variation differential.
The inspection process that'further refines the total
amount of thread elementivariation so that the amount
of variation for each~individual element begomes

known 1is called a \single thread element varlation
differential.

5.12.2_Cumulative Thread Element Variation
Differential. Indicating gages have either threg con-
tacts, at, 120 deg. spacing or two contacts at 18(¢ deg.
spacing. The indicating gages with segments or rlls as
shown in Figs. 26 and 30. sketch (a), give the functional
size indicating reading, Z. The indicating gagd with
cone and vee segments or rolls with one thread|pitch
engagement at pitch diameter line, Fig. 27, and thread
groove diameter type, Fig. 28, or both, shown in Fig.
30, sketches (c) and (d), give the pitch diametdr size
indicating reading, X. The difference in the ind{cator
readings, Z~X, between the two types of gages|gives
the cumulative form differential reading which cor-
responds to the pitch diameter equivalent, Ad,(, for
the combination of lead, helix, flank angle, roundness,
and taper variations on the product thread. See Fjg. 30.

5.12.3 Single Thread Element Variption
Differential
5.12.3.1 Lead (Helix) Differential Reading.
The indicating gage reading, Y, using the full-form
thread segments or rolls with one thread pitch ergage-
ment, similar to Figs. 26 and 30, sketch (b), is com[pared
to the reading Z, using the functional size gage shown
. iflerence between
the measured values, Z — Y, is the lead differential
reading which corresponds to the pitch diameter
equivalent, Ad>A, for the lead and helix variation on
the product thread.

5.12.3.2 Flank Angle Differential Reading.
The indicating gage reading, X, using segments or rolls
with cone and vee design, Figs. 27 and 30, sketch (¢), is
compared to thereading, Y, using the full-form thread
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Thread Con
(se Fg 27)
4 I/

FIG. 29 INDICATING THREAD GAGES — DIAMETER RUNOUT — MAJOR TO PITCH
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Ady. = Z-X = cumulative form
different ial analysis

Ady) = 2-Y = individual element
anatysis for lead variation

-
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adyg = Y-X = individual element
analysis for angle variation

FIG. 30 INDICATING THREAD GAGES — DIFFERENTIAL GAGING
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segments or rolls, similar to Figs. 26 and 30, sketch (b).
Both designs have one thread pitch engagement. The
difference between the measured values, Y — X, is the
flank angle differential reading which corresponds
approximately to the pitch diameter equivalent, Adyx,
for the combined flank angle variation on product
thread.
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plug gages are made to the minimum-material limit of
the thread specification.

5.13.2 Basic Design. Thread-setting plug gages
are of two standard designs which are designated as
full-form and truncated setting plugs. The full-form

GO setting plug is one having a width of flat at the crest
nqnol 1o D/Q. The trnnr‘otnrl GO cptt;ng plng IS the

EJ 2.3.3 Roundness and Taper Differential
Readings. By the use of full-form thread segments or
rollswith one thread pitch engagement, similar to Figs.
26 apd 30, sketch (b), cone and vee segments or rolls,
Figs| 27 and 30, sketch (c), or thread groove diameter
type} Figs. 28 and 30, sketch (d), the roundness and
tapef of pitch cylinder is checked. Rotate the product
between contacts at different axial locations on thread
for maximum differences in roundness and taper
readLngs. Two contacts spaced 180deg. apart give even
lobing out-of-round measurement. Three contacts
spaced 120 deg. apart give odd lobing out-of-round
meagurements.

5[12.4 Thread Form. The functional segments
or rolls, Fig. 30, sketch (a). are described in 5.9. The
full-form, one thread vee segment or roll, Figs. 26 and
30, gketch (b) lower contact. has a depth of thread
equijalent to the functional type, but relieved on the
outsjde thread flanks. The full-form cone segment ot
roll,|Figs. 26 and 30, sketch (b) upper contact, has a
P/8|flat on outside diameter. The cone and vee seg-
ment}s or rolls, Fig. 30. sketch (c), are described and
shown in Fig. 27. Thread groove diameter)type, Fig.
30. gketch (d). is described and shown in.Fig. 28.

5(12.5 Identification. The gaging elements (seg-
men}s or rolls) should be marked by metric nominal
size and pitch. Indicating gages)assembled with proper
contacts, should be marked-with metric nominal size.
pitch-tolerance class, andthe type of differential read-
ing dpecified above]

EXAMPLE:
8 X 1-6g Flank Angle Differential Variation

5.13 W Tolerance Thread-Setting

same as the full-form setting plug except_thaft it is
longer and the crest of the thread is ¢puncated a
greater amount for one-half the length of thq gage
giving a full-form portion and a trupcated portiop. See
Figs. 31 and 32 and Tables 5, 7, \lyand 13.

5.13.3 GageBlanks. Forpracticaland ecopomic
reasons, the lengths of sétting plug gages havg been
standardized for variouisisize ranges and pitchgs (see
ANSI/ASME B47:aM or Table C2). The length of
the full form and'the length of the truncated seftions
are each at least equal in length to the thickness jof the
corresponding‘thread ring gage.

5.13.4 Thread Form. Thespecificationsfor thread
formof setting plug gages are stated in detail pelow
andjare summarized in Table 5 and Figs. 31 arld 32.

5.13.5 Thread Crests
5.13.5.1 The major diameter of the GQ full-
form setting plug and of the full-form portion pf the
truncated GO thread-setting plug is equal to thelmax-
imum major diameter of the product external thread.

5.13.5.2 The major diameter of the trurfcated
portion of the truncated GO thread-setting pjug is
equal to the maximum pitch diameter of the prpduct
external thread plus 0.2p.

5.13.5.3 The major diameter of the LQ full-
form setting plug and of the full-form portions pf the
truncated LO thread-setting plug is equal tp the
maximum major diameter of the product exjernal
thread (same as GO thread-setting plug). The maxi-
mum major diameter of any gage must corresporjdtoa
truncation that is not less than 0.022 mm (equivalent to
a crest width of 0.0254 mm flat). See Table 5.

Plug Gages

5.13.1 Purpose and Use. Thread-setting plug
gages are used to set adjustable thread ring gages,
check solid thread ring gages. set thread snap limit
gages, and set indicating thread gages. Thread-setting
plug gagesare also applied to detect wear on gages and
gaging elements in use. GO thread-setting plug gages
are made to the maximum-material limit of the ex-
ternal thread specification, while LO thread-setting
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5.13.5.4 The major diameter of the truncated
portion of the truncated LO thread-setting plug is
equal to the minimum pitch diameter of the product
external thread plus 0.2p.

5.13.6 Thread Roots. The minor diameter of
thread-setting plug gages shall be cleared beyond a P/8
width of flat either by an extension of the sides of the
thread toward a sharp vee or by an undercut no wider
than P/8.
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(b) Thread Setting Plug for Minimum-Material Gages
and LO Functional Diameter Gages

FIG. 31 THREAD FORM OF TRUNCATED THREAD-SETTING PLUG GAGES
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and LO Functional Diameter Gages

FIG. 32 THREAD FORM OF FULL-FORM THREAD-SETTING PLUG GAGES
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5.13.7 Pitch Diameter Limitation of Taper.
The permissible taper shall be back taper (largest di-
ameter at entering end) and shall be confined within
the gage pitch diameter limits.

5.13.8 Incomplete Thread. The feather edge at
both ends of the threaded section of the setting plug

GAGES AND GAGING FOR
METRIC M SCREW THREADS

5.14 Plain Check Plug Gages for
Thread Ring Gages

5.14.1 Purpose and Use. GO and NOT GO
plain check plug gages verify the minor diameter limits
of thread ring gages after the thread rings have been
properly set with the applicable thread-setting plug

shall[be removed. On pitches coarser than 0.8 mm not
morg¢ than one complete turn of the end threads shall
be refmoved to obtain a full-thread blunt start. See Fig.
2. Op pitches 0.8 mm and finer, a 60 deg. chamfer from
the axis of the gage is acceptable in lieu of the blunt
start

5.13.9 Lead Variations. In the case of truncated
setting plugs. the lead variations present on the full-
form portion and the truncated portion of an indi-
vidugl gage shall not differ from each other by more
than| 0.003 mm over any portion equivalent to the
length of the thread ring gage. or nine pitches, which-
everfs less. The specified tolerance shall be applicable
to the thread length in the mating ring gage or nine
pitcHes. whichever is smaller. The tolerance on lead
establishes the width of a zone, measured parallel to
the gxis of the thread. within which the actual helical
path| must lie for the specified length of the thread.
Meapurements will be taken from a fixed reference
point, located at the start of the first full thread, to)a
suffitient number of positions along the entirehelix to
detegt all types of lead variations. The amounts that
thesq positions vary from their basic (theerétical) po-
sitiohs will be recorded with due respect-to sign. The
greafest variation in each directionfplus or minus (1)]
will |be selected, and the sum(of-their values. dis-
regarding sign. shall not exceed the tolerance limits
specified in Table 7.

5.13.10 Half-Angle Variations. Variations in
half-angle shall beswithin the limits specified in Ta-
ble 7.

5.13.1 1 Identification. The GO thread-setting
plug|gage-shall be marked with metric nominal size,

0a0eS
TOT

5.14.2 Basic Design. The direction of(the| gage
tolerances on GO and NOT GO plain plug'gaggs for
GO ring minor diameter and GO and-NOT GO |plain
plug gages for NOT GO ring minor diameter|is as
follows: GO — tolerance plus; NOT GO — tolgrance
minus. Class X tolerance is used on gages up to p mm
size, class Y tolerance aboV€ 5 mm size (see Table 8).

5.14.3 Gage Blanks. For standardization and
economic reasons.\the gaging members and halndles
have been standardized for various size range§ (see
ANSI/ASME B47.1aM).

5.14:4 Identification. The GO and NOT GO
plain ‘eheck plug gages for the GO thread ring|gage
should be marked with metric nominal size, pitch-
tolerance class. GO and NOT GO diameters in milli-
meters, and GO MINOR DIAMETER CHECK
PLUG. The GO and NOT GO plain check plug pages
for the LO thread ring gage should be marked| with
metric nominal size, pitch-tolerance class, GQ and
NOT GO diameters in millimeters, and LO MINOR
DIAMETER CHECK PLUG.

EXAMPLES:
Far GO ring: M8 X 1-6g GO 6.878 NOT GO 6.891
GO MINOR DIAMETER CHECK PLUG
For LO ring: M8 X 1-6g GO 7.012 NOT GO 7.025
LO MINOR DIAMETER CHECK PLUG

5.15 Indicating Plain Diameter Gages — Major
Diameter of Product External Threads
(Table 1 — Gage 5.1)

pltcf-toha'ncc—cla'srﬁﬂ—S'E‘FH'NG—P'B—aTrd—GG—m T Purpose and Measuring Procedures.

pitch diameter in millimeters.
EXAMPLE:
M8 X I-6g GO SETTING PD7.324
The LO thread-setting plug gage shall be marked
with metric nominal size, pitch-tolerance class, 1O,
SETTING, PD.and LO pitch diameter in millimeters.

EXAMPLE:
M8 X 1-6g LO SETTING PD7.212

The indicating plain diameter gage inspects the major
diameter, J; and J,, of the external thread. After the
plain contacts of the indicating gage are set to a plain
diameter setting plug and the dial is read, the gage is
placed on the product thread major diameter for a
second reading. The difference in readings is applied to
the value of the set master to obtain the major diameter
size.
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5.15.2 Basic Design. Indicating gages have
three plain contacts at 120 deg. or two plain contacts at
180 deg. The dimensions of segments or rolls are to
manufacturer’s standard. See Fig. 33.

5.15.3 ldentification. Indicating gages, assem-
bled with proper contacts, should be marked with met-

ric nominal si -tolerance class. major diameter
limifs in millimeters, and MAJOR DIAMETER.
EXAMPLE:

M8 X 1-6g 7.974-7.794 MAJOR DIAMETER

5.16 Indicating Gages to Check Minor
Diameter of External Thread
(Table 1 — Gage 5.2)

5{16.1 Purpose and Use. The maximum minor
diameter limit , K, and K3, of product external thread
is cpnsidered acceptable if the product accepts GO
threrd gages. If further checking is required, the in-
dicafting gage with 55 deg. maximum included angle
threpd contacts is used to check the minor diameter.

