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Errata
to
ASME B89.1.17-2001

Measurement of Thread Measuring Wires

The errata corrections listed below apply to ASME B89.1.17-2001.

Page Location Change

6 7.3.2 First equation-revised to read as follows:
C = w{.# cosec @) — [cot a (P/2)]

9 A2 Equation revised to read as follows:
2
- 4
=16 x 10° x 3/ &
) 16 x 10 )
12 Table B1 (1) In the second column, sixth entry

revised to read 2.9

(2) In the third column, fifth and sixth|
entries revised to read 0.1 and 8,
respectively

B2.4 The results for Aw revised to read
0.000 000 04 in.
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FOREWORD

This Standard is the result of the combined work of members of the ASME B1 Screw
Thread Committee and the ASME B89 Dimensional Metrology Committee. It is the
responsibility of the Bl Committee to determine how the pitch diameter of threads fs
measured. The B89 Dimensional Metrology Committee writes standards on specifications
and procedures for dimensional measuring equipment. Thread wires differ from most, items
measured in that they are measured in a deformed condition to approximate the)-¢lastic
deformation that occurs when they are used to measure pitch diameter.

For this reason when using this Standard it is necessary to ensure that the<B1 standards
referenced in this document are the latest edition of the B1 standard which specifies the
conditions to be used when measuring the pitch diameters of threads!

The measurement of thread measuring balls is included as an appendix to the standard.

This edition of B89.1.17 was approved by the American National Standards Institute on
October 24, 2001.
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CORRESPONDENCE WITH B89 COMMITTEE

General. ASME Codes and Standards are developed and maintained with the intent to
represent the consensus of concerned interests. As such, users of this Standard may interact
with the Committee by requesting interpretations, proposing revisions, and attending Committee
meetings. Correspondence should be addressed to:

Secretary, B89 Main Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016

Proposing Revisions. Revisions are made periodically to the Standard to incorporate
changes that appear necessary or desirable, as demonstrated by the‘experience gained from
the application of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should
be as specific as possible, citing the paragraph number(s), the proposed wording, and a
detailed description of the reasons for the proposal, including any pertinent documentation.

Interpretations. Upon request, the B89 Committee will render an interpretation of any
requirement of the Standard. Interpretations cantonly be rendered in response to a written
request sent to the Secretary of the B89 MainsCommittee.

The request for interpretation should be cléar and unambiguous. It is further recommended
that the inquirer submit his/her request ‘in”the following format:

Subject: Cite the applicableé paragraph number(s) and the topic of the inquiry.

Edition: Cite the applicable edition of the Standard for which the interpretation
is being Trequested.

Question: Phrase™~the question as a request for an interpretation of a specific

requirement suitable for general understanding and use, not as a request
for -an approval of a proprietary design or situation. The inquirer may
also include any plans or drawings which are necessary to explain
the question; however, they should not contain proprietary names or
information.

Requests that are not in this format will be rewritten in this format by the Committee
prior 10 being answered, which may inadvertently change the intent of the original request.
ASME procedures provide for reconsideration of any interpretation when or if additional
ihformation that might affect an interpretation is available. Further, persons aggrieved by
an_interpretation may appeal to the cognizant ASME Committee or Subcommittee. ASME

LEINT3 EEINT3

does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device,
or activity.

Attending Committee Meetings. The B89 Main Committee regularly holds meetings, which
are open to the public. Persons wishing to attend any meeting should contact the Secretary
of the B89 Main Committee.
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ASME B89.1.17-2001

MEASUREMENT OF THREAD MEASURING WIRES
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Standard is intended to establish uniform prac-
r the measurement of thread measuring wires.
ndard includes methods for the direct measure-
I both master and working wires, and methods
comparison measurement of working wires. The
1 includes requirements for geometric qualities
d measuring wires, the important characteristics
omparison equipment, environmental conditions,
means to ensure that measurements are made
acceptable uncertainty level.
5 covered by the standard include inch series
29-deg Acme, 7/45-deg Buttress, and metric
threads.

NITIONS

ze” wire: the size of a wire that would touch
pitch cylinder on a thread of zero lead angle.

nstant: a constant to be subtracted from the
bment over the wires to give the pitch diametet:

ment uncertainty: parameter associated~'with
ult of a measurement that characterizes the
on of the values that could reasoriably be attrib-
the measurand (quantity being\measured).

ERENCES

ollowing documents\form a part of this Standard

to the |extent specified)herein. The latest issue shall

apply.

