IE LEk.1.CL-166E)

Rl bob. 1.6 007

Uf 8

(levision

T -y

R
|_/\L_A —~ —3
T
= T ——
| ——
— 1 _L\lp],wu\"



https://asmenormdoc.com/api2/?name=ASME B89.1.6 2002.pdf

Intentionally left blank



https://asmenormdoc.com/api2/?name=ASME B89.1.6 2002.pdf

® Mechanical Engineers

AAAAAAAAAAAAAAAAAAAAAAAAAA

MEASUREMENT OF PLAIN
INTERNAL DIAMETERS
FOR USE AS MASTER
RINGS OR RING GAGES

ASI\IIE 389 l 6-2002

f B39.1.6M-1984)


https://asmenormdoc.com/api2/?name=ASME B89.1.6 2002.pdf

Date of Issuance: December 31, 2003

This Standard will be revised when the Society approves the issuance of a new edition. There will

be no addenda orwritten infnrprnfnfinnc of the rnquirnmnnfc of this Standard issued to this edition

ASME is the registered trademark of The Americaii Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria for American National
Standards. The Standards Committee that approved theé code or standard was balanced to assure that individuals from
competent and concerned interests have had an-opportunity to participate. The proposed code or standard was made
available for public review and comment thatprevides an opportunity for additional public input from industry, academia,
regulatory agencies, and the public-at-large:

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

ASME does not take any position.With respect to the validity of any patent rights asserted in connection with any
items mentioned in this document,_.and does not undertake to insure anyone utilizing a standard against liability for
infringement of any applicable letters patent, nor assume any such liability. Users of a code or standard are expressly
advised that determination {of the validity of any such patent rights, and the risk of infringement of such rights, is
entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted as
government or ind@stky’ endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accordance with the established
ASME procedures and policies, which precludes the issuance of interpretations by individuals.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise

without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Three Park Avenue, New York, NY 10016-5990

Copyright © 2003 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.



https://asmenormdoc.com/api2/?name=ASME B89.1.6 2002.pdf

CONTENTS

Foreword ... ... . iv
Committee ROSter . .......................o.o.o.o.ieieieieieiiii i v
Correspondence With the B89 Committee ............... .. ... ... i, Vi
1 S0P . 1
2 Definitions ... O 1
3 References ............. ... Oy 2
4 Requirements of Master Rings and Ring Gages ........................ 80 ........ 3
5  Calibration of an Identified Diameter .................. ... ... ... SVl 5
6  Environment .......... ... e 9
Figures
1 Location of Calibrated Diameter ...................... €/, 6
2 Typical Gage Block Combination Techniques for Ring.Gage Measurements ......... 9
Tables
1 Surface Roughness Limits for Master Rings and*Ring Gages ....................... 4
2 Limits for Roundness, Taper, or Straightness for Master Rings and

Ring Gages .......ooovinii N 5
3 Diameter Tolerances for Classes and Sizes*for Master Rings and Ring Gages ....... 6
4  Face Squareness Error/Cosine Error Relationship ................... ... ... 7
Nonmandatory Appendices
A Effects of Form and Form Errors-on Size (Geometry) ..................ooiiiinia.. 13
B Measurement Uncertainty, -S> . ... 21
C  ISO Cylindrical Ring Blank/Design .............. ... i 25

iii



https://asmenormdoc.com/api2/?name=ASME B89.1.6 2002.pdf

FOREWORD

The American National Standards Committee B89 on Dimensional Metrology was established
in February 1963 under the sponsorship of the American Society of Mechanical Engineers. The

HTST organization meeting was held at the United ENgineering Center i INew YOTK City. The
scope of the Committee was defined as follows:

Calibration and the specific conditions relating thereto. It shall encompass the inspection and
the means of measuring the characteristics of the various geometrical configurations sugch as
lengths, plane surfaces, angles, circles, cylinders, cones, and spheres.

Among the six Subcommittees originally established to carry out this mandate was B89.1 -
Length, whose chairman authorized the formation of B89.1.6 to prepare a standard on the measure-
ment of internal diameters for use as master rings and ring gages. The standard Was approved
by ANSI as an American National Standard on June 10, 1976.

The B89 Committee was reorganized as an ASME Standards Committee-on*July 8, 1981. The
ASME B89 Committee revised the Standard which included specifications,that extend qualifica-
tions of rings up to 21 in. (533 mm), consolidated information into tables\from within the original
standard and from other sources, and related surface texture to tolerarice rather than class. The
revised Standard was approved by the American National Standards Institute on June 18, 1984.

In October of 1997, the B89.1.6 Committee began rewriting and revising the Standard because
of many advances in measurement technology and standardization among laboratories both in
the United States and abroad. Several changes have been made to the Standard to reflect a more
up-to-date approach to internal diameter measurement/and to include information needed by
laboratories for purposes of standardization, accreditation, etc. This revision was approved by
the American National Standards Institute on Ogctoeber 29, 2002.

iv
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CORRESPONDENCE WITH THE 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 COMIMITIee DY TeqUESTINg IMeTPIetations, PrOPOSINgG TeViSIons, and attending Con-
mittee meetings. Correspondence should be addressed to:

Secretary, B89 Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016

Proposed Revisions. Revisions are made periodically to the Standard to incofporate
changes that appear necessary or desirable, as demonstrated by the experiencegained from
the application of the standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Suchf{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.

Attending Committee Meetings. The B89 Standards Committeeregularly holds meetings
that are open to the public. Persons wishing to attend any meeting should contact the
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MEASUREMENT OF PLAIN INTERNAL DIAMETERS
FOR USE AS MASTER RINGS OR RING GAGES

1 |SCOPE

This Standard is intended to establish uniform prac-
ticep for the measurement of master rings or ring gages
usifhg horizontal methods. The standard includes
reqliirements for geometric qualities of master rings or
ring gages, the important characteristics of the compari-
son|equipment, environmental conditions, and the
medns to assure that measurements are made with an
acc¢ptable level of accuracy.

This Standard does not include measurement methods
for frings below 1 mm (0.040 in.). The measurement
method on these very small rings should be agreed upon
pridgr to manufacture or calibration between the manu-
factpirer/laboratory and customer.

2 [DEFINITIONS

bilaferal tolerance: application of one half of the tabulated
tolefance plus and minus from the specified size.

circtlarity (roundness): circularity is a condition of.d sur-
facd of revolution where:

(q) for a cylinder or cone, all points(of the surface
intefrsected by any plane perpendicular to a common
axif are equidistant from that axis

(@) for a sphere, all points of_the surface intersected
by pny plane passing through_a common center are
equfdistant from that center

cosifie error: the measurément error in the measurement
dirdction caused bysangular misalignment between a
medsuring system‘and the gage or part being measured.

cylifdricity: cylindricity is a condition of a surface of
revélution ifivwhich all points of the surface are equidis-
tan{ fronftascommon axis.

diameter:the length of a straight line through the center

terms of the time in which a metrological charactetistjc changes
by a stated amount, or in terms of the change in-a chafracteristic
over a stated time.

discrimination (threshold): largest. change in a $timulus
that produces no detectable cliatige in the resp¢nse of a
measuring instrument, the change in the stimulys taking
place slowly and monotoérically.

elastic deformation:the non-permanent (revjersible)
change in the sizéyof geometry of a part dye to an
applied force.

gage block: &dength standard with rectangulaf, round
or square)'eross section, having flat, parallel dpposing
gaging faces.
NOTEThe surface finish of the gaging faces should Qe such as
tozallow gages to be wrung together.

