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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Code of inspection practice —

Part 1:
Measurement of cylindrical gear tooth flanks

Scope

h flanks of individual cylindrical involute gears, i.e. with the measurement ofpitch, profiile, helix
hd tangential composite characteristics. It describes measuring equipment, provides advice for gear
easuring methods and for the analysis of measurement results, and discusses the interpretation of
r¢sults.

1
This document supplements ISO 1328-1:2013. It provides a code of practice dealing with.measyrements
0
a
]

Measurements using a double flank tester are not included (see ISO/TR\10064-2). This docunpent only
applies to involute gears.

N

Normative references

—3

here are no normative references in this document.

W

Terms, definitions, symbols and abbreviated terms

1]

br the purposes of this document, the following terms, definitions, symbols and abbreviated terms apply.

o

§0 and IEC maintain terminological databases for use in standardization at the following addresses:

- I[EC Electropedia: available at http://www.electropedia.org/

- 1SO Online browsing platform: available at http://www.iso.or
NOTE The symbols and terms used throughout this document are in basic agreement with the symbols and

tgrms given in ISO 701 and\in’ ISO 1122-1. In all cases, the first time that each symbol is introduced, it {s defined
and discussed in detail. See Table 1. Abbreviated terms are given in Table 2.

Table 1 — Symbols and definitions

Symbols2 Definition Units First use
d tip point — Figure 31
H face width mm Figure 37
dr profile control point — Figyre 31
d reference diameter mm Formula (4)
dy tip diameter mm 14.3.2.1
da eff effective (measured) tip diameter mm Figure 29
dy, base diameter mm Formula (6)
dyp eff effective base diameter mm 14.2
a  Symbols used for deviations of individual element measurements from specified values are composed of lower case
letters “f” with subscripts (exceptions include f;, f1 and f2) whereas symbols used for “cumulative” or “total” deviations,
which represent combinations of several individual element deviations, are composed of capital letters “F” also with
subscripts. It is necessary to qualify some deviations with an algebraic sign. A deviation is positive when, for example, a
dimension is larger than optimum and negative when smaller than optimum.
b These deviations can be + (plus) or - (minus).

© IS0 2017 - All rights reserved 1


http://www.electropedia.org/
http://www.iso.org/obp
https://standardsiso.com/api/?name=d19b4f037f7fb548c9f87ba5d59f5d73

ISO/TR 10064-1:2017(E)

Table 1 (continued)

Symbolsa Definition Units First use
dm measurement diameter mm 6.2.3.2
dnrf start of active profile (SAP) diameter mm Formula (8)
dy individual inspection diameter (measurement diameter) mm Figure 29
Fy tip form point (where tip break starts) — Figure 31
Fis total single flank composite deviation pum 111
Fp tuta} Luluu}ativc Pltb}l dcviatiuu I,Llll 9-3.1
Fpi individual total cumulative pitch deviation pum 9.3.8
Fpk sector pitch deviation over k pitches pum 9.3.7
Fy radial runout pum 6.2°5
Fy total profile deviation pum Figure 14
Fp total helix deviation pum Figure 37
fa difference between the actual and nominal pressure angle dégrees [9.1.4
foam mean pressure angle deviation degrees [14.3.1
f base circle deviation (difference between the actual and nominal base mm 14

b diameter) _
fom mean base diameter deviation mm 14.3.1
fo eccentricity between gear axis and axis of gear teeth pum Figure 34
[t profile form deviation pum Figure 14
fp helix form deviation pum Figure 37
[T helix form tolerance pum 8.3.1
fHa profile slope deviationb pum Figure 14
fHam mean profile slope deviationb pum 9.1.5
fHai individual profile slope deviationb pum 1.5
fup helix slope deviationb pm 6.4
fHBi individual helix slope deviatiob pum 2.5
fHBm mean helix slope deviation® pum 9.2.

mean helix slope deviation; in the transverse plane and tangent to the
fHpme measurement diameterb Hm formula (3]
tooth-to-tooth single'flank composite deviation without removal of the
fi ! um 11.2.2
ong term component
tooth-to-togth-single flank composite deviation after removal of long
fis um 111
term conipeiient
hil variafice of the long period component over one revolution pum 11.2.2
fo single pitch deviationb um 8.4.3
fozm mean lead deviationb mm 14.4.1
fpbnm IIICAaIr 11T llla}. baoc P;tbh dUV ;at;uuh Hlll 14.2.1
fpbn normal base pitch deviationb pum 6.2.4
fpbni individual normal base pitch deviationb um 14.1
fpb single pitch deviationb, normal base pum 8.4.3
fpbt single pitch deviationb, transverse base pum Formula (19)

a  Symbols used for deviations of individual element measurements from specified values are composed of lower case
letters “f” with subscripts (exceptions include f;, f1 and f;) whereas symbols used for “cumulative” or “total” deviations,
which represent combinations of several individual element deviations, are composed of capital letters “F” also with
subscripts. It is necessary to qualify some deviations with an algebraic sign. A deviation is positive when, for example, a
dimension is larger than optimum and negative when smaller than optimum.

b These deviations can be + (plus) or - (minus).

2 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=d19b4f037f7fb548c9f87ba5d59f5d73

ISO/TR 10064-1:2017(E)

Table 1 (continued)

Symbolsa Definition Units First use
i individual single pitch deviationb pum Figure 42
fp2i individual double pitch deviationb pm 9.3.8
fui individual adjacent pitch differenceb pm 9.3.8
fuzi individual adjacent double pitch differenceb pum 9.3.8
fwa undulation wave height in profile direction pum Figure 74
Wiy trdatationr-wave hetghtirhelix-direction e Figyre 74
f, pressure angle deviationb degrees [9.1\4
fimn mean normal pressure angle deviationb degrees() ;}14.2.1
fhomt mean transverse pressure angle deviationb degrees [14.21
B helix angle deviationb degrees [9.2.4
fBm mean helix angle deviationb degrees [9.2.4
Ja length of path of contact mm Figure 65
Hey chordal addendum to an individual measurement diameter mm Figure 29
Ry radial distance from tip to an individual measurement diaméter mm Figure 29
K number of pitches in a sector — 57
1 left flank — 5.3
Ly profile evaluation length mm Figure 14
Hoc functional profile length mm 14.3.2.2
Hoe base tangent length to start of active profile mm Figyre 14
g helix evaluation length mm 8.3.1
1 left hand helix — 5.4
Mn normal module mm Formula (1
N pitch number — 5.6
Nt start of active profile pointon line of action — Figyre 31
1 number of deviation values included in the mean — 9.1.%

Hb base pitch mm 8.4.3

Hbn normal base pitch mm Fortnula (1
HAbt transverse-base pitch mm Forinula (16
Hm true position pitchb pm 14.1]

Hz lead-ef-the helix mm Foripnula (36
Yz eff effective lead mm 14.41

H right flank — 5.3

1 right hand helix — 5.4

s undulation weighting factor mm Figure 80

Scy chordattoothrthickmessatamimdividuat imspection dianmeter TITITT Figdre 29

Sn normal circular tooth thickness at the reference diameter mm Formula (12)
Syn normal circular tooth thickness at an individual inspection diameter mm Figure 29

z number of teeth — 6.2.3.2

ZM number of teeth in master indexing worm wheel — Formula (22)
a  Symbols used for deviations of individual element measurements from specified values are composed of lower case
letters “f” with subscripts (exceptions include fe, f1 and f2) whereas symbols used for “cumulative” or “total” deviations,
which represent combinations of several individual element deviations, are composed of capital letters “F” also with
subscripts. It is necessary to qualify some deviations with an algebraic sign. A deviation is positive when, for example, a
dimension is larger than optimum and negative when smaller than optimum.

b These deviations can be + (plus) or - (minus).
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Table 1 (continued)

Symbolsa Definition Units First use
zZ1 number of teeth on driving gear — Figure 61
z3 number of teeth on driven gear — Figure 61
a50 9% Gauss parameter — Formula (24)
oMt transverse pressure angle at the measurement diameter degrees [10.39
an normal pressure angle degrees |Formula (1)
Olp eff effective normatpressureangte degrees 42+
ot transverse pressure angle degrees |Formula(5)
Ot eff effective transverse pressure angle degrees |14.200
Oyn normal pressure angle at an individual inspection diameter degrees [8.233
ayt transverse pressure angle at an individual inspection diameter degrees.()Formula (11f)
Mt transverse pressure angle at measurement diameter degrees)~ [10.3.9
B helix angle dégrees |Formula (4)
Bb base helix angle degrees |Formula (17))
Beff effective helix angle at the standard pitch diameter degrees [14.4.1
BM eff effective helix angle at the measurement diameter degrees [14.4.1
By helix angle at an individual inspection diameter degrees |Formula (10)
gy total contact ratio — 11.3.4.2
Ag undulation wavelength mm Figure 74
Aa undulation wavelength in profile direction mm Figure 74
Ap undulation wavelength in helix direction mm Formula (22)
13 involute roll angle degrees |Figure 14
a involute roll angle to the tip diameter radians |Formula (7)
ENE involute roll angle to the start of active.profile diameter radians |Formula (8)
&y individual inspection roll angle radians |Formula (9)
0 angular position of gear radians |Figure 61
AB angular gear position deviation radians |Figure 61
I reference face — 5.3
11 non-reference face — 5.3
a  Symbols used for deviations-of individual element measurements from specified values are composed of lower cage
letters “f|" with subscripts (€xeeptions include f;, f1 and f,) whereas symbols used for “cumulative” or “total” deviation},
which represent combinations of several individual element deviations, are composed of capital letters “F” also with
subscript. It is necessafyto qualify some deviations with an algebraic sign. A deviation is positive when, for example, fa
dimension is larger thawoptimum and negative when smaller than optimum.
b Thes¢ deviatiens'Can be + (plus) or - (minus).