ASME [B1.2, Gages and Gaging for Unified Inch Screw
Threqds

ASME [B1.5,) Acme Screw Thread

ASME Nomenclature C

ASME B1.30M, Screw Threads — Standard Praeti
for Calculating and Rounding Dimensions

Publisher: The American Society of Mechani¢al Eng
neers (ASME), Three Park Avenue, New: York, N
10016-5990; Order Department: 22 lLaw Drive, B
2900, Fairfield, NJ 07007-2900

Federal Specification GGG-W-366b, Federal Specifid

tion Wire, Measuring: Gear, Thread, and Genetal

Purpose, General Seryices' Administration, Washin
ton, DC, May 8, 1967 (canceled)

Guide to the Expression of Uncertainty in Measureme

Publisher: Intérnational Organization for Standardizati
(ISO), 1 “fue de Varembé, Case Postale 56, CI
1211,.Geneve, 20, Switzerland/Suisse

NIST“Technical Note 1297, 1994 Edition, Guidelin|
for Evaluating and Expressing the Uncertainty
NIST Measurement Results

Puttock, M. J. and Thwaite, E. G., “Elastic Compressi
of Spheres and Cylinders at Point and Line Contact
National Standards Laboratory Technical Paper N
25, Commonwealth Scientific and Industrial Resear
Organization (CSIRO), Australia, 1969

4 GENERAL

When the pitch diameter of external threads is mej

sured using thread wires, good repeatability is only

obtained when a sufficient force is used to push t

wires against the sides of the thread flank. Elastic

deformation occurs between the wires and thread flan
when the pitch diameter is measured in this manng
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The practice in the United States is to measure t

Symbols for Screw Threads

ASME B1.8, Stub Acme Screw Threads

ASME B1.9, Buttress Inch Screw Threads 7°/45° Form
With 0.6 Pitch Basic Height of Thread Engagement

ASME B1.16M, Gages and Gaging for Metric M Screw
Threads

ASME B1.22M, Gages and Gaging for MJ Series
Metric Screw Threads

wires. For the thread series listed in this Standard, the
ASME B1 Committee has standardized the forces to
be used when measuring pitch diameter. In measuring
the pitch diameter of internal threads, and in some
cases external threads, balls rather than wires are used.
The use of balls for measuring pitch diameter is dis-
cussed in Appendix A.
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wires shall be free from cracks and other detrimental
defects. The hardness shall be a minimum of 62 on
the Rockwell C scale. The surface finish shall not
exceed 2 pin. R,, using a 0.03-in. cutoff.

6.2 Wire Design

| a
Lop |
8 L R
| I
/
+ I
! )
I
GENERAL NOTES:
(a) P is|the pitch.
(b) « is|the half-angle.
FIG. 1 THREADING MEASURING WIRES
5 CLASSIFICATION

Wire|
workin

5 may be classified by their use as masters or
b wires and by inch or metric series.

b

5.1 Master Wires

Mast|
wires a
cases,

52 W

Wire|
threade
for eac
compar
accorda
the wir
Fig. 1.

6 INC

The
and wo]
wires,

er wires contain only one wire per pitch. The
re used to measure working wires or, in some
ther master wires.

prking Sets

5 meant for measuring the pitch diameter of
l gages or products consist of a‘three-wire set
 pitch. The wires may be me€asured either by
son to a master, which has béen measured in
nce with this Standard, of by directly measuring
bs in the manner desctibed in the standard. See

1 SERIES ‘SPECIFICATIONS

materialdnd design specifications for all master
'king wires are the same, except that the working
Whichl are three-wire sets, have a requirement

A set of measuring wires shall consist of three wirps
for each pitch, except for master wires, which-contajin
one wire for each pitch. The length of the thféad wirps
shall be a minimum of 1 in. Variations, in, the length
of the three wires in any set shall not exceed 0.1 in.

6.3 Wire Tolerances

In order to accurately measute the pitch diameter pf
threaded gages and thread,products, it is necessary fo
have accurate measurements of the wires. For example,
an error of one unit‘in the mean diameter of thread
measuring wireS§\will cause an error of three units (fpr
60-deg threads)/when measuring pitch diameter.

6.3.1~Master Wires. Diameters of master wirgs
need(to be known, in most cases, with an uncertainty
of<S ‘win. or less. The diameter of the wires shall be
within 20 pin. of the “best-size” as shown in the tablps
or computed using the formulas in this document.
The variations in diameter, including taper and out-df-
roundness, shall not exceed 5 win. over the central Q.5
in. of the wire.