Go ring: an internal diameter gage manufactur¢d to the
part tolerance high limit with a unilateral minjs toler-
ance, therefore accepting the manufactured pqrt when
in size.
index of refraction: for a given wavelength, the|ratio of
the velocity of light in a vacuum to the velocity of light
in a refractive material.

NOTE: As used in this Standard, the material is air.

line contact: the zone of contact between a flaf surface
and a cylinder.

lobing: systematic variations in the radius around a part
(measured in the cross section perpendicular to the axis).

master ring: an internal diameter standard usgd to set
other gaging equipment. Master rings are manuffactured
to a bilateral tolerance.

max. (maximum) master ring: an internal diamefer stan-
dard used to set other gaging equipment. MaX. master

of a CiICular cross-section of an object. I the case of a
cylinder, the line is considered to be perpendicular to
the axis.

dimensional stability: ability of an object (e.g. measuring
instrument or work piece) to maintain its metrological
characteristics with time.

NOTES:

(1) Where stability with respect to a quantity other than time is
considered, this should be stated explicitly.

(2) Stability may be quantified in several ways, for example: in

: £k 1 4 ok 1AL
rmgsare manuractared toa uhaterar vitiis T lerance

on the part tolerance high limit.

mean master ring: An internal diameter standard used
to set other gaging equipment. Mean master rings are
manufactured to a bilateral tolerance.

measurand: measurement of a well defined physical
quantity.

Example: Diameter of a cylindrical gage at 20°C.

measurement force: the amount of force exerted upon the
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object being measured by a measuring instrument dur-
ing the act of measurement. Measurement force is an
important factor used in the calculations of elastic defor-
mation.

microinch: one millionth of an inch, i.e., 0.000001 inch,
1 pin., or 25.4 nanometers.

micrometer: one millionth of a meter, i.e., 0.000001 meter,
1 pm, or approximately 39.37 microinches.

MEASUREMENT OF PLAIN INTERNAL DIAMETERS
FOR USE AS MASTER RINGS OR RING GAGES

(2) This concept applies also to a recording device.

straightness: the minimum distance between two parallel
lines which contain the line profile.

surface texture: repetitive or random deviations from the
nominal surface, which form the pattern of the surface.
Surface texture includes roughness, waviness, lay and
flaws.

taper: for the purposes of this Standard, taper is defined

min. (minimum) master ring: an internal diameter stan-
dard uspd to set other gaging equipment. Min. master
rings ar¢ manufactured to a unilateral Plus tolerance on
the part] tolerance low limit.

modulus|of elasticity: the ratio of unit stress to unit defor-
mation for a particular material, within the limit of pro-
portionglity, i.e, E = o/e.

NOTE: The modulus of elasticity is sometimes known as Young’s
modulus,|

NoGo rifig: an internal diameter gage manufactured to
the part|tolerance low limit with a unilateral plus toler-
ance, therefore accepting the manufactured part when
in tolerdnce by not fitting on the part.

nominal foefficient of thermal expansion: approximate value
(ISO VIM: 1993 Section 5.3) for the coefficient of thermal
expansipn over a range from a temperature, T, to 20°C
and denjoted «, for the part and a, for the reference
standaid. Estimated values for o, and a,; may be
obtainedl from experiments on like objects or from pub-
lished dlata.

out-of-roundness: is the term used to describe a deviation
from bejng round and its value is defined as thé mini-
mum redial separation between two concentric circles
within Which all points on the circular cross.section lie.

out-of-stfaightness: the deviation of the“straightness of a
line is tHe minimum distance betweéntwo parallel lines,
which cpntain the line profile.

point coptact: the single point\of contact when using a
sphere ¢r section of a sphete/in a measurement.

NOTE: The idealized poinf becomes an area of contact under the
measurerent force.

Poisson’q ratio: thierratio of the transverse unit deforma-
tion of 4 body:to*the unit deformation in length, within
the limif of ‘proportionality.

as the gradual increase or decrease in diameter ovey the
full length of the gage.

thermal gradients: the rate of change of temperaturejas a
function of another parameter.

NOTES:
(1) Temporal thermal gradient is the variation of temperatufre as
a function of time, denoted by AT/At, °C/hour (or °F/hour).
(2) Spatial thermal gradient is théariation in temperature|as a
function of length, denotediby*AT/AL, °C/m (or °F/in.)}.

uncertainty of measuremignt! parameter, associated ith
the result of a meastirement, which characterizes| the
dispersion of the/valties that could reasonably be at{rib-
uted to the méasurand.

NOTES:
(1) The parameter may be, for example, a standard deviatiop (or
a given multiple of it), or the half width of an interval hgving
arstated level of confidence.
(2) See NIST Technical Note 1297 for additional informatio.

unilateral tolerance: the entire gage tolerance is appjlied
unidirectionally at the extreme limits of the part tpler-
ance. This applies to Go/NoGo min./max. ring galges.

3 REFERENCES

The following is a list of publications referencefl in
this Standard.

ANSI/ASME B47.1, Gage Blanks

Publisher: American National Standards Instifute
(ANSI) 25 West 43rd Street, New York, NY 10036

ASME B46.1, Surface Texture (Surface Roughness, Wavi-
ness, and Lay), 1995
ASME B89.1.2M, Calibration of Gage Blocks by Corjtact
Comparison Methods (Through 20 in. and 500 rj\m)
ASME B89.1.5, Measurement of Plain External Digme-
ters for Use as Master Discs or Cylindrical Plug Ghges

ring gag . dll illtclllql d;alllctcl Dtalldald uocd .fUl Dctt;llé
other measuring instruments or checking the manufac-

tured parts as Go/NoGo gages.
roundness: (see circularity).

resolution (of a displaying device): smallest difference
between indications of a displaying device that can be
meaningfully distinguished.

NOTES:
(1) For a digital displaying device, this is the change in the indica-
tion when the least significant digit changes one step.

ASME B89.19 Standard Case Blocks

ASME B89.3.1, Measurement of Out-of-Roundness

ASME B89.6.2, Temperature and Humidity Environment
for Dimensional Measurement

Publisher: The American Society of Mechanical
Engineers (ASME International, Three Park Avenue,
New York, NY 10016-5990; Order Department: 22 Law
Drive, Box 2300, Fairfield, NJ 07007-2300

ISO 1, Standard Reference Temperature
ISO Report, Guide to the Expression of Uncertainty in
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International Organization for Standardization (ISO), 1
rue de Varembé, Case Postale 56, CH-1211, Geneve
20, Switzerland /Suisse

NIST Technical Note 1297, 1994 Edition, Guidelines for
Evaluation and Expressing the Uncertainty of NIST
Measurement Results

Publisher: National Institute of Standards and Technol-
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rings or ring gage blanks shall be free from inclusions
or other imperfections, which would affect surface tex-
ture. It is desirable for the material to have approxi-
mately the same coefficient of expansion as the gage
blocks to be used in order to minimize the effect of small
differences in temperature. It shall respond to applicable
hardening and stabilizing processes to permit finishing
to the pertinent surface roughness and to assure dimen-
sional stability. Finished surfaces should have a mini-