51/16.2 Basic Design. A thread indicating gage
with segments or rolls has a thread form of 55 deg.
maximum. There are usually three threads in segments
and |three ribs on rolls. See Fig. 34.

5{16.3 lIdentification. Indicating gages, assem-
bled with proper rolls or segments, should be marked
wit metric nominal size, pitch-tolerance class, minor
diameter limits (customer’s specifications) in milli-
meters, and MINOR DIAMETERSEXTERNAL.

EXAMPLE:
M8 X |-6g (Minor diameter lymits as specified by customer)
MINOR DIAMETER EXTERNAL

7 Thread Micrometers
(Table 1= Gages 6, 7, and 14)

5.1

5]17.1Purpose and Use. Thread micrometers
with conie/and vee anvils are used to inspect the mini-
mum-material pitch diameter limitandsize afexternal

ANSI/ASME B1.16M-1984
AN AMERICAN NATIONAL STANDARD

5.18 Thread-Measuring Wires
(Table 1 — Gage 8)

5.18.1 Purpose and Use. Using a measuring
machine, product thread can be checked using three
measuring wires between product thread and paral-
lel flat anvils of measuring machine. Wires are “best

ize” i i rogve di-
ameter, with two wires on one side and one (wilre 180
deg. around. This type of measurement cheeksthe mini-
mum-material groove diameter limit ‘"and size. By
rotating the product thread between wires, the 1§0deg.
ovality of groove diameter is checked. Measuting at
different locations axially, theltaper of the grogve di-
ameter is checked. It should be recognized that the
measuring force shown formeasuring hardened fhread
gages with wires may not be appropriate for|softer
product thread materials due to the possibility|of the
wires being forced\into the surface of the thread {lanks.
This would indicate a smaller thread size than what
actually eXists' See Appendix B.

5.19 Optical Comparator and Toolmaker’'s
Microscope (Table 1 — Gage 9)

5.19.1 Purpose and Use. The optical cdmpar-
ator magnifies and projects the thread profilg¢ on a
screen. For best profile image, the threaded item is
positioned so that the light is aligned with the thread
lead angle. Sincethe thread profile is defined in 4 plane
including the axis, a correction factor may be ad}lded to
the measured flank angle observed normal to the lead
angle. For most standard single lead threads, the
correction factor is less than 0 deg. 5 min. See A2.6.1.

Optical comparators are generally fitted with|lenses
providing various magnifications between 10K and
100X. Profile dimensions are checked using appro-
priate linear and angular scales on the machine and by
the application of thread profile, radius, and| other
overlay charts. Other groove and ridge dimensions,
and axial plane pitch and lead may be checked. Major,
minor, and pitch diameters are identified, ther

mea-

thread. Micrometer can check 180 deg. ovality of pitch
diameterand taper of pitch diameter. Modified vernier
calipers are used similarly.

5.17.2 Basic Design. The depth of thread on
cone and vee is either approximately pitch diameter
contact or the L.O limit profile, Measurements are
made in 0 mm to 25 mm and 25 mm to 50 mm diameter
ranges. The smallest graduation is 0.01 mm.

95

sured using table traverse readouts.

5.19.2 The toolmaker’s microscope is similar in
function to the optical comparator but does not in-
clude screen projection or overlay charts. Magnifica-
tions are generally lower than those of optical com-
parators. Some microscopes have thread profile and
radius templates which are inserted in the eyepiece.
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/— Contacts
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Segments

{c)

Major diameter

-

Rolls
Two or Three
Contacts

(d)

FIG. 33

-

lam Gage Contact

INDICATING PLAIN DIAMETER GAGE — MAX.-MIN.
MAJOR DIAMETER LIMIT AND SIZE
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TABLE 14 CALIBRATION REQUIREMENTS AND STANDARDS FOR X TOLERANCE THREAD GAGES,
INDICATING GAGES, PLAIN GAGES, AND MEASURING EQUIPMENT FOR EXTERNAL

PRODUCT THREADS

Thread Gages and Measuring Calibration Requirements for Gages
Equipment (Note 1) and Measuring Equipment (Notes 2, 3)

Setting Gages and Standards (Note 7)

1 Threadrings (ANSI/ASME B47.1aM)

.1 GOrring Pitch (also helical offset at split;
see A3.4), flank angles, minor
diameter, pitch diameter, taper
of pitch cylinder, straightness,
roundness, clearance at root (Note 6)

.2 LOrring Pitch (also helical offset at split;
see A3.4), flank angles, minor
diameter, pitch diameter, taper of
pitch cylinder, straightness,
roundness, clearance at root (Note 6)

2 Thread snap gages

.1 GO segments Pitch, flank angles, minor diameter;
pitch diameter, taper, straightness,
clearance at root (Notes 4-6)

.2 LO segments Pitch, flank angles, minardiameter
pitch diameter, clearance at root
(Notes 4-6)

.3 GO rolls (zero lead) Pitch, flank angles, width of flat at crest,

taper of pitch cylinder on each roll,
parattelism of axes of rolls, clearance
at'root (Notes 4-6)

.4 LO rolls (zero lead) Pitch, flank angles, width of flat at
crest, clearance at root (Notes 4-6)

.5 Minimum material, Pitch of vee, width of flat at crest,
pitch diameter type, height of thread (Notes 4-6)
cone and vee

.6 Minimum matérial, Radius of contacts corresponding to
thread groove’diameter “best size” thread wire size
type, cone.only, “best (Notes 4-6)

size”’ thread wire

3 Pldindiameter gages

W thread-setting plug for GO}
X tolerance plain plug fermin
diameter for small thread-sizes

=

W thread-setting plug for LO;
X tolerafice plain plug for
minof diameter for small thread sizes

W thread-setting plug for GO
(Note 7)

W thread-setting plug for LO
(Note 7)

W thread-setting plug for GO
(Notes 7, 8)

W thread-setting plug for LO
(Notes 7, 8}

W thread-setting plug for LO
{Notes 7, 8}

W thread-setting plug for LO
(Notes 7, 8)

3.1 Maximum plain Taper, straightness, roundness,
cylindrical GO ring for diameter
major diameter

Plain cylindrical NOT Taper, straightness, roundness,
GO ring for major diameter
diameter
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Series of plain plug gages in 0.0025 mm
steps or direct diameter measure-
ment with internal measuring
equipment using gage blocks equal
to the maximum major diameter

Series of plain plug gages in 0.0025 mm
steps or direct diameter measure-
ment with internal measuring
equipment using gage blocks equal
to the minimum major diameter
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TABLE 14 CALIBRATION REQUIREMENTS AND STANDARDS FOR X TOLERANCE THREAD GAGES,
INDICATING GAGES, PLAIN GAGES, AND MEASURING EQUIPMENT FOR EXTERNAL
PRODUCT THREADS (CONT'D)

Thread Gages and Measuring
Equipment (Note 1)

Calibration Requirements for Gages

and Measuring Equipment (Notes 2, 3) Setting Gages and Standards (Note 7)

3.2 Major diameter snap

Parallelism, flatness of contacts,
st bat -

Plain Z tolerance plug gage or gage

typ

33 Minor diameter snap
type (55 deg. maximum
included angle)

314 Maximum and
minimum major
diameter snap type

35 Maximum and
minimum minor
diameter snap type
(55 deg. maximum
included angle)

indicating thread gages
hlving either two contacts at
1B0 deg. or three contacts

al 120 deg.

H

1 GO segments

43 GO rolls (zero leady

45 Minitcn@m material,
pifehidiameter type,
cone and vee

Pitch. diameter, included angle of
thread form, clearance form at
tips of snap contacts

Parallelism, flatness of contacts,
distance between contacts

Pitch, diameter, 55 deg. maximum
included angle of thread form,
clearance form at tips of
snap contacts

Pitch)\ffank angles, minor diameter,
pitch diameter, taper, straightness,
clearance at root, minor cylinder
to pitch cylinder relationship
of segments for coaxiality
(Notes 4-6)

Pitch, flank angles, minor diameter,
taper. straightness, parallelism of
axes of rolls to each other,
clearance of root (Notes 4-6)

Pitch, width of flat at crest, height
of thread (Notes 4-6)

bl kswith-rolcorrasoondingt
Lad =]

maximum major diameter or
direct measurement

Plain Z tolerance plug gage or gage
blocks equal to the maximum nfinor
diameter or direet measuremen

Plain Z tolerarice plug gage or gag
blocks'with roll corresponding
maximum or minimum major
diameter or direct measuremen

[<3¢)

Plain Z tolerance plug gage or gage
blocks equal to the maximum o
minimum minor diameter or
direct measurement

W thread-setting plug for GO
{Note 7)

W thread-setting plug for GO
{Notes 7, 8)

W thread-setting plug for GO or
for basic pitch diameter or for
LO (Notes 7, 8)

4.6 Minimum material,
thread groove diameter
type, cone only
“best size” thread
wire size)

4.7 Major diameter and
pitch diameter runout

gage

Radius of contact (Notes 4-6)

Pitch and flank angles of thread
segments, straightness of plain
gages, major cylinder to pitch
cylinder, relationship of segments
for coaxiality (Notes 4-6)
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W thread-setting plug for
LO (Notes 7, 8)

None
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TABLE 14 CALIBRATION REQUIREMENTS AND STANDARDS FOR X TOLERANCE THREAD GAGES,
INDICATING GAGES, PLAIN GAGES, AND MEASURING EQUIPMENT FOR EXTERNAL
PRODUCT THREADS (CONT’D)

Thread Gages and Measuring
Equipment (Note 1)

Calibration Requirements for Gages

Setting Gages and Standards (Note 7)

4.8 Differential segments
rd—roll

GO profile of one pitch segment or roll

Not required: special lead
+a o d .d '(I [} 1

Ihdicating plain diameter
ages

9.1 Major diameter type

4.2 Minor diameter type

itch micrometer with
tandard contacts
hpproximately LO
rofile] cone and vee

=

itch micrometer with
hodified contacts
ppproximately pitch
iameter contactycone and
ee

P & l'lu [} 3 b‘l b [} 4

GO full-form segments (see
4.1 above)

GO full-form rolls (see 4.3 above)

Minimum-material, pitch diameter
type, cone and vee (see 4.5
above)

Minimum-material, thread
groove diameter type, cone
only “best size'" thread
wire size (see 4.6 above)

Parailelism and flatness of contacty
{(Note 5)

Pitch, diameter, 55 deg, maximum
included angle of thread form,
width of flat on crests

Pitch, flank.angles. Maximum error in
indicated measurements up to 25 mm
shalllnot exceed 0.003 mm for pitches
upyto 0.6 mm, 0.004 mm for pitches
greater than 0.6 mm and up to 1.75
mm, and 0.005 mm for pitches greater
than 1.75 mm. For measurements
greater than 25 mm, error may be
increased by 0.001 mm.

Pitch, flank angles, width of flat at crest.
height of thread. Maximum error in
indicated measurements up to 25 mm
shall not exceed 0.003 mm for pitches
up to 0.6 mm, 0.004 mm for pitches
greater than 0.6 mm and up to 1.75
mm, and 0.005 mm for pitches greater
than 1.75 mm. For measurements

-G 5—af raFea R gTe

standards with generated
variation portion and
near perfect portion

Plain Z tolerance plug gage for
GO or basic major diameter or
gage blocks

Plain Z tolerance plug gage for
basic minor diameter at radius¢d root

W thread-setting plug for basic p|tch
diameter. or GO pitch diametef
standard or LO (Note 7)

W thread-setting plug for basic p|tch
diameter, or GO, or LO (Note

Thread measuring wires (“best
size” thread wire size) with
suitable measuring means

Optical comparator or
toolmaker’s microscope with
suitable fixturing

Bl(fdltfr llndll £ T, errorT may |81
increased by 0.001 mm.