6.3.2 Working Sets. A set of wires shall haye
the same diameter within 10 pin., and the average
diameter shall be within 20 in. of the specified “begt-
size” wire. The variations in diameter of each wite,
including taper and out-of-roundness, shall not exceg¢d
10 pin. over the central 1 in. of the wire. Each get
shall display the TPI (threads per in.) and the average
deformed diameter. Except for 29-deg Acme, the calc
lated wire constant (“C” constant), based on the mef-
sured mean diameter, shall also be displayed. The “C”
constant for symmetrical threads is computed from the
formula

that the variafion 1n diameter among the three wires
may not exceed a specified amount. A correction factor
(“C” constant) must also be calculated and placed on
the label for all except 29-deg Acme wires.

6.1 Material

The wires shall be made from alloy tool steel that
has been stabilized to ensure dimensional stability. The

C = w (1 + cosec a) — [cot(a)/2n]

where
w = the average of the set
a = the half-angle, and
n = the number of threads per in.

For 60-deg threads the formula reduces to
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TABLE 1 “BEST-SIZE” WIRES FOR INCH SERIES 60 deg THREADS

Threads “Best-Size” “c" Threads “Best-Size” “c”
per in. Pitch, in. Wires Constants per in. Pitch, in. Wires Constants
120 0.008333 0.004811 0.00722 16 0.062500 0.036084 0.05413
100 0.010000 0.005774 0.00866 14 0.071429 0.041239 0.06186

96 0.010417 0.006014 0.00902 13 0.076923 0.044412 0.06662
90 0.011111 0.006415 0.00962 12 0.083333 0.048113 0.07217
80 0.012500 0.007217 0.01083 11.5 0.086957 0.050204 0.07531
72 0.013889 0.008019 0.01203 11 0.090909 0.052486 0.07879
64 0.015625 0.009021 0.01352 10 0.100000 0.057735 0.0866(
56 0.017857 0.010310 0.01546 9 0.111111 0.064150 0.09623
50 0.020000 0.011547 0.01732 8 0.125000 0.072169 0.10824
48 0.020833 0.012028 0.01804 7.5 0.133333 0.076980 0.11547%
44 0.022727 0.013122 0.01968 7 0.142857 0.082479 0.12374
40 0.025000 0.014434 0.02165 6 0.166667 0.096225 0.14434
36 0.027778 0.016038 0.02406 5.5 0.181818 0.104973 0.15744
32 0.031250 0.018042 0.02706 5 0.200000 0.115470 0.17321
30 0.033333 0.019245 0.02887 4.5 0.222222 0.128300 0.19244
28 0.035714 0.020620 0.03093 4 0.250000 0.144338 0.21651
27 0.037037 0.021383 0.03208 3.5 0.285714 0.164957 0.24744
26 0.038462 0.022206 0.03331 3.25 0.307692 0.177646 0.26647%
24 0.041667 0.024056 0.03608 2.75 0.363636 0.209946 0.31497
22 0.045455 0.026243 0.03936 2.5 0400000 0.230940 0.34641
20 0.050000 0.028868 0.04330 2 0:500000 0.288675 0.43301
18 0.055556 0.032075 0.04811
CAUTION: “C” constants in the table are computed for the “best-size” wires. The “C” constant should always be computé¢d
using thle actual wire size.
GENERAL NOTE: See ASME B1.2 for limitations on using “C” constant values in pitch diameter measurements.
C = 3w — 0.86602540P NOTE: sec o = l/cos a
where 6.4.1 Inch Series 60 deg. “Best-size” wires apd
P =| 1/n or the nominal thread pitch “C” constants for standard inch-series thread pitchps
are listed in Table 1.
NOTE: qosec @ = 1/sin a and cot @ = l/tan «
The fabove formula was used to Compute the “C” 6.4.2 29-d§g Acme. “Best-size .w1res for standald
. . : Acme thread pitches are computed using the same equi-
constanfs given in Table 1. Calculation should be made . . . .
. . : . . tion that are used for inch series 60-deg threads. In this
with values carried out to at ledsteight digits with the .
final val rounded to six places for “best.size” wires case the half-angle or alpha («) is 14.5 deg, not 30 deg.
nal vdlues rou p « U
s Best sizes” wires for standard Acme 29-deg thread
and fivg places for the “€X constants. . . ) s .
pitches are given in Table 2. The “C” constant is npt
6.4 “Hest-Size” Wives g%ven becagse it should l?e c'omputed for'each differejnt
pitch and diameter combination to be valid.
“Bes|-size” wires are defined as those that touch the . o
thread flanks«at the pitch diameter cylinder on a thread 6.4.3 7/45-deg Buttress. “Best-size” wires for [7/

of zero|helix)(lead) angle. The “best-size” wire values
for sy meétrical threads are (‘nmpnred from the f‘qnminn

