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FOREWORD 

This Foreword is not a part of American National Standard Measurement of Out-of-Roundness, 
ANSI 889.3.1. 

At the October 29, 1958 meeting of the American Standards B46 committee on "Surface Texture" 
a special subcommittee was formed to investigate the definition and usage of surface waviness specifications, 
particularly the application to round parts. 

The subcommittee first met on February I 9, 1959 and determined in this and subsequent meetings 
that the specification and measurement of out-of-roundness was the most important task. 

Exploratory discussions and coordination of approaches were held at The American British Canadian 
Conferences on the Unification of Engineering Standards in June, 1960 and September, 1962. 

In June, 1963, the ASA 889 Committee was formed to investigate and standardize the metrological 
aspects of dimension, geometry and form and the functions and personnel of the B46 subcommittee were 
transferred to the B89.3 Geometry Subcommittee Working Group I "Roundness". 

At this point, an attempt was made to develop a unified approach to the centers and axis concepts for 
out-of-roundness measurement purposes and the similar concepts used for concentricity, effective size, and 
other feature characteristics being explored by other B89 Working Groups. Howevet, after a considerable 
period of study, this approach proved to be impractical. 

A series of draft standards were prepared beginning in 1965 in which the out-of-roundness charac­
teristic and criteria are not necessarily related to other concepts. The British Standard 3730: 1964 "Methods 
for the Assessment of Departures from Roundness" follows a similar approach. 

The final draft of the proposal was approved by the ANSI B89 Sectional Committee by letter ballot, 
on November 19, 1971. 

Upon approval by the sponsors, the final draft was approved by the American National Standards 
Institute on August 24, 1972. 

Suggestions for improvement gained in the use of this standard will be welcome. They should be sent 
to the American National Standards Institute, Inc., 1430 Broadway, New York, New York 10018. 
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ANSI 889.3.1-1972 

AMERICAN  NATIONAL  STANDARD 

MEASUREMENT OF OUT-OF-ROUNDNESS 

1 SCOPE 

1.1 General 
This standard covers the specification  and measure- 

ment of out-of-roundness of a  surface of revolution  by 
the evaluation of a  typical cross-sectional profde  in 
terms of its radial deviations from a  defined center. 
While this  standard deals primarily with precision 
spindle instruments  for  out-of-roundness measurement 
and polar chart  presentation,  it is not  the  intent here 
to exclude other  methods which will provide valid 
radial deviation data.  This  standard does not define 
the design requirements for roundness  suitable for 
specific purposes, nor does it specify the manufac- 
turing process for  production of roundness. 

1.2 Appendix  Sections 
The  complexity of roundness  measurements  has 

necessitated the publication of a series of Appendix 
sections which describe other  out-of-roundness indica- 
tion methods, their  applications and limitations.  Other 
general information and specific examples of out-of- 
roundness  measurement may be found in the  Appen- 
dix, which the reader is urged to  study.  The Appendix 
sections shall not be considered  a  part of this standard. 

2 DEFINITIONS 

2.1 Surfaces vs. Profiles 
Direct evaluation of a surface of revolution as a 

whole is normally quite difficult. However, a series of 
cross-sectional profiles will describe  the surface suf- 
ficiently for a given function.  Consequently, cross- 
sectional planes are usually specified and  their  profdes 
measured. Reconstruction of surfaces from cross- 
sectional profiles is described in  Appendix  paragraph 
El .3. 

2.2 Nominal Profile 

Nominal profile is the  intended cross-sectional 
profde, the  shape and extent of which is usually 
shown  and  dimensioned on a  drawing or descriptive 
specification. 

2.3 Actual Profile 
The actual  profile is the cross-sectional profile of 

the  part feature. 

2.4 Measured Profile 
The measured profde is a representation of the 

actual  profile obtained  by a  particular  measurement 
method. 

2.4.1 Measured  Polar Profile (Polar Chart). The 
measured polar  profile is the measured profile which 
has  been  recorded about a center,  or axis of rotation, 
wherein the  central angles of  the measured profile 
features  do  not differ significantly from those of the 
circular surface. 

2.5 Ideal Roundness 
Ideal roundness is the  representation of a planar 

profile all points of which are equidistant from  a 
center in the plane. 

2.6 Out-of-Roundness 
Out-of-roundness is the radial deviation of the 

actual  profile from ideal roundness. 

2.7 Out-Of-Roundness  Value 
The  out-of-roundness value (OOR) shall be  the dif- 

ference between the largest radius and the smallest 
radius of a  measured  profile; these radii are to be 
measured from a common  point, selected as one of the 
centers referred to in paragraphs 2.8 and 2.9. The 
unit of measurement shall be  inches, unless otherwise 
specified. 
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AMERICAN  NATIONAL  STANDARD 
MEASUREMENT  OF  OUT-OF-ROUNDNESS ANSI 889.3.1-1972 

2.7.1 Nicks,. Scratches,  Etc. Nicks, scratches, or 
other random flaws are not normally  included  in the 
assessment of the measured  profile; special notes  on 
the drawing or specification  should be used to  control 
these irregularities. 

2.8 Centers for  Out-Of-Roundness Measurement 
The  centers  of  the measured  polar  profile  which 

may be used to  determine  the  out-of-roundness value 
when  specified  are those related to one of the follow- 
ing alternative methods  of  out-of-roundness assess- 
ment: 

2.8.1 Minimum Radial Separation  (MRS). This 
center is that  for which the radial difference  between 
two  concentric circles whichjust  contain the  measured 
polar  profile is a minimum’. 

2.8.2 Least Squares  Center (LSC). This center is 
that  of a  circle from which the sum of the squares of 
the radial ordinates of the measured  polar profile has 
a  minimum value. 

2.8.3 Maximum Inscribed Circle (MIC).This  center 
is that  of  the largest circle which can be inscribed 
within the measured  polar profile’. 

2.8.4 Minimum Circumscribed Circle (MCC). This 
center is that  of  the smallest circle which will just 
contain  the measured p r ~ f i l e . ~  

2.9 Preferred Center 
The  center  from which the out-of-roundness value 

shall be determined unless specified otherwise is the 
Minimum Radial Separation  Center. 

3 SPECIFICATION AND DESIGNATION OF OUT- 
OF-ROUNDNESS 

3.1 Lack of Roundness Specification 
Where no  out-of-roundness value is specified, it  

shall be assumed that  the surface  profile produced is 

‘This is also known as the  center for minimum  Total  Indi- 
cator Reading (TIR).  The British Standards  Institution 
publication 3730:1964 refers to it as Minimum Zone 
Center (MZC). 

‘This is also  known as the plug gage center  and is generally 
used for internal diameters. 

’This is also  known as the ring gage center and is generally 
used for external  diameters. 

‘See  Section 5 ,  Instruments. 

satisfactory. If the out-of-roundness of the  surface is 
critical, the  out-of-roundness value should be specified. 

3.2 Roundness Statement and Symbol 
An out-of-roundness specification statement, such 

as, “This  surface  must be round within - - - - inches,” 
shall mean that any cross section covered by  that 
specification shall be measured  in a plane  whose  posi- 
tion is specified in paragraph  4.1, and shall have an 
out-of-roundness value as defined  in  this standard 
equal to  or less than that specified. 