Flatness and parallelism of spindle and
anvil faces. screw calibration,
measuring force

Micrometer stage, magnification, radius
chart, protractor head (Note 4)

100

Calibrated ""best size" thread
wire size measuring wires and
gage blocks

Gage blocks, plug gages, sine bar
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TABLE 14 CALIBRATION REQUIREMENTS AND STANDARDS FOR X TOLERANCE THREAD GAGES,

INDICATING GAGES, PLAIN GAGES, AND MEASURING EQUIPMENT FOR EXTERNAL
PRODUCT THREADS (CONT’D)

Thread Gages and Measuring Calibration Requirements for Gages
Equipment (Note 1) and Measuring Equipment (Notes 2, 3) Setting Gages and Standards (Note 7)
10 Profile tracing equipment with Use manufacturer’s instructions to Special angle block supplied with
suitable fixturing test stylus traverse and instrument
electronic amplification

11 Lpad measuring machine with Traversing system, straightness of ways, Lead standard. gage blocks

shitable fixing stylus radius

12 Helical path attachment used Lead. flank angles, taper, straightness, Lead standard

with GO type indicating gage clearance at root {(Notes 4, 5)
13 Helical path analyzer Use manufacturer’s instructions to test Lead’standard
the mechanical and electronic
features
14 Plain micrometer and calipers, Maximum error in indicated Gage blocks, or calibrated plain
modified as required measurements up to 25 mm shall not plug gages
exceed 0.003 mm for pitches'tup to
0.6 mm, 0.004 mm for pitChes greater
than 0.6 mm and upg:.75 mm, and
0.005 mm for pitches greater than 1.75
mm. For measutements greater than
25 mm, errof~may be increased by
0.001 mm!

15 Surface measuring equipment Uge manufacturer’s instructions for Precision roughness standard

calibration procedures

16 Roundness equipment Use manufacturer’s instructions for Precision glass sphere, roundness

calibration procedures magnification standard

NOTES:

(1) Yee Table 1.

(2) Wse applicable X, Wor Z gage tolerance.

(3) Taper,straightness{including belimouth barrel shape and hourglass shape, and roundness shall be within the X, W, or Ztolg¢rance
epending onthe element measured. In other words, if these features are measured at pitch cylinder, the tolerance fof pitch
iameter applies.

(4) Use manufacturer’'s recommended procedures for gage for checking the thread features and alignment of indicating gage
omponents.

(5) MNewsrolls and segments shall be within X tolerance. Worn rolls or segments shall be replaced when a single thread element

toidd 3 2ol .
(6) Pitch diameter is usually transferred from thread-setting gages.
(7) When the gage is set by adjustment based upon actual measured pitch diameter of the setting master, the master shall meet
all W tolerances except for pitch diameter, which may have a tolerance increased to X.
(8) Pitch diameter size on some adjustable thread snap gages and indicating thread gages may be set from one or more of

the following:

{a) Ztolerance plain cylindrical plug gage

(b) gage blocks

(c) direct measurement

(d) specially designed transfer standards

Rolls must be qualified for setting from their outside diameters.
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TABLE 15 CALIBRATION REQUIREMENTS AND STANDARDS FOR X TOLERANCE THREAD GAGES,
INDICATING GAGES, PLAIN GAGES, AND MEASURING EQUIPMENT FOR INTERNAL

PRODUCT THREADS

Thread Gages and Measuring
Equipment (Note 1)

Calibration Requirements for Gages
and Measuring Equipment (Notes 2, 3)

Setting Gages and Standards

1 Thread plug (ANSI/ASME B47.1aM)

11 GO plug

1.2 Hlplug

2 Thread snap gages

4.1 GO segments

[N}
a8}

HI segments

[N
o

GO rolls {zero lead)

1.4 Hlrolls (zero lead)

45 Minimum material,
pitch diameter type,
cone and vee

216 Minimum material,
thread groove diameter
type, cone only (‘tbest

" size' thread balf)

3 Rlain diameter gages

1. Minimum plain
cylindrical plug for

Lead, flank angles, major diameter, pitch
diameter, taper, straightness,
roundness, clearance at root

Lead, flank angles, major diameter,
pitch diameter, taper, straightness,
roundness, clearance at root

Lead, flank angles, major diameter,
pitch diameter, taper, straightness,
clearance at root {Notes 4, 5}

Pitch, flank angles, major diamete®y
pitch diameter, clearance at toot
(Notes 4, 5)

Pitch, flank angles. width.of flat at crest,

taper of pitch cylinder on each roll,
straightness, parallelism of
assembled ralls ) clearance at

root (Natesd, 5)

Pitch, ffapk angles, width of flat at crest,

ctearance at root (Notes 4, 5)

Pitch, width of flat at crest, height of
thread (Notes 4. 5)

Radius of contacts {Notes 4, 5)

Taper, straightness, roundness,
diameter

Three “best size" thread wires,
gage blocks

Three “'best size” thtead wires,
gage blocks

Solid W thread-setting ring for GO
(if direct measurement of pitch
diameter is not made) {Notes 6] 8)

Solid W thread-setting ring for H
(if direct measurement of pitcH

diameter is not made} (Notes 6| 8)

Solid W thread-setting ring for GD
{Notes 6, 8)

Solid W thread-setting ring for HI
(Notes 6, 8)

Solid W thread-setting ring for H
(Notes b, 8)

Solid W thread-setting ring for H|
(Notes 6, 8)

Gage blocks

minor diameter

3.2 Minimum major
diameter snap type (55
deg. maximum included
angle)

3.3 Minimum minor
diameter snap type

Pitch, included angle, dimension over
segments or rolls, width of flat at
crests (Note 4)

Taper, straightness or coaxiality of
cylindrical segments or rolls,
dimension over segments or rolls
(Note 4)
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Plain Z tolerance ring gage for GO
major diameter or gage blocks
between jaws

Plain Z tolerance ring gage for GO
minor diameter or gage blocks
between jaws
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TABLE 15 CALIBRATION REQUIREMENTS AND STANDARDS FOR X TOLERANCE THREAD GAGES,
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INDICATING GAGES, PLAIN GAGES, AND MEASURING EQUIPMENT FOR INTERNAL

PRODUCT THREADS (CONT’D)

Thread Gages and Measuring
Equipment {Note 1)

Calibration Requirements for Gages
and Measuring Equipment (Notes 2, 3)

Settling Gages and Standards

3.4 Maximum and

Pitch, included angle, dimension over

Plain Z tolerance ring gage for GO

minimum major
diameter snap type
(55 deg. maximum
included angle)

3l Maximum and
minimum minor
diameter snap type

4 |ndicating thread gages having
Either two contacts at

80 deg. or three

Fontacts at 120 deg.

411 GO segments

IS

3 GO rolls {zero lead)

4.5 Minimum material,
pitch diameter type,
cone and vee

46 Minimum material,
thread,groove type,
cong‘enly

Mintmum material,
thread groove type,

segments or rolls, width ot tlat at
crests (Note 4)

Taper, straiaghtness, coaxiality of
cylindrical segments or rolls,
dimension over segments or rolls
(Note 4)

Lead, flank angles, major.diameter,

pitch diameter, taperistraightness,
clearance at root, major cylinder to

pitch cylinder;.relationship of
segments for-eoaxiality
(Notes 4;,5)

Pitch \lank angles, major diameter,
taper, straightness, clearance at
root, paraltelism of axes of rolls
to each other (Notes 4, 5)

Pitch, width of flat at crest, height

of thread (Notes 4, 5)

Radius of contacts (Notes 4, 5)

Ball diameter (Notes 4, 5)

major diameter; plain Z tolerarjce
ring gage for HI major digmeteéf
or gage blocks between(jaws

Plain Z tolerancenring gage for GO
minor diameter; plain Z tolerance
ring gagé_for HI minor
diameter or gage blocks
between jaws

Solid W thread-setting ring for GO or
basic pitch diameter {Notes 6-§)

Solid W thread-setting ring for GO
(Notes 6, 9)

Solid W thread-setting ring for GO or

HI or basic pitch diameter
(Notes 6, 9)

W thread-setting ring for HI
{Notes 6, 9)

Plain Z tolerance ring gages who
diameter is basic pitch diamete]

)

three “best size”
thread balls, two ball
contact spaced four
pitches

4.7 Minor diameter and
pitch diameter runout

gage

Straightness of plain gage segment,
pitch, flank angle, straightness of
thread segment, minor cylinder
to pitch cylinder, relationship
of segments for coaxiality
(Notes 4, 5)
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plus 72 the "best size™ thread
ball size

None
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TABLE 15 CALIBRATION REQUIREMENTS AND STANDARDS FOR X TOLERANCE THREAD GAGES,
INDICATING GAGES, PLAIN GAGES, AND MEASURING EQUIPMENT FOR INTERNAL

PRODUCT THREADS (CONT'D)

Thread Gages and Measuring
Equipment (Note 1)

Calibration Requirements for Gages
and Measuring Equipment (Notes 2, 3)

Setting Gages and Standards

10

n

4.8 Differential segment

GO profile of one pitch in length,

Not required: special internal lead

1
or 1ot

rldicating plain diameter
gages

51 Major diameter type
(55 deg. maximum
included angle)

v

R Minor diameter type

ternal pitch micrometer
ith standard contacts
dpproximately HI profile)
cpne and vee

b3

Infternal pitch micrometer
wlith modified contacts
(dpproximately pitch
dlameter contact) cone
and vee

-

hread measuring-ball with
itable measuring’means

«w

Jptical comparator or tool-

beg”ltlll OT IU“, rtquhcs I’:dllk
angles checked
GO full-form segment (see 4.1
above)
GO full-form roll (see 4.3 above)
Minimum material, pitch diameter
type, cone and vee, (see 4.5
above)
Minimum material, thread groove
type, cone only, (see 4.6 above)

Pitch, included angle of flanks,
width of flat on crests

Straightness, parallelisméf\contacts
{Note 5)

Pitch, flank,dngles, maximum error in
indicated measurement in the
micrémeter head shall not exceed
0.005 mm

Pitch, flank angles, width of flat at crest,

height of thread. Maximum error in
indicated measurement in the
micrometer head shall not exceed
0.005 mm

Flatness and parallelism of internal
anvils, screw calibration, measuring
force

Micrometer stage, magnification, radius

Stardard-and-mterat famkangie
standard with generated errops
portion and near perfect-portion

Plain Z tolerance ring gage for bagic
major diameter or GO major
diameter, gage blocks, direct

measurement

Plain Z tolerance ring gage for basic
minor diameter, gage blocks, dirgct
measurement

Solid W thread-setting ring gage {or
basic pitch diameter, measurement
over wires {Note 6)

Solid W thread-setting ring gage for
basic pitch diameter {Note 6)

Gage blocks, calibrated “best size|”
thread balls

Gage blocks, plug gages, sine bar|stage

makersmicroscope with
suitable fixturing and cast
replica

Profile tracing equipment
with suitable fixturing

Lead measuring machine with
suitable fixturing

Thart, protractor tead (INoTE 47

Use manufacturer’s instructions to test
stylus traverse and electronic
amplification

Traversing system, straightness of ways,
stylus radius

104

micrometer

Special angle block supplied with
instrument

Lead standard gage blocks
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TABLE 15 CALIBRATION REQUIREMENTS AND STANDARDS FOR X TOLERANCE THREAD GAGES,
INDICATING GAGES, PLAIN GAGES, AND MEASURING EQUIPMENT FOR INTERNAL
PRODUCT THREADS (CONT'D)

Thread Gages and Measuring Calibration Requirements for Gages
Equipment (Note 1) and Measuring Equipment (Notes 2, 3) Setting Gages and Standards
12 Helical path analyzer Use manufacturer’s instructions 1o test Lead standard
The mechanicat and etectronic
features
13 Hlain internal micrometer and Maximum error in indicated measure- Gage blocks, or calibrated plain
dalipers modified as required ment in the micrometer head shall plug gages

not exceed 0.005 mm

14  Yurface measuring equipment Use manufacturer’s instructions for Precision’roughness standard
calibration procedures

15 Roundness equipment Use manufacturer’s instructions for Precision glass sphere, roundnes
calibration procedures magnification standard

NOTES:

(1) }ee Table 2.

(2) Pse applicable X, W, or Z gage tolerance.
(3) Taper,straightness,including belimouth barrel shape and hourglass shape, and roundness shall be within the X, W, or Ztolerance
Hepending on the element measured. In other words, if these featares are measured at pitch cylinder, the tolerance fof pitch
Hiameter applies.
(4) Dse manufacturer’s recommended procedures for gage forichecking the thread features and alignment of indicating gage
Fomponents.
(5) New rollsand segmentsshall be within X tolerance. Wornrolls or segmentsshall be replaced when asingle thread elemen| wears
butside of X tolerance.