45-deg Buttress threads are computed from the followit

12

equation:

where
P =
a =
It is

“Best-size” wire = 0.5P sec «

pitch
thread half-angle
customary to use the nominal pitch and half-

angle in calculating the “best-size” wire diameter.

“Best-size” wire (w) = 0.541 469 33P
The “C” constant is computed from the formula

“C” constant = [1 + cosec [(ay + @)/2]

cos [lar = ax)/2]w]
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TABLE 2 “BEST-SIZE” WIRES FOR INCH SERIES 29 deg ACME THREADS

Threads “Best-Size” Threads “Best-Size”
per in. Pitch, in. Wires per in. Pitch, in. Wires
20 0.050000 0.025823 5 0.200000 0.103290
18 0.055556 0.028692 4.5 0.222222 0.114767
16 0.062500 0.032278 4 0.250000 0.129113
14 0.071429 0.036889 3.5 0.285714 0.147557
12 0.083333 0.043038 3 0.333333 0.172150
10 0.100000 0.051645 25 0.400000 0.206580
9 0.111111 0.057383 2 0.500000 0.258225
8 0.125000 0.064556 1.75 0.571429 0.295114
7 0.142857 0.073779 1.5 0.666667 0.344300
6 0.166667 0.086075 1 1.000000 0.516450.
5.5 0.181818 0.093900

diameter measurement.

GENERAL NOTE: See ASME B1.5 and B1.8 for limitations on using “C” constant valués’inpitch

TABLE 3 “BEST-SIZE” WIRES FOR INCH SERIES 7/45 _deg BUTTRESS
THREADS
Threads “Best-Size” “C" Threads “Best-Size” “C"
perin.  Pitch, in. Wires Constants | perin. Pitchxin. Wires Constants
20 0.050000  0.027073 0.04094 4 0250000 0.135367 0.20468
16 0.062500  0.033842 0.05117 3 0.333333 0.180490 0.27291
12 0.083333  0.045122 0.06823 25 0.400000 0.216588 0.32749
10 0.100000  0.054147 0.08187 0.500000 0.270735 0.40936
8 0.125000 0.067684 0.10234 1.5 0.666667 0.360980 0.54581
6 0.166667  0.090245 0.13645 1.25 0.800000 0.433175 0.65498
5 0.200000  0.108294 0.16374 1.000000 0.541470 0.81872

measurements.

- P/ (taney + tan ay)

where

P = pitch

a; = pressure flank (7 deg), and
a, = trailing Aflank (45 deg)

or,

CAUTION: “C" constants in the table @re computed for the “best-size” wires. The “C” constant
should always be computed using the actual wire size.

GENERAL NOTE: See ASME B1.9 for limitations on using “C” constant values in pitch diameter

6.5 Wire Measurement Methods

6.5.1 Master Wires. To approximate the deformp-
tion that occurs when the wires are used to measufe
pitch diameter, the master thread wires are measured fin
a deformed condition. The wires are measured betweer] a
steel roll and a 0.375-in. diameter flat carbide contgct
under a specified force. The roll size and the specifi¢d
force used in the measurements are given in Table {.

C” constant = 3.156 890 55w
- 0.890 642 81P
for 7/45 buttress threads

“Best-size” wires and “C” constants are given in
Table 3. Additional information on the use of the “C”
constant in pitch diameter measurements for buttress
threads is given in ASME B1.9.

Master wires may also be measured by direct compari-
son to other master wires that have been measured by
the specified method.

6.5.1.1 Master 60-deg Inch Series. Measure-
ments for master wires can be made using a universal
measuring machine with flat parallel anvils. The instru-
ment is zeroed with a cylinder of the specified size
placed between the anvils. The instrument must be set
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TABLE 4 THREAD WIRE MEASUREMENT
SPECIFICATIONS

ASME B89.1.17-2001

working wire are similar materials and the same force
will be used in each measurement, it is not necessary to
know the magnitude of the force, because the deformation
on the master will be the same as on the working wire.