Table 2 — Abbreviated terms

Definition First use
3D three dimensional 6.2.6
CAD computer aided design 6.2.6
CMM coordinate measuring machine 6.1
CNC computer numerically controlled 6.1
CT computer tomography 6.2.6
GCM gear cutting machine 8.3.3
GMM gear measuring machine 6.1
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4 General considerations

4.1 Background

The purpose of this document is to provide background information that will assist with understanding
the requirements, implementation and effectiveness of the gear measurements needed to establish the
gear classifications defined in ISO 1328-1. This information will assist those involved in gear design and
specification, gear manufacture and gear measurement processes. It includes background information
and guidance on good measurement practice and addresses the interpretation of measurement results
tgtdemtify common tauses of gear manufacturing erTors.: improved kimowledge of gear meagurement
plocesses enhances the value of investments in measuring equipment.

When producing multiple identical gears in a large batch, it is rarely necessary or lecondmical to
easure all possible deviations on all the gears manufactured. Stable manufacturing*processes allow
relatively small number of samples to be measured and still ensure that the'required folerance
class is maintained. Certain elements may not significantly influence the function of the gepr under
cpnsideration. However, some gear manufacturing processes are known“to increase thg¢ risk of
significant variation in tooth geometry in a single gear and thus require‘additional measurements to
verify gear geometry parameter tolerances have been achieved. Somg-guidance is provided when this
4 necessary, but it remains the responsibility of the manufacturer of the gears to assure that the gears
tisfy the specified requirements, such as those in ISO 1328-1. It is réCommended that measuring plans
e agreed upon between the manufacturer and the purchaser.

» 3

o wn =

o

.2 Required inspection information

>

[l necessary information should be provided to the-operator(s) of the measuring equipnjent. The
nformation required will vary depending on the typ€ of measurement(s). Most measurement grocesses
¢quire basic gear and blank data, such as number of teeth, pressure angle, helix angle, madule, tip
ameter, root diameter, face width, design.profile, design helix, etc. Certain measuring tasks$ require
ditional information. For example, to measure profile, the profile control diameter and start of tip
Feak must be provided. Minimum requirements are defined in ISO 1328-1 but it is the respgnsibility
F the gear designer to ensure the spegification provides sufficient information for the manufafturer to
bvelop a measurement strategy thatis suitable for the subject gears.

—

Q.0 T O o

43 Measurement selection

4{3.1 Substitution efmeasurement methods

Igspection may be:carried out using a number of methods. In some cases, some measurementys may be
stibstituted for Qthers. For example, single flank composite measurement may be substituted |for pitch
njeasurement;{or radial composite measurement may replace radial runout measurement. However,
stich substitiitions may only be done with agreement between the manufacturer and the purchaser. See
130 1328-1:2013, Table 4.

Al number of factors should be considered when selecting the measurements, including the tolerance class

réatfre A cizn afthn gnaw o o nbivi g~ £ and ottt ot dlhn o i AL A e dt oear.
L/\/lull Uy, JILC Ul tIIC 6\,“1, IITAITvuUIdacCLur AAA6 CUOL, “llu ALLUJL lllly\.ll caIliy, tiIicv “l.lllllh“tlull Ul LIIC l.ll Uuu\, g .

4.3.2 First piece inspection

It may be possible to verify that the manufacturing process is correct by inspecting only the first piece
of a batch, allowing the inherent accuracy of the process to assure subsequent parts meet the required
tolerance class.

4.3.3 Sampling and statistical process control

The deviations from the design shape of the gear that result from the manufacturing process are
dependent on the production process used. When the process is proven capable of producing the

© IS0 2017 - All rights reserved 5
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required tolerance class (e.g. when using statistical methods), sampling inspection may be utilized.
Many factors may influence the sample size and frequency; foremost among these should be the
assurance that the required tolerance class of the parts is met.

The variability of the measuring process contributes to the perceived variability of the manufacturing
process. For more information, see [SO 22514-7.

To achieve statistical compliance, the manufacturing deviations must be smaller than the specified
tolerance. In some cases, for very accurate gears, the use of statistical process control is not possible
due to the uncertainty in the measurements.

5 Conventions and measurement positions

5.1 Gdneral

When mleasuring gear teeth, specific reference is made to right flanks, left flanks)pitches, teeth ¢r
combinations of these.

5.2 D3atum axis

Specificqtion of the design profile, design helix, and design pitch requirés definition of an appropriate
referencg axis of rotation, called the datum axis. It is defined by spécification of datum surfaces. Sg¢e
ISO/TR 10064-3.

The datpm axis is the reference for measurements and associated tolerances. The location arld
orientation of the measurement diameter circle are determined by this axis.

Ideally, the surfaces used to construct the datum axis, the surfaces used to locate the gear f
manufacturing, and the functional surfaces that define the gear axis of rotation in its final assemb
will all be the same. In practice, this is often not\the case. For example, shaft type parts are oftd
manufadtured and inspected using centres to.défine the datum axis. In cases where the inspectio
manufadturing, and/or functional datum suxfaces are different, these surfaces should be coincidel
with each other to a level of accuracy sufficient to assure the final positioning of the gear is adequate
represented during measurement.

P o< =

< =

When a [rotary table is used, the gear being measured should be oriented so that its datum axis fis
coincident with the axis of rotation of the measuring instrument. In the case of mounting the gegr
between| centres, care should'be-taken to assure that the mounting arbor, if used, is in good conditiop,
and the gentres are clean and Concentric with the datum surfaces of the gear. In the case of computer
controllgd measuring instyuments, if the measuring program is capable of mathematically correcting
the errofs resulting from off axis mounting condition, then it may be possible to mount the gear with
some deyiation to thelinstrument’s axis of rotation.

5.3 Lefft orwight flank

It is conyenient to choose one face of the gear as the reference face and to denote it with the letter “/”.
The other non-reference face might be termed face “II”.

For an observer looking at the reference face, so that the tooth is seen with its tip uppermost, the right
flank is on the right and the left flank is on the left.

Right and left flanks are denoted by the letters “R” and “L”, respectively. See Figure 1.
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a) External gear

Key
1| Tooth1 6 tip ('19
2| Tooth2 7  right flank b&}\ '
3| left flank 8 1L = pitch number 1, left fl
4| 30R = pitch number 30, right flank 29 Tooth 29 ,\Q
5| 2L = pitch number 2, left flank 30 Tooth 30 &Q‘

Figure 1 — Notation and numbering for external\@ﬁa internal gears

N
O

5{4 Left hand or right hand helical gears Q<<
The helix of an external or internal helical gear is referr‘%go as being right hand or left hand. The hand
of helix is denoted by the letters “r” and “l”, respectiv

clockwise (counter-clockwise) displacement with increasing distance from an observer. See Fil

%Q?\ Figure 2 — Right hand gears, external and internal

e

5 Q’ Numbering of teeth and flanks

Z
The helix is right hand (left hand) if, when lookin m one face, the transverse profiles show suyccessive

cure 2.

Looking at the reference face of a gear, the teeth are numbered sequentially in the clockwise direction.
The tooth number is followed by the letter R or L, indicating whether it is a right or a left flank. For

example, “Flank 30 R”. See Figure 1.
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5.6 Numbering of pitches

The numbering of individual pitches is related to tooth numbering as follows: pitch number “N” lies

between
whether

NOTE

the corresponding flanks of teeth numbers “N-1” and “N”; with a letter R or L, it is indicated
the pitch lies between right or left flanks. For example, “Pitch 30 R” (see Figure 1).

Pitch 1 lies between the last and first tooth. Therefore, sector gears have no pitch 1; they start with

pitch number 2.

The sub
deviatio

In practj

deviation refers to three pitches.

6 Typ

6.1 G¢d

The ana
the meaj
are mad
relative {
types of

— coor]
— trad
— com
— in-p
— port

— port

pitch and radial runout of/the tooth space on large gears, as illustrated in Figures 10 and 11.