(6) Pitch diameter is usually transferred from threadssetting gage.
(7) When the gage is set by adjustment based on‘aetual measured pitch diameter of the setting master, the master shall meet all
W tolerances except for pitch diameter, which may have a tolerance increased to X.
(8) Pitch diameter size on some types of adjustable gages may be set from Z tolerance plain ring gages or direct measuremeng. Rolls
must qualify for setting from their otitside diameters.
{9) Pitchdiametersize may be set by dire¢t measurement over wires on 180 deg. segments, with specially designed transfer stapdards
br by Z tolerance plain ring gages)when rolls are qualified for setting from their outside diameters.

TABLE 16_SCALIBRATION REQUIREMENTS FOR THREAD- AND PLAIN-SETTING GAGES

Setting Gage Calibration Requirements

GO, [LO and W thread-setting plug gage, truncated Lead. flank angles. major diameter. pitch diameter, taper, straightness fand
anfl fullform roundness of major and pitch cylinders. clearance atroot, coaxiality of major
cylinder with pitch cylinder

GO. HI and solid W thread-setting ring gage Lead, flank angles, minor diameter, pitch diameter (Note 1). taper, straightness
and roundness of minor and pitch cylinders, clearance at root, coaxiality of
minor cylinder with pitch cylinder

Plain Z tolerance plug and ring gages Diameter. taper, straightness, and roundness

NOTE:

(1) Pitch diameter of an internal thread, measured by ""bestsize’ thread ball contacts, wili be 0.0025 mm to 0.005 mm larger than the
pitch diameter, gaged indirectly by a snug-fitting master thread plug gage or locked segments of an indicating gage which have
been measured by “"best size’ thread wire method. This difference is due to the functional size of the master thread plug gage or
locked segments which unavoidably have small deviations in leau, flank angle, taper, and roundness.
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5.20 Profile Tracing Instrument
(Table 1 — Gage 10)

5.20.1 Purpose and Use. Theinstrument checks
thread contours toanaccuracy of 0.005 mm for 25 mm
of horizontal and 2.5 mm vertical travel at 100X
magnification. The chart paper trace may be ana-
lyzed

GAGES AND GAGING FOR
METRIC M SCREW THREADS
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crest width. lead angle, and radius at root of thread.

5.21| Electromechanical Lead Tester

(Table 1 — Gage 11)

5.21.1 Purpose and Use. The clectromechani-
cal lead tester consists of a precision, direct-reading
headgtock in combination with an axially movable
carrigge supporting a sine bar, two work-mounting
centefs. electronic thread locating head with a ball
pointl and a milliammeter for registering the center
positjon of the ball probes in the thread groove. Ball
point|stylus approximates the “best size” thread wire
radius. To extend lead measurements beyond 25 mm,
gage |blocks in 25 mm steps are used to displace the
screw thread. Lead measurements accurate to 0.0006
mm gdre read directly from micrometer scales on head-
stock|

5.22( Helical Path Attachment Used With
GO Type Thread Indicating'Gage

(Table 1 — Gage 12)

5.22.1 Purpose and Use.) To observe the pres-
ence of helical path variation with a GO type indicating
gage|Fig. 35, the following procedure is used:

(a) asuitable means's used to lock (restrict) axially
the lgwer gaging €lement;

(b) thetopgaging element is allowed to float freely
(axia]ly) on its‘'own stud and at least one full pitch away
from|thedframe;

(c) theproduct to be inspected is inserted into the

Indidator
GO Indicating )

gage

O

Top gaging elemelnt

|

Lower gaging elem

Nz

AAAAAAAAA

B

FIG. 35 INDICATING GAGES — HELICAL
PATH ATTACHMENT USED WITH GO TYPE
INDICATING GAGE

5.23 Helical Path Analyzer
(Table 1 — Gage 13)

5.23.1 Purpose and Use. A helical path|ana-
lyzer is a self-contained unit consisting of a mptor-
driven headstock. tailstock, electronic gaging head,
sine bar, follower, pitch blocks, selsyn transmittgr for
chart recorder, and operator control panel.

The external workpiece to be measured is moynted

gaging elements so that the conditions described in (a)
and (b) above are met;

(d) an indicator (usually attached to the compar-
ator) i1s positioned so that the indicator contact point
locates at the face of the free floating (top) gaging
element;

(¢) the product is turned one full revolution. The
presence of helical path variation causes the top gaging
element to displace itself axially on its own stud.

(/) the tull-indicator movement is observed.

106

between centers. The motor-driven headstock rotates
the part through three revolutions at one setting. At the
same time, this rotary motion is transmitted to the
chart drive of therecorder. Simultaneously, the driving
ribbon running off the headstock actuates the sine bar
laterally on a ball slide in direct proportion to the
spindle rotation. The sine bar is set previously to the
proper angle for the particular pitch using the ap-
plicable pitch block. The electronic gage head floats
axially on ball slides, the movement being controlled
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by constant spring pressure of the sine bar follower
against the sine bar.

The chart gives readings in lead variation and so-
called drunken thread variation. Chart division is
equal to 0.0005 mm per division.

5.24 Surface Roughness Fquipment

ANSI/ASME B1.16M-1984
AN AMERICAN NATIONAL STANDARD

rotary tables and precision spindles. A special stylus
coupled to an electric unit records the out-of-round-
ness on a circular chart as it traces around the cylin-
drical surface of the workpiece. The instrument pro-
vides a series of magnifications for stylus displace-
ment, a filtering system for isolating labing from sur-
face irregularities, various means for centering the

(Table 1 — Gage 15)

5/24.1 Purpose and Use. Measurement of sur-
facq roughness on screw thread flanks is usually made
with an instrument which traverses a radiused stylus
acrgss the lay. The stylus displacement due to the sur-
facq irregularities is electronically ampiified and the
meter reading displays the arithmetical average rough-
nes$ height in micrometers (see ANS] B46.1, Sur-
facq Texture: Surface Roughness, Waviness, and Lay).
Sorpe instruments produce a chart of the traced path
whikch shows the peak-to-valley heights of the surface
irregularities. Special fixturing is required to position
and| guide stylus over thread surface.

5.25 Roundness Equipment
(Table 1 — Gage 16)

5.25.1 PurposeandUse. Thereare two typesof
pretision roundness measuring instruments; precision

amplified stylus trace on the polar chart, and 4 selec-
tion of rotating speeds. For details on meaSufing and
for other methods for checking roundness) see| ANS|
B89.3.1, Measurement of Out-of-Roundness.

5.26 Miscellaneous Gages and
Gaging Equipment

5.26.1 The description of the external gages, as
noted in/5. Mthrough 5.25. is definitely not a complete
catalog.of the various types available for inspection
purposes. The gages not described above may be used
provided they adhere to the standard thread pjractice
noted in this Standard (i.e.. truncation, form of {thread,
tolerances, etc.) and have producer and cofgsumer
agreement.
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APPENDIX A

A1 GENERAL

There are more ways to calibrate gages than those
brieflly described herein. Since this Appendix covers
only|the most commonly used designs of limit, snap.
and Indicating gages, the inspector may have to modify
the li\ethod described for it to become applicable. Spe-
cial fixturing may be necessary for the small and large
gagep.

Specially designed screw thread indicating gages
may|at times be more practical for making measure-
ments on thread gage elements than the cumbersome
all-purpose laboratory instruments which may lack
adequate fixturing to do an efficient job.

Bgfore one calibrates, sets, or uses limit, spap, and
indiqating gages, they should be cleaned and examined
visuglly for nicks, burrs, and foreign matter, using a
minjmum of 10X magnification. «Defects must be
corrgcted.

A2 THREAD PLUG GAGE CALIBRATION
GO and HI Thread Plug Gages
GO and LO Truncated Setting Plug
Thread Gages
GO and LO Full-Form Thread-Setting

Plug Gages

CAUIBRATION AND INSPECTION OF LTMIT
SNAP GAGES, INDICATING GAGES, AND MEASURING INSTRUMENTS

{This Appendix is not part of ANSI/ASME B1.16M-1984, and is included for information purposes only.)

GAGES,

using a hardened steelestylus with a radius matching
the “best size” thread-ball. The stylus, which contacts
both the leading andfollowing flanks, engages seflected
complete threads)at the pitch line in a directiop par-
allel to the axis of the gage.

The méasurements are made at both ends of the gage
and one.or more positions in between along ong line;
then<they are repeated along another line at 18D deg.
around the gage. The mean of the two sets of readings
1s taken in order to eliminate the effect of an}y mis-
alignment of the measuring axis with respect fo the
gage axis. The importance of pitch measuremerjt is to
estimate its effect on functional size. The digmeter
equivalent of a pitch variation of 0.002 mm i51.0035
mm.

Since gages have very small pitch tolerancgs, the

measurement of pitch by optical projection |s not
recommended.
A2.3 Helix Variation Measurement

Helical variation may be measured with heliy mea-

suring machines or on special fixtured indifating
gages. Manufacturer’s instructions should be used.

A2.4 Major Diameter Measurement

The measuring instrument is set with gage bflocks,

A2.1 External Pitch Diameter Measurement

The formula and method of measuring pitch diame-
ter on thread plug gages are described in Appendix B.

A2.2 Pitch Variation Measurement

Only those thread plug gages that have their centers
intact can be mounted on centers for evaluation. The
measurements are made on a pitch-testing machine by
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cylindTical standards, or cylindrical standards and
gage block combination which approximate the major
diameter size. Then the outside diameter of the thread
is placed between parallel anvils of a measuring ma-
chine or micrometer. The measuring faces are brought
into contact with the threads using the specified
measuring force. Additional readings are taken along
the axis and around the gage to verify that the varia-
tions in roundness and taper are within the major
diameter tolerance.
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A2.5 Thread Form

Thread form is checked by either optical projection
or toolmaker’s microscope. After the recommended
magnification is selected. the profile may be compared
to thread templates, and the root radius may be com-

-pared to a series of radii on a chart. The truncation,
wid

hofflat and cont claneanog oo ha moascuirad hy
THOt+Ha+t Ra—FOot€t Re Ao o

TABLE A1 MINIMUM MAGNIFICATION
Minimum
Pitch, mm Magnification
More than 1.75 20X
1.75-0.6 50X
0.6 and less 100X

et -t THCY

usirlg the micrometer screws to translate the image of
the [thread feature with respect to cross lines in the
projector of hairlines in the microscope.

A2|6 Flank Angle Measurement
Al2.6.1 If both centers are available, the flank
angles may be measured by optical projection or tool-

maker’s microscope using magnifications shown in
Table Al. _

Tlhe plug gage is mounted on the centers in a fixture
whikh can be tilted to the helix so that both flanks are
in focus. See corrective angles shown in Table A2.
Thhe leading and following 30 deg. angles are each
megsured with respect to the major cylinder or axial to
the thread axis. The protractor head should read out to
| mjn of arc. The cross line or hairline is set parallel to
the fhread feature permitting a very narrow slit of light
between. If the thread flank is not straight, the in<
spe¢tor may either position the line to average out.the
flank irregularities or measure both the addendum-and
dedendum flank angles.

A2.6.2 Profile tracing equipment is ‘available for
making profile charts of each flankon 2.5 mm and
larger pitches.

A2|7 Runout Between Major Cylinder

and Pitch Cylinder

Tfhe fixed anvil of the measuring instrument or mi-
crometer engagé€s the major cylinder of the gage, and
the| movable<anvil straddles two thread-measuring
wirgs which.are pressed against the pitch cylinder with
a fdrcecappropriate for pitch diameter measurement.
Thi reading is taken and is followed by a series of

maximum conical contacts with radius or smgll flat
tips are used. Gage axis must be mounted normalto the
measuring screw axis. A gage blockcombinatiqn cor-
responding to the basic minoxdiameter should be used
to set the measuring screw. Optical projection rhay be
used also.