The wires can also be measured by comparing them
in the same vee used to make the out-of-roundness
measurement. When making the comparison in a vee

Roll Size, Measuring Force,
Threads per in. in. oz
20 or less 0.75 40
Greater than 20 to 40 0.75 16
Greater than40 10 8Q 0.125 8
Greater [than 80 to 140 0.05 4
Greater [than 140 0.02 2

to exert|the correct force (Table 4). The wire is measured
with the axes of the wire and cylinder at 90 deg apart.
The mgasurement reported is the deformed diameter.

A vafriation of this method is to have an instrument
composed of a fixed steel cylinder of the specified size
and a rhovable carbide anvil. The instrument is zeroed
with th¢ anvil in contact with the fixed cylinder. (Note:
It is imfportant that the axis of the cylinder be parallel
to the fjce of the opposing flat anvil.) The wire diameter
is meagured with the axis of the wire placed at 90
deg to fthe axis of the cylinder. A laser interferometer,
or a scple of comparable accuracy, measures the dis-
placement of the moving anvil.

It is [possible to measure 60-deg master wires using
a cylinfler and a force other than that specified if the
elastic limit of the wire is not exceeded and if corrections
are mafle for the elastic deformations. However, the
uncertajnty of the measurement will be larger if thefe
is a departure from the specified conditions. The glastic
limit is| exceeded for wires smaller than 0.012\in. at
a 1-1b [force when using the 0.75-in. roll. “Equations
for corpputing the deformation are givén in Puttock
and Thjwaite’s book (see para. 3).

5.1.2 29-deg Acme. All 29-deg Acme wires
from 1|through 20 TPI are measured over a 0.75-in.
roll usipg a 2.5-1b force.

.1.3 7/45-deg,'Buttress. All 7/45-deg But-
tress wjires are measured over a 0.75-in. roll using a
2.5 Ib-force.

6.5.2 Working Sets. Wires in three-wire sets can
be measuredin the same manner as given for master
wires. I i§ more convenient, however, in most cases, to

the difference must be corrected for the magnificatipn
caused by the vee. For a 60-deg vee the true differenfe
is the measured difference divided by 1.5.

6.5.2.1 60-deg Inch Series. Working wirgs
must be measured for variations in the -wire’s radips
(out-of-roundness). This can be dorlerby measuring the
up and down movement of thewire when rotated [in
a 60-deg vee. An alternate miethod, for all except the
very small wires, is to measture the out-of-roundnefs
using a tracer-type roundfiess measuring instrument,

6.5.2.2 29-deg Acme. Working Acme wirfs
must be measured for variations in the wire’s radifis
(out-of-roundness). This can be done by measuring the
up and down movement of the wire when rotated fin
a 29-deg-vee. Because of the tendency of the wire fo
wedge in the vee, the transducer measuring the up apd
down motion must exert a very light force on the wiie.
It 1§ also acceptable to measure the out-of-roundnefs
by rotating the wires in a 60-deg vee. An alterngte
method is to measure the out-of-roundness using|a
tracer-type roundness measuring instrument.

6.5.2.3 7/45-deg Buttress. It is not practical fo
measure the out-of-roundness of 7/45-deg Buttress wirps
using a vee of the same nominal angle. The out-of-rounf-
ness may be approximated by using the same vee as us¢d
for 60-deg wires. The alternate method of using a tracqr-
type roundness measuring instrument may also be used.

7 METRIC SERIES SPECIFICATIONS

In the United States, metric wires are measured the
same way that inch series wires are measured.
The material and design specifications for all mettic
master and working wires are the same as for in¢h
series wires.

measure working wires by comparing them to a master
wire. The master wires have already been measured in
the deformed condition specified for thread wires; there-
fore, it is not necessary to make the comparisons over a
roll. The comparisons can be made between flat parallel
contacts using any reasonable force. Any comparison
method that gives repeatable measurements with the ap-
propriate uncertainty is permissible. Since the master and

7.1 Material

The wires shall be made from alloy tool steel that
has been stabilized to ensure dimensional stability. The
wires shall be free from cracks and other detrimental
defects. The hardness shall be a minimum of 62 on
the Rockwell C scale. The surface finish shall not
exceed 0.05 pm R,, using a 0.75-mm cutoff.
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7.2 Wire Design

A set of measuring wires shall consist of three wires
for each pitch, except for master wires, which contain
one wire for each pitch. The length of the thread wires
shall be a minimum of 25 mm. Variation in the length
of the three wires in any set shall not exceed 3 mm.