3.2.1 Roundness Symbol.  The  symbol  for  round- 
ness as shown  in Fig. 1 and Fig. 2 ,  is  an extension  of 
the  geometric  characteristic  symbols used for feature 
control in  American  National Standard  Y14.5-1966, 
“Dimensioning  and  Tolerancing for Engineering 
Drawings”. Usually the  proper  measurement plane is 
obvious. Where the  plane of out-of-roundness meas- 
urement is not  obvious or must be controlled relative 
to a particular  part  feature, such as parallel to a 
shoulder surface or perpendicular to a specific axis, 
this  specification must be added to the  roundness 
symbol. 

3.2.2 Symbol Interpretation 
3.2.2.1 Minimum Roundness Symbol. The spec- 

ification  in Fig. 1 means  the  out-of-roundness shall 
not  exceed 0.000025 inch. Since complete measure- 
ment  conditions  for a stylus  type  instrument4 have 
not  been specified here,  it is understood  that where 
such an instrument is used,  the following shall be  in 
effect: 

Method of Assessment-Minimum  Radial  Sepa- 

Instrument  Response-50 Cycles per Revolution 

Stylus Tip Radius-0.01  in. (see par. 5.3) 

ration (see par. 2.9) 

(see par. 5 .2 )  

.OOO 025 I 
FIG. 1 MINIMUM ROUNDNESS  SYMBOL 

3.2.2.2 Complete  Roundness Symbol. This 
symbol  shown in Fig. 2 is used when  measured condi- 
tions  must be specified. 
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THIS SURFACE SHALL BE ROUND 

WITHIN 0.900050 IN 

AS  ASSESSED BY THE 1SC METHOD \ \ \ w ' ~ ~ ~ ~ ~ ~ ;  A N D   P ~ ~ S P O N S E  A 0.003 RADIUS 

STYLUS TIP. 

10 I .000050 LSC I 
FIG. 2 COMPLETE ROUNDNESS SYMBOL  AND  INTERPRETATION 

4 SELECTION OF MEASUREMENT  POSITIONS 

4.1 Angular Position  of  Profile Plane 

The  position  of  the  measurement  plane  shall be 
determined  by  the  related  datum  feature, e.g., per- 
pendicular  to  a  cylindrical  surface or datum  axis, or 
parallel  with  an  end  face or shoulder. An example  of 
a  properly  and  improperly  positioned  measurement 
plane is shown in Fig. 3.  

ANSI 889.3.1-1972 

FIG. 4 AXIAL POSITIONS OF MEASUREMENT 
PLANES 

4.2 Number 5ind Axial  Location of Profile Planes 

The axial locations  and  the  minimum  number of 
out-of-roundness  measurements  that  are  required  to 
define  the  surface  of  a  three-dimensional  body  cannot 
be specified in this  standard.  Sufficient  measurements 
should  be  taken to  ensure  that  the  measured  profiles 
are  typical. 

I 4.3 Location of Part  Center-Relation to  Instrument 
Axis 

FIG. 3 ANGULAR  POSITION OF MEASUREMENT 
PLANE Any  eccentricity  between :he center  of  the  part,  as 

determined  from  the  measured profile centcr of 

' S e e  Appendix D2.1 

paragraph 2.7, and  the  rotational  axis  of  the  measuring 
instrument  causes  a  distorted  representation  of  the 
profile.' This distortion  increases  with  increasing  ec- 
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centricity. To reduce  this  distortion t o  a  negligible 
amount  and  to  properly  center  incomplete  circular 
surfaces,  the  Center for Out-of-Roundness  Measure- 
ment,  as  determined  by  paragraph 2.8 or 2.9, shall 
coincide  with  the  rotational  center of the  polar  chart 
within 0.1 inch  plus 5 percent  of  the  radial  distance 
between  the  innermost  profile  point  and  the  chart 
rotational  center.’ 

5 INSTRUMENTS 

5.1 General 

Out-of-roundness  as  defined  in  this  standard is 
usually  measured  by  methods  involving  a  stylus  in 
contact  with  the  part  surface.  Analog or digital  tech- 
niques  are  used  to  reconstruct  for  graphical  recording 
(usually on a  polar  chart)  the  magnified  radial  move- 
ments of the  stylus, as either  the  stylus or the  part is 
rotated  around  an  accurately  defined axis. This  sec- 
tion  of  the  standard is concerned  only  with  this  type 
of  instrument. While this  section  deals  with  contacting 
stylus  instruments;  other  non-contacting  sensors  which 
produce  similar  radial  deviation  data  are  not  excluded 
from this  standard. 

5.2 Cycles  Per Revolution Response 

This term  refers  to  the  measurement  characteristic 
of the  instrumentation w h i c h   l i m i t s  the  number of 
regularly  spaced  sine-wave  shaped  undulations  of  the 
actual  profile  that will be  correctly  rerresented  by  the 
measured profile’. For the  purposes  of  this  standard, 
the  term  Cycles  Per  Revolution  response  shall  mean 
that  number  of  cycles  at  which 70.7 percent  of  the 
amplitude  data  has  been  correctly  transmitted  through 
the  instrument.  The  upper  and  lower  response  fre- 
quencies  of  the  instrument  shall  correspond  with  the 
Cycles  Per  Revolution  response  values  selected  from 
the following: 

0, 1.67, 5 ,  15,  50,   150.  500, 1500. 
If no response  figures  are  specified,  the  0-50  values 
sha l l  be  assumed.  If  only  a single response  figure is 

’ Based on a  maximum  allowable chart distortion  of  approxi- 

’See  Appendix C 3  and D 1.1  for further  discussion of Cycles 

’See Appendix D1.Z. 
‘See  Appendix D1.3. 

mately 0.01 in.  due  solely to  profile  eccentricity. 

Per Revolution  Response. 

ANSI 889.3.1-1972 

specified,  it  shall  be  the  upper  response  value  and  the 
lower  value  shall  be  zero. 

5.3 Stylus  Radius 

Selection of the  nominal  stylus  radius  should  be 
made  with  the  part  surface  characteristics  in  mind3, 
and  should  be  chosen  from  the  series  shown in Table 
1. 

Table 1. Stylus Radius  and Force Combinations 

Nominal  Stylus  Radius  Max.  Stylus  Force - gms. 
in.  Steel or Harder Mat’l.* 

O.OOl** 0.5 

0.003 2.0 

0.01 0 5.0 
0.030 10.0 

0.1 00 20.0 

Note: A stylus  radius of  0.010 in. shall be  assumed if no 
radius is specified. 

* For materials  softer  than  Rockwell “C” hardness o f  20, 
the  stylus  force  should  be  selected to prevent  objectionable 
plastic  deformation o f  the  surface,  yet  should be high 
enough t o  reduce  stylus  bounce  and  produce  repeatable 
traces. 

**  Fine su:face irregularities,  e.g.  surface  roughness,  may be 
penetrated  by  a  stylus  of  this or smaller  radius,  which 
may  confuse  and render difficult  the  interpretation of 
measured profiles as prescribed in this  standard. 

5.4 Tolerances  on  Stylus Radii 

The  actual range of  stylus  spherical  radii  shall  be 
within 50  percent  to 200 percent  of  the  nominal  value 
listed in Table 1. 