A3 THREAD RING GAGE INSPECTION

GO and LO
GO and<HI

Thread Ring Gages
Thread-Setting Ring Gages

A3.1 Internal Pitch Diameter Measurement

A3.1.1 Measurement of internal pitch digmeter
has seldom been practiced in the United States because
instrumentation has not been readily available] Thus,
the pitch cylinder is transferred to split ring gages from
the GO and LO thread-setting plugs by adjustment.
Solid working and setting ring gages are sized by lap-
ping until a light drag is noticed as they are screywed on
the setting plugs. Sizes under 5 mm can only be|gaged
with plug gages.

A3.1.2 The measured pitch diameter on rimgs fit-
ted to a setting plug may be 0.0025 mm to 0.005 mm
larger than the measured pitch diameter on the plug
because the pitch diameter equivalents from permis-
sible pitch, lead, and flank angle tolerances on mptched
plug and ring cause some unavoidable discrepajncy.

A3.1.3 Measurement of internal pitch digmeter
using “best size™ thread ball is restricted to sizes from
5 mm and larger. It is measured with ball cqntacts

readings obtained by rotating the threaded gage until
the maximtim and minimum values are found. The
maximum difference in measurements shall be within
the runout tolerance between the major cylinder and
pitch cylinder.

A2.8 Minor Diameter Measurement

Minor diameter can be measured with measuring
machine or micrometer, provided special 55 deg.
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mounted to caliper jaws and coupled to an indicating
gage. One jaw has a fixed ball and the other jaw a pair
of floating balls with center spacing of two or more
pitches. The caliper jaws are usually set to zeroonan X
tolerance plain ring whose diameter is the sum of the
basic pitch diameter of the gage plus one-half the “best
size” thread ball diameter. The ball contacts are
brought in contact with the flanks of the internal
thread. A series of measurements are made around the
gage at both ends and in the middle. The indicator
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TABLE A2 60 deg. INCLUDED THREAD ANGLE

Helix Angle Correction Helix Angle Correction
e L . .

8 # deg- mia- deg: i deg———min
2 0 54 9 18 23
2 10 1 4 9 10 19 4
2 20 1 14 9 20 19 46
2 30 1 24 9 30 20 29
2 40 1 36 9 40 21 12
2 50 1 48 9 50 21 57
3 2 2 10 22 42
3 10 2 16 10 10 23 28
3 20 2 N 10 20 24 15
3 30 2 47 10 30 25 2
3 40 3 4 10 40 25 50
3 50 3 21 10 50 26 38
4 3 38 1 27 28
4 10 3 56 11 10 28 19
4 20 4 16 n 20 29 1
4 30 4 35 11 30 30 2
4 40 4 56 a1 40 30 55
4 50 5 18 n 50 31 47
5 5 40 12 32 42
5 10 6 2 12 10 33 37
5 20 6 27 12 20 34 33
5 30 6 31 12 30 35 29
5 40 7 17 12 40 36 27
5 50 7 43 12 50 37 25
6 8 10 13 38 23
6 10 8 37 13 10 39 23
6 20 9 5 13 20 40 25
6 30 9 35 13 30 Eal 25
6 40 10 5 13 40 42 26
6 50 10 35 13 50 43 30
7 n 6 14 44 33
7 10 n 38 14 10 45 37
va 20 12 1 14 20 46 42
7 30 12 46 14 30 47 47
7 40 13 20 14 40 48 55
7 50 13 55 14 50 50 2
8 14 31 15 51 10°
8 10 15 8
8 20 15 46
8 30 16 24
8 40 17 2
8 50 17 42
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reading gives the variation from the size to which the
gage was set.

A3.2 Internal Pitch Variation Measurement

The ground face of the thread ring gage is clamped to
aface plate and mounted normal to the measuring axis

A3.6 Thread Form

Casts made of nonshrinking and nondeforming ma-
terial such as dental plaster, selected resins, and
silicone are necessary to evaluate thread form. The
profiles are examined by optical projection or by
toolmaker’s microscope. Thread form templates are

thread ball radius is needed to contact the
interpal threads. Measurements are made along one
line garallel to thread axis at two or more intervals. and
then [these same intervals are measured on another
line 4fter rotating the gage 180 deg. The means of the
variations of corresponding intervals are taken to
elimipate the effect of misalignment of measuring axis
with page axis.

of the pitch-testing machine. A modified stylus with
“best] size”

A3.3 Helix Variation Measurement

Hdlical variations are measured on a special fixtured
indicpting gage. Manufacturer’s instructions should be
used

A3.4 Helix Offset Measurement on Adjustable

Thread Ring Gages .

When an adjustable thread ring gage is reset. the
helix| offset at the split line must be checked and,may
not ¢xceed the X tolerance for pitch. One way to
meagqure the misalignment is to screw the adjdstable
ring partially onto its setting plug. which isclamped to
a vee|block onasurface plate. Withtheface of thering
gage|parallel to the surface plate.allow the spherical
probg of an electronic height(gage to contact the
expolsed thread flank near the'éedge of the slit. Note the
read{ng. Next, slowly rotate the ring so that the probe
crosdes the slit and rests’on'the thread flank again and
note[the reading. The'difference in readings shall not
exce¢d X tolerangefor lead. Sometimes the offset can
be rqaligned by-resetting and gently tapping it into
alignment and pelocking the gage.

A3.5 Minor Diameter

used-forcomparisonpurboses—Also truncation \l/idth
F L L <

of flat. and root clearance can be measured_with the
micrometer-driven table.

A3.7 Flank Angle Measurements

Casts are required. Thev are mounted with plasticine
toafixture which can be tilteddn the field of the optical
projector or toolmaker’stumieroscope. Further details
are given in A2.6. Profiletracing equipmentis avajlable
for making profile charts of each flank angle on 2.5 mm
pitch and larger. Manufacturer’s instructions degcribe
the process.

A3.8 Major Diameter Measurement

Threaded segments with 55deg. maximum incJuded
angles and slightly truncated at the crests are used with
an internal indicating gage. The segments are seft to a
plain ring gage or to the inner sides of paraile
attached to a gage block combination equivalent fo the
basic major diameter of the ring gage. The threafl ring
gageisexplored for maximumand minimum diameter.

jaws

A3.9 Runout Between Minor Cylinder
and Pitch Cylinder

Horizontally clamp handle end of setting plug |n vee
block which 1s clamped on a surface plate. Next, $crew
thread ring gage part way onto plug. Lubricate thlreads
if there is a snug fit. Position ball contact ofelecr:Ironic
height gage on the exposed minor cylinder of th¢ ring
gage. Next. slowly rotate ring to obtain the fullfindi-
cator reading for the runout.

A4 PLAIN PLUG GAGE CALIBRATION

There are varieties of internal gages with plain
cylindrical segments coupled to mechanical and elec-
tronic indicators which are suitable for the measure-
ment. The indicating gages are set to a master gage
made with parallel jaws attached to gage block com-
binations corresponding to the basic minor diameter.
Measurements are made to locate the maximum and
minimum diameters to prove that the ring minor
diameter is within tolerance.
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GO and NOT GO
GO and NOT GO

Plain Plug Gages, Z Tolerance
Plain Setting and Check Plug
Gages. X and Y Tolerances

A4.1 Outside Diameter Measurement

A4.1.1 The Z tolerance plug gage is measured
between flat parallel contacts of a micrometer which
has a resolution of 0.001 mm. The micrometer is set
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with a tolerance Grade 3 gage block close to the size of
the plug to minimize error in micrometer screw. Read-
ings around and along the plug are taken to verify that
the gage 1s within Z tolerance.

A4.1.2 The X or Y tolerance plug gage is measured
between flat parallel anvils of a measuring machine

FaWaYaYata¥

gage block sets must meet the requirements specified in
ANSI/ASME B89.1.9M-1984, Precision Gage Blocks
for Length Measurement (Through 20 in. and 500 mm).
The small displacement between ring gage diameter and
master gap is read on the meter. Measurements are taken
around the gage, near the ends, and in the middle. The
measuring instrument should have a readout of at least

whighhasaresotutronto8-66625mmortess—witha
meaguring force of 4.5 N. The flatness and parallelism
of the anvils should be within 0.00025 mm. The calibra-
tion history of the measuring screw should not exceed
0.00075 mm. The measuring machine anvils are set
with[ a tolerance Grade 3 gage block combination
corresponds to the marked diameter of the plug
gagel Measurements are made around the plug near
the gnds and middle to determine that ovality, out-of-
roundness. barrel shape, and taper are within toler-
ance| Also, one measured diameteris marked, and this
mark is used as the starting position for generating a
roundness chart on a roundness testing instrument for
compliance to tolerance. Roundness is assessed by the
minimum circumscribed circle method on the chart.
The out-of-roundness is the radial separtion between
the minimum circumscribed circle and the maximum
insciibed circle. Refer to ANS1 B89.3.1, Measurement

of Qut-of-Roundness, for details on roundness
meagurement.
A5 PLAIN RING GAGE CALIBRATION

Plain Ring Gages, Z Tolerance
Plain Setting:Ring Gages, X
Tolerance

GO pnd NOT GO
GO End NOT GO

AS5.

AS5.1.1 TheZtolerance ring gage is measured with
internal indicating-gdge or measuring instrument which
has 4 resolution*0f0.001 mm. The measuring device is
usuallly set with*a master gap produced by clamping
jaws|to theselected gage block combination. Measure-
menjsaretaken around the bore near ends and in the
midde:

Diameter Measurement

0.00025 mm. A referenced position at the middle|of the
bore is used to index the out-of-roundness check [as de-
scribed in A4.1.2.

A6 PLAIN SNAP GAGES

GO and NOT GO plam srap gages for exfernal
major diameter check are.set with plain Z tolerance
plug gages. When theladjustable anvil is locked,|there
should be a very lightdrag felt when plug gage orjrollis
pushed betweenanvils for its entire travel. If thi§ does
not occur, an¥ils are worn out of parallel and shopld be
relapped ~The snap may be set with gage blockls and
roll whiese combined thickness equals the majpr di-
ameteplimit. When the adjustable anvil is lockefd, the
small roll should have a very light drag when moved
across the anvil.

A7 ROLLS WITH ZERO LEAD THREAD
FORM USED ON SNAP AND
INDICATING GAGES

Rolls may be checked for thread form and sjze by
optical projection (see A2.5 and A2.6). Pitch i mea-
sured as described in A2.2. New rolls should be manu-
factured to X tolerances. Worn rolls should be replaced
when a single thread element wears outside|of X
tolerance.

A8 INSPECTING PERIPHERAL
CONTACTING SEGMENTS ON
INDICATING GAGES

A8.1 Inspection of the Threaded Section
Used-on External Product Threads

A5.1.2 The X tolerance ring gage is measured over
two radius contacts on an internal measuring instru-
ment. Internal measuring procedure is given in ANSI
B89.1.6, Measurement of Qualified Plain Internal Di-
ameters for Use as Master Rings and Ring Gages. The
measuring device 1s set with a master gap produced by
clamping flat parallel jaws on the gage block com-
bination corresponding to the ring gage dimension,
The gage blocks and the jaws which are accessories to
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A8.1.1 Straightness (Taper, Bellmouth, and
Barrel Shape)

(a) Using the last three threads of the full-form
portion of the truncated type setting plug (handle end
on taperlock blanks), engage the first three threads on
one end of the segments. Note the reading.

() Using the same procedure, engage the /ast three
threads on the other end of the segments. Note the
reading.
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(¢) Repeat step (a) using first three threads of the
truncated portion of the plug (opposite the handle end
on taperlock blanks). Note the reading.

(d) Repeat step (b) using the first three threads of
the truncated portion of the plug. Note the reading.

Indicated differences exceeding X tolerance for
pitch diameter between reading (a) and (b) or (c) and

A8.1.5 Minor Cylinder to Pitch Cylinder Re-
lationship of Each Segment

(a) Witheach like coded segment, measure from its
mounting hole over the outside diameter of a plain
plug whose diameter is that of the specified maximum
minor diameter and which is resting on the minor
diameter of the segment. Note the two readings.

(d) reveal the segments as having an end-to-end
straightness deviation.

NOTH: More definitive analysis for bellmouth or barrel shape can be
made |by using a check plug (full-form or truncated) having a
maximhum length of three pitches, rotating the plug through the full
lengthlof the segments, and noting the plus and minus (£) indicator
variat{on at specific points in the segments.