®)

by (NIST), U.S. Government Printing Ottice, Wash-
ifjgton, DC 20402-9325

Putfock and Thwaite, “Elastic Compression of Spheres
hd Cylinders at Point and Line Contact,” National
Standards Laboratory Technical Paper No. 25, 1969
Publisher: Commonwealth Scientific and Industrial
esearch Organization (CSIRO), 150 Oxford Street,
ollingwood, Victoria 3066, Australia

o)

Q=

4 |REQUIREMENTS OF MASTER RINGS AND RING
GAGES

4.1| General

The capability of measuring equipment and tech-
niqiies to achieve a high order of precision in the calibra-
tior| of master rings or ring gage is limited by relevant
features and conditions of the gage to be measured.
Thepe are discussed in the following sections:

(4) 4.2 Design

(1) 4.3 Material

(4 4.4 Surface Roughness

(4) 4.5 Geometric Requirements

(d) 4.6 Face Perpendicularity of Rings

() 4.7 Tolerance Classes

Alll dimensions and specifications ‘given in this Stan-
dargl are for gages that have not been modified. Modifi-
catipns to gages through processes such as machining,
grirfding, stamping, etc., whete heat or stress is produced
can|alter the measured diameter(s), and thus would
invdlidate a reported dimension from a measurement
tak¢n before the modification.

The minimum-marking requirements for ring gages
shall be the size'or diameter, and tolerance class. If the
tolefance dees not match one of the standard classes as
listdd in Tables 1, 2, and 3 it does not have to be included.
For [rings_made to tolerances other than those listed, the
customer should specify the marking requirements

mum hardness equivalent to 60 on the Rockwell C Scale.
Master gages shall not be subjected to any. quitk aging
or shock treatment as a check of stability, If the material
shows magnetism, the gage should(be de-magnetized
before measurements are taken.

4.4 Surface Roughness

The surface roughmess shall be consistent with the
class tolerance of thie gage. Table 1 lists mgximum
roughness valueS.expressed in arithmetic avetage (R,)
roughness vdlues. ASME B46.1, shall be consilted for
reference information.

4.5 Geometric Requirements

4.5.1 General. The diameter will be measired per
section 6 of this Standard. Typical acceptancq criteria
for geometric requirements are diameter measyrements
spaced approximately 90 deg apart in each jof three
planes: the midsection, and each end, located Yein. (1.6
mm) from inside the ends of corner radii or chanifers. For
sizes below 0.150 in. (3.8 mm), a total of four diameter
measurements should be taken in two planes wjithin the
center half of the ring.

Two-point diameter measurements will not detect the
effect that odd-numbered or irregular lobing hag on size.
Diameter measurements taken at multiple locatijons may
not fully detect ovality, even-numbered loping, or
straightness deviation.

The practical application of Table 3 would bd to com-
pare the measured size of a gage to the prescribed size
minus (for Go or Max.) or plus (for NoGo or Min.) the
tabulated tolerance (for bilateral gages, plus and minus
one-half the tabulated tolerance). The measured size
should fall within the size range thus speciffjed. The

4.2 Design

The design and proportion specifications for gage
blanks are given in ANSI/ASME B47.1.

The ISO design is acceptable when communicated
between the customer and the manufacturer. See Appen-
dix C for ISO 3670 design specifications.

4.3 Material

The material, including coatings or wear inserts, of

practical application of Table 2 would be to compare all
the measurements taken on a gage and find the differ-
ence between the largest and smallest measurements.
The difference should not exceed the tabulated value.

NOTE: ASME Y14.5M RULE #1 DOES NOT APPLY DUE TO THE
LIMITATIONS OF PRECISION MEASURING EQUIPMENT AND
THE INABILITY TO CORRELATE COMPOSITE FORM DEVIA-
TIONS WITH ABSOLUTE SIZE. (Perfect form at Maximum Mate-
rial Condition is not required.)
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Table 1 Surface Roughness Limits for Master Rings and Ring Gages

MEASUREMENT OF PLAIN INTERNAL DIAMETERS
FOR USE AS MASTER RINGS OR RING GAGES

Diameter, in. Tolerance Class, pin. (R;) [Note (1)]
To and
Above Including XXX XX X Y z V44
0.040 0.825 2 2 4 4 8 10
[Note (2)] [Note (2)]
0.825 1.510 2 2 4 8 12 14
[Note (2)] [Note (2)]
1.51U 21U 4 4 o 1 10 10
2.510 4.510 4 4 8 12 16 16
4.510 6.510 6 6 12 16 16 16
6.510 9.010 8 8 16 16 16 16
9.010 12.010 8 8 16 16 16 16
12.010 21.010 16 16 16 16 16 16
Diameter, mm
To and Tolerance Class, pm (R,) [Note (1)]
Above Including XXX XX X Y Z zz
1.016 20.96 0.05 0.05 0.10 0.10 0:20 0.25
[Note (2)] [Note (2)]
20.96 38.35 0.05 0.05 0.10 0.20 0.30 0.36
[Note (2)] [Note (2)]
38.35 63.75 0.10 0.10 0.20 030 0.41 0.41
63.75 114.55 0.10 0.10 0.20 0.30 0.41 0.41
114.55 165.35 0.15 0.15 0.30 0.41 0.41 0.41
165.35 228.85 0.20 0.20 Q.41 0.41 0.41 0.41
228.85 305.05 0.20 0.20 0.41 0.41 0.41 0.41
305.05 533.65 0.41 0.41 0.41 0.41 0.41 0.41
NOTES:

(80 pin.).

manufacturer and user.

4.5.2 [Roundness. Deviations in roundnessican be
determihed at three planes (see para. 4.5.1) perpendicu-
lar to the axis of the gage, using a chaxt type precision
spindle instrument. The out-of-round condition shall not
exceed fe value shown in Table 2\ASME B89.3.1 shall
be constilted for measurement information. Ring gages
used fot applications other.than as diameter masters,
such as limit gages, shall bei¢valuated by criteria applica-
ble to the intended usepwith Table 2 serving only as a
reference guide.

4.5.3 [ Straighthess and Taper. Deviations from sur-
face elefnent straightness can be determined by making
axial tr::Fings approximately 90 deg apart using a profile
type insfrument. The determined value shall not exceed

(1) R, shall be evaluated using Gaussian filters with\d¢ = 0.8 mm (0.030 in.), and a tip radius of 2 um

(2) State-of-the-art limitations decree that the method of verification be established by agreement between

(see Table 3) multiplied by the stated size of the gage,
the error is small enough under ordinary circumstances
to be ignored. When extremely accurate measuremgents
are required squareness errors may need to be elimi-
nated by means of tilt tables or mathematical compen-
sation.

4.7 Tolerance Classes

Master rings and ring gages are graded into classes
identified by XXX, XX, X, Y, Z, and ZZ which deterrhine
the total applicable tolerance for a given size. Wher{ the
tolerance is applied unilaterally, the full amount of the

the tolerances listed in Table 2. Taper is measured as the
gradual increase or decrease in diameter over the full
length of the gage.