MEASUREMENT OF THREAD MEASURING WIRES

of zero helix (lead) angle. The “best-size” values for
symmetrical threads are computed from the equation

“best-size wire” — 0.5 P sec «

where
P = pitch
7.3 Wijre Tolerances
a = thread half-angle

In ofder to accurately measure pitch diameter, it is
necessary to have accurate measurements of the wires.
For example, an error of one unit in the mean diameter
of threqd measuring wires will cause an error of three
units (f¢r 60-deg threads) when measuring pitch diameter.

7.3.1 Master Wires. Master wires need to be
known,| in most cases, with an uncertainty of 0.125
wm or [less. The diameter of the wires shall be within
0.5 wm of the “best-size” wire as shown in the tables
or conjputed using the formulas in this document.
The vafiations in diameter, including taper and out-of-
roundngss, shall not exceed 0.125 wm over the central
12 mm| of the wire.

7.3.2 Working Set. A set of wires shall have the
same diameter within 0.25 wm, and the average diameter
shall bp within 0.5 wm of the specified “best-size”
wire. The variations in diameter of each wire, including
taper and out-of-roundness, shall not exceed 0.25 pm
over the central 25 mm of the wire. The calculated
wire cqnstant (“C” constant), based on the nieasured
mean djameter, shall also be displayed. The “C2_tonstant
for synymetrical threads is computed from the formula

C = (1 + cosec @) — [cot ay(P/2)]

where
w =| the average diam¢ter of the set
a =| the half-anglesand
P =] the pitch

For $0-deg threads the formula reduces to

C = 3w - 0.8660254P

The dDOVC
constants given in Table 5.

NOTE: cosec @ = 1/sin @ and cot &« = l1/tan a.

7.4 "Best-Size” Wires

“Best-size” wires are defined as those that touch the
thread flanks at the pitch diameter cylinder on a thread

“Best-size” wires and “C” constants for )comm¢n
thread pitches are given in Table 5.

7.5 Wire Measurement Methods

7.5.1 Master 60-deg Metric Wires. To approyi-
mate the deformation that occurs when the wires are
used to measure pitch diaimeter, the master thread wirps
are measured in a deformed condition. The wires afe
measured between a steel roll and a 9.5-mm carbi
flat contact under a specified force. The roll size apd
the specified‘\force are given in Table 6.

is a departure from the specified conditions. The elastic
limit is exceeded for wires smaller than 0.5 pitch at
a 4.5-N force when using the 20-mm roll. Equations
for computing the deformation are given in Puttock
and Thwaite’s book (see para. 3).

Master wires may also be measured by comparing
them to other master wires that have been measured
by the specified method.
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TABLE 5 *“BEST-SIZE” WIRES FOR METRIC SERIES 60 deg THREADS

Pitch, “Best-Size” “C" Constant, Pitch, “Best-Size” “C" Constant,
mm Wire mm mm Wire mm
0.2 0.11547 0.1732 1.75 1.01036 1.5155
0.225 0.12990 0.1949 2 1.15470 1.7321
0.25 0.14434 0.2165 2.5 1.44338 2.1651
0.3 0.17321 0.2598 3 1.73205 2.5981
0.35 0.20207 0.3031 3.5 2.02073 3.0311
0.4 0.23094 0.3464 4 2.30940 3.4641
0.45 0.25981 0.3897 4.5 2.59808 3.8971
0.5 0.28868 0.4330 5 2.88675 4.3301
0.6 0.34641 0.5196 5.5 3.17543 4.7631
0.7 0.40415 0.6062 6 3.46410 5.1962
0.8 0.46188 0.6928 7 4.04145 6.0622
0.9 0.51962 0.7794 8 4.61880 6.9282
1 0.57735 0.8660 9 5.19615 7.7942
1.25 0.72169 1.0825 10 5.77350 8.6603
1.5 0.86603 1.2990

measurements.

TABLE 6 THREAD WIRE MEASUREMENT

SPECIFICATIONS
Roll Size, Measuring Force,
Pjtch, mm mm N
0.2 to 035 1.25 1.1
Greater[than 0.35 to 0.6 3 2.2
Greater [than 0.6 to 1.25 20 4.5
1.25 and greater 20 1.1

Varidtions in diameter, including taper and out-of-
roundngss, along the central 12 mm‘ef the wire shall
not exdeed 0.125 pm.