A§.1.2 Flank Angle Wear

(a) Indicated differences exceeding X tolerance for
pitch{diameter values obtained by A8.1.1 procedure (a)
and (c), or (b) and (d), reveal that the segments have
excegsive flank angle wear; or

(h) Indicated differences exceeding X tolerance for
pitch|diameter values obtained between the full-form
portipn and the truncated portion of the setting plug
when engaging the segments over their full length also
revedl that the segments have excessive flank angle
wear ‘

A8.1.3 Lead Error. Should the preceding checks
for straightness and flank angle wear fall within-X
tolerfince, the check for lead error is performed as
follopvs.

(a) Using the last three threads of the full-form
portion of the setting plug (handle end on taperlock
blanks), engage the first three threads)on one end of the
segments. Note the reading.

(h) Withthe three thread-engagement above, rotate
the flu/l-form portion of the'plug through the segments
to fuII length engagement”Note the reading.

An indicated difference exceeding X tolerance for
pitcH diameter bétween the first and second readings
above revealy fhat the segments have excessive lead
errof.

(¢] Répeat steps (a)and (b) with the rruncatred por-
tion pf'the plug. Note the reading.

(h) Witheach like coded segment, measure frgm its
mounting hole over the outside diameter ©f)'the W
tolerance GO thread plug — full-form seéction —{ as it
rests in the segment thread. Note the readings.

The differences between matchingysets of reaflings
from steps (a) and (b) for each segment must be Within
the X tolerance for minor diaineter.

NOTE: I[nspection fixtures can ‘beiused for the above.

A8.1.6 Minor Cylinder Size Compared to
Pitch Cylinder Diameter Size and Minor Diame-
ter Straightness-(As a Coded Pair)

(a) Usingthe full-form portion of the W tolerance-
setting plag, €ngage its entire length into the segments
and zero>out the indicator.

(h)\Usinga plain cylindrical plug having a size ¢qual
to-thé maximum-material minor diameter of the thread
size in question, engage that plug fully into thq seg-
ments and note the reading.

The difference in reading must be within the X
tolerance specified for minor diameter.

(¢) To verify the taper of the minor diameter| par-
tially engage the plain cylindrical plug from each ejnd of
the segments.

(d) Measure directly for straightness from th¢ seg-
ment mounting hole directly to the minor diafeter
flats of each thread in the segment.

A8.1.7 Minor Cylinder to Pitch Cylinder
axiality Relationship (As a Coded Pair)

Co-

NOTE: Even though the size of the minor diameters may be|within
tolerances, they may not be coaxial.

(a) Using the full-form portion of the W tolerpnce-
setting plug, engage the entire length into the segrEents
and zero-out the indicator at the high point. Lodk the
segments on the studs, with the set screws provided in

An indicated difference exceeding X tolerance for
pitch diameter between the first and second readings
reveals that the segments have a lead error.

A8.1.4 Thread Form and Cylindrical Form
Continuity. For checking continuity of threaded
and plain surfaces (helical profile uniformity, con-
tinuous thread flank contact with setting plug, and
cylindrical contacts), the conventional bluing pro-
cedure is used.
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the backs of the segments to prevent them from pivot-
ing. Lift the pivot arm and back out the plug.

NOTE: The pivot arm will not lift high enough to allow total dis-
engagement. Consequently, the plug must be screwed out.

(h) Using the plain cylindrical plug having a size
equal to the maximum-material minor diameter of the
thread size in question, engage the plug by sliding it in
(right to left or left to right) from the end. Note the
reading.
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(c) The indicated difference between steps (a) and
(b) above should not exceed X tolerance for minor
diameter,

(d) Loosen and reverse the top segment 180 deg.
(ledge side out) and using the full-form portion of the
W tolerance-setting plug, engage the entire length into
the segments and zero-out the indicator at the high

diameter difference corresponds with the working
range of the indicator dial, are required. When they are
applied to the cluster of rolls or segments, the dif-
ference in indicator dial readings should not vary by
more than * | least graduation from the calibrated
difference between the two gages.

poin{- With the boitom segment still locked as 1n step
(a), lpck the top segment on the stud with the set screw
prov]ded in the back of the segment to prevent it from
pivotfing. Lift the pivot arm and back out the plug.

NOTH
engag

(e] Repeat step (b) above.

(/] The indicated difference between steps (d) and
(e) apove should not exceed X tolerance for minor
diamgeter.

: The pivot arm will not lift high enough to allow total dis-
ment. Consequently, the plug must be screwed out.

A9 INSPECTION OF THREADED CONTACT
EGMENTS USED ON INTERNAL

RODUCT THREAD

The coded pairs of segments are locked or clamped
whern engaging the plain ring gage or thread-setting
ring.| Then thread form, pitch diameter, major di-
ameter, pitch, and straightness can be inspected by
methlods described in A2.1 through A2.8.

CHECK FOR MAGNIFICATION
DISCREPANCIES DUE TO INDICATING
SYSTEM LINKAGE

A10

Two X tolerance plain plug gages for the external
threald indicating gages and'two X tolerance plain ring
gageq for the internal thread indicator gages, whose

A11 CALIBRATION OF DIAL AND
ELECTRONIC INDICATORS

Calibration of the indicator may-be done by digplac-
ing the spindle with a calibrated micrometer scrgw or
with tolerance Grade 3 gagé€ blocks inserted between a
fixed anvil and the spindle. The accuracy of the mi-
crometer screw should-be 0.0007 mm and is usqd for
calibrating indicaters with resolution of 0.002 mm and
larger. The zero setting for calibrating dial indicaforsis
at the 12 o’¢lock position. A minimum of four equally
spaced .increments per revolution is calibrated. On
electronic indicators each numbered divisi¢n is
calibrated.

A12 ASSESSMENT OF SURFACE QUALITY

Product threads which exhibit torn or rough surface
may be assessed with indicating gages. The rapid|fluc-
tuation of the indicating needle when the partis rotated
slowly between the gage contacts may not exceed
0.0025 mm. For external threads, a roll type indicating
gage with “best size™ thread radius rolls is used

For internal threads, a gage with “best size” thread
ball contacts is used.

115


https://asmenormdoc.com/api2/?name=ASME B1.16M 1984.pdf

Intentionally left blank



https://asmenormdoc.com/api2/?name=ASME B1.16M 1984.pdf

APPENDIX B

B1 WIRE METHOD OF MEASUREMENT OF
PITCH DIAMETER (THREAD GROOVE

DIAMETER)

for the measurement of screw thread plug gages and
setting plugs by measuring over accurate cylinders or
wire$ inserted in the thread grooves. The purpose is to
makg available a standard United States method for
mak|ng such measurements. The practices described
meagure groove diameter, which is equal to pitch
diamjeter only on a thread with perfect pitch spacing.

TtEs Section presents specifications and techniques

B2 SIZE OF WIRES

In[the three-wire method of measuring piteh di-
ameter, hardened steel cylinders or wires of.appropriate
size gre placed in the thread groove, two,on-one side of
the sgrew and one on the opposite side,'as shown in Fig.
B1. The contact face of the compayrator, measuring
maclhine, or micrometer anvil ot spindle which is over
the tivo wires must be sufficiently large in diameter or
width to touch both wires; that is, it must be greater
than|the pitch of the thtead. It is best to select wires of
such|a size that they)touch the sides of the thread at
poin}s where the(groove is equal to 0.5p (groove di-
ameter). Thisa§idone so that the measurement of pitch
diameter 1s least affected by any error in thread angle.
The pizeCof\wire which touches exactly at the groove
diameter-of a perfect thread of a given pitch is termed

METROLOGY OF 60 deg. SCREW THREADS

(This Appendix is not part of ANSI/ASME B1.16M-1984, and is included for information purposes only:)

The “best size” thread wire iStaken as that size which
will touch at the groovédiameter of a grooye cut
around a cylinder perpendicular to the axis ¢f the
cylinder. Thesize ofthe* best size” thread wire, resting

in a zero lead angle 60 deg. vee thread, is given by the
formula:
w = 0.5p X sec a (D
where
w = diameter of wire
= pitch
a = half-angle of thread
Reduce this formula to
w=0.57735 X p (2)
for 60 deg. threads.
On occasion, it may be necessary when a “best size”

thread wire is not available to measure pitch diameter
by means of wires of other than the “best size[” The
minimum size which may be used is limited tp that
permitting the wire to project above the crest pf the
thread, and the maximum, to that permitting thg wire
to rest on the flanks of the thread just below thg crest
and not ride on the crest of the thread. The diameters of
the best size, maximum, and minimum wires {or 60
deg. threads are given in Table Bl.

the “best size” thread wire for that pitch.

The depth at which a wire of given diameter will rest
in a thread groove depends primarily on the pitch and
included angle of the thread; and, secondarily, on the
angle made by the helix at the point of contact of the
wire and the thread, with a plane perpendicular to the
axis of the screw. Variationin the lead angle has a very
small effect in the measurement of groove diameter
with wires. It is desirable to use one size of wire to
measure all threads of a given pitch and included angle.
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B3 METHODS OF MEASURING WIRES
CONSIDERING THE EFFECT
OF DEFORMATION

Measurement of the pitch diameter of a thread gage
by means of the three-wire method is most conveniently
made when sufficient force is applied to the wires by
the measuring instrument to properly align the wires
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and|gage. Since a wire touches a (minute area on each
thrdad flank, the deformation ofjthe wire and thread
will|be sufficiently large to tequire some type of cor-
rectjon and the measuring force must be limited to
avold permanent deformation of the wire and gage. As
an Indication of thie ‘need for compensation for the
def@¢rmations, it(can be shown that the total effect on
pitch diameterofthe deformations of three wires and an
MIP X 1.26 thread gage i1s 0.005 mm when measured
under l.M'N. It is practical to compensate for the
ma?IZr portion of this deformation by a simple pro-

7Z
[/Measuring contact%
U000 0000000

A THREE-WIRE METHOD OF 'MEASURING PITCH (THREAD GROOVE) DIAME
OF THREAD PLUG GAGES

TER

with the axes of cylinder and wire at 90 deg. t¢ each
other if an appropriate selection of cylinder diameter
and the measuring force is made. Optimum compensa-
tion for the deformations which occur in the mepsure-
ment of pitch diameter would require the calibration of
wires with a different cylinder or force for every {hread
diameter-pitch combination. Calibration of wifes in-
volving such a variety of conditions is neither practical
nor necessary, as the measurement procedure which is
generally followed will assure uniformity of valugs. It is
desirable to keep the effects of deformation small.

cedure described 1n the following paragraphs.

(a) It would be possible to prepare tables of the
deformation of all standardized sizes of gages, but this
would not take care of special combinations of pitch
and diameter. Another method of compensating for
the deformations is to measure the thread wires under
conditions which provide deformations equivalent to
those which occur when the wires are used to measure a
thread. This can be accomplished by the measurement
of the thread wires between a flat anvil and a cylinder

118

(p) Tt can be shown, for example, that all sizes of
threads from 3.5 mm to 50 mm can be measured with
wires calibrated against a 20 mm diameter cylinder
using the forces recommended for pitch diameter mea-
surements in Table B2 with variations from true pitch
diameter (neglecting the effect of lead angle) not in ex-
cess of 0.0009 mm. Slightly larger discrepancies in the
50 mm to 100 mm size range are relatively unimportant
because these sizes have larger tolerances. For sizes
smaller than 3.5 mm it is necessary to calibrate wires
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TABLE B1 METRIC THREAD-MEASURING WIRES FOR 60 deg.
SCREW THREADS

Wire Sizes, W

C, “Best Size” Thread

Best' Minimum? Maximum? Wire Conslant,:’

Pitch 0.577350p 0.505182p 1.010363p 0.866025p
mm mm mm mm mm
0.2 0.1155 0.1010 0.2021 0.1732
0.25 0.1443 0.1263 0.2526 0.2165
0.3 0.1732 0.1516 0.3031 0.2598
0.35 0.2021 0.1768 0.3536 0.3031
0.4 0.2309 0.2021 0.4041 0.3464
0.45 0.2598 0.2273 0.4547 0.3897
0.5 0.2887 0.2526 0.5052 0,4330
0.6 0.3464 0.3031 0.6062 0.5196
0.7 0.4041 0.3536 0.7073 0.6062
0.75 0.4330 0.3789 0.7578 0.6495
0.8 0.4619 0.4041 0.8083 0.6928
1 0.5774 0.5052 1.0104 0.8660
1.25 0.7217 0.6315 1.2630 1.0825
1.5 0.8660 0.7578 135155 1.2990
1.75 1.0104 0.8841 1.7681 1.5155
2 1.1547 1.0104 2.0208 1.7321
2.5 1.4434 1.2630 2.5259 2.1651
3 1.7321 1.5155 3.0311 2.5981
35 2.0207 1.7684 3.5363 3.0311
4 2.3094 2.0207 4.0415 3.4641
4.5 2.5981 2.2733 4.5466 3.8971
5 2.8868 2.5259 5.0518 4.3301
5.5 3.1754 2.7785 5.5570 4.7631
6 3.4641 3.031 6.0622 5.1962
NOTES:
(1) The diameters of “‘best size” thread balls are the same as the diameters of the “best size” thread

wires.