NOTE
other me

These m

cript “k” in a deviation symbol denotes the number of consecutive pitches to which.the
applies.

ce, a number is substituted for “k”, for example, Fp3 indicates that a given cumulative pit¢h

es of measuring equipment and principle

neral

ytical measurement of gears, also known as individual or _elemental measurement, includg¢s
urement of helix, profile, pitch, radial runout and tooth thickness deviations. Measurements
e by positioning a contacting probe at the theoretical pdsition where the gear flank should he
o the datum axis and measuring any deviation. This can'be performed by a number of differept
measuring devices including:

dinate measuring machines (CMM, with appropriate software), illustrated in Figures 3 and 4

tional mechanical gear measuring machiné\(GMM), illustrated in Figure 5;

N

puter numerically controlled (CNC) gear nieasuring machines (GMM), illustrated in Figure 6 and
focess CNC measuring stations mounted on a machine tool, illustrated in Figure 8;
able measuring devices, illustrated in Figures 9, 17 and 18;

hble gear measuring machines which can be mounted on machine tools or rotary tables to measure

Portable measuring arms typically cannot achieve the same level of uncertainty as can be achieved by
suring devicess

bthods generally involve scanning the probe over the tooth flank in a continuous manner.
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VUil

Figure 3 — Large coordinate measuring machine (C w used for helix, profile, pitch, radial
runout and tooth thlckne{ easurement

Figure mall CMM used for helix, profile, pitch, radial runout and tooth thickngess

measurement
&
?\
é
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Figyre 5 — Traditional GMM mechanical base disc profile and helix measuring machine

kpiece mounted.directly to rotary table b) Workpiece located between centres on a
rotary table

Figur¢ 6 — CNC GMM using the generative method of measuring profile and helix deviations
and the capability to measure pitch, radial runout and tooth thickness
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NOTE Profile is measured by scanning in X-Y coordinates only and the rotary table used to
1] the correct position for access by the probe.

—-

-

=y

2 machine

o
P

4
jgure 7 — Two examples of non-generative internal gear profile measure@h on a 4-aj

h the gear

kKis GMM

Figure 8 — In-process measurement with a CNC measuring station mounted on a grinding
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Commonly used for large gears when independent measuring machig{é@re not available.

o)

9 — Portable pitch measuring equipment suitable f(&éunting adjacent to a machine
tool rotary table (mounted on a measuring % hine in this image)

QO

Figure 10 — Portable measuring arm with gear artefact
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%]

ystem. Result is the centre position of the probing tip.

Figure 11 — Measurement of a large gear a@act with a laser instrument
N
easuring machines can use two methods for pI‘Ofl]ésé\nd helix, as illustrated in Figure 12.

=<

enerative method: The generative method cre sfﬂes the theoretical involute or helix with a con
f simultaneous rotation of a rotary axis and nslation of a linear axis.

=B}

akis measuring machine [usually w1t}\g1
akes and rotary axis]. Collectively, kl{@e can be considered as non-generative profile methods.

NOTE A laser tracker determines the distance and position of a -held device in a local cpordinate

bination

Non-generative method: Measuremen;}qfﬁle involute and helix by scanning the surface with a three
ee linear (orthogonal) axes but some machines use tyo linear

GMM that use the generative method for external gears often use a non-generative method fo1f internal
gears to minimize the risk f; nterference of the stylus shaft with the internal tooth tip (see Figure 12,
njiddle sketch). The mea ent methods are summarized in Table 3.

a) Generative b) Generative c¢) Coordinate

profile measurement profile measurement (non-generative) profile
external gear internal gear measurement
Figure 12 — Profile measurement methods
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Table 3 — Summary of measurement methods

Internal
Machine type Figure for Principle (1) and/or | Number of Comments
an example external axes
(E) gear
CMM 3 and 4 Non-genera- EandlI 3linear |An additional rotary table
tive may be used to minimize the
orthogonal .
number of measuring probes
required.
Traditional 5 Generative EandI 3linear |Machines require a base dis¢
mechanifal GMM orthogonal |(fixed diameter or variable
and 1 rotary |diameter using a mechanism),
axis
CNC GMM 6and 7 Generative EandlI 2 or 3 linear |Most use the generative
and non- orthogonal |method for profile
generative and 1 rotary |measurement but at larger
axis diameters, change to
non-gehérative because of
either\limitations in linear axip
length or rotary table encoder
accuracy. For internal gears,
often, the non-generative
method is used since the
generative method may have
interference with the stylus.
Machine|tool based 8 Non- genera- land E 2 linear |Normally use the machine too
measurifg station tive for profile orthogonal |rotary axis as the datum axis.
and 1 rotary
axis
Portable|CMM, 10 Non-genera- Evand I 3 axis Generally require an auxiliary
including tive coordinate |datum surface.
measuripg arms system
Portable|dedicated 28 Non-genéra’ E 2 linear axes |Generally locate on the gear
profile mleasurement tive teeth themselves and require
the measurement of tooth
thickness to establish a datumn.
Portable|pitch 9and 17 Pitchonly | EandI (less | 1linear axis |[Measures adjacent pitch with
measurefment common) |and 1 rotary |atwo-probe system and relieg
axis on a machine tool rotary table|
to provide the datum axis.
Commonly used for large
gears.
Portable[base pitch 18 Base pitch | Eand I (less | Single axis |Uses the teeth as a datum
instrumgnt only common) to measure adjacent base
pitch deviation. If set with a
reference test piece or gauges
maybeused-to-find-meanbase
pitch deviation.

6.2 Measurement methods

6.2.1 Generative measurement methods

Generative methods measure tooth geometry deviations from a generated theoretical geometry.
Involute profile testing involves generating a theoretical involute at the measuring probe with the
relative motion of the machine axes. During such tests, the contact points between the stylus and
the tooth surface are constrained within the plane of action (base tangent plane, a line tangent to
the gear base cylinder used to define the involute profile). See Figures 12 and 13. Generative helix
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testing is carried out according to generation of the theoretical helix. Generative pitch testing involves
rotational positioning of the gear according to ideal, equally spaced tooth locations. Profile and pitch

measurements take place in the transverse plane, the plane of the involute curve.

On unmodified involute helicoid tooth flanks, the point and angle of contact between the stylus tip

and the tooth flank will remain constant during the course of tests carried out according

to these

generative methods. Contact vector variation and stylus tip sphericity are not significant issues in this

case. Although either a spherical or a sharp stylus may be used, a sphere is normally used b

ecause it

allows the measurement of other features such as datum axis definition and tip and root diameter.

inn CNC machines.

==

0 1328-1 specifies that measurement points should be uniformly distributed aleng this lin
Chieved with even increments in roll angle or length of roll. Note that this datd@pacing req
eans the radial locations of the data are non-linear.

gure 13 illustrates how the generative measurement principle was applied in the construd
faditional mechanical gear measuring machine. The base circle disc (which is the same size ag
hse diameter) is located on the machine spindle and the straight edge’contacts the disc. The

o= llcHEN=T0")

(%)

theoretical involute by the translation and the resulting rotation of the machine spindle along
tangent line (without sliding between the disc and the straight edge). Thus, the stylus scans a
profile in the transverse plane. For helix measurement, the'vertical movement of the stylus is ¢
by the helical guide connected to the machine spindle;:it generates a base helix by the rotati
achine spindle.

=

T'he generative principle was first used in mechanical base disk GMM and is still the preferred method

he profile results from a generative measurement along the line of action (which is a has€ tangent line).

b, This is
lirement

tion of a
the gear
stylus is

¢t on the tangent line of the base circle disc. To measure the involdte profile, the stylus generates a

the base
cross the
bntrolled
bn of the

Key

1| chelix guide mechanism 4 indicator

2~ gear being measured 5 base circle disk
3  stylus 6  straight edge

Figure 13 — Generative helix and profile measuring device

The resulting profile trace is illustrated in Figure 14.

The traditional manual GMM requires three orthogonal linear axes and a rotary axis and thus, CNC

GMM that use the generative principle require the same four axes.

© IS0 2017 - All rights reserved
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Key

1  design profile Fy s\total profile deviation

2 meadured profile fiaw” profile form deviation

3 mean profile line fua  profile slope deviation

A tip circle point B-D active profile

B  start|of tip break (chamfer) B-E usable profile

C  pitch[point Ly  profile evaluation length

D  start|of active profile Lqe base tangent length to start of active profile
E  start|of profile control 13 involute roll angle (shown to point C)

T  start|of roll (point of tangeney/of transverse base

tang¢nt)

=

origih of involute

Figure 14 — Tooth profile and profile diagram

6.2.2 Non-generative measurement methods

Generative measurement methods typically are not used with CMM and, due to probe interference risk
or the required roll length being too large, they are sometimes not used for internal gears in four axis
CNC GMM. In the non-generative method, the tooth flank geometry is considered as a series of points,
each with a set of three dimensional coordinates. A calculation is needed to convert from the probe
tip centre to the flank surface, and this must be done along a normal to the flank. A spherical stylus
tip should be used for these measurements. During measurement, the points of contact between the
spherical stylus tip and the tooth flank will vary substantially around the tip. Therefore, the sphericity
influences measurement accuracy and both probe datum and the non-uniform stiffness of the probe
stylus will affect measurement result accuracy if not properly compensated.
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The data should be evenly spaced along the line of action (which is a base tangent line). ISO 1328-1
specifies that measurement points should be uniformly distributed along this line. This is achieved
with even increments in roll angle or length of roll. Note that this data spacing requirement means the
radial locations of the data are non-linear.

6.2.3 Pitch measurement methods

6.2.3.1 General

PPMEMTWWWWlGaSUFES
the location of each tooth around a gear, relative to a datum such as an angular encoder. This\method is

uped on CNC GMM, in-process CNC measurement stations and CMM. The pitch comparator (two-probe)
njethod compares the distances between adjacent tooth flanks to the distance between gn initial
r¢ference pair of adjacent tooth flanks. This method is used on portable pitch measuring devices such
aj those illustrated in Figure 9.

2.3.2 Single probe method with rotary table

6

The indexing (single probe) device uses an angular datum such as a rotary encoder with a CNC controlled

ﬁtary drive to precisely rotate the gear by an angular increment eqGal to its pitch, or 360°/z (Where z is
e number of teeth) (see Figure 15). The degree of the device’s pfecision should be consistent|with the

lerance class and diameter of the gear.