5.5 Stylus Static Force 

The  appropriate  stylus  force4  to  maintain  adequate 
contact  with  the  part  surface will depend  upon  the 
hardness,  the  flexibility,  and  the  maximum  compres- 
sive strength  of  the  part  material,  the  rotational  speed 
and  mass  of  the  stylus  assembly  (for  rotating  stylus 
instruments),  and  the  stylus  tip  radius.  To minimize 
surface  damage  from  high  compressive  stresses  yet 
maintain  a  high  contact  pressure for consistent  meas- 
ured  profiles,  the  maximurn  stylus  force  for  each 
nominal  stylus  radius  shall  be  determined  from 
Table 1. 
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A P P E N D I X  A 

BASIC  CONCEPT OF  ROUNDNESS  MEASUREMENT 

A1 OBJECTIVE  OF  THE  MEASUREMENT 
The  objective  of  roundness  measurement is to 

evaluate  fom1  errors  of  components as opposed  to 
feature size. Whenever one or more  surfaces  of  a 
cylinder,  cone, or sphere  are  required  to have round- 
ness of  a  high  order,  cross-sections  of.the  feature  must 
be  measured  to  assure  that  the  profile falls within  the 
required  form  tolerance. 

A l .  1 Roundness Tolerance 
Ideally all tolerances  should  be  functionally  de- 

rived, whether  they  be  of  form,  size,  texture, or other 
parameter.  The  tolerance  on  roundness  should  not  be 
implied  by  related  feature  tolerances,  such as  size or 
surface  texture. 

A2 BASIC  MEASUREMENT  CONSIDERATIONS 

The  measurement  of  roundness is difficult  to  per- 
form  directly.  It is usually  necessary  to  measure  and 
interpret a series  of  cross-sectional  profiles  assumed t o  
be typical  of  the  entire  surface.  These  measured 
profiles  are  generally  sufficiently  accurate  for  func- 
tionai  evaluation  and  control. 

'See  Appendix D1.2. 
'See  Appendix D 1.1. 

A3 REDUCTION  OF  ROUGHNESS  EFFECTS 
Since  the  cross-section is of  such  importance,  its 

selection  must  assure  typicality. Also the  measurement 
process  should  eliminate or minimize  the  effects  of 
surface  roughness,  which  occur in both  the  axial  and 
circumferential  planes.  The  effect  of  axial  surface 
roughness  should  be  reduced  by  the  use  of  a  sensor  of 
relatively  large  effective  area, e.g., a  large  radius 
stylus  tip',  either  spherical or hatchet  shaped. 

The  circumferential  roughness  effect  should  be 
reduced  by  the  proper  use  of  a  large  area  sensor  and  a 
sufficiently  low  Cycles  Per  Revolution  response 
value2. Unless surface  roughness  effects  are  reduced  to 
a negligible amount,  the  roughness  characteristics  may 
cause  a  significant  increase  in  the  out-of-roundness 
value  observed. 

A4  UNIFIED  MEASUREMENT  PROCEDURES 
Since  out-of-roundness is determined  by  indirect 

means,  and  the  part or work  piece is judged  by  some 
measured  representation,  the  results  can  be  affected 
by  the  selection  of  the  cross-sections,  the  instrument 
data-gathering  processes,  recorded  chart  distortions, 
and  differences  in  interpretation.  If  the  conditions 
defined in this  standard  and  its  appendices  are 
applied,  these  variables will be  reduced to tolerable 
proportions. 
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APPENDIX  B 

ANSI 889.3.1-1972 

CAPABILITIES AND  LIMITATIONS OF  VARIOUS  METHODS  OF 
MEASUREMENT 

B1  MEASUREMENT OF OUT-OF-ROUNDNESS 

Bl.1 Non-Standard  Measurement  Methods 
Widespread usage throughout  the  metalworking 

industry  of  out-of-roundness  measurement  techniques 
by methods  other  than  the use of precision  spindle 
instruments  prompts  this discussion of  their limita- 
tions. Although these secondary  methods rarely  yield 
accurate  out-of-roundness values, the  methods may  be 
of value in  comparison  tests  where  functional or per- 
formance  criteria have been related  to  geometric  con- 
ditions based on that  particular  roundness measure- 
ment  method.  These  techniques  should be  regarded 
only as a convenient, low investment  approximation 
of the  true  out-of-roundness value. 

81.2 Out-of-Roundness  Determined by Diametral 
Measurements 

One of  the  most  common  methods  of measuring 
out-of-roundness,  not covered by  this  standard, is by 
the  comparison  of  diameter  measurements  made in  a 
common, cross sectional  plane,  such as those  made  by 
a micrometer,  bore gage, or  comparator  stand.  Two- 
point  measurement  methods  can  determine  the  out- 
of-roundness value only  where  the  part is known to 
have an even number  of  uniformly spaced and uni- 
formly sized lobes  or  undulations  around  its  periphery. 
For this particular case, the  difference in the dia- 
metral  measurements will generally be twice the  out- 
of-roundness  value, due to the  diametral vs. radial 
method  of assessment. 

81.2.1 For parts having an  odd  number  of lobes, 
the difference in  diametral  measurements generally 
will be  smaller than  the  true radial out-of-roundness 
value and will diminish to zero  for  uniform sym- 
metrically&aped lobing. Parts having an even lobed 
surface will produce  diametral  out-of-roundness values 
larger than  the  true value. 

81.2.2 In any case where the diametral  measure- 
ments are to be  used as an indication of out-of- 
roundness,  the lobing condition  must be taken  into 
account.  There is no universal method  for converting 
difference in diameter readings to out-of-roundness 
values as defined  in  this standard. 

B2 OUT-OF-ROUNDNESS DETERMINED BY 
V-BLOCK MEASUREMENT 

82.1 Shapes with Odd Numbers of Lobes 
As with  diametral  measurements,  the accuracy of 

the  roundness  determination by  V-block  measure- 
ments is dependent  upon  the knowledge of  the  num- 
ber and  uniformity of the lobing. V-block measure- 
ments can be somewhat  more useful than diametral 
measurements,  however, as shapes with a known  odd 
number of uniform symmetrically  shaped lobes of 
equal size and uniform  distribution  can be related by 
a  conversion factor to  the  out-of-roundness value 
when a  V-block of proper included angle is used. 
These factors are tabulated below: 

Table BI.  OOR by V-Blocks 

Number Of V-block Indicator  Reading 
Ratio: 

Out-of-Roundness Value 

3 60" 3.000 
5 108" 2.236 
7 ,128" 34' 2.110 
9 140" 2.064 

There is no  single V-block angle which will cover all 
numbers of odd-lobed  parts. 
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FIG. B1 EVEN-LOBED SHAPES IN 60°V-BLOCK 

82.2 Shapes with Even  Numbers of Lobes 

The  V-block  measurement  system is not as useful 
for shapes  with  even  numbers  of  lobes as the  diametral 
method  described in section B2.1. The  V-block  tends 
to dilninish the  total  indicator  readings of even-lobed 
shapes,  sometimes to nearly  zero.  The  two-lobed 
shape  and  the  four-lobed  shape in the 60" Vee, 
shown  in Fig. €3-1, will show  only  a  slight  variation  in 
each  total  indicator  reading. 

B2.3 Usefulness of V-Block 

The  major  disadvantage of the  V-block  method is 
that  it is not  sensitive to all types  of  lobing.  Conver- 
sion  factors  are  of value only  when  the  part  has  a 
known  number  of uniform lobes. I t  may be of  limited 
value to detect  an  out-of-roundness  condition on a 
comparative basis among  similarly  machined  parts, 
provided  that  sample  parts  are  periodically  examined 
by the  standard  circular  profile  method to verify  the 
presence  of  the  assumed  type of lobing. 