(2) Measuréd PD = M, + 0.866025p — 3W
(3) If “bestsize” thread wire is used, PD = M, — C.

TABLE B2 MEASURING FORCE FOR OVER-WIRE
MEASUREMENTS OF EXTERNAL PITCH DIAMETER AND
WIRE CALIBRATION, AND CYLINDRICAL
DIAMETER FOR WIRE CALIBRATION

Measuring Force (£10%) Cylinder
Diameter,
Pitch Range, mm N’ Ib (Ref.) mm
0.2-0.35 1.1 0.25 1.25
0.35-0.6 2.2 0.50 3
0.6-1.25 4.5 1.00 20
1.25 and larger 11.1 2.50 20

NOTE:
(1) 1N = 0.2248 Ibf
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against a 3 mm cylinder which has aradius more nearly
equal to the radius of curvature of the thread flank.
(¢) As previously noted, the force applied by the
measuring device must be limited to avoid permanent
deformation of the wires or gage, or both. Even for
large diameter threads having coarse pitches, the
maximum compressive stress at the points where a wire

The use of other contact forces will cause a difference
in the reading over the wires, and to completely
compensate for such errors is impractical. Variations
in diameter around the wire should be determined by
rotating the wire between a spherical or flat measuring
contact and an anvil having the form of a 60 deg. vee
groove. Variations in diameter along the wire should

touches the thread flanks is high, and it increases to a
poin} where permanent deformation may occur for the
smalj diameter threads. It therefore becomes necessary
to refluce the measuring force progressively as the sizes
of theads decrease. See Table B2.

B4 METHODS OF MEASUREMENT

USING WIRES

The computed value for the pitch diameter of a
screW thread gage obtained from readings over wires
will Hepend upon the accuracy of the measuring in-
strument used, the measuring force, and the value of
the diameter of the wires used in the computations. In
ordef to measure the pitch diameter of a screw thread
gage|to an accuracy of 0.0025 mm., strict adherence to
the methods specified is required.

(a) The “best size” thread wires shall comply with
the 3pecifications listed in B2. The diameter of (the
wire$ must be known to within 0.0005 mm.

(b)) The measurement over wires should be made
with|a measuring instrument which reads-directly to
0.00x25 mm and has flat paralle] contacts within
0.0001 mm.

(cp A wire presses on the flanks of a 60 deg. thread
with|the force that is applied to‘the wire by the mea-
suring instrument. Inasmuch as the wire and thread
defofm at the contact«@reas. it is desirable to deter-
ming the size of ther-wire under conditions which will
compensate for this'deformation. It is recommended
for standard praectice that diameters of wires be mea-
suredl betweena flat contact and a hardened and ac-
curafelycground and lapped steel cylinder having a
diarrleter in accordance with Table Bl with the measur-

be determined by measuring between a spherical or flat
contact and a cylindrical anvil.

(d) The wires should be free to assume their po
in the thread grooves without restraint. (The prac
holding wires in position with elasticybands can
duce errors in measurement.)

(e) To assure accurate valu¢s-for pitch diamete
surement, the measured value should be given tg
decimal places.

(f) Measurements.shall be standard at 20°C.

itions
ice of
intro-

mea-
three

B5 STANDARD SPECIFICATION FOR
WIRES AND STANDARD PRACTICH
INDMEASUREMENT OF WIRES
OF 60 deg. THREADS

The following specifications represent present
tice relative to thread-measuring wires.

(a) Composition. The wires shall be accufately
finished steel cvlinders. the hardness of which shdll not
be less than that correspondingtoa Knoop inden
number of 776 minimum. The surface texture shd
exceed the equivalent of 0.05 um R, max.

(h) Length of Wires. The working surface shall be
at least 25 mm in length. The wire may be projvided
with a suitable means of suspension.

(¢) Diameter of Wires. One set of wires shall cpnsist
of three wires which shall have the same diameter
within 0.00025 mm, and this common diameter shall be
within 0.0005 mm of that corresponding to the|*best
size” for the pitch for which the wires are to be|used.
Wires shall be measured between a flat contact and a
hardened and accurately finished cylinder having a
surface texture not over 0.05 um R, max. The|mea-
suring forces and cylinder diameter shall bg per

prac-

ation
Il not

ing force specilied in Table BZ. The plane of the Ilat
contact should be parallel to the contact element of the
cylinder within 0.0001 mm.

To avoid a permanent deformation of the material
of the wire or gages, it is necessary to limit the contact
force and. for consistent results. a uniform practice as
to contact force in making wire measurements of
hardened screw threads gages is necessary. The recom-
mended force for external pitch diameter measure-
ments is given in Table B2,
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l'able BZ.

(d) Variation in Diameter. Variations in diameter
along a wire (taper) over the 25 mm interval at the
center of its length shall not exceed 0.00025 mm as
determined by measuring between a spherical or flat
contact and a cylindrical contact.

Variations from true cvlindrical contour of a wire
(out-of-roundness, or noncircular cross section) over
its 25 mm central interval shall not exceed 0.00025 mm
as determined by measuring between a spherical or flat
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measuring contact and a well-finished 60 deg. vee
groove.

(e) Container and Marking. A suitable container
shall be provided for each set of wires. The pitch for
which the wires are the “best size” and the diameter of
the 25 mm central interval of the wires, as determined
by measurements under standard conditions as speci-

cot o

2

dz=MW+( )(p)—W(l+coseca

tan’ A\ cos a cot a)

; )

fied, phall be marked on the container. The measuring
force] and C corrections shall be marked in the
contdiner.

Bé GENERAL FORMULA FOR
EASUREMENT OF PITCH
DIAMETER

The general formula for determining the pitch
diamleter of any thread whose sides are symmetrical
with|respect to a line drawn through the vertex and
perpgndicular to the axis of the thread in which the
slight effect of lead angle is taken into account is:

cot o

dy =M.+ ( )(p) — w[1 + (cosec’ @

+ cot’ @ tan? A1)

wherp
d, = pitch diameter
M. = measurement over.wires
a = half-angle of thread
p = pitch
lead .
tag A’ = 314164 = lead anglée(angle between axis
3.14164 of wire'and plane perpendicular
t¢ axis of thread)
W =.mean diameter of wires
This [formula is d very close apporoximation, being

based on certaifi-assumptions regarding the positions
of the pointsof contact between the wire and the
thre

Fdormula (3) can be converted to the following

B7 SIMPLIFIED FORMULA FOR
PITCH DIAMETER

In the measurement of pitch diameter, the term

(w tan® A%Co§ a cot a)
2

is neglected, as it§value is small, being in all casgs less
than 0.0038-mm for standard single lead fastening
screws of/M2 and larger when the “best size™ thread

wire is«ised. Formula (5) takes the simplified fofm:
cot a
dz=Mw+( 5 )(p)— W(l + cosec a) (6)

The practice of using formula (6) for such threads is
permissible in order to maintain uniformity of practice
in the United States and thus avoid confusion.

For a 60 deg. thread of correct angle and thread
form, formula (6) simplifies to

dy = M. + 0.866025p — 3 W N

For a given set of “best size” thread wires
d=M,—-C

where

cot o

o |

The quantity Cis a constant for a given thread pngle

C=W[l+coseca—(

simplified form, which is particularly useful when
measuring threads of large lead angle:
cot a
d: =M.+ (—2*)(p) — W(1 + cosec a’) 4)
in which a’ = the angle whose tangent equals tan «
cos A’
When formula (3) is used, the usual practice is to

expand the square root term as a series, retaining only
the first and second terms, which gives the following:
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and, when the wires are used for measuring threads of
the pitch and angle for which they are the “best size,”
the pitch diameter is obtained by the simple operation
of subtracting this constant from the measurement
taken over the wires. In fact, when “best size” thread
wires are used, this constant is changed very little by a
moderate variation or error in the angle of the thread.
Consequently, the constants for the various sets of
wires in use may be tabulated, thus saving a con-
siderable amount of time in the inspection of gages.
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However, when wires of other than the best size are
used, this constant changes appreciably with a varia-
tion in the angle of the thread.

With the exception of large pitch screws, it has been
shown that variation in angle from the basic size causes
no appreciable change in the quantity C for the “best
size” thread wires. (For angle variation of 2 deg., C

TABLE B3 MEASURING FORCE OVER
BALLS FOR INTERNAL PITCH
DIAMETER MEASUREMENT
AND BALL CALIBRATION

Measuring Force (£10%)

incrgases by 0.001 mm for a pitch of 1.5 mm and 0.002
mm|for a pitch of 3 mm.) On the other hand, when a
wirg near the maximum or minimum allowable size is
used, a considerable change occurs, and the values of
the fotangent and the cosecant of the actual measured
halfrangle are to be used. It is apparent, therefore, that
there is a great advantage in using wires very closely

appfroximating the “best size.” For convenience in car-

g out computations, the value C for pitches as
vn in Table Bl should be used.

ryi
sho

B8 |SETTING MEASURING INSTRUMENTS

WITH VARIABLE MEASURING FORCE

Rlecommended practice for setting measuring instru-
merts using gage blocks is as follows.
(4) Wipe anvils and gage blocks free from dirt and
dust.
(#) Wring the gage blocks to both anvils at max=
murn measuring force setting, or press with fingers'the
tail£ock spindle against the gage blocks whilewringing
them to the anvils.
) With the gage blocks still in_the instrument,
reduce the measuring force to that which will be used
and| reset the instrument at this\working measuring
forde. This procedure provides/adequate force for
wringing gage blocks in with.relatively large areas of
anv|l faces. The final setting’at the working measuring
forde to be used compensates for any instrument
deflection variatién~that may occur at the higher
megsuring forces.

—_—

B9| THREAD BALLS

Pitch

Range, mm N Ib (Ref.)
0.8-1.25 1.1 0.250
1.25-3 17 0.375
3 and larger 2.2 0.500

size” thread ball for the specified pitch. The sphiericity
should not exceed 0.00025 mm.

B9.2 Method of Measuring Thread Balls

The following-procedures shall be used when mea-
suring pitch dirameter thread balls.

(a) In.erder to measure the pitch diameter
deg. thread ring gage to an accuracy of within §.0025
mmby means of thread balls, it is necessary to| know
thethread ball diameters to within 0.0005 mm. Thus, it
Is necessary to use a measuring instrument thafg reads
accurately to 0.0003 mm.

(h) Thethread ball presses on the flanks of a ¢0 deg.
thread with the force that is applied to the thread ball
by the measuring instrument. Since the thread ball and
thread deform at the contact areas, the size fof the
thread ball should be determined under conditions
which nearly compensate for this deformation. The
thread ball should be measured between parallgi, flat,
hardened steel contacts which are set with caliprated
gage blocks. The contact should be parallel within
0.0001 mm.

(¢) Toavoid exceeding the elastic limit of the thread
balls and thread gages and to prevent excessive de-
formation compensation. it is necessary to recommend
a uniform practice for measuring force for the chlibra-
tion of thread balls and for their use in measuring
internal pitch diameter. Table B3 gives the fecom-
mended measuring forces.