Key
1| ehcoder
2| “‘probe

Figure 15 — Pitch measurement using a rotary encoder as an angular datum

The gear is mounted with its datum axis coincident with the rotational axis. The single probe should
be oriented to contact the tooth flanks at the measurement diameter, dy, and to gather measurements
in the specified measurement direction. The gear is incrementally rotated around its datum axis and
the single probe moves in and out on a precision slide and stop, measuring each successive tooth flank
position, relative to the angular datum. This process is repeated until every tooth has been measured.

It is common practice to complete this series of measurements by taking a final measurement on the
initial reference tooth, thereby closing the circle. Ideally, this would produce a second measurement
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value of zero for the first tooth, as was set at the beginning of the process. Excessive deviation of this
second measurement value from zero indicates a problem with the measurement.

Cumulative pitch or index and adjacent pitch deviations are calculated in accordance with ISO 1328-1.

6.2.3.3 Two-probe pitch comparator

The gear should be mounted with its datum axis coincident with the pitch comparator’s rotational
axis. The first probe acts as a datum for the measurement. The second probe measures the variation in
position of the second tooth relative to the first tooth, from which single pitch variation is calculated.
The devife is adjusted to indicate zero while the probes are contacting the randomly selected initialpajir
of teeth (see Figure 16). Care is required to assure that the two probes contact at the same diameter.

Key
1  datum probe
2 meaduring probe

Figure 16 — Two-probe pitch comparator

The two|probes should be oriented to-contact the adjacent tooth flanks within the same transverge
plane, at the measurement diameter, dy. As the gear is rotated around its datum axis, the pitgh
compardtor moves in and out on.a precision slide and stop, measuring each successive adjacent tooth
pair. Thif process is repeated until every adjacent pair of teeth has been measured.

Most twp-probe devices include analysis software which calculates the average pitch deviation, and
subtract| this value froni_the measured data to calculate single pitch deviations. Cumulative pit¢h
deviatiofs are calculdted by summing the single pitch deviations. Most devices allow the results to hje
printed. [[his procedure is then repeated on the other flank.

6.2.3.4 | Measurement without rotary table

&l l. All & OLd ple e nrope . ll‘l Qe O ne _n Qpne . Il. .n

(several probe tips) moves around the gear and probes each point at the measurement diameter. See
Figures 3 and 4.

6.2.4 Hand-held pitch measuring devices

Hand-held pitch measuring instruments, such as those illustrated in Figures 17 and 18, do not
measure pitch relative to a datum axis. Therefore, they cannot be used to determine compliance with
the tolerances defined in accordance with ISO 1328-1. However, when mutually agreed upon by the
manufacturer and the purchaser, they may be used to measure either circular pitch or base pitch.

The normal base pitch parameter provides a localized composite observation of gear tooth pitch
deviations. It is localized in that the observation is made only at a single point on the tooth flank. It
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is composite in that it combines the effects of involute profile, helix, and pitch at different contact
diameters into a single observation that directly relates to the gear’s ability to achieve smooth,
conjugate meshing action with its mate.

Hand-held base pitch measuring instruments can either be set to directly measure the deviations
from the theoretical normal base pitch, with the aid of a suitable gauge, or set to reference a randomly
selected initial pair of adjacent teeth. If the instrument is adjusted to the specified normal base pitch of a
gear prior to commencing measurements, it can provide an observation of normal base pitch deviation,

fpbn (see 14.2).

Key

[EN

spring loaded

Figure 17 — Hand-held two-probe pitch measuring instrument

24
medsuring feeler

base circle

counter support

AW N =

anvil

Figure 18 — Base pitch measurement, two-probe device

The normal base pitch can be calculated by using Formula (1):

Ppn =M, TCOSOL (@8]
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where

pon is the normal base pitch, mm;
mp  is the normal module, mm;
an isthe normal pressure angle, degrees.

The two measurement probes of the device are oriented to contact adjacent tooth flanks within a base
tangent plane. In practice, this involves rocking the device through the possible range of contact of
the meaguring probe with the tooth flank while observing the measurement indicator. The obseryvdd
minimurp deviation of the indicator will occur at the point of contact corresponding with a base tahgent
plane. Itfis important to ensure that the points of contact of the probes do not lie in zones with profi|e
or helix modifications, especially when measuring deviations from the theoretical normal base-pitch.

The normal base pitch measurement device is applied successively to each pair of te€th with eagh
indicator measurement recorded. This process is repeated until every adjacent pair ©f-teeth has bedn
measured.

6.2.5 Radial runout measurement

Radial rynout is defined as the runout of the tooth space relative to the ddtum axis of the gear. It is eith¢r
measured directly by a single ball contacting the left and right flanks,of atooth space simultaneously

calculatgd indirectly from the measurement of pitch deviations separately on left and right flanks ar
the theoretical radial position of a ball in two flank contact. It may.alSo be determined by measurement
over a cyllinder or anvil (shaped like a single tooth of a mating rack) placed in the tooth spaces. Althoug
all thesg methods produce valid measurement results, it is\likely that these results will be slight
differeny because of flank form deviations, small differences in measurement position, and, when
cylinderljor anvil is used, averaging along the line of contact between the cylinder or anvil and the toot
flanks. Fpr non-symmetric teeth, the runout measurement process should be agreed upon between th
manufacturer and the purchaser.

O SuO< 5Tun =

The probing sphere or cylinder with an apptopriate diameter is moved inside the tooth space until
two-flank contact is realized. The diameter-of the ball or cylinder or the anvil size should be chosgn
to contaft at the measurement diameter~In cases where interference with the root diameter would
occur, a pall or cylinder with a flat sheuld be used. Depending on the device and the gear parameters,
the meagurement can be produced with or without a rotating table by means of an axis parallel prohe
or a starjprobe. In the case whertie a star-probe is used, it is necessary to always use an eight star-prohe
because jof the contact conditions. See Figure 19. The gear may also be rotated while supported by “Y”
blocks on the datum surfaees?
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The use of other methods, such as dual flank composite measurement, to estimate radial runout F;. does

not meet the requirements of ISO 1328-1.

a) Runout test with b) Runout test without
rotating table (four axis) rotating table (three axis)
and axis parallel probe with star:probe

Figure 19 — Radial runout measurement

6{2.6 Computer tomography methods for small gears

djmensional computer tomography (CT) using x-rays: The result is a cluster of 3D points. See H
far an example where pitch is measured in the transverse plane and four teeth are measured f
and helix on both flanks. The gear measuremeriit is executed in three steps. The surface of {
cluster (voxels) is determined first. In a second step, the datum surfaces are measured on

in) the same way as on a CMM. The difference is that the physical surface is not touched with a {
bpit instead the virtual calculated surface of the part is measured.

Very small gears, even those with module <0,1 mm, rhade of plastic or titanium can be measured with

igure 20
r profile
he point
h system

similar to a CAD system. Then the gear c@ordinate system can be established and the gear is measured

robe pin

Figure 20 — Small gear measured with computer tomography showing virtual traces on the

flanks

6.2.7 Optical devices for small spur gears

For very small spur gears, it is common practice to use optical devices. With image processing, the tooth
edge and the bore along the upper face can be determined. After an appropriate selection of measured
points, the standard gear profile evaluation can be executed. Intersection of a circle with the gear flank

contours gives the pitch points.
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6.3 Calibration of equipment

All measurement processes include random and systematic errors which affect the measurement
result. The likely size of the errors is estimated using simple statistical analysis to characterize the
process measurement uncertainty.

Methods of estimating measurement uncertainty are defined in ISO 18653. Also, ISO/TR 10064-
5 and ISO 22514-7 provide more guidance and examples for calculating measurement uncertainty.
The procedures are based around a comparison of measurements from a measuring process and a
comparison with calibration values from an accredited calibration laboratory. It is recommended that
all measfiring processes used for inspecting gears have measurement uncertainty evaluated and usgd
when considering compliance with tolerance specifications.

See 7.1 for recommendations on implementation and evaluation processes.

6.4 Tdoth thickness, differences between CNC/CMM and manual measurement

There are several methods for the manual measurement of tooth thickness. They all measure tooth
thicknesp indirectly and therefore tend to produce different values of tooth thieckness.

Commorn methods include:
— meapurement over or between balls or pins: this can be done on all buit very large gears;

— spar} measurement: it is often very convenient, but helical gearssmay not have sufficient unmodifigd
face[width for span measurement;

— meapurement over blocks (rack shaped artefacts): apprepriate blocks are required;

— aspegcial gear tooth caliper may be used where the gear outside diameter is used as the datum. With
this method, the distance from the outside diameter to the edges of the jaws of the caliper defings
where the normal chordal tooth thickness is measured. All of these methods have some uncertaintyy.
Howlever, a gear tooth caliper has additional'wncertainty due to its reliance on the outside diametgr
of thie gear, and the potential for slight rounding of the caliper tips giving false readings.

The manual tooth thickness measurement methods inherently measure in the normal plane at the
points of contact. With the exceptioft,of a measurement over one ball or pin to the datum axis or|a
chordal measurement that has bgen corrected to the radius from the datum axis to the tip of the
individugl tooth being measured, the manual measurement methods do not reference the datum axjs
and so d¢ not include the effect)of tooth radial runout.