I t  should  be  mentioned  also  that  V-block  nieasure- 
mcnts  are  not  2-dimensional,  but  instead  the  part 
rides on its  highest  peaks  along  the  contact  length 
with  the  V-block  surfaces. 

One  common  failing  of  both  the  2-point  and 
V-block  measurement  methods is the lack of  a  fixed 
center. 

83 OUT-OF-ROUNDNESS  DETERMINATIONS BY 
OTHER  METHODS 

B3.1 Radial Measurement on Centers and by  Master 
Comparison 

Other less commonly  used  methods for the  deter- 
mination of out-of-roundness  include  the  radial  meas- 
urement of the  part as it is rotated  on  its  own  axis, 
Le., on its  own  centers,  and  by  the  comparison of 
radial  deviations  with  a  master  cylinder as both  part 
and  master  cylinder  are  rotated  on  a  common  axis.  In 
the  former  method,  the  shape,  angularity,  and align- 
ment of the  center  holes,  a  secondary  geometric 
feature,  have  a  predominant  effect  on  the  accuracy of 
the  measurement  and  must  be  controlled to a  much 
greater  degree  than  the  roundness  accuracy  desired. 
Also, the  indicated  out-of-roundness will include  the 
eccentricity of the  measured  cross  section in relation 
to the  axis of rotation,  and  the  effects of bending.  The 
master  cylinder  comparison  method  requires  very  ac- 
curate  centering of cylinder  and  part  but  eliminates 
the  troublesome  effect of center  holes as in the  former 
method  and is inherently  more  accurate. 

B3.2 Other Commercial Gages  and Instruments 

There  are  also  a  number  of  proprietary gages 
available for out-of-roundncss  indication  based on 
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multiple chord  measurements  and  other techniques. capabilities and limitations of the  measurements  made 
The  manufacturer  should be consulted regarding the with this equipment. 
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A P P E N D I X  C 
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ASSESSMENT OF OUT-OF-ROUNDNESS BY PRECISION 
SPINDLE  INSTRUMENTS 

C1  REFERENCE  CIRCLES ON MEASURED 
POLAR  PROFILES 

C1.l  Four  Assessment  Methods 
The  trace  produced  by  a  polar  recording  instru- 

ment is simply  a  graphical  record,  suitably  magnified, 
of  the  displacement  of  the  stylus  of  the  measuring 
element, as either  the  stylus or the  part  rotates  on  the 
axis  of  rotation of the  precision  spindle.  The  out-of- 
roundness  value  can  be assessed by  the  difference 
between  the  maximum  and  minimum  radial  ordinates 
of  the  profile  measured  from  a  specific  center. Four 
ways  in  which  such a center  may  be  located  are 
defined  in  this  standard.  They  are: 

1.  Minimum  Radial  Separations  (MRS) 
2. Least  Squares  Circle  (LSC) 
3. Maximum  Inscribed  Circle (MIC) 
4. Minimum  Circumscribed  Circle (MCC) 

These  are  discussed  in  the  following  paragraphs. 

C1.2  Minimum  Radial  Separation  Method  (MRS) 
C1.2.1 In  this  method,  two  concentric  circles  are 

chosen so as t o  have the  least  radial  separation  and  yet 
contain  between  them all of the  polar  trace, as shown 
in Fig. C 1. This radial  separation is’ the  measure of the 
out-of-roundness  value.  The  radial  difference  between 
concentric  circles  determined  by  this  method is 
numerically  unique,  in  that  by  definition  a  smaller 
value cannot  exist. 

C1.2.2 Practical Assessment - Graphical  Methods 
(MRS). The  proper  location  and size of  the  inscribed 
and  circumscribed  circles  are  most  conveniently  deter- 
mined  with  engraved or printed  circles  on  transparent 
templates.  The radial separation  can  be  noted  from  the 
engraved  circles  directly or measured  from  auxiliary 
concentric.circles  which  can  be  drawn  from  the  center 
located  by  the  engraved  circles.  The  radial  separation 
measurement  can  be  divided by the  appropriate  chart 

M€ASURLD POLAR PROTllP 

\ 

+ 

FIG. C1 MINIMUM  RADIAL  SEPARATION 

amplification  factor to  produce  the  out-of-roundness 
value.  Trial-and-error  methods  with  a  bow  compass 
can  also  determine  the size and  location  of  the 
boundary  circles,  but  these  methods  generally ,are 
slower  than  those  using  transparent  templates  with 
engraved  circles. By any  method,  however,  at  least 
two  outer  contact  points  and  at  least  two  inner  con- 
tact  points  must  occur  alternately,  but  not  necessarily 
consecutively,  for  one  complete  profde  traverse. 

C1.2.3 MRS  Assessment by Meter  Readings.  Part 
out-of-roundness, as measured  on  precision  spindle 
instruments,  can  be assessed by  meter  or  indicator 
readings  of  radial  deviations  using MRS criteria.  How- 
ever,  the  centering  between  workpiece  and  instrument 
spindle  axis  must  be  done  to  a  greater  degree of con- 
centricity  than in the  graphical  polar  chart  methods  to 
eliminate  the  effect  of  eccentricity  on  the  out-of- 
roundness  reading.  The  centering  must  be  carried  out 
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such that the  variation in the total  meter or indicator 
reading is a minimum.  This condition is reached 
(1) when the maximum  excursions of  the  indicator 
needle reach at  least two  equal inward and  two  equal 
outward  points, and (2) when  two  maximum  outward 
points are separated  by a maximum  inward point  and 
two  maximum  inward points are  separated  by a 
maximum outward  point during  one complete  and 
continuous traverse of the profile. The  total  meter 
readings is then a  correct  indication of the  out-of- 
roundness value by  the MRS method. 

C1.2.4 Characteristics of the M RS Method. The 
concept of the Minimum Radial Separation  method  is 
practical in nature since it resembles the  conventional 
shop practice of seeking the  position of the minimum 
total  indicator reading (TIR) for the  centering of 
circular parts.  The relationship of reference  axes, e.g., 
coaxiality,  concentricity, etc., on a common  part is 
simplified by  the assessment of their datum surfaces 
by the MRS method, since both internal  and external 
surfaces  are treated alike. The axes of an internal sur- 
face and an external surface of  a circular object having 
a  constant wall thickness  would  coincide regardless of 
their profile  shapes  when the MRS method was used 
for  determining their centers. Also natural polar chart 
distortions, which have their  greatest effect  on  the  ex- 
treme features  of  the polar profile, are reduced to  a 
minimum  by  the MRS method, since this method 
centers  the profile into an annulus of the  least  ex- 
tremities. 

C1.3  Least Squares Circle Method  (LSC) 

C1.3.1 In this method  a  theoretical circle is 
located  within the polar  profile  such that  the sum of 
the  squares of the radial ordinates  between the circle 
and  the profile is a minimum. The  out-of-roundness 
value would be determined by the sum of the 
maximum inward and  maximum  outward  ordinates 
divided by the proper  chart amplification factor. 