(d) Variations in diameter aronund the thre

fao60

d ball

B9.1 “‘Best Size’’ Thread Balls Specifications

Thread balls shall meet the following requirements:

(a) for a 60 deg. thread, the “best size” thread ball
sizes are identical to the “best size™ thread wire sizes
and are given in Table Bl;

(b) one set of “best size” thread balls consists of
three hardened steel balls that have the same diameter
within 0.00025 mm, and their common diameter
should be within 0.0005 mm of the corresponding “best
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should be determined by rotating the thread ball
between parallel measuring contacts.

B10 INTERNAL PITCH DIAMETER
MEASUREMENT

Indicating gages with “best size” thread ball contacts
are set to either a calibrated plain ring gage or a gage
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block gap which is larger than the basic pitch diameter
of the product thread by one-half of the diameter of the
“best size” thread ball. The measured internal pitch
diameter is obtained by adding the indicator reading
change directly to the basic pitch diameter size. Setting
to a plainring gage permits less uncertainty in deforma-
tion compensation. The recommended measuring force

over thread balls for internal pitch diameter measure-
ment is given in Table B3.
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APPENDIX C

METRIC TABLES FOR GAGE LENGIHS
(This Appendix is not part of ANSI/ASME B1.16M-1984, and is included for information purposes only.)
TABLE C1 LENGTHS OF TAPERLOCK AND TRILOCK THREAD PLUG GAGE BLANKS (SI) SELECTED
FROM ANSI/ASME B47.1aM
Thread Sizes Thread Lengths
Fine Pitch
Instrument [Thread
Range Thread Plug Gages Plug Gages
To and
Above Including GO HI GO HI
1 2 3 4 5 6
mm mm nmm mm mm mm
1.90 2.67 6.4 4.8 4.8 3.2
2.47 38 7.9 5.6 5.6 4.0
31 5.84 10.3 7.1 7.1 5.6
5.44 9.27 12.7 7.9 7.9 6.4
9.37 12.95 19.0 9.5 9.5 7.9
12.95 20.96 22.2 12.7 12.7 95
20.96 28.83 25.4 159 15.9 11.1
Pitches 2.0 and Pitches larger
smaller than 2.0
28.43 38.35 25.4 318 19.0 19.0 12.7
Pitches Pitches Pitches
3.5 and between 1.5 and
larger 3.5and 1.5 smaller
38.35 51.05 47.6 318 22.2 22.2 19.0 15.9
51.05 63.75 50.8 349 222 22,2 19.0 15.9
63.15 76.45 50.8 381 25.4 25.4
76.45 89.15 50.8 38.1 25.4 25.4
89.15 203.45 54.0 38.1 25.4 25.4
203.45 305.05 57.2 38.1 25.4 25.4

GENERAL NOTE:
For trilock plug blanks above 19.3 mm and including 38.35 mm, and wire type plug blanks in sizes below 25.65 mm, see ANSI/ASME B47.1aM.
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TABLE C2 LENGTHS OF THREAD RING GAGE BLANKS AND TOTAL THREAD LENGTHS OF
STANDARD TRUNCATED SETTING PLUG GAGE BLANKS (SI) SELECTED FROM ANSIZASME B47.1aM

Total Thread Lengths of Truncated
Thread Sizes Lengths of Thread Ring Gages Thread-Setting Plugs
e Fine Pitch For Fing Pitch
Fem e p¥AIC Yo and Instrument Instrurhent
Abovg Including Thin Ring Thick Ring Ring For Thin Ring For Thick Ring Ring
1 2 3 4 5 6 7 8
mm mm mm mm mm mm mm mm
1.5 2.29 2.4 L L 5.6
2.2p 3.81 4.0 S A 9.5
38 5.84 4.8 L . 10.3 L ..
5.8¢ 9.27 8.7 . 6.4 19.0 L 14.B
9.2 12.95 11 e 79 25.4 C 17.p
129 20.96 14.3 19.0 171.9 31.8 47 .6 25.¢
20.9 28.83 17.5 23.8 13.5 38.1 54.0 28.6
28.8 38.35 19.0 28.6 15.9 413 60.3 33B
38.3p 51.05 20.6 31.8 15.9 47.6 73.0 33B
51.0p 63.75 22.2 333 17.5 50.8 76.2 36.p
63.7p 76.45 22.2 34.9 C 50.8 79.4
76.4p 89.15 23.8 36.5 L 50.8 79.4
89.1p 101.85 23.8 38.1 R 54.0 82.6
101.8 159.00 25.4 38.1 R 54.0 82.6

GENHRAL NOTES:
(a) Thin gage bianks are used for all LO thread ring gages, recessing sides as applicable.
(b) For GO thread ring gages:
(1) ]0.0 mm to 5.84 mm..Use thin blanks for all pitches, recessing sides as applicable;
(2) |above 5.84 mmi 19 12.95 mm, use thin blanks for pitches 0.75 mm and larger; fine pitch instrument blanks for pitches finef than
0.75 mm;
(3) |above 12¢95,/mm to 28.83 mm, use thick blanks for pitches larger than 2 mm, thin blanks for pitches 1 mm to 2 mm, and fing pitch
instrument blanks for pitches finer than 1 mm;
(4) |[above’28.83 mm to 152.65 mm, use thick blanks for pitches larger than 2.5 mm, thin blanks for pitches 1Tmmto 2 mm, and fing pitch
instrument blanks for pitches finer than 1 mm;
(5) above 152.65 mm, use thick blanks for all pitches.
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APPENDIX D

r-Y ]
CUSTOMARY EQUIVALENTS

(This Appendix is not part of ANSI/ASME B16.1M-1984, and is included for information purposes only.)

This Appendix presents the customary equivalents of the metric tablés in this
Standard, as follows. Data appearing here are for reference only.

Metric Table

10

11

12

13

Bl
Cl
C2

Description
X Gage Tolerance
W Gage Tolerance
Cylindrical Gage Tolerance

Gages for Standard Thread, Series
6g and 6H

Setting Gages for Standard Thread
Series 6g and 6H

Gages for Standard Thread Series
4gb6g and 6H

Setting Gages for Standard Thread
Series'dg6g and 6H

Thread-Measuring Wires

Eengths of Plug Gage Blanks

Lengths of Ring Gage and Set Plug
Blanks

Inch Table
DI
D2
D3

D5

D6

D7

DS
D4
D9

DI0
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TABLE D1

X GAGE TOLERANCES FOR THREAD GAGES

Folerance-on-MajoroF Yolerance-on-Pitch- Diamete
Minor Diameters (Note 4) (Notes 2, 4)
Tolerance Tolerance on
on Lead, Hali-Angle To and To and Above Above Above

Pitch, in. of Thread, Including Above Including 39 mm to 100Nmm 20(()1 mm

mn| (Notes 1, 3) deg. * min. 100 mm 100 mm 39 mm 100 mm t0.200 mm to 340 mm

1 2 3 4 5 6 7 8 o]
0.2 0.00020 0 40 0.00031 0.00020
0.25 .00020 0 40 .00031 .00020
0.3 .00020 0 30 .00031 .00020
0.35 .00020 0 30 .00031 .00020
0.4 .00020 0 30 .00039 .00020 s
0.45 .00020 0 30 .00039 .00020 0.00031
0.5 .00020 0 30 .00039 .00020 .00031
0.55 .00020 0 30 .00039 100020 .00031
0.6 .00020 0 20 .00039 .00020 .00031
0.65 .00020 0 20 .00039° .00020 .00031
0.7 .00020 0 20 .00039 .00020 .00031
0.75 .00020 0 20 .00039 .00020 .00031
0.8 .00031 0 15 .00051 0.00071 00031 .00039 0.00051 0.00051
1 .00031 0 15 .00051 .00071 .00031 .00039 .00051 0051
1.25 .00031 0 15 .00051 .00071 .00031 .00039 .00051 Y SIS
1.5 .00031 0 10 .00051 00091 00031 .00039 00059 G71
1.75 .00031 0 10 .00051 .00091 .00031 .00039 .00059 .Jooz1
2 .00031 0 10 .00051 .00091 .00031 .00039 .00059 .Jooz1
2.5 .00031 0 10 .00051 .00091 .00039 .00039 .00059 .4oo71
3 .00031 0,10 .00071 .00110 .00039 .00051 .00059 .qoo71
3.5 .00039 0 5 .00071 .00110 .00039 .00051 .00059 .qoo71
4 .00039 05 .00071 .00130 .00039 .00051 .00059 .qoo71
4.5 .00039 0 5 .00079 .00130 .00039 .00051 .00059 .(Joo79
5 .00039 0 5 .00079 .00130 .00039 .00051 .00059 .q0079
5.5 00039 0 5 .00079 .00130 .00039 .00051 .00059 .4oo79
6 00039 0 5 .00091 .00150 .00039 .00051 .00059 .qoo79
8 .00039 0 5 .00091 .00150 .00039 .00051 .00059 .qoo79

GENERAL NOTE: Equivalent to metric table. Does not agree with ANSI B1.2.

NOTES:

(1) Allowable variation in lead between any two threads shall not be farther apart than the length of the standard gages that are
shown in ANSI/ASME B47.1aM.

(2) Above M300, the tolerance is directly proportional to the tolerance in col. 9, in the ratio of the diameter to 300 mm.
(3) See 5.13.9.

(4) Tolerances apply to designated size of thread. Apply tolerances in accordance with Table 4.
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TABLE D3 GAGE TOLERANCES FOR PLAIN CYLINDRICAL GAGES

Size Range Tolerances, in. (Note 1)
Above To and Including XX X Y Z(Note 2) Y44
1 2 3 4 5 6 7
mm mm in. in. in. in. in.
1 21 0.00002 0.00004 0.00007 0.00010 0.00020
21 38 .00003 .00006 .00009 100012 .00024
38 64 .00004 .00008 .00012 .00016 .00032
64 115 .00005 .00010 .00015 .00020 .00040
115 165 .000065 .00013 .00019 .00025 .00050
165 230 .00008 .00016 .00024 .00032 00064
230 300 .00010 .00020 .00030 00040 00080
NOTES:

(1) Tolerances apply to actual diameter of plug or ring. Apply tolerances in accordance with Table 4.
Symbols XX, X, Y, Z, and ZZ are standard gage tolerance classes.

(2) Used as tolerance on plain cylindrical plug and ring gages to check minor diafmeter for internal
threads and outside diameter for external threads. Also used for masters forsetting indicating
thread gages where design permits.

TABLE D4 METRIC THREAD-MEASURING WIRES FOR 60 deg.
SCREW THREADS

Wire Sizes, W
C, “Best Size”” Thread
Best Minimum Maximum Wire Constant
(Note 1) {Note 2) (Note 2) (Note 3),

Pitch 0.577350p 0.505182p 1.010363p 0.866025p
mm in. in. in. in.
0.2 0.00455 0.00398 0.00796 0.00682
0.25 0.00568 0.00497 0.00994 0.00852
0.3 0.00682 0:00597 0.01193 0.01023
0.35 0.00796 0.00696 0.01392 0.01193
0.4 0.00909 0.00796 0.01591 ' 0.01364
0.45 0.01023 0.00895 0.01790 0.01534
0.5 0.01137 0.00994 0.01989 0.01705
0.6 0.01364 0.01193 0.02387 0.02046
0.7 0101591 0.01392 0.02784 0.02387
0.75 0.01705 0.01492 0.02983 0.02557
0.8 0.01818 0.01591 0.03182 0.02728
1 0.02273 0.01989 0.03978 0.03410
1,25 0.02841 0.02486 0.04972 0.04262
15 0.03410 0.02983 0.05967 0.05114
1.75 0.03978 0.03481 0.06961 0.05967
2 0.04546 0.03978 0.07956 0.06819
2.5 0.05683 0.04972 0.09945 0.08524
3 0.06819 0.05967 0.11933 0.10229
35 0.07956 0.06961 0.13922 0.11933
4 0.09092 0.07955 0.15911 0.13638
4.5 0.10229 0.08950 0.17900 0.15343
5 0.11365 0.09945 0.19889 0.17048
5.5 0.12502 0.10939 0.21878 0.18753
6 0.13638 0.11933 0.23867 0.20457
NOTES:

(1) Thediameters of “bestsize’ thread balls are the same as the diameters of “bestsize” thread wires.
(2) Measured PD = M, + 0.866025p — 3W.
(3) If “best size’” thread wire is used, PD =M, — C.
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