Itis impqrtant to recognize the fundamental difference between tooth thickness measurement methods
that refefence the datum/axis and those that are independent of the datum axis. Measurements taken |n
relation to the datumxis determine the functional tooth thickness and can be used to directly predift
backlash. Therefare,'use of measurement methods that reference the datum axis can be advantageous to
closely cpntrol backlash. To predict backlash during the design stage, when specifying a tooth thickness
measurihg method that is independent of the datum axis, such as most of the manual methods, it |s
necessarly“to know the total composite tolerances of both mating parts. The total composite tolerancgs
may be estimated from elemental tolerances for this purpose, but such estimations introduce some
additional uncertainty.

On a CNC/CMM device, the exact position at the flank in the normal plane, relative to the datum surface,
can be probed, at least in principle. But in most cases, the pitch measurement points, which are in a
transverse plane, are used to determine the tooth thickness. In case of a helical gear, the points which
define the normal tooth thickness are not in a transverse plane but more in a normal plane. Starting
from the measured pitch points in a transverse plane, the tooth thickness points are calculated using the
unmodified involute flank, ignoring deviations like profile slope deviation, fijq, helix slope deviation, fyg,
and crowning plus all other surface deviations. The tooth thickness result is influenced in proportion
to the size of the deviations. Tooth thickness specifications should clearly indicate if the tooth thickness
value is in the transverse, normal or axial plane, and is a circular arc or chordal thickness.
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There are measurement strategies available on some CMM which allow the thickness measurement at
the correct positions in the normal plane but these features are seldom used.

When it is known that the only measurement of tooth thickness will be on a CNC/CMM device, then it is
best to just specify on the drawing the transverse circular tooth thickness and avoid mention of any of
the manual methods of measurement.

6.5 “In-process” gear measurement on manufacturing machines

ase when
the gears are large as they take a long time to set up. Furthermore, if the gear has to be re-worked, then
the measurement process will have to be repeated.

bme machine tools have an in-process measuring station mounted adjacent to the ¢utting tdol which
lows the gear to be inspected without removing it from the rotary table. See Figure 8. There are some
btential problems with this approach, for example, ensuring that the gear blankis correctly mounted
h the work table and is not distorted by clamping. But if it is used in conjunction with a conyentional
bar inspection machine, there can be significant benefits in terms of reduced process time. It is also
ceful for monitoring some aspects of grinding wheel performance.

c 09 O'T & Wn

However, it should be realized that since the measuring equipmerituses the same datum axis as the
manufacturing process, some deviations may not be detected. Mounting errors (radial runout of the
gear blank) will not be apparent in the measurement results and temperature effects can also cause
geometry deviations unless the machine can properly compensate to the reference temperature of
2P °C. Some measuring stations allow the measurement results to be adjusted by means of prpfile and
hilix geometry compensation by comparing measurements to those obtained from an ind¢pendent
nmjeasuring machine.

Ul

se of in-process measurement stations can be subject to agreement between the manufacturer and
the purchaser and should be calibrated with workpieces validated by a dedicated measuring machine.

616 Gear mounting

tlis necessary to mount the gear enthe measuring device in a way that allows access to all surfaces of
interest, i.e. the tooth flanks and the datum surfaces. The mounting should be stable to avoid rocking
bt it should also avoid a defermation of the gear by fixture forces. Naturally, a displacement of the gear
uhder probing forces is not permitted. In most cases, the gears are mounted between centrgs or in a
multi-jaw chuck.
M
a
\
a

. —

ounting in a multisjaw chuck: This type of mounting can be used for nearly all types of gears. On
chuck with fourjaws, rocking is often an issue. But also in the case of three jaws, rocking will occur
hen the contact'surfaces are not parallel to the gear axis. On ring gears with small wall thickness,
deformatign-can occur and will be visible from the radial runout and pitch measurement graphical
r¢sults.

Mounting between centres: This type of mounting is only usable for external gears. It allqws good
agcess to the bearings or reference surfaces; rocking or deformation is no problem. It is critical that
the centre of the tailstock cone is coaxial with the rotary table. Also, the centres on the part should
be coaxial with the datum axis. If the reference surfaces on a mandrel are used without further
mathematical alignment, then the parts may not meet required tolerance classification.

Mounting of large ring gears: A large ring gear with a relatively small thickness of the ring body will
bend under its own weight between the support points. Therefore, it is good practice to measure profile
and helix only above the support points.

Mounting of very long pinions: Some GMM use an upper support bearing on very long shafts;
however, care is required to ensure that the bearing does not introduce additional errors. For very long
pinions with no possibility for vertical mounting, the pinion can be mounted horizontally if appropriate
software and hardware are available for alignment and measurement.
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Gear datum radial runout correction: Many CNC GMM and CMM are equipped to measure and
compensate gear blank mounting errors on the measuring machine. It is recommended that the gear
mounting surface or bearing journal surfaces are used to define the datum axis. The required number
of data points to minimize errors caused by datum surface form deviations should be established by
testing.

6.7 Example output format from a CNC GMM

6.7.1 General

An exaniple result from a CNC GMM is provided in Figure 21 for profile and helix and Figure 22 f(Lr
pitch, rafdial runout and tooth thickness to illustrate some of the information that is required for|a
measurement and analysis. The figures also identify key information that can be used to analyse the
results. Other valid formats are frequently used.

24 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=d19b4f037f7fb548c9f87ba5d59f5d73

ISO/TR 10064-1:2017(E)
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Figure 21 — CNC GMM example result for profile and helix, with comments added
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PITCH, RUN OUT AND TOOTH THICKNESS RESULTS
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Figure 22 — CNC GMM example result for pitch and radial runout, with comments added
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6.7.2 Example evaluations of modified helices and profiles

An example result from CNC GMM for helix measurement with linear end relief is provided in Figure 23.
The measurement result has three evaluation ranges — the middle is an unmodified helix. Between
the end relief area and the unmodified helix, there is a transition zone. This zone is not considered in
the evaluation of either the unmodified helix or the end relief. It is needed to allow for manufacturing
tolerances on length and amount of end relief. Lack of a transition zone could change the evaluated
form deviation. The end of the evaluation length for end relief is indicated on both face sides (upper and
lower end of each trace) to avoid tooth chamfering influencing the evaluation results.

Figure 23 — Helix with end relief, evaluated with linear regression and transitional zones

gure 24 provides an example result from CNC'GMM for helix measurement with non-linear ejnd relief.
he measurement result has also three evaluation ranges—unmodified helix in the middle[and end
lief on both sides. A transition zone between the end relief and the unmodified helix is not frequired
bcause the non-linear end relief begins tangential to the centre portion of the helix. The eyaluation
bne ends before both face sides to~avoid an influence of the tooth chamfering on the evaluatipn of the
hd relief.

@ N o

Figure 24 — Helix with end relief, evaluated with parabolic regression and without
transition zones

An example result from CNC GMM for profile measurement with linear tip and root relief is provided in
Figure 25. The middle zone has an unmodified profile. As with the helix, transition zones are necessary
because of manufacturing tolerances in length and amount of tip and root relief. Also, the evaluation
length ends prior to the tip or root so that form deviation is not effected by tip chamfering or by start
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of fillet. Below the start of active profile, a certain profile length should be recorded to check that no
interference will occur when the tooth is in mesh.

Figure 25 — Profile of an external gear with linear tip relief, root relief and transition zones

An exanjple result from CNC GMM for profile measurement with non-lingar tip relief is provided In
Figure 2pb. The gear has two evaluation ranges—the unmodified profile-and the non-linear tip relief.|A
transition zone between the tip relief and the unmodified profile is not required as the start of the nop-
linear tip relief is tangential to the centre portion of the profile. Bélow the start of active profile, every
gear should have sufficient profile length recorded to check that'no interference will occur when the
tooth is in mesh.

7.1 Measurement procedure

Any gear measurement process can indicate deviations which appear similar to those introduced from
the manufacturing process. An example is radial runout of the gear blank or a tailstock alignment error
which can occur during manufacturing or during the inspection processes. The inspection results look
identical. Applying good measurement practice minimizes the risk from rejecting gears which would
otherwise comply with the specification or accepting gears which fail to meet the specification.

The procedures that follow apply to CMM, CNC, and GMM. Inspection devices integrated into machine
tools and portable inspection machines may require additional investigations to ensure measurements
are valid for the proper evaluation of the tolerance class.
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The following should be considered prior to gear measurement.

— Environment: it is recommended that the temperature of the measuring machine and workpiece
should be 20 °C, or results compensated to this temperature. In all cases, the workpiece and the
machine should be at a stable temperature. Temperature compensation should be used. Any
temperature gradient will affect the accuracy of profile, helix and tooth thickness measurement
and thus the validity of results. Refer to ISO/TR 10064-5 for guidance on temperature control
and quantifying the effect that temperature deviations have on measurement results. It is also
recommended that measuring machines are located in a clean environment to minimize the risk of
contamination and extend the measuring machine life.

— Calibration: it is recommended that the measurement uncertainty of the measuring| process
is assessed using procedures defined in ISO 15530-3 or ISO 18653 and recommendatiops in the
supporting document ISO/TR 10064-5. If measurement uncertainty is to be iconsiderpd when
interpreting compliance to a tolerance specification, the method of implerhenting this should
be agreed between the manufacturer and the purchaser. Different options are presented in
ISO/TR 10064-5. Also, see ISO 22514-7 for additional information and more)detailed procddures.