4.6 Face Perpendicularity of Rings

The faces of the ring gage should be reasonably square
to the Inner Diameter (ID) of the ring gage to eliminate
the first order or cosine errors that arise from imperfect
alignment of the measuring contacts. If the out-of-squar-
eness is less than 50 times the total diameter tolerance

tolerance as specified in Table 3 is applied to the stated
gage size in one direction with the other direction being
zero. For instance, a class X ring in the 0.040 to 0.825
range would have a tolerance of +0.000040/— 0.0 (unilat-
eral plus) or + 0.0/- 0.000040 (unilateral minus). When
the tolerance is applied bilaterally, the tolerance speci-
fied in Table 3 is split in half and applied in both direc-
tions from the stated gage size. For instance a class X
ring in the 0.040 to 0.825 range would have a tolerance
of + 0.000020/—- 0.000020.
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Table 2 Limits for Roundness, Taper, or Straightness
for Master Rings and Ring Gages

Diameter, in.
To and Tolerance Class, pin.

Above Including XXX XX X Y z V44
0.040 0.825 5 10 20 35 50 100
0.825 1.510 8 15 30 45 60 120
1.510 2.510 10 20 40 60 80 160
2.510 4.510 13 25 50 /5 100 200
4.510 6.510 16 33 65 95 125 250
6.510 9.010 20 40 80 120 160 320
9.010 12.010 25 50 100 150 200 400

12.010 15.010 38 75 150 225 300 600

15.010 18.010 50 100 200 300 400 800

18.010 21.010 63 125 250 375 500 1000

Diameter, mm

Tolerance Class, wm

To and
Above Including XXX XX X Y Z zz
1.016 20.96 0.13 0.25 0.51 0.89 1.27 2.54
20.96 38.35 0.20 0.38 0.76 1.14 1.52 3.05
38.35 63.75 0.25 0.51 1.02 1.52 2.03 4.06
63.75 114.55 0.33 0.64 1.27 1:91 2.54 5.08
114.55 165.35 0.41 0.84 1.65 2.41 3.18 6.35
165.35 228.85 0.51 1.02 2.03 3.05 4.06 8.13
228.85 305.05 0.64 1.27 254 3.81 5.08 10.16
305.05 381.25 0.97 1.91 3.81 5.72 7.62 15.24
381.25 457.45 1.27 2.54 5.08 7.62 10.16 20.32
457.45 533.65 1.60 3.18 6.35 9.53 12.70 25.40

tolerance applicable for the class of gage:

4.8| Identification

Unless otherwise specified, ring gages identified as
Go pr NoGo are assumed to be gages used to measure
the [limits of a product. The Gosgage is the larger, taken
froth the specified maximum diameter of the product,
and| has the tolerance apphied unilaterally minus. The
No(o gage is the smallér, taken from the specified mini-
mun diameter of the\product, and has the tolerance
appllied unilaterally plus.

(Jages identified’ only with the size are assumed to be
madter gages with a bilateral tolerance. Master gages
are [reference”gages and can take many forms based
on the application. Some manufacturers and users will
alwhy§ assume that a designation of Master ring has the

GENERAL NOTE: Any single geometric error, stch as those outlined in Table 2, roundness, taper, or
straightness shall not exceed the listed values. The tabulated values are one-half of the total diameter

5 CALIBRATION OF AN IDENTIFIED DIAMETER
5.1 General

Internal diameters shall be measured in a|manner
consistent with sound metrological principles. An asso-
ciated measurement uncertainty shall accompdny each
measurement. Some acceptable methods are described
in this section.

5.2 Location of Calibrated Diameter

The location of the measurement points as given in
para. 4.5.1 shall be identified on the gage face bly means
of the orientation of the marking or by scribgd lines.
The marking of the size shall be oriented as {t would
be read, and the zero degree or X axis wouldlbe hori-

tolerance applied bilaterally. Others will ask for more
information to clarify the tolerance application. Com-
monly used assumptions for designations and tolerance
applications are: Max. or Maximum Master (unilateral
minus tolerance), Min. or Minimum Master (unilaterally
plus tolerance), and Mean Master (bilateral tolerance).

There is no substitute for good communication
between the user and the manufacturer for determining
the correct application of the tolerance of the gage based
on its intended use.

zontal, with the 90 deg or Y axis being vertical. If scribed
lines are marked on the face, they shall be for the zero
degree or X-axis as shown in Fig. 1.

5.3 Contact Force

In a comparison type of measurement where the mas-
ter has the same shape, material, and surface texture as
the work piece, contact force deformations are equal
and therefore cancel out as a factor in the measurement
process. However, when comparing flat surfaces (such
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Table 3 Diameter Tolerances for Classes and Sizes for Master Rings
and Ring Gages

Diameter, in.
To and Tolerance Class, pin.

Above Including XXX XX X Y V4 V44
0.040 0.825 10 20 40 70 100 200
0.825 1.510 15 30 60 90 120 240
1.510 2.510 20 40 80 120 160 320
2.510 4.510 25 50 100 150 200 400
4.510 6.510 33 65 130 190 250 500
6.510 9.010 40 80 160 240 320 640
9.010 12.010 50 100 200 300 400 800

12.010 15.010 75 150 300 450 600 1200

15.010 18.010 100 200 400 600 800 1600

18.010 21.010 125 250 500 750 1000 2000

Diameter, mm

Tolerance Class, wm

0 deg
X axis

g. 1. 'Location of Calibrated Diameter

as gage blocks) a al surfa 3 ma g
there can be a significant difference as the radius of the
ring approaches the radius of the contact. Contact force
can create compressive deformation of the contact sur-
face and bending of cantilever type fingers. To minimize
contact force deformation in these cases, the lightest
gaging force should be used. It is recommended that no
more than 2 oz. (56.7 g) gaging force be used for a probe
radius of 0.016 in. (0.41 mm) and no more than 4 oz.
(1134 g) for a probe radius of 0.060 in. (1.52 mm) to
avoid any permanent deformations. Differences in

To and

Above Including XXX XX X Y Z zz
1.016 20.96 0.25 0.51 1.02 1.78 2.54 5.08
20.96 38.35 0.38 0.76 1.52 2.29 3.05 6.10
38.35 63.75 0.51 1.02 2.03 3.05 4.06 8.13
63.75 114.55 0.64 1.27 2.54 3.81 5.08 10.16
114.55 165.35 0.84 1.65 3.30 4.83 6.35 12.70
165.35 228.85 1.02 2.03 4.06 6.10 8.13 16.26
228.85 305.05 1.27 2.54 5.08 7.62 10.16 20.32
305.05 381.25 1.90 3.81 7.62 11.43 15.24 30.48
381.25 457.45 2.54 5.08 10{T6 15.24 20.32 40.64
457.45 533.65 3.18 6.35 12:70 19.05 25.40 50.80

93 deg deformation at the contact surfaces may be significant
axis

to measurement results when the ratio of the cortact
radius to the master ring radius is greater than 1:4

When measuring ring gages on instruments where
the ring is not free to float in the axis of measurenjent,
it is recommended to support the ring on anti-frigtion
rolls. This will minimize the friction force betweer| the
ring and the resting surface of the instrument. If this
is not done, the ring may bend the measuring fingers
unequally. Unless the reference combination bendd the
fingers in exactly the same way, this will generate efrors
in the measurement.

5.4 Tilt Tables

When a ring gage is being measured on a machine
that uses the top or bottom of the ring as a refer¢nce
; . . . . | be
relatively small depending on the geometry of the refer-
ence surface in relation to the internal cylinder wall of
the ring gage. This error produces a cosine error in the
measurement of the ring gage. A tilt table may be used
to eliminate such error. A tilt table allows the user to
align the machine’s measuring jaws to the perpendicular
centerline of the internal cylinder walls of the ring gage.
Table 4 gives examples of squareness and cosine error
relationships that occur with a 1 in. diameter ring gage.