C1.3.2 Determination of the Least Squares Circle 
and Its Center'. The position of the  center of the 
least  squares circle and  the value of its radius can be 
calculated from simple approximate  formulae.  Refer- 
ring to Fig. C3, the practical procedure is  as follows: 
From the center of the  chart draw a sufficient number 

'This  section (a manual  method  for use with  analog  instru- 
ments)  is  abstracted  from  the British Standard 3730:1964, 
Assessment  of  Departures  from  Roundness,  published by the 
the British Standards  Inst. 

FIG. C2  LEAST  SQUARES  CIRCLE 

of equally  spaced radii. In the illustration  they are 
shown,  nudbered 1-12. Two of these at right angles 
are selected to provide a system of rectangular co- 
ordinates -XX and -W. 

The distances to  the  points of intersection of the 
polar  trace  with these radii, P, to P l z ,  are measured 
from the  axes -XX and -W, taking positive and 
negative signs into  account. 

The distances a and b of the least  squares center 
from  the  center  of  the  paper are calculated  from the 
following approximate  formulae: 

a =  2 X sum ofx values - 2Zx 
number of ordinates n 

2 X sum o f y  values - 2Cy 
number of ordinates n 

- -  

b =  - -  

If desired,  the  distances from the center of the  chart 
to  the polar graph may be read and be used in the 
following alternate formulae s!ong with the angle O i  
from the  chosen +X coordinate-. Therefore: 

2 n  a = -  
n (Ri COS O i )  

i= 1 

2 n  b = - (Ri sin Oi) 
n 

i= 1 

The radius R of the least squares  circle, if wanted, is 
calculated as the average radial distance of the points 
P from the center,  that is: 

R =  sum of radial values - CRi 
number of ordinates n 

- -  

l o  
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LEAST SQUARES CIRCLE 
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FIG. C3 DETERMINATION OF LEAST SQUARES CENTER AND CIRCLE 

In  practice, if it is required  to  know  only  the  radial 
width  of  the  zone  enclosing  the  curve  (the  out-of- 
roundness),  there is no point in  finding R ,  and  it is 
sufficient to draw  the  inscribing  and  circumscribing 
circles  from  the  least  squares  center.  See Fig. C 2 .  

The  accuracy  of  determination,  both  of  the  center 
and of the  width of the  radial zone, depends on the 
number  of  ordinates  taken. 

C1.3.3  Characteristics of the LSC Method.  The 
least squares circle and  its  center  are  unique,  since 
there is only  one  circle  which  meets  the  definition in 
paragraphC1.3.1.  A  mathematically  precise  statement 
of error  can be obtained  from  this  method.  Since 
certain  electrical  instruments  operate on a  least 
squares  principle,  the  least  squares  circle  can  be 
plotted  and  meter  readings  of  error  (radial  deviations) 
can  be  displayed on such  instruments.  Manual  graphi- 
cal  assessment  can  be  tedious  and  time  consuming  but 
digital  instruments  and/or  computers  can  greatly 
reducc  the  time  and  effort  required  for LSC evaluation. 

C1.4 Maximum Inscribed Circle Method (MIC) 

(3.4.1 This  procedure  determines  the  center  of 
the  polar  profile by the  center  of  the  largest  circle 
which  can  be  fitted  inside  the  profile. 

This  can be done  graphically  by  trial-and-error  with 
the  aid  of  a  bow  compass or engraved  circles on a 
transparent  template.  From  this  circle  the maximum 
outward  departure  of  this  profile  denotes  the  out-of- 
roundness. To determine  the  out-of-roundness  value 
from  meter  or  indicator  readings  alone  the  part  must 
be centered  to  produce  either  two  or  three  equal 
mininlum  readings,  depending  on  the  profile  shape.  If 
the  overall figure is 2-lobed, i.e.,  oval or elliptical, 
proper  centering will produce  two  minimum  readings 
spaced  at 180 degrees. All other  figures  should  be 
centered to produce  at  least  three  equal  minimum 
meter  readings  spaced  over  more  than 180 degrees. 
Again the  total  meter  reading will denote  thc out-of- 
roundness  value.  The MIC method is useful  when  the 
error is best  interpreted as the radial deviations  of  an 
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OUT-Of -ROUNDNESS 

FIG. C4 MAXIMUM INSCRIBED CIRCLE 

internal  circular  surface  from  the  largest  ideally  round 
plug gage which  can  be  fitted  to  it. 

C1.5 Minimum Circumscribed Circle (MCC) 

C1.5.1 By this  method,  the  profile  center is deter- 
mined  by  the  smallest  circle  which will just  contain  the 
measured  profile.  From  this  circle,  the  maximum  in- 
ward  departure  of  the  profile  can  be  measured;  this 
maximum  departure is the  out-of-roundness. To deter- 
mine  the  out-of-roundness  value  from  a  meter  or 
indicator  reading  the  part is centered  to  produce 
either  two or three  equal  maximum  readings,  de- 
pending  upon  the  profile  shape.  If  the  overall  figure 
is 2-lobed, i.e. oval or elliptical,  proper  centering will 
produce  two  maximum  readings  spaced  at 180 
degrees.  All  other  figures  should be centered to 
produce  at  least  three  equal  maximum  meter  readings 
spaced  over  more  than 180 degrees.  The  total  meter 
or indicator  reading will denote  the  out-of-roundness 
value.  The MCC method is useful  when  the  error is 
best  interpreted  as  the  radial  deviation  of  an  external 
circular  surface  from  the  smallest ring gage which  can 
be  fitted  to  it. 

C2 RELATION OF ASSESSMENTS TO 
EACH OTHER 

C2.1 Changes in OOR Values with Center Selection 

The  smallest  possible  value  for  the  out-of-round- 
ness  of  a given profile is that  determined  by  the  MRS 
assessment,  since  by  definition  it  places  the  profile 
within  the  minimum  radial  band.  The LSC assessment 
in  previous  studies  has  provided  out-of-roundness 
values  which  varied  from  less  than 1 percent to more 
than  20  percent  over  those  determined  by  the  MRS 

FIG. C5 MINIMUM CIRCUMSCRIBED CIRCLE 

assessment.  Values  of  out-of-roundness  obtained  by 
the MIC and MCC methods  of  assessment  generally 
will be  somewhat  larger  than  those  determined  by 
the LSC method.  Profiles  which  illustrate  certain  ex- 
treme  cases  of  differing  assessment  values  are  shown 
in Fig. C 6 .  