Formulae (2) and (3) should be used to calculate uncertainty; the€ uncertainty equgtions in
[SO 18653:2003 should not be used.

U95:k\/u12n+urzl+u§+u‘2,\,+e2 (2)

U95C=k\/ur2n +urz1 +e? (3)

See ISO 18653 for symbols and definitions.

—+ Measuring machine condition: tooling used: to mount gears (e.g. centres, drivers, etc.) should be
clean and free from damage. Indicators used to align gears (or the gear measuring maching) should
be calibrated and have a discriminatien of 1 um or better, and any location fixtures need tq be clean
and free from damage.

Recommended measurement procedure:

Check thatthe correct probe is selected and calibrated, that the probe tip is small enough tojmeasure
the required control diameter and is suitable for measuring the datum surfaces if requirgd. While
measuring the gear ‘teeth, the probe (or probe cluster when applicable) should not be fhanged.
The frequency of probe re-calibration depends on the measurement requirements and mgeasuring
machine type,

\mA

b) Check thatithe measuring machine has been calibrated within the prescribed period. The[machine
should_be-regularly verified with a gear artefact or master gear with a traceable calibration
certificate. The frequency of these checks will vary depending on environment, machine ¢ondition
and required measurement performance. Intervals of once per week for low volume up to once

per day for higher volume are commonly applied in industry. The date of each calibratign should
be recorded and made available to the purchaser. The required frequency of calibration ghould be

verified by testing with calibrated master gears or workpieces.

c) Clean the gear teeth and the mounting surfaces. Check to see that all the teeth were cleaned up
(properly machined) during the finishing operation, if appropriate. Verify the gear is free from
nicks, burrs or corrosion.

d) Itisrecommended thatthe gear be removed from any manufacturing fixture before final inspection
to avoid errors caused by radial runout of the gear blank on the mounting fixture.
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e) The proper selection of datum axis is important for accurate gear measurement. Unless otherwise
stated on the gear drawing, the datum axis should be defined by measuring the functional datum
surfaces that will define the gear orientation in service.

1) Measuring instruments with rotary tables: verify that runout of datum surfaces is small if
no correction for gear blank mounting errors is used (5 um or less for most applications) and
record the mounting deviation on the record sheet.

2) Measuring instruments with rotary tables and datum surface runout correction or measuring

instruments without a rotary table: define the datum axis by probing the datum surfaces (two
Fircular elements or a circular element and a transverse plane element]. It is recommenddd
that the minimum number of equally spaced points used be validated by testing because_the
Fequired number depends on the measuring machine performance and form deviations-of the
Hatum surface (see note following point j).

f) Meapure three or four teeth (left and right flanks) evenly spaced around the geai for helix and
profjle deviations. Measure profile deviations at approximately mid-face width and-helix deviations
at the measurement diameter, dy;, in accordance with ISO 1328-1.

g) Whdn the gear is manufactured by processes which are known to cause variation in helix deviations
with radial location or profile deviations across the face width, it is reeommended that additionpl
proffle and helix measurements be made to verify the constancy of:the“active gear flank over the
tooth range. The variations can be caused by manufacturing processes such as moulding process¢s
or fqrm grinding resulting in twist. The additional profile measdrements are often done near the
starf and end of the helix evaluation range, while the additiortabhelix measurements are done negr
the ¢nds of the profile evaluation range.

h) Meapure all teeth, left and right flanks, for cumulative pitch, adjacent pitch and radial runotyit
deviption (if specified) at mid-face width and at the nieasurement diameter, dy;, in accordance with
ISO 1328-1.

i) Evalpate all the results and compare them. to the limit values. If one or more parameters are
outsfide the limit values, the gear fails its toeth flank class specification. Guidance on measuremept
uncgrtainty and compliance with specification is provided in ISO/TR 10064-5.

j)  Addftional measurements such as topographical measurements on a single tooth or helix and
profjle measurements on all teethyare recommended when it is important to understand the causgs
of mpnufacturing errors or when developing a measurement strategy for processes likely to cauge
signjficant variation in flank deviations from tooth to tooth.

NOTE Many measuring {nStruments have options to define the gear datum axis by measuring the teeth
themselves either by measuping pitch (radial runout) deviations or tooth flanks. This is not appropriate fpr
defining gear classification/in accordance with ISO 1328-1 because radial runout effects are not included in t{e

evaluatioph. Therefore, Unless specifically specified on the gear drawing, do not establish the gear datum axji
from megsurementS'on the teeth. An exception is the measurement of splines where the teeth themselves are t
reference

7.2 Priobe problems when measuring aluminium parts

It has been observed that when measuring parts made of aluminium with a contacting probe or stylus,
particles may adhere to the probe tip which will affect results. One successful strategy to prevent this
is to spray the surface with oil before measuring, then clean the workpiece after the measurement.

7.3 Suitable artefacts for calibration of measuring machines

ISO 18653 recommends the use of “workpiece-like” artefacts which are artefacts that are similar to the
product gears to be inspected with the measuring machine. The artefacts are used for helix, profile,
pitch, radial runout and tooth thickness calibration purposes. These should be similar in size and
weight to make the calibration process similar to the product gear measurement process. Measuring
machines are commonly supplied with gear artefacts which are used to demonstrate the machine
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measurement capability. Although these can be used to assess measurement uncertainty, significant
differences between workpiece and artefact geometry reduce the validity of this process. Examples
of “workpiece-like” artefacts are illustrated in Figure 27 where the gear artefacts are identical to the
geometry of the workpieces.

a) Helical gear b) Spur gear

Figure 27 — “Workpiece-like” artefacts

—

t{is recommended that for verification of the measuring mdchine, gear artefacts with known d¢viations
nd similar surface finish to workpieces should be usedyIf not manufactured from stable tool fteel, the
hlibration interval should be selected to reflect the stability of the artefacts. See ISO 15530-3

oL

g Inspection procedures for gears that are too large for gear inspection
machines

8l1 General

I most cases, GMM or CMM are used to verify if gears meet the specified ISO 1328-1 classffication.
These may include portableSmeasuring arms or laser based equipment that is suitable for feven the
lqrgest gears. However, when inspection machines are not available for large gears, with agreement
between the manufacturer'and the purchaser, the criteria and measurement practices describgd in this
clause may be used.

2 Profileinspection using portable device

8/2.1 Disassembly of segments

though it is preferable to perform inspections on fully assembled gears, if the part is assemlbled from
s¢gments, it may be disassembled for measurements.

8.2.2 Measurement by portable gear inspection device using coordinates

Some of these devices are mounted with respect to the gear teeth, and thus they do not reveal deviations
from the datum axis. They measure the profile as a series of coordinates. The device should be
calibrated on parts that have already been inspected on a gear measuring machine. For transportable
devices, care should be taken in their mounting and adjustment on the gear to be inspected. Incorrect
adjustment will lead to abnormal profile slope deviations (fHe) (positive on one flank and negative
on the other flank). In this case, a check should be carried out by measuring the base pitch. Figure 28
illustrates a portable profile measuring device which is located on the tooth flanks.
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Repeatability should be checked and the measuring uncertainty quantified. Refer to ISO/TR 10064-5
for further information.

NOTE Some portable instruments do not measure profile and helix deviations relative to the datum axis of
the gear and thus, the effect of radial and axial datum runout deviations is not included.

©

Figure 28 — Close-up of profile measuring device fé\large gears

8.2.3 rofile inspection by gear tooth caliper N
O
The tota| profile deviation can be approximated using measurements taken with a gear tooth caliper

at severgl radial locations on the tooth (see Figures 29 30). The suitability of a gear tooth calip¢r
should tdke account of the reading inaccuracy of this d$/ice.

Since th¢ measured deviations are equally distributed on each of the tooth flanks, it is not possible to
accurately dissociate the actual deviations on e@n of the profiles.

oF
C)\\O
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Key

1| radial distance, hy

2 chordal addendum, h¢y

3| circular thickness, sy,

4| chordal thickness, scy

5[ measurement diameter, dy

6| effective (measured) tip diameter, d; eff

Figure 29 — Addendum and chordal tooth thickness

K

uvddd

=
lo o] { —U—I

Figure 30 — Gear tooth caliper

For a better interpretation of this inspection, it should be complemented by a measurement of the actual
base pitch. By comparing it with the theoretical base pitch, this measurement enables the profile slope
deviation, fHq, to be partly taken into account.

After converting the measurements to the transverse plane, the total profile deviation is calculated by
subtracting the theoretical value calculated for a design profile from the value of the chordal thickness,
and then by redistributing the deviation equally on the two flanks.
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It is recommended that for closer compliance with ISO 1328-1, the deviation should be multiplied by cos
(ayn) where (ayn) is the pressure angle at an individual inspection diameter.

The recommended minimum number of measurements is 12, equally distributed by involute roll angle,
¢, over a height corresponding to the evaluation length and taken at a constant axial position. The
following calculations should be performed using the measured tooth thickness of the gear.

The roll angles at the tip and start of active profile can be found with Formulae (4) to (8):

Zm

d=""n )
dosP
t
o, Stan ! {L““} (5)
cosP
dy = 'n L cos o, (6)
cosf
d
&, =[tan cosT1 b (N
aeff
d
Enr Ftan cos 1 2 €]
dyg
where
z is the number of teeth;

B is the helix angle;

d is the reference diameter, mm;

On is the normal pressure angle;

Ot is the transverse pressure angle;

dy is the base diameter, mm;

dyeff is the tip diametérmm;

dnf | is the startof active profile (SAP) diameter, mm;
€a is the rollangle to the tip diameter, radians;

Ene | isthe-roll angle to the start of active profile diameter, radians.

The différence between the roll qnolpc at the tip and start of active nrnﬁ]p is divided hv the desirdd
number of measurements minus 1, “then repeated subtraction from the roll angle at the tip diameter
will give the evenly spaced roll angles where the chordal measurements should be taken. These roll
angles can be converted to diameters using Formula (9):

d
dy=——2—— 9)

cos(tan_1 ?’;y)
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where

dy isanindividual inspection diameter, mm;
& Isanindividual inspection roll angle, radians.

The local helix angle, transverse pressure angle, normal tooth thickness, chordal addendum and chordal
tooth thickness can now be found for each inspection diameter shown in Formulae (10) to (15):

Bo=Tan— [d—vtanp (10)
R
1] d
0Ly =COS . d_b (11)
y
_ Sn - .
Syn =dy [dcos[_’) +invoy —invoy ]cosBy (12)
Syp COS
daeff —dy | COS ynd—By
y
hey = ; (13)
B 2
_ 2 [ Syp COS
Sey = (syn smBy) +| dy sin LR A (14)
y
Oy =tan"! {tanocyt cosBy} (15)
where

By isthe helix angle at an individual inspection diameter, degrees;

ayt is the transverse pressure angle at an individual inspection diameter, degrees;
snp  isthe normalcireular tooth thickness at the reference diameter, mm;

Syn is the normal circular tooth thickness at an individual inspection diameter, mm;
hcy is the€Xhordal addendum to an individual inspection diameter, mm;

Scy _“s.the chordal tooth thickness at an individual inspection diameter, mm;

Gyn is the normal pressure angle at an individual inspection diameter, degrees.

OnTarge gears, the difference between the normal and chordal tooth thickness is usually very small,
but it is recommended that the chordal tooth thickness always be calculated.

NOTE These formulae are only for external gears.
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An example of the calculations for chordal thickness measurements is presented in Tables 4 to 6 (input

values are highlighted).

Table 4 — Gear data

Symbol Value Units
Module Mmn 40 mm
Pressure angle, normal on 25°= 0,436 332 |radians
Helix angle B 0°=0,000 000 |radians
Number of teeth, pinion 134 —
Profile shift coefficient X 0 —
Table 5 — Calculations
Tooth thickness, normal circular |s, 62,832 mm
Reference diameter d 5360,000 mm
Transverse pressure angle ot 0,436 33 radians
Base circle diameter dyp 4.857,810 mm
Helix angle at dy By 0,000 000 radians
Table 6 — Results
dy Sy By ayt Syn hcy Scy
mm radians | radians | radians mm mm mm
Tip 5440 0,504 04
1 5425,83 | 0,497 53 0,00 0,461:67 31,68 7,13 31,68
2 5411,81 | 0,491 01 0,00 0,456 43 38,52 14,16 38,52
3 539794 | 0,484 50 0,00 0,451 17 45,17 21,12 45,17
4 5384,22 | 0,477 99 0,00 0,445 88 51,65 28,01 51,65
5 5370,65 | 0,471 47 0,00 0,440 57 57,96 34,83 57,96
6 535723 | 0,464 96 0,00 0,435 22 64,09 41,57 64,09
7 5343,97 | 0,458(45 0,00 0,429 85 70,04 48,24 70,04
8 5330,86 | 0,45193 0,00 0,424 46 75,83 54,84 75,83
9 531791 (0,445 42 0,00 0,419 04 81,45 61,36 81,45
10 5305,19)| 0,438 91 0,00 0,413 59 86,91 67,80 86,90
11 529248 | 0,432 39 0,00 0,408 11 92,20 74,16 92,19
SAP (\?2‘80 0,425 88 0,00 0,402 61 97,33 80,45 97,32
8.3 Inppection of helix form deviation
8.3.1 Inspection of helix form deviation on the gear cutting machine

For spur gears, this inspection may be carried out using a dial gauge mounted on the tool spindle
and linked to a continuous graphic recorder. The straightness of the slide should be checked with a
calibrated straightness measurement standard.

If the helix angle is not zero, the differential of the machine should be used.

The deviation is measured with a minimum of 10 equally spaced points on the evaluation length, Lg. It
should be evaluated with the helix form tolerance, ffpr.
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8.3.2 Straightness inspection using a cylinder

This inspection may only be carried out on spur gears.

A ground cylinder is used whose diameter enables it to be tangent to both the right and left flanks of a

tooth space. The flank-cylinder contact points should be approximately at mid-tooth depth.

The cylinder length should equal the face width inspected plus at each end sufficient length for handling

the cylinder.

The-edindricity-ofthe-eylindershou rar-approximately 10-96-of the heliscformtolery
Fprm deviation is assessed in relation to the mark left on the gear tooth by the cylinderpj
cpated with Prussian blue. The deviation values are measured using “precision feeler ‘gauges
1} between the cylinder and the gear tooth flank in the unmarked zones. The recommended 1
1ze of the precision feeler gauge is 0,04 mm.

wn =

8|3.3 Inspection of the tooth contact pattern

Cpntact marking tests provide a method of verifying helix consistenicy: When agreed bety
njanufacturer and the purchaser, contact marking tests can replace inidividual helix measuren

Ipspection of the tooth contact pattern should be carried out in aceordance with ISO/TR 1006

The tooth contact check should be done with single flank €ontact. This is often done by briy
gears into tight mesh contact, then separating them by a few millimetres.

Fpr the contact pattern check, three different roll tests.ean be done. In order of preference, the

- on gear cutting machine (GCM), fixed centre distance;

- with crane, pinion on top, roll check;

- with crane, gear on top, roll check.

o)

esults obtained through the three\different tests are practically equivalent.

ueing application: blueing is applied on the roughest surface (generally the gear).
ply blueing uniformly on the whole surface of both tooth flanks on a minimum of five consecut

ong these teeth, twe of them will be covered with a thicker coat of blue to help contac{
eyaluation.

st realization: A minimum of three teeth have to go through the gear mesh on both flanks.

st records: Documentation is done by use of transparent and self-adhesive plastic films.
applied.to the teeth and then transferred to paper. After application of the film to paper, the rd
be réeorded with a colour photograph for storage.

nce, fgT

eviously
" slipped
hinimum

veen the
ents.

k-4,

ging the

y are:

ve teeth.

pattern

Chey are
sult may

The helix form modifications and deviations of the pinion have to be known.

Small variations in backlash around the nominal value have no influence on the tooth contact pattern.

Typical tooth contact patterns are given in ISO/TR 10064-4.
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8.4 Inspection of the pitch

8.4.1 Calculation of pitch

The transverse base pitch is the length of the normal common to two consecutive corresponding
apparent flanks. It is also the length of the base circle arc between two points where these two profiles
touch the base circle.

T
Dot =dp — (16)

The normal and transverse base pitches are related by Formula (17):
Pon T Pbt €osPy, an

The actulal distribution of the load between the teeth of meshing gears requires appreopriate inspectidn

of the vafiation of the base pitch of the two parts making it up.

This is especially important when the parts should be interchangeable.

The theqretical value of the actual base pitch depends on the actual module and the actual pressure
angle. Sege Formula (18).

Ppn £ T My COSOL, (18)

NOTE Given the production deviations of the tip diameter of girth gears, inspection of the circular pit¢h
using a d¢vice that takes this diameter as reference is not advised, It is replaced by the base pitch inspection.

8.4.2 Inspection using an automatic device on the'cutting machine: inspection of the single
circular|pitch and the cumulative pitch deviation

Portable|automatic pitch inspection devices are two-probes pitch comparators (see Figures 9 and 16)

Measurejment of the pitch deviations usifiga two-probe pitch comparator should occur in a stress frge
and unclpmped state.

The two|probes should be positioned at the same distance from the gear axis and in the same planje
normal fo the axis (transverse plane). The direction of the probes displacement should be tangentipl
to the measuring circle. As the-exact radial distance is difficult to assess, such comparators are seldom
used to ¢heck the true values of transverse pitches. Thus, the most suitable use of these devices is the
determination of pitchdeviations.

Some pifch compardators are equipped with a table that advances the probes at a constant radipl
distance| approxitnately at mid-tooth depth.

The geaif unider inspection turns slowly, either continuously or intermittently around its axis, and the
probes on the table are moved in and out of the gauging position.

Based on the single pitch deviations, these devices are capable of calculating for each flank the
cumulative pitch deviation for one revolution.

Depending on the application, the cumulative pitch deviation can be measured for a cumulative pitch
number (k pitches) or for all the teeth. In the latter case, it advantageously replaces the gear radial
runout deviation, which is not representative of the gear action and is not a required measurement.
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8.4.3 Manual inspection: inspection of base pitch, py, and base pitch deviations, fb

In practice, a portable comparator is used for the measurement of the normal base pitch deviations. The
principle of such an instrument is shown in Figure 18. By using an appropriate gauge, the comparator is
calibrated to measure directly the deviations from a theoretical base pitch.

During the measurement of the base pitch, the contact points with the instrument’s probes should not
be located in zones where the profile and/or helix have been modified.

When the gear is manufactured in sections, pitch deviations should be measured across every joint in
afiditiom to measurements withim the sections:

The following relationship is used to convert to the standardized single pitch deviation, fj:

_ fpbt

= (19)
COS ¢

p

V;[hen a girth gear is made in several parts, it is recommended that the inspections be carried|out with
the part placed on a reference surface. This is to avoid introducing deviations, especially at the faces on
ther side of the joints.

D

Measurement of the base pitch deviation does not enable the“cumulative pitch deviati¢gn to be
dptermined.

8.5 Measuring tooth thickness

wn

be [SO 21771 for tooth thickness measurement calculations.

.6 Measuring gear radial runout and axial runout of reference surfaces

he radial and axial runout inspection of the'reference surfaces of the part is carried out on a cutting
achine before machining.

Fawings.

8
T
nj
The reference surfaces and diameter’are defined by the manufacturer of the gear and indicated on
d
Al

t the user’s request, these-same inspections may be carried out after unclamping the fixing dlamps of
e gear on the cutting machine.

-

The readings are given/for information purposes. The measured deviations should be less [than the
r¢quested toleranegs-after mounting on site.

Measurement analysis — Profile, helix, pitch and radial runout

9.1 «Profile

9.1.1 Profile deviation

Profile deviation is the difference between the specified and the measured profile of the gear. Unless
profile modifications are specified, the shape of the profile in the transverse plane is an involute curve.
ISO 1328-1 specifies the direction of tolerance for profile deviations to be within the transverse plane,
tangent to the base circle.

Amplified traces of the profile inspection test results should be presented on charts that are graduated
for rolling path length, degrees of roll, or diameters. They should also be labelled for magnification,
filter wavelength and number of evaluation points in conformance with the specification.

Any point along the profile diagram can be related to a diameter (radius), a base tangent length and an
involute roll angle. See Formula (9) and ISO 21771.
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Figure 14 shows a sample tooth profile and the relation to the corresponding profile trace, together
with the appropriate terms. Details of terms, definitions and concepts concerning the profile trace are
provided in ISO 1328-1. Figure 31 shows a typical profile inspection chart.

a
Cf Nf Fa
b
b
f g

‘J—HC( * o

Key
— measured profile Points on line of action

- - mean profile line Cr profile control
] | facsimile of design profile Ny start of active profile (SAP)
,,,,,,, | facsimile of mean profile line F, tip form, where€ tip’break starts

a tip

Figure 31 — Typical profile inspection chart

9.1.2 Profile deviation diagram

An unmgdified involute profile with no deviations will be charted as a straight line. Deviations pf
the curve from a straight line represent, insmagnified form, deviations of the actual profile from gn
unmodiffed involute. Profile modifications-introduced by the designer create the “design profile
which wiill also appear as departures frem the straight line, but these are intentional. It may also he
helpful tp chart deviations from design profile in addition to the traditional chart of deviations from gn
unmodiffed involute.
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Excess material on the profile is considered a plus deviation, while insufficient material is considered a
minus deviation (see Figures 32 and 33). In addition, these charts are valuable for determining profile
characteristics such as tip break, undercut and tip or root relief.

b)-Internal gear

Ky

i ¢t - ____ _x design tooth shape, unmodified involute
2| root —  .~Y  measured tooth shape

3| left flank

4| right flank

5| tooth cross sections

6| profile charts

Figure 32 — Gear with excess material at tip (decreased pressure angle)

911.3 Evaluation of profile diagrams

Dlepending on_{lank tolerance class specified, it may only be necessary to measure totdl profile
dpviation, Fy.See 1SO 1328-1:2013, Clause 4.
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The profile slope deviation, fijq, and the profile form deviation, ffy, are determined by superposing the
mean profile line onto the diagram as shown in ISO 1328-1:2013, Figures 4 to 8. Allowable values of f{j«
and ffq can be calculated in accordance with ISO 1328-1.

b) Internalgear

Key

T tp ! __ desigh tooth shape, unmodified involute
2 root _ _easured tooth shape

3 leftflank

4 rightflank

5  tootl cross sections

6  profile charts

Figure 33 — Gear with.minus material at tip (increased pressure angle)

9.1.4 Igebraic signs of fi4,fb and fy

For the proper interpretation of measurement results, it is necessary to define algebraic signs to the
deviations and calculate’numerical values.
fa is the dlifference between the actual pressure angle and nominal pressure angle.

fb base c|rclé deviation is the difference between the actual base diameter and nominal base diametef.

According ' [ rmed | a Tt [Tesponding
pressure angle deviation, fa, is termed negative when the mean profile line rises towards the tooth-tip
end of the diagram, as shown in Figure 32. In Figure 34, both positive and negative slopes, caused by
eccentricity of mounting on the gear generating machine, are shown.

If the slopes, seen in the profile diagrams of mating gears, are equal and have the same sign, the
deviations are mutually compensating. This applies to both external and internal gears.

9.1.5 Mean profile slope deviation, fjjqm

Slope deviations of individual profiles can be caused by eccentricity due to inaccuracies of manufacturing
or inspection set-up. Such deviations will vary around the gear. The use of mean profile slope deviations
cancels out the influence of eccentricity on individual profile traces.
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The effect of eccentricity on profile slope and the determination of mean profile slope deviation are
illustrated in Figure 34.

Calculating the mean profile slope deviation is a step towards the correction of manufacturing
processes or other suitable action.

For all practical purposes, it is usually sufficient to calculate the arithmetic mean of the profile slope
deviations by calculating the average of the deviations measured on three or more corresponding
flanks of equally spaced teeth around the gear circumference according to Formula (20):

4

friom ==(fHo1 + fraz ¥+ fHon ) (20)

T
n

where

fHam is the mean profile slope deviation, pm;

fHai are the individual profile slope deviations, j can have values from 1 to n, pm;

n is the number of profile slope deviation values included in the\mean.
. A B E
S + =4--1
W T
1 — = -
T
W
° | +
““’NT_(Y- A< SR YY)
Z
2

)] +
" 7_ — —aaS - L~ 3
1 L,

LAE

fHom :%(—11,1—6,6+5,7)=—4 um

Key

M axis ¢ofirotation of the gear on the machine tool

I axis(of rotation of the gear on the inspection apparatus
C position of tool or profile measuring probe

1

2,3 positions of the teeth from which the profile traces were obtained (at 45°, 165° 285°) andl relevant
profile traces

Figure 34 — Mean profile slope deviation, fijom

9.2 Helix

9.2.1 General

Helix is the lengthwise shape of the tooth flank across the face from one end to the other. The theoretical
helix of a helical gear is contained on the surface of a cylinder concentric with the datum axis at the
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intersection of that cylinder with the tooth flank. The theoretical helix of a spur gear is a straight line
parallel to its rotating axis.

Helix deviation is the difference between the specified and the measured helix of the gear (see
Figure 35).1S0 1328-1 specifies the direction of tolerance for helix deviation to be within the transverse
plane, tangent to the base circle.

Key
1 meadured helix
2 design helix

Figure 35 — Helix deviation

9.2.2 Helix deviation diagram

An unmgdified helix with no deviations will be charged as a straight line. Deviations of the curve from
a straight line represent, in magnified form, deviations of the actual helix from an unmodified helii.
Helix mqgdifications introduced by the designer.éreate the design helix; they are intentional departure¢s
from thelunmodified helix. It may also be helpful to chart deviations from design helix in addition to the
traditional chart of deviations from an unmedified helix.

Excess material on the helix is considered a plus deviation while insufficient material is considerqd
a minus |deviation. In addition to identifying the location and magnitude of the helix deviation, thege
charts ate valuable for determininghelix characteristics such as edge rounds, crowning, and end religf.

Referende to right hand and’left hand helices can be indicated by means of the letters “r” and “1” or the
symbols|+ and -, respectively.

In Figur¢ 36, a typical'ekample of a helix diagram shows the helix deviations of a tooth flank of whigh
the design helix is-an unmodified helix. Had the design helix been crowned, end relieved or otherwige
modified, tracesxepresenting it would be appropriately formed curves.
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A
A 4

i measured helix
e mean helix line

N IO _ facsimile of design helix

I facsimile of mean helix line

Figure 36 — Typical helix inspection chart

Dletails of terms, definitions and concepts concerning the helix trace are provided in ISO 1328-.

The helix evaluation range, Lg, unless otherwise specified, is equal to the length of trace, rgduced at
efich end by the smaller of two values: 5 %, of the face width or the length equal to one module. This
r¢duction is made to ensure that unintentiohal, slight end reliefs caused by some machining cgnditions
are not normally included in the assessment of the deviation magnitudes intended for corpparison
ith stringent tolerances. For assessmient of the total helix deviation, Fg, and the helix form deviation,
fip, excess material which increases:the amount of deviation should be taken into account even if it is
itside the helix evaluation range:

s

]

9/2.3 Evaluation of helix diagrams

Diepending on the class specified, it may only be necessary to measure “total helix deviation[, Fg. See
140 1328-1:2013, Clauise 4. For flank tolerance classes 1 through 6, it is also mandatory to |evaluate
tme “helix slope deviation”, fyp, and the “helix form deviation”, fgg. For