Ul C, pcrpcrid (I1d y €ITOI €X . CITO d
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Table 4 Face Squareness Error/Cosine Error
Relationship

Squareness Error

Cosine Error

ASME B89.1.6-2002

measuring range and measure diameters of all sizes
within the range. Direct reading instruments contain
transducers such as laser interferometers, glass scales,
holographic scales, and others. For direct reading instru-
ments, instrument alignments and motion errors may
become an important source of measurement uncer-
tainty. These instruments are often set up using several
ring gages of known diameter to calibrate the scale mag-
nification. These errors are then commonly assumed

Angle -

in. mm [Note (1)] win. pm
0.0001 0.0025 0 ft 10 in. 0 0
0.0005 0.0127 0 ft 52 in. 0.13 0.0033
0.001 0.0254 1ft 43 in. 0.50 0.0127
0.00 0.12/70 o Tt 36 1n. 12.50 0.31/5
0.01p 0.2540 17 ft 11 in. 50.0 1.27
NOTE:

(1) Yariation in minutes and seconds in perpendicularity between
able top and ring diameter being measured.

5.5| Measurements Using a Mechanical Comparator

Master rings or ring gages are usually measured by
confparing them to a reference master ring, a single gage
blogk, or a combination gage block stack. The method
of cpmparing a ring gage to master artifacts consists of
megsuring the displacement of one or both contacts that
touth the gage. Using gage block(s) or master rings
of the same material as the gage being measured will
mirfimize variations due to differences in contact defor-
matffion and due to differences in the nominal coefficient
of titermal expansion. See para. 6.4. To achieve optimum
acciracy when using gage blocks, the calibrated value
of each gage block in the stack shall be summed, then
usel in the measurement process.

Due to limitations in accessing the inside gaging sut-
facq of internal diameter artifacts, a spherical pfobe is
the lonly contact geometry that can be used\for high
accfiracy comparison measurements. Care-must be taken
to geriodically check for wear or flats 'en the contact
surface. This can be accomplished by a procedure of
chegking a known size ring gage-te'a known size gage
blogk stack.

Comparison measurements of ring gages are generally
twa-point measurements.(Two-point diameter measure-
mepts will not detect the effect that odd-numbered lob-
ing [will have on thetsize.

First, verify that(the comparator is set sensitive to
intefrnal diametermeasurements. Second, verify that the
probe diaméters are smaller than the internal diameter
of the ring.

Comparator instruments can generally be categorized
as dither short range or long range (commonly known

to be linear between these set points throughout the
measurement range. Calibration in this mannei reduces
the number of artifacts needed for the mneasur¢ment of
diameters. Direct reading instrumenfs-can also[be used
as comparators in which master rihgs or ring gages are
measured by comparing them td.areference magter ring,
a single gage block, or a combination gage blogk stack.

Comparator instruments that measure interndl diame-
ter can have either one sphere or two opposing spheres
as contact probes. Each configuration has adyantages
and disadvantages\The mastering artifact, being either
a master ring oryan assembly of gage blocks, jcan also
affect the pefformance of the comparator. These configu-
rations will be discussed individually.

5.5:1\ Dual Sphere Contact Probe Configuratfon. The
most~dommon configuration is a dual-spherq contact
probe configuration. The spherical probes are nounted
on stems or fingers that allow the probes accesq into the
bore of the ring. These fingers are connected to[a sensor
that measures the displacement of the finger(s) during
measurement.

When comparing artifacts with this probe cdnfigura-
tion, bending effects of the probe stems or fingers can
be overcome if the probe forces are applied in {he same
direction and with the same magnitude for eacl artifact
measurement. The bending is then common in each mea-
surement and the effects cancel. This measurgment is
the axis of the ring bore at that particular point down
the bore. Effects resulting from non-perpendicylarity of
the bore to the bottom surface and comparing the results.
Differences indicate the ring bore is not perpendicular
to the bottom of the ring across the measurement plane.

5.5.1.1 Mastering to a Ring Gage. Comparing rings
gages of the same nominal size is a classic, fommon
artifact comparison measurement. The effe¢ts from
instrument geometry, alignment, scale, motion errors,
and most of the thermal effects are minimizéd when

as direct reading instruments). Each has distinct advan-
tages and disadvantages.

Short range comparators require a master artifact of
the same size as the diameter being measured. The
effects from instrument geometry, alignment, scale,
motion errors, and most of the thermal effects are mini-
mized if the change in temperature is not short term.
Short range comparators generally use an LVDT to
detect displacement between the measuring probes.

Direct reading instruments generally allow a large

comparing rings of the same nominal size. Elastic defor-
mation corrections can be ignored if the elastic constants
of both the master ring and the test ring are the same.

The measurement datum can vary depending on the
design of the comparator. Depending on the geometry
of the ring gage, different datums will yield different
measurement results. Some instruments use a gage sup-
port table that can be translated horizontally but unable
to tilt. For these instruments, the measurement datum
becomes the bottom surface of the ring gage and results
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in a measurement plane that is parallel to this surface.
Non-perpendicularity of the ring bore to the bottom of
the ring will result in a diameter measurement larger
than the actual diameter perpendicular to the bore.
On instruments with gage support tables that tilt, the
ring gage can be tilted until the minimum diameter
across the bore is achieved. The measurement datum of
the ring can be measured by rotating the ring 180 deg
because when positioning the master ring on the compa-

MEASUREMENT OF PLAIN INTERNAL DIAMETERS
FOR USE AS MASTER RINGS OR RING GAGES

large measurement errors if not constructed properly.
This arrangement is typically used with square gage
blocks that have a hole bored through the center. After
the large end pieces are wrung to each end of the stack
a threaded rod can be inserted through the entire assem-
bly, which can be a useful feature for very long gage
block stacks. The clamp nuts on the ends of the tie rods
must be only very lightly finger tight or compression
of the assembly will occur and large measurement errors

rator, adjust the position until the maximum diameter
across the bore is seen on the comparator analog or
digital dlisplay. This can be done using the horizontal
adjustments on the gage support table or by tapping
the ring[lightly. This setup is repeated for measurements
of the t¢st ring.

For djrect reading instruments, the ring gages being
measurdd are often of dissimilar size from those used
to set up the instrument magnification. Therefore, local
air and gage temperatures should be monitored to deter-
mine cofrection values for the thermal expansion of the
instrument scale and the ring gages. Depending on the
required accuracy, elastic deformation corrections may
need to pe made for each ring gage. Calculations can be
computed using equations from Puttock and Thwaite’s
CSIRO Technical Paper No. 25.

5.5{1.2 Mastering to a Gage Block Assembly. When
comparing ring gages to a gage block stack using a
dual prpbe comparator, the gage block stack must be
construdted for an inside measurement. This requires
that the|stack, built to the nominal size of the ring gage
to be measured, use end pieces to facilitate the internal
measurpment condition. Some examples of this are

shown in Fig. 2.

The %;ge block setup technique shown in Fig. 2(a)
can be fised for any size ring. For large ¥ings (greater
than 50[ mm) this can be the preferred arrangement.
The stagk is rested on its side and ispositioned on the
compargtor with the probes betweén the end pieces. The
stack is then tapped and rotated’around the probes until
a mininfum value is indicated on the display. Note that
this arrgngement uses\the non-gaging surfaces of the
gage bldcks as the datum surface. The perpendicularity
of the ed pieces to.the gage support table can be com-
promised with \this arrangement. This can be a larger
problent for'muiltiple block stacks where this side surface
is likely] to be uneven. Also, flatness and parallelism

will result. One advantage of this arrangementis [that
the large end pieces allow for the measuremént‘tp be
performed on either end of the stack. This feature|can
be used to check the parallelism of the gageblock conbi-
nation.

Depending on the required accuracy, elastic defofma-
tion equations may be required for.the combination|and
the ring gage even if they are/of the same material { For
larger ring sizes, these differerices are generally stall.
Large differences, 50 nahemeters and more, can rgsult
when measuring small xifigs where the probe’s diamnfeter
approaches the sizef the ring diameter. As usual,|dis-
similar material{comparisons do require deformation
corrections. CGalculations can be computed using equa-
tions from Puttock and Thwaite’s CSIRO Technical Paper
No. 25.

5.5(2) Single Sphere Contact Probe Configuration.
Some instruments may only use a single spherical pfobe
to*perform the comparison measurement. As in the flual
probe techniques, the sphere must also be mounted on
a stem to allow access into the ring bore. The bendling
of this stem during measurement can be overcomg as
before, if the probing forces are applied in the shme
direction and with the same magnitude for each artifact.

Appropriate fixturing of the artifacts is required for
single probe systems because during measuremenf the
probe force in one direction is not offset by the seqond
probe, and the measurement is invalidated if the fing
moves. The fixturing must hold the ring in place|but
not deform the shape of the gage. Over-restraining the
master or test gages will result in large measurerhent
errors.

Depending on the measuring instrument design Jand
the protocols followed during the ring gage measjure-
ment, several measurement datums are available.| For
example, the ring bore can be probed and an avefage
datum axis can be developed. To avoid cosine errors

errors of the gage blocks can be magnified as the stack
length is projected out with the end pieces.

The technique used in Fig. 2(b) uses a precision square
as one end piece and a base for the assembly. This setup
should insure the perpendicularity of the gage block
stack to the support table, however the gage block geom-
etry errors can still be magnified with the remaining
end piece. This arrangement also becomes unstable and
tilts as the combination length exceeds 50 mm.

The technique shown in Fig. 2(c) can result in very

when measuring with single probe instruments, the
plane of motion used by the instrument must be either
parallel (if the ring bore is used) or perpendicular (if
the top or bottom surface of the ring is used) to the
datum chosen for the ring gage.

Single probe instruments are generally a 1D direct
reading instrument as described above or a 3D instru-
ment such as a coordinate measuring machine (CMM).

5.5.2.1 Mastering to a Ring Gage. When using small
1D comparator instruments, positioning the ring gages
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/Combination

Square

End block —\

d N\

=1 E

so the maximum diameter is probed by the instrument
is mpore difficult than with a dual probe system. When

is common in each measurement as long as the
ied force is the same for each ring. Also, as before,

ring can also be removed and the test ring placed in the
sanfe location on the table. Instrument motion errors
will| then generally be the same foreach measurement,
however the thermal environmeént)around the instru-
ment and the ring gage may have been disturbed and
normalizing time may be required.

I3 some cases, using-31D/machines may be the only
pragtical option for mleasuring very large rings. In any
cas¢, a careful analysis of the measurement uncertainty
shofild be done(to)show that the process will yield an
acc¢ptable méeasurement uncertainty.

5.5.2;2\Mastering to Gage Blocks. Mastering to
gagp blocks with single probe systems can be done in
two ways. First, the gage block stack can be built using

End block wrung offSet/ Square gage Tie rod end|

(a) (b)

Fig. 2 Typical Gage Block Combination Techniques for Ring Gage‘Measurements

(c)

of the stack. This¢echnique has the advantage ¢f reduc-
ing the effects of block geometry through the erjd pieces
and is gengrally a less complicated gage block
arrangement.

Howeyver this technique can have one large djsadvan-
tage:The probe stem will bend or deflect during mea-
stitement. If a probe ball of known diameter is yised and
the stem bending has not been calculated, a lagge error
may result. The gaging motion when touching the gage
block stack is in the opposite direction than wheh gaging
the ring. Therefore the bending of the probe stem does
not cancel. In fact, after completing the comparigon mea-
surement, the resulting error is four times th¢ size of
the bending effect. Most stylus calibration te¢hniques
used on CMM’s bypass this potential error by ipcluding
the stem bending into the calculation of effectiye probe
ball diameter.

5.5.3 Non-Contact Measurement Issues. Some direct
reading or absolute instruments may use laser ificidence
or grazing technologies to determine the diafneter of
ring gages. These instruments can be sensitivie to the
roughness or finish of the gaging surfaces and hiave only
a limited useful measuring range. However, |because
these types of instruments are non-contacting, ¢oncerns
over elastic deformation corrections, probe diameter
measurements, or stylus bending are eliminatgd.

end pieces in the same configurations shown in Fig. 2.
The bending effect of the probe stem is then eliminated
as described earlier.

Second, the stack can be used without end pieces. For
1D instruments, the probe would need to be lowered to
move from one end of the combination to the other.
These extra motions may disrupt the measurement and
is not recommended.

For larger 3D instruments, the probe can more easily
be moved out away from the block between either end

6 ENVIRONMENT
6.1 General

All environmental factors shall be controlled to
achieve repeatability and accuracy as required in the
measurement of master rings and ring gages.

This section contains only essentials for a metrology
laboratory concerned with calibration of master rings
and ring gages.
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6.2 Cleanliness

Areas where calibration is performed shall be shielded
from smoke, dust, mist, and other contaminants typical
of some production areas. During calibration, the instru-
ment, master, and cylinder shall be clean.

6.3 Vibration

Excessive vibration has serious detrimental effects on

MEASUREMENT OF PLAIN INTERNAL DIAMETERS
FOR USE AS MASTER RINGS OR RING GAGES

mended to wait long enough to be sure that the artifact
has come into thermal equilibrium with the gage before
taking a measurement. It may take a significant time for
this to occur, even if the temperature differences are only
a few tenths of a degree.

In measuring rings it is critical that the combination
and the ring be at the same temperature. Assuming
that both the ring and the gage blocks are steel, with a
coefficient of thermal expansion of 6.4 X 107°/°F (11.5

the accuracy attainable in precise measurements. Objec-
tionable vibrations take two different forms and may be
constan{, periodic, or random in occurrence. These two
forms afe tactile and audible. Tactile vibrations (feel)
are objectionable because they may cause inconsistent
and ungtable contact at the point of measurement and
instability in the readout of the amplifier. Audible vibra-
tions (npise) are objectionable if they adversely affect
the perfprmance of the operator. Following are the most
common methods to bring vibration levels to acceptable
values:

(a) When locating the metrology laboratory, avoid
areas adjacent to, or affected by, heavy machinery, inter-
nal, or gxternal traffic.

(b) Inkulate the areas from known potential sources of
vibratiop and use insulating mountings when installing
sensitive apparatus.

(c) Cgeate an acceptable, low operational noise level
and reqfiire strict observance of it at all time.

6.4 Te

The standard reference temperature for industrial
length heasurements is fixed at 20°C (68°F) see'ISO 1.
The ambient temperature of the measurement area shall
be contrplled close to the reference temperature if accu-
surements are required.

Whilq it is never possible to control:the ambient tem-
peratur¢ to exactly 20°C, the degreeof control shall be
consisteht with the required accutacy of the measure-
ments. If the master and the test parts are of the same
material, a larger deviatien from the nominal tempera-
ture car] be tolerated_than if the master and test parts
are of different materials. Even when the master and
test par{ are of the 'same material, care shall be taken to
insure that thetwo items are at nearly the same tempera-
ture. If 4 pa¥t’js brought from a 23°C shop environment
°€ metrology laboratory, adequate time shall

perature

x 107°/°C), a difference in temperature of appitxi-
mately 1°F (0.5°C) between a Class XXX ring aridl its
combination will account for a significant percentage of
the tolerance. For a Class XX ring the Cerrespondling
temperature difference is 2°F (1°C); for.a Class X fing,
4°F (2°C); for a Class Y ring, 6°F (3°C):

Even when care is taken to insute the items age at
nearly the same temperature/and’corrections are njade
to correct the temperature.of\the items to the refer¢nce
temperature of 20°C, erters will result if the amMbient
temperature is far from the nominal 20°C. The efrors
will result from uncertainties in the coefficient of lihear
expansion. The ‘change in length (AL) of a part yvith
length L is

AL=q(L) (t-20)

where
o
t =

is the nominal coefficient of linear expansipn
is the temperature of the part

The value of the coefficient of linear expansion i not
known any better than about 10%. In a measurerhent
area maintained at 23°C, an error of 0.23 um (9 jin.)
could result, solely from the uncertainty in the valye of
the coefficient, if a 25.4 mm (1 in.) cylinder is meastired
by comparing it to a gage block of the same matejial.

Further refinement can be achieved by determiping
the temperature of each pertinent component and
applying the necessary corrections. For optimum afcu-
racy, a thermometer can measure the parts and cofrec-
tions made to compensate for the difference¢ in
temperature from master to test piece. A detailed discus-
sion of the effects of making measurements at tempera-
tures other than at 20°C is given in ASME B89.6.2.

6.5 Humidity

It is recommended that relative humidity in the rhea-

be allowed for the part to reach temperature equilibrium.
The use of soaking plates and thermal shielding can
help equalize the temperature between the two parts.
To minimize measurement errors it will be necessary
to allow both the ring and its reference combination to
be together in the same thermal environment for several
hours, as massive parts take considerable time to come
to thermal equilibrium with their environment. When
moving the reference combination or the ring from the
heat sink to the measuring instrument, it is recom-

10

suring environment not exceed 45%. Humidity signifi-
cantly beyond that value may cause problems with
corrosion of iron or steel surfaces. Also, caution shall
be used when establishing the low limit due to static
electricity.

6.6 Illumination

The four factors of “vision” are brightness, size, con-
trast, and time. Variations in one factor may affect one
or all of the others. Increasing brightness lets the eyes
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see small objects. However, this brightness may lessen
the contrast and make it difficult or impractical to read
fine scale graduations.

The proper level of illumination must be provided to
accomplish each specific measurement task but will vary

ASME B89.1.6-2002

depending on the measurement methodology. For exam-
ple, low lighting is usually used for interferometry. Sup-
plemental illumination or illumination level controls
should be available if required for specific tasks or meth-
odologies.

11
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NONMANDATORY APPENDIX A
EFFECTS OF FORM AND FORM ERRORS ON SIZE (GEOMETRY)

Al —INFROBUCHON of-rartousformrerrorsandhow-they-affect-the-measured
size and how they can be detected.

I this appendix we discuss a number of typical geom- Table A1 presents the appropriate meastitement meth-
etry| errors of internal cylinders and how they affect the od(s) for a few common form errors. Tables A2|A3, and
megsured diameter for different measurement methods. A4 present a number of examples 6f how forp errors
An understanding Of these interactions between form affect the actual usage Of ring gages When varidus form
errdrs and measurement methods is important in choos- errors are present. Table A5 shows the relation of
ing [the most appropriate measurement method. machining practices on the{sitmber of lobes typically

Flgures Al, A2, and A3 present a number of examples found in the part form.

13
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(1) (2)

NOTES:

1) Actual Local Size One-Dimensional Distance. As measured with a two-point device at any measuring plane.
2) Local Mating Diameter Two-Dimensional Circle. Maximum inscribed circle at any measuringplane
(This is the size of a plug that could enter this ring).

3) Actual Mating Size Three-Dimensional Envelope. Maximum inscribed cylinder encompassing entire part
(This is the size of a plug whose full length could pass through).

Theoreticalcylinder
Bent hole
%

End view Side view

GENERAL NOTES:
a) Difference between 1 and 2-s'the roundness deviation.
b) Difference between 2 and 3\is'the straightness deviation.

Figy A1 Analysis of a Tri-lobed and Cambered Ring Gage

14
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Condition A
(Single flat, burr, bump, rust)

Condition B
(Single groove)

Diameter effect = 1X roundness deviation
(Directly measurable with two-point measuring device)

Condition C
Uniform oval or regular even numbered lobing

Diameter effect = 2X roundness deviation
(Directly measurable with a two-point measuring device)

Condition D
Uniform tri-lobe

(Not directly measurable
with a two-point measuring device)

Condition E
Uniform odd-number lobing
greater than 3 lobes

@

Condition F
Non uniform lobing

Diameter effect = 1X roundness deviation
(Not directly measurable with a two-point
measuring device)

Diameter effect = between 1X
and 2X roundness deviation.
(May be partially measurable with a
measuring device)

Fig. A2 Form Influences on Circular Size

15
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Condition A (Taper)

Diameter effect = 2X taper/side

% (Directly measurable as change in size)

N\ A\ AR
— -

Condition B Condition C Condition D
(Barrel-shape) (Hourglass) (Convoluted — Waviness wj/o leaH)

Diameter effect = 2X straightness deviation/side
(Directly measurable as a change'in size)

i)

Condition E Condition F
(Barber Pole — Waviness with_lead) (Camber-end)

Diameter effect = 1X straightness deviation/side
(N6t directly measurable as a change in size with a two-point measuring device)

Condition G (Twist or Bend)

~ | I The square root of the sum of the squares
of X and Y axis per side straighiness deviation
(Not directly measurable as a change in size)

Fig. A3 Form Influences on Cylindrical Size
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NONMANDATORY APPENDIX A

Table A1 Detection of Gage Form Errors
Deviation From True Cylindrical Form

ASME B89.1.6-2002

Appropriate Measurement Method

1 2 3 4 5
Type of Form Error Figures [Note (1)] [Note (2)] [Note (3)] [Note (4)] [Note (5)]

Roundness
Single flat A2-Condition A X X X
Single groove A2-Condition B X X X
Ovality A2-Condition C X X X
Tri-lobed A2-Condition D X X
0dd numbered lobes A2-Condition D, E X X
Irregular lobes A2-Condition F X X X
Taper A3-Condition A X X X X
Straightness
Barrel shaped A3-Condition B X X X
Hourglass A3-Condition C X X X
Convoluted A3-Condition D X X X
Barber pole A3-Condition E X X X
Camber A3-Condition F X X
Twist A3-Condition G X X X
Combinations of above 1 X

NOTES:

maximum and minimum measured values.
(2) Variable diameter measurement at or near.both*ends of the workpiece.
(3) Variable diameter measurement scanning-the entire length of the workpiece.
(4) Precision rotating spindle or rotating,tdble instrument.

(1) Two-point (180 deg apart) variable diameter measurénient with 180 deg rotation of workpiece. Observe

(5) Precision rotating spindle or rotating table instrument with a precision axial slide (cylindricity analyzer).
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ASME B89.1.6-2002

NONMANDATORY APPENDIX A

Table A2 Gage Geometry Effect on Go Ring Gages

Type of Form Error Figures Notes
Roundness
Single flat A2-Condition A 1), &), (6
Single groove A2-Condition B 1), (5, 6

Ovality or even numbered lobes

Tri-lobe

A2-Condition C
A2-Condition D

@, @), ), (6
M, &), (), 6

4ol ) )
\CACicaunisiiRvicincivpniv)v)chy

Irregular lobes
Taper

Straightness

Barrel shape

P g B
nZ-CconartoiT oy C

A2-Condition F

A3-Condition A

A3-Condition B

La Lo\ (EN (L
\1J, \FJ, ), \U)

M, @), (), 6
M, @, ), 6

), 2, ©)

Hourglass A3-Condition C D), ), BGrxs, (6)
Convoluted A3-Condition D D, @r®)

Barber pole A3-Condition E 1), (&),®6)
Camber A3-Condition F (D;.(4), (6

Twist A3-Condition G €);4), (6)

NOTES:

(1) Smallest effective diameter of gage may exceed the lower tolerance limit{of the gage. This increases
the probability of fail error and may increase manufacturing cost.

(2) Effective diameter at end of gage may be less than measured size of gage and could be less than lower
limit of gage size tolerances. This increases probability of fail errorand may increase manufacturing cost.

(3) Effective diameter at end of gage may exceed the measured size of gage and could be above the
upper limit of gage size tolerances. Workpiece may appeai'to be tapered when it is not. User will
assume workpiece is wrong. This increases pobability of fait error and may increase manufacturing cost.

(4) Virtual condition of gage may be smaller than the-ower tolerance limit of the gage. This increases
the probability of fail error and may increase mantfacturing cost.

(5) May accept a correspondingly out-of-round workpiece if the form error of the workpiece is aligned
with the form error of the gage. This increased probability of pass error can be avoided by rotating
the gage while it is engaged with the warkpiece.

(6) Form error may reduce gage life because less surface material is available at the gage/workpiece
interface and wear rates could increase.
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NONMANDATORY APPENDIX A ASME B89.1.6-2002

Table A3 Gage Geometry Effect on NoGo Ring Gages

Type of Form Error Figures Notes
Roundness
Single flat A2-Condition A (1), (&)
Single groove A2-Condition B (5)
Ovality or even numbered lobes A2-Condition C (1), (&)
Tri-lobe A2-Condition D D, @
Ot ||u|||bc|cu: ‘lUbCD A2 \_UII\:‘l;t;UII D, = (1), (4)
Irregular lobes A2-Condition F 1), (4)
Taper A3-Condition A 0, 2, 3

Straightness

Barrel shape A3-Condition B 1)), (4)
Hourglass A3-Condition C B, 3), 4
Convoluted A3-Condition D D), 2, &
Barber pole A3-Condition E (5)
Camber A3-Condition F (5)

Twist A3-Condition G (5)

NOTES:

(1) Smallest effective diameter of gage may exceed the lower tolerapcedlimit of the gage. This increases
the probability of acceptance of product, which is out of its tolerance specification.

(2) Effective diameter at end of gage may be less than measuredisize of gage and could be less than
lower limit of gage size tolerances. This increases probahitity of acceptance of product, which is out
of its tolerance specification.

(3) Effective diameter at end of gage may exceed the méasured size of gage and could be above the
upper limit of gage size tolerances. Workpiece may*appear to be tapered when it is not. User will
assume workpiece is wrong. This increases pobability of fail error and may increase manufacturing cost.

(4) Virtual condition of gage may be smaller thaw' the lower tolerance limit of the gage. This increases
probability of acceptance of product, which'is out of its tolerance specification.

(5) Other conditions of form error that may produce a difference between the actual mating size and the
measured size of a NoGo gage are-not applicable because the workpiece is not intended to enter
the gage.
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NONMANDATORY APPENDIX A

Table A4 Gage Geometry Effect on Master Ring Gages

Type of Form Error Figures Notes
Roundness
Single flat A2-Condition A @, B3), @, 65), @, (8), 11)
Single groove A2-Condition B 2, 3, @), ), (), (8
Ovality or even numbered lobes A2-Condition C 1, 2, 3), @), 5), (6), @,

@®

TI; IIU:JC A" \.Ulld;t;ull D (5), (U), (7)
0dd numbered lobes A2-Condition D, E (), (6), 7
Irregular lobes A2-Condition F @®, @, 3, @, 3, ©®, D
Taper A3-Condition A (4), (7)

Straightness

@

)
@

)
©
@
®

©
(10)

1)

Barrel shape A3-Condition B @), (5), (6), @), 9, 10)
Hourglass A3-Condition C @, 3, D, 9, 0)
Convoluted A3-Condition D ), (5), (6), ),@y(10)
Barber pole A3-Condition E (3), @), (5), BN, (9), (10)
Camber A3-Condition F (10)

Twist A3-Condition G (10)

NOTES:

(1) Diameter across the flat may be less than the measured size of the 'Master Ring Gage and less than

the lower limit of the gage size tolerance.

Diameter across the groove may exceed the measured size ‘of- the Master Ring Gage and exceed
upper limit of the gage size tolerance.

Gage reading will change abruptly when the Master Ring“Gage is rotated across the flat or groove.
Inaccurate gage setting can be avoided by not setting-the Master Ring Gage at a localized high or
low reading.

Inscribed circle size of the Master Ring Gage may be less than its measured size and could exceed
the lower limit of gage size tolerance.

Circumscribed circle size of the Master Ring Gage may be greater than its measured size and could
exceed the upper limit of gage size tolerance.

Regularly spaced odd-numbered.tobes are not a factor when setting a two-point measuring device.
Form error may be apparent when setting a multi-point measuring device (e.g., air spindle).

Gage reading will change from. high to low twice with each full rotation of the Master Ring Gage.
Gage reading will changeias the Master Ring Gage is moved lengthwise over the measuring device.
Virtual condition of-the/Master Ring Gage may extend below the measured diameter and could
exceed the lower limit of the gage size tolerance. This could cause the gage to be set smaller than
intended and workpiece measurements will read larger than the actual size.

Inaccurate_gage setting can be avoided by rotating the Master Ring Gage and setting the gage at
the highest reading.

Table A5 Typical Causes of Lobing Conditions on Circular Parts

Number of lobes Causes
2 Inaccuracy in tooling (elliptical). Part not square in machine. Part not square in

measuring machine. Uneven lapping process.

3-4 Distortion of part due to clamping in machine or measuring system. Commonly
caused by three or four jaw chuck.

3-15 Machining process or grinding process. (Machine bearings, grind wheel con-
dition).

>15 Process and material parameters. Common process parameters include vibra-

tion, tool condition, spindle speed, feed rates and medium to high fre-
quency chatter.
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