7.5.2 Working Sets. Wires in three-wire sets can
be measured in the samemanner as given for master
wires. ]t is more conVenient, however, in most cases,
to mealure working_wires by comparing them to a
master wire. Th¢, master wires have already been mea-
sured ih thecdeformed condition specified for thread
wires; therefore, it is not necessary to make the compari-
sons overa roll. The comparisons can be made between

CAUTION: “C” constants in the table are computed for the “best-size” wires)The “C” constant
should always be computed using the actual wire size.

GENERAL NOTE: See ASME B1.2 for limitations on using “C"” constant values in pitch diameter

FIG. 2 MEASURING INSTRUMENT

the difference must be corrected for the magnificatipn
caused by the vee. For a 60-deg vee the true differente

flat parallel contacts using any reasonable force. Any
comparison method that gives repeatable measurements
is permissible. It is not necessary to accurately know
the force used as the deformation on the master will
be the same as on the working wire.

The wires can also be measured by comparing them
in the same vee used to make the out-of-roundness
measurement. When making the comparison in a vee

is the measured difference divided by 1.5.

In addition to measuring the taper over the central
25 mm of the wire, working wires must be measured
for variations in radius by measuring them in a vee
of the same angle as the included thread angle in which
they will be used. An alternate method for all except
the very small wires is to measure the out-of-roundness
using a tracer-type roundness measuring instrument.
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NONMANDATORY APPENDIX A
MEASUREMENT OF BALLS

A1 IN

Balls
externa
be useq
The rep
the def
measur
diametd
ments
the ball
an elas
measur

TRODUCTION

are used to measure internal threads and some
threads with large lead angles. They may also
instead of wires to measure external threads.
orted diameter of master balls are not, however,
rmed diameter as measured. For all master ball
pments, the reported diameter is the undeformed
r. For this reason, when high-accuracy measure-
hre required, it is necessary to either measure
s in the manner they are to be used or to apply
ic deformation correction when using balls to
b pitch diameter.

For most applications when making pitch diameter

measur
nored.
to a mg
tion is
applica
measur
ment i
betweel
not con
to mea
light, i
but if
desired
When
block s
differer
thread
used, th
Coor
where b
ments.

ements using balls, the deformation can be ig-
Bome instruments that utilize balls set the gage
ster threaded ring gage; therefore, the deforma-
he same for the master as for the test. In other
ions where balls are used for pitch diameter
ements of internal threads, the measuring instru-

set with a plain master ring gage or a, gap
| wrung gage blocks. In almost all cases; it is
hmon practice to use the same force @s;1s used
bure external gages with wires. If the force is
1 most cases the deformation ean“be ignored,
p large force is used and Jow uncertainty is
the actual deformation_sheuld be calculated.
he measuring instrument/is set with a gage
ack, the correction for~deformation is twice the
ce between a ball\to a flat and a ball in the
broove. Becausein most cases a light force is
e error due to.elastic deformation can be ignored.
Hinate m€asuring machines are another example
alls are'ised for internal pitch diameter measure-
Becalse the force on the probe cannot be easily

change

it is not common practice to change the

Because of the numerous stylus materials, measur
ment methods, and measuring forces used in measurif
internal pitch diameter, it is not possible\to give
meaningful table for corrections. Each case must
calculated individually if the lowesDuncertainty is 1
quired. The equation for computing.the elastic deform
tion can be found in Puttock’and” Thwaite’s book (s
para. 3).

A2 BALL MEASUREMENT

The common‘{procedure for measuring balls is
measure the~balls between flat, parallel anvils under
specified ferce and convert the measurements to a ze|

(O
a
O

force. €are must be taken that the elastic limit of the

balls@s not exceeded. The equation for computing t
elastic deformation can be found in the previously cit
work by Puttock and Thwaite.

The most common materials of balls used in pit
diameter measurements are tungsten carbide or rub
The equation for computing the total deformation (bo)
top and bottom) for a tungsten carbide ball wh
measured between carbide anvils is

2

. /4

=16 x 10° x =
9 =16 x 10 3\/;

where
p = force, 1b
D = ball diameter, in.

Deformations for selected sizes are given in Tab
Al. The values may differ by as much as 10% dependit
on the amount of cobalt in the tungsten carbide.