C3  EFFECT OF VARIATION IN CYCLES PER 
REVOLUTION RESPONSE 

C3.1 Electronic Filters 
If all of  the radial deviations  of a circular  cross 

section  were  fully  and  completely  represented  by  a 
measured  profile,  the  presence  of  surface  irregularities 
of  high  frequency  could  mask  the  lobing  condition or 
the  form  of  the  profile.  Since  the  lower  frequency  sur- 
face  irregularities, i.e. waviness  and  lobing,  may  be  of 
greater  importance  to  the  part  function  than  the 
higher  frequency  irregularities, an electrical signal 
filter is commonly  used  for  the  suppression  of  the 
representation  of  high  frequency  radial  deviations. 
Variations in the  shape,  size,  and  mass of the  stylus, 
and  the  stylus  pressure will act  as  mechanical  filters to 
some  extent,  but  generally  the  major  attenuation will 
be done  by  the  electrical  filter  on  the signal coming 
from  the  stylus  transducer.  Filters  are  commonly 
denoted  numerically  by  the  frequency  at  which  the 
sinusoidal  amplitude is attenuated I O  the 70.7 percent 
transmission  point  of  its  peak  value. I n  this  standard, 
this  filter  point is termed  the  Cycles  Per  Revolution 
Response  (see  Para. 5.2), with  frequency based on 
angular  displacement  rather  than  time.  Thus,  a  Cycles 
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M I C  METHOD M I S  MEIHOD 

M C C  METHOD MIS  METHOD 

MCC VS M R S  ASSESSMENT 

NOTE  DlFFEIENCES IN ARROW LENGTHS 

FIG.  C6  COMPARISON OF POLAR  PROFILE  ASSESSMENT  METHODS 
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FIG.  C7  POLAR  PROFILES  AT  THREE  DIFFERENT 
CYCLES PER REVOLUTION RESPONSE 

Per Revolution Response figure of 50 means  that  the 
measured profile  has been attenuated by  a filter whch  
has  reduced  by 30 percent  the  amplitude of the 
sinusoidal lobing  which  occurred  at a regular interval 
of 50 lobes  per revolution. 

The  character of the measured  profile is primarily 
affected  by  the Cycles  Per Revolution Response of the 
instrumentation.  Reducing the number of Cycles  Per 
Revolution Response will tend  to  smooth  out  the 
small scale irregularities. This is shown in Fig. C7. 
Here three profiles of a common  part are shown at  
three different f i ter  conditions. Surface  profiles  which 
are more inclusive of  the  total surface texture are 
represented  by  higher  cycles per revolution  response 
numbers. 

C4 DISCONTINUOUS  CIRCULAR  PROFILES, 
ARCS, FILLET RADI I  

C4.1 Profile Distortion  Due to Mis-Centering 

The  out-of-roundness of an arc,  fillet, or any 
partial  circular form encompassing less than 180 
degrees, can be  measured by  noting  the radial 
deviation of its profile,  provided  this  profile is 
properly  centered ‘on the  instrument axis. On preci- 
sion  spindle instruments, which  record  a  polar  profile, 
the  problem is not  one  of assessment but of proper 

profile centering and  recording. The ideal arc cross- 
section  has a constant radius  and  can  be readily 
centered.  In  actual  practice, however, the measured 
profile of an arc is usually made up of a connected 
series of line elements having innumerable radii. The 
final centering  movements of the  part are  guided by 
an attempt  to  make  the  recorded profile as circular  in 
shape as possible. With the measured  profile made  up 
of multiple radii, without a coherent  center,  proper 
centering  of  the arc to make the measured  profile fall 
within an  optimum  band is extremely difficult and 
may be quite subjective. This  centering  difficulty is 
further  complicated by a chart  distortion  condition 
caused  by unequal radial vs. circumferential magnifica- 
tions. Under  the  unequal  chart magnification condi- 
tion, differences  in centering may cause  a given arc to 
be represented by any  of  the circular  profiles shown in 
Fig. C8. 

FIG.  C8  ARC  PROFILE  DISTORTION  CAUSED BY 
IMPROPER  CENTERING 

C4.2 Arc Centering by Minimum Radial Separation 

The final centering  adjustments  prior  to a  profile 
recording or  other radial deviation measurement of an 
arc  can be accomplished  directly  by following the 
Minimum Radial Separation criteria. By this method 
the final adjustments are made so as to contain  the 
measured  profile  within the narrowest possible annular 
band.  This  system  provides a unique  solution in that 
a  smaller out-of-roundness value cannot be found. 
Also it provides  a center  from which  radius (size) 
measurements can be determined.  It eliminates the 
subjective peaonal  judgment  on  the  part  of  the  instru- 
ment  operator. 

C4.3 Arc Centering  Using a Reference  Radius  or 
Other Reference  Parameters 

(3.3.1 Reference Radius. When it is desired to 
measure radial deviations of an arc from a reference 
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radius the  stylus or other sensitive measurement 
element  must be set accurately to this radial value. 
Variations of the profile from this radius can be 
plotted on circular or rectilinear chart  paper, or can 
be read directly from a meter or indicator. It should 
be recognized that this is not a valid method  for 
determining the  out-of-roundness value as defined and 
prescribed in this standard, since the standard recog- 
nizes only four  centers for radial deviation measure- 
ments. These four  centers are determined by the  part 
profile and no provision is made for .recognizing a 
predetermined radial value. 

C4.3.2 Other Reference Parameters.  Centering of 
an arc can be  accomplished  by  reference to  three 
predominant surface  features on the profile. The  three 
features  can be positioned to have either an equal 

ANSI 889.3.1-1972 

maximum or an equal minimum  radial value as 
denoted by  a meter or indicator, depending on 
whether  the surface is an ex:erior or interior  arc, 
respectively. When recorded as a  polar  profile, these 
predominant  features would  define  a  maximum in- 
scribed or minimum  circumscribed circle, thus relating 
to  the MIC or MCC method of profile assessment. 
The user of this  technique must be warned that all arc 
profiles may not have three  predominant features 
which can be  adjusted (centered) to occur at a com- 
mon radial value without seriously distorting  the 
profile. Also, this method is subject to instrument 
operator  judgment, and the values obtained can be 
influenced by chart distortions.  This method is valid 
for the  out-of-roundness assessment of measured 
profiles as described in this standard, so long as this 
method is specified. 
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A P P E N D I X  D 

GENERAL NOTES ON USE OF SPINDLE TYPE INSTRUMENTS 

D l  SELECTION OF OPTIONAL PARAnjlETERS 

D1.l Choice of Cycles per Revolution Response 

D1.l.l Response Value. The  selection  of  the 
Cycles per Revolution Response (CPR) figure should 
be based on the desire to  reproduce graphically  those 
elements  of  the circular  surface  which are most 
pertinent  to  the  part  function, or which fulfill the 
objective of the measured profile; and to reduce as 
much as possible the  representation  of all others.  For 
example, if it is desired to specify  and control low 
order  lobing  such as 3, 5 ,  7, 9 lobes  typical of im- 
properly  adjusted centerless  grinders,  a response of 0 
to 50 CPR would be adequate.  The  additional irregu- 
larities passed by  the 0-500 CPR filter can actually 
make  the assessment more difficult. Fig. Dl shows the 
measured  polar  profiles of a common  part which have 
been recorded  at 5 different response values as noted. 
While Fig. Dl  illustrates  typical attenuations  at  the re- 
sponse  values, the final  selection of the CPR figure 
should be based on  the measured  profiles of  actual or 
sample parts  made  at various  response values. It should 
be remembered  that all measured  profile undulations, 
whose frequencies are in the region of the selected 
response value and higher,  are  reduced  by  the action 
of the filter. The  amount of this reduction is 
dependent  on  two  factors as far as the  filter is con- 
cerned: 

1. The sinusoidal frequency which the  undulation 
on  the profile most closely resembles, and 

2, The relationship of this frequency  to  the 
selected Cycles Per  Revolution response value 
as shown  by  the  attenuation curve. 

D l  .1.2 Filter Attenuation Curve. Electrical  low- 
pass filters in common usage do  not have an absolute 

‘LOW friction  plastic or plastic  coated  styli are effective  in 
reducing damage t o  highly  polished or soft  surfaces. 

cut-off  at a given frequency.  Instead,  the transmission 
percentage falls off rather slowly until  it reaches the 
frequency  corresponding  to  the Cycles Per  Revolution 
response  value,  and falls much  more rapidly beyond 
this  frequency. This roll off should produce a  slope of 
-12 db per octave, equivalent to 2 unloaded RC net- 
works in series. This  characteristic is shown  in Fig. 
D2, where the frequencies  and corresponding am- 
plitude transmission values in percentages are plotted 
for  three response values selected from those  listed in 
paragraph 5.2. 

D1.2 Choice of Stylus  Tip Radius 
In general, the selection of the  stylus  tip radius 

from those listed in the  standard is not critical  with 
the  exception of the 0.001 inch radius. The measured 
profiles of circular objects whose surfaces have been 
finished by common  manufacturing processes, i.e., 
grinding, turning,  honing, etc., do  not change signifi- 
cantly unless the 0.001 in. radius stylus is used. 

Where profiles of extremely fine surface  detail are 
required,  the smallest tip radius should be chosen, 
along with a high Cycles Per Revolution response 
figure. Larger radius  styli  should be used on materials 
softer than Rockwell “C” 20 to prevent plastic defor- 
mation of the  surface resulting from high contact 
pressures. 

01.3 Selection of Stylus  Static Force 
For ferrous materials or materials having a Rock- 

well  “C” hardness number greater  than 20 the stylus 
force  should be no greater than the value listed in 
Table 1 in this standard,  to  protect the part from ex- 
cessive contact stress and subsequent permanent 
deformation. The stylus loads  for softer  non-ferrous 
parts whose surfaces  must not be damaged should be 
selected so that  the  contact stress does not exceed the 
yield strength of the material. For critical surfaces’ 
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FIG. D l  POLAR  PROFILES  AT  VARIOUS  FILTER  VALUES 
‘Actually  each  instrument  analog or digital  has  a  “built-in” 

mechanical  and/or  electrical  filter  characteristic,  which  may 
limit  the  true  representation of the  actual  profile. 

where  the  deformation  effects  of  the  stylus  are  known 
to be  significant to  part  function,  trial  traverses  should 
be  made  using  the  largest  radius  stylus  consistent  with 
the  surface  quality and the  lightest available stylus 
force;  and  possible  surface  damage  should be examined 
microscopically. 

D1.4 Choice of  Chart  Magnification 

Where a single measured  polar  profiie is to be 
assessed for  out-of-roundness,  the  magnification  factor 
of  the  chart  should  be  (1)  the  largest  value available 
so that  the  profile is completely  contained  within  the 
chart  boundaries, or ( 2 )  the  lowest value commen- 
surate  with  the  best  assessment  of  the  part  features or 
tolerance.  At  the  lowest  magnification  condition  the 
distortion arising from various  systematic  causes will 
be  minimized. 

Where a  series  of  measured  profiles is needed,  as  for 
concentricity,  taper, or other  interrelated  measure- 
ments,  it is usually  considered  good  practice t o  limit 
all the  magnifications to the  lowest value available 
within  the series which will accomplish  the  measure- 
ment  objectives.  This  facilitates  profile  comparisons. 
Increasing  the  magnification  quite  often  requires re- 
centering  of  the part t o  reduce  the  profile mis- 
centering  distortion  described  in  Appendix  section 
D2.1. 

D2 SOURCES OF ERROR 

D2.1 Mis-Centered Part 

D2.1.1 Polar Profile  Distortion. As mentioned  in 
paragraph 4.3 any  eccentricity  between  the  part 
profile  in  the  measurement  plane  and  the  axis  of  the 
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FIG.  D2  THREE  FILTER  ATTENUATION  CURVES 
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measuring  instrument  causes  a  distortion  in  the  polar 
profile.  The  profile  distortion  of  a  mis-centered  but 
nominally  round  part is shown  in Fig. D3a  and  its 
assessment is shown  in  Fig.  D3b.  Distortion, or radial 
deviation  error,  becomes  a  maximum  at  an  angular 
position 90 degrees  from  the  direction  of  the  ec- 
centricity  measured  from  the  chart  rotational  center. 

02.1.2 Determination of Profile  Distortion.  The 
two  parameters  which  affect  the  polar  profile  dis- 
tortion  the  greatest  amount :ire: 

1. The  amount  of  mis-centering or eccentricity. 
2. The size of  the  polar  profile, or more  specifical- 

ly the radial distance  between  the  chart  rota- 
tional  center  and  the  innermost  profile  point. 

The  manner in which  these  two  characteristics 
determine  the  maximum  amount  of radial profile dis- 
tortion  of  a  perfectly  round  part is shown  in Fig. D4 
(measured by MRS assessment).  From  this  graph  an 
estimate  can be made  of  the  maximum  profile dis- 

ANSI 689.3.1-1972 

tortion  when  the  amount  of  profile  eccentricity  and 
the size of  the  profile  have  been  determined. 

Unless  otherwise  specified  a  maximum  profile dis- 
tortion  of 0.01 inch is assumed  for  control  purposes; 
and  the  formula  for  the  maximum  allowable  ec- 
centricity, as found in paragraph  4.3, is based on  a 
straight-line  approximation  of  the 0.01 inch  profile 
distortion  curve  in Fig. D4. 

02.2 Effect  of Misaligned Stylus 

The  stylus  tip  should  contact  the  workpiece as 
close as' possible t o  an  axial  plane  through  the  center 
of  the  workpiece.  The  effect  of  any  off-center  con- 
tact is the  increase  in  magnification  by  the  factor 
sec 8 as shown  in Fig. D5.  The  stylus will move 
through  the  distance Ar  . sec 8 as it  contacts  the 
protuberance,  whereas  the  actual  radial  deviation is 
only A x  Holding  the angle of misalignment, 8 ,  t o  less 
than 10 degrees will increase  the  magnification less 

FIG. 0 4  POLAR  PROFILE  DISTORTION ( 0 0 R )  
FROM MIS-CENTERED  PART 
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r- 

FIG. D5 STYLUS  MISALIGNMENT 

than 2 percent.  This  form  of misalignment  should  be 
carefully checked  for  parts having small internal  or  ex- 
ternal  diameters where  a slight amount of stylus  off- 
set  can  produce appreciable  misalignment angles. 
Similar errors can occur  with a stylus misaligned in an 
axial plane, i.e., a  plane  perpendicular to  that of 
Fig. D5. 

02.3 Angular Distortion  of Polar Profiles 

Several illustrations of profile distortion have been 
cited previously, i.e., Figures C7 and D3, where part 
mis-centering can cause a flattening of an arc  profile or 
an enlargement  of a complete polar  profile. Another 
form of profile distortion  due  to  part mis-centering is 
the angular distortion of circumferential  features, as 
shown in Fig. D6. 

The  properly  centered profile on  the left  shows 
that the part is essentially round  and  has 12 equally 
spaced  radial  deviations. The profile of the mis- 
centered  part  made  at  the same magnification is 
shown  on  the right. Mis-centering causes not only  a 

'The  testing of axes of rotation will be  covered  more  com- 
pletely in the  forthcoming  American  National  Standard 
ANSI 889.3.4, Axes of Rotation. 

ANSI 889.3.1-1972 

distorted circular  shape but an angular misrepresenta- 
tion as well. Lines drawn through  the  centers of the 
notches  located 180" apart  intersect  at  the  rotational 
center of the  chart, indicating that angles are properly 
represented from  the  chart  center  and  not  from  the 
polar  profile center defined in paragraph 2.8. Further- 
more,  the measurement of chart distances  between 
the  bottoms of opposite  notches  (through  the  chart 
center) shows that these values are alike, as they  are 
on the correctly  drawn profile of the  centered  part. 
Thus, angular  relationships  and  diametral  distances 
can  be read from mis-centered part profiles  by using 
the  chart  center as reference. Best measurement 
practice would dictate  that the part be centered  to  the 
tolerances defined in  paragraph 4.3. 

D2.4 Part Cross-section Uniformity Limitations 
Many circular parts have a  surface texture  pattern 

of helical grooves caused by the axial feed of the  cut- 
ting tool which produced the part.  The  roundness 
measurement  made with a sharp  stylus will present  a 
rather  accurate cross-section,  one  which may cross 
multiple  peaks  and valleys of the helical pattern. If 
the  part  function is such  that this  cross-sectional 
representation may be misleading it is suggested that a 
stylus be selected whose tip radius will prevent i t  from 
entering these valleys. A large radius stylus  or a 
hatchet-type  stylus 'will  produce  a  measured profile 
more  representative of the part's exterior envelope, 
and  where the  part profile  envelope is more  im- 
portant  to the part  function  than a true cross- 
sectional  profile,  a stylus of larger radius  should  be 
used. 

D2.5 Spindle  Errors 
D2.5.1 Introduction. Radial motion of the  spindle 

axis' in the sensitive direction (along a line connect- 
ing the spindle  axis  and the  stylus tip) will cause a 
direct error in the measured part profile. This error 
can be measured directly if a  'master  round' is 
available which has a negligible roundness error.  For 
cases where it is uncertain what  portion of the meas- 
ured  profile is due to the spindle and what  portion is 
dures described  in the following section can  be used to 
separate these two  crrors. It must be emphasized that 
separate these two  errors. I t  must be emphasized that 
the  procedures of the  following  section assume that 
the spindle errors  repeat  exactly  from  one revolution 
to  the  next. 
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FIG. D6 ANGULAR  DISTORTION 

02.5.2 Profile Averaging Method.  The  present 
method consists of two procedures. Procedure 
P  yields the  Part profile P (e )  while procedure S 
yields the Spindle radial motion  error S (e), where 0 
is the angle of rotation. 

D2.5.2.1 Procedure P. Procedure  P begins by 
recording an initial profile 7'1 (e). The  arbitrary 
initial  positions are marked as 0 = 0" by coincident 
marks on the part, spindle shaft and spindle  housing 
at  the stylus position as shown in Fig. D7A. At each 
angle 0 ,  the  recorded value T1 (e )  is the sum of the 
part  profile P (e )  and the spindle radial motion S (e), 
so that 

T~ (e )  = P ( e )  t s ( e )  
It is assumed that  the normal sign convention is used, 
so that hills and valleys on the  chart correspond to 
hills and valleys on the  part.  For procedure P,  the 
second step consists of taking  a  second  record T2p (e )  
with the  setup shown  in Fig. D7B, in which the 
spindle shaft  and housing marks are coincident  at O", 
but  the  part and  stylus  positions are reversed (rotated 
180"). The same sign convention must be used as for 
T1 (e). Comparison of Figs. D7A and D7B shows that 
the  part  errors are recorded  in the same manner, since 
the relative position of the  stylus and part is un- 
changed. However, the spindle errors are recorded 
with a reversed sign in Fig. D7B, since a  movement of 
the spindle toward  the stylus  in Fig. D7A becomes  a 
movement away from  the  stylus h Fig. D7B. Ex- 
pressed as an equation, 

T p ( e ) = p ( e ) - s ( e )  

If the above two  equations are added, S (e)  cancels, 
and solving for P (e )  gives 

This equation  states  that  the  part profile P ( 8 )  at any 
particular angle 0 is the average of  the  two recorded 
profiles T I  ( e )  and T2p (e )  at  the same angle 8 .  By 
recording TI  (e )  and T2p (e) on the same polar chart, 
the  part profile P (e )  is obtained by  drawing  a third 
profile halfway between  the  first  two as indicated in 
Fig. D8A. 

D2.5.2.2 Procedure S. Procedure S also begins 
by recording an initial profile T1 (e). The second step 
of procedure S differs from  that  of  procedure P only 
in that  the sign convention  must be reversed compared 
to that used for T1 (e) and T Z p  (e). Calling this 
record T25 (e), it follows that 

T 2 S  (e )  = (e) = -P (e) + s (e) 
If the  equations  for T1 (e) and T25 (e) are  added, 
P (e )  cancels, and solving for S (e )  gives 

L 

This equation  states  that a third prqfile drawn half- 
way between the T1 ( e )  and T2s (3) profiles will be 
the spindle radial motion profile S (e) as shown in 
Fig. D8B. This profile is the  apparent out-of-round- 
ness record that  the spindle  would produce  for a 
perfectly round  part. 

The following table  summarizes the above proce- 
dures: 
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Procedure  Reverse for Record 2 Average 

P  Part, Stylus Part Profie 
S Part, Stylus, Sign Spindle Error 

No mention was made as to whether  the  part  or 
the  stylus  rotates  with  the spindle,  and the above 
procedures are equally valid for  both  types of instru- 
ment. In some instruments  it  may be more  convenient 
to reach QC~OSS with  the  stylus to the  opposite side of 
the  part  without physically reversing the  indicator 
position,  which is satisfactory providing that  proper 
account is taken of the sign reversal which  this 
causes. Many instruments are  provided with electrical 
polarity reversal switches  which  simplify the  execution 
of procedures P and S. 

D2.5.3 Practical Considerations. Several observa- 
tions  can  be  made regarding the polar charts  obtained 
in procedures P and S. First,  different  centering errom 
can be  present  for  the  two  profdes  of Fig. D8A or 
D8B without influencing the results, subject to  the 
usual polar  distortion  considerations  for  each profile 
as discussed in  Section D2.1. Secondly,  there  is no ef- 

first  and  second  records (other  than a small change  in 
polar distortion) and it  does  not  matter which  record 
has the larger diameter  or if the records overlap. Third, 
all averages and radial distance  measurements should 
be taken  along radial lines from  the  chart  center (see 
paragraph D2.3). Finally, it  should be noted  that 
values for  out-of-roundness  or spindle error  (obtained 
by one  of  the assessment methods  of  Section C1) 
cannot be added  and  subtracted in the same way as 
the P ( e )  and E (e )  errors can at a particular angle 8.  
For  example, if a two microinch OOR value is ob- 
tained for a particular  part on a  spindle with a one 
microinch error value, it  cannot be concluded  that  the 
part  has a one  microinch OOR value. This is because 
the  part  and spindle errors can tend  to cancel as well 
as add, so that  the  part OOR value can be anywhere 
between  one  and  three microinches. Thus,  the spindle 
radial motion  error value becomes  a  plus-or-minus un- 
certainty on the measured OOR value of a part. To  
obtain  the  exact  part OOR value, the  error  separation 
procedure  must be carried out in detail. 

fect  from  zero shifting the polar  recorder between  the Since the  equations are  based on the  assumption 

FIG. 0 7  PART-INDICATOR  REVERSAL  SCHEMATIC 
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