A3 SUMMARY

ne
ed

h

y.
th
N

le
\g

existing force of the probe for a pitch diameter measure-
ment. It is necessary to calculate the elastic deformation
of the ball in the groove, if a low uncertainty measure-
ment (uncertainty less than 100 pin.) is required.

When proper corrections are made for the ball defor-
mation, pitch diameter measurements made with either

a ball or with wires will agree within the measureme
uncertainty.

nt
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TABLE A1

EXAMPLE FOR TOTAL
DEFORMATION OF TUNGSTEN CARBIDE

BALLS MEASURED BETWEEN FLAT PARALLEL
CARBIDE ANVILS

NONMANDATORY APPENDIX A

Ball Size, Force, 0z

in. 2 4 8 16
0.001 41 65 .
0.005 24 38 60 .
0.01 19 30 48 76
0.02 15 24 38 60
0.05 11 28 28 44
0.1 9 14 22 35
05 5 8 13 21

GENERAL NOTE: All values in microinches.

10
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NONMANDATORY APPENDIX B
EXAMPLES OF UNCERTAINTY BUDGETS
FOR THREAD WIRE MEASUREMENTS

B1 IN

In th
budget
value o
ing wir
tions gi
were 1]
chine 1
permiss
in. ran
controll

B2 SA

FRODUCTION

is example, we will develop an uncertainty
to calculate the uncertainty of the measured
[ a 10 TPI set consisting of three thread measur-
s, measured in accordance with the specifica-
en in the B89.1.17 Standard. The measurements
ade with a calibrated universal measuring ma-
aving flat, parallel contacts with a maximum
ible scale error (MPE) of 20 pin. over a 0-6
be. The measurements were made in a room
ed to 20°C = 0.5°C.

MPLE UNCERTAINTY BUDGET FOR

THE DIRECT MEASUREMENT OF

W

DRKING SETS

during the current measurement process, she Walue [is
listed as a Type A uncertainty. We list\the standapd
deviation (6 pin.) under the standard’uncertainty cql-
umn. The standard uncertainty ds-‘the same as the
standard deviation for a Type A" uncertainty.

B2.2 Scale Error

We are not using any corrections from the calibrati¢n
report for the\scale. We only know the largest errpr
is less than 20 win. We assume this is a rectangular
distribution, that is, the error is equally likely to be apy
value-between 0 and 20. The Guide to the Expression pf
Ungertainty in Measurement tells us to divide by the
square root of three to convert a rectangular distributipn
to one standard uncertainty. We list the standard uncdr-
tainty as 11.5 pin.

As specified in the standard, the wires were measured
over a {.75-in. roll using a 40-oz force. The instfument o o _
was sef to exert the correct force, and a 0(5+in. roll NQTE: In many cases, the -scale error is a lmea?r function increasipg

lheed b h ils. The i with the length. If the machine calibration had given a graph showihg

was place etween the ?’nVI . ¢ 1mstrument was the errors at each position, the measurement could have been corrected
zeroed,| and the 10 TPI wire was placed between the for the machine error. The uncertainty due to the scale may have
anvil af 90 deg to the 0.75-in. cylinder. This measure- been less than we are using in this example.
ment was followed by another~medsurement of only

the 0.7
the me

B2.1 R

b-in. roll to check for any’ thermal drift during
isurement process.

epeatability

B2.3 Error in Force Setting
The Appendix in the B1 standard that describes hgw

In this example, 30 readings were taken to get a to measure pitch diameter states the force should be
value flor_the repeatability of the measurement. The within 10% of the specified value. We assume the
calculated{ one standard deviation of the 30 reading in men as prope alibrated and that the forte

was 6 win. The standard deviation of the mean of the
30 readings is 6/30, or 1.1 win. In all subsquent
measurements only one reading will be taken; therefore,
the one standard deviation (6 pin.) is used in the
uncertainty budget. Once the measurement uncertainty
for a process has been determinned, it can then be used

for all

measurements made under similar conditions.

Because this value was obtained by statistical means

11

was within 10% of the correct value when measuring
the wires. We calculate the difference between the wire
deformation at a 36-oz force and a 44-oz force using
the Hertzian equations given in the Puttock and Thwaite
document cited in para. 3. Again, we assume a rectangu-
lar distribution. We assume the force is equally likely
to be any value between a 36-oz and a 44-oz force.
We list 3.5 pin. in the standard uncertainty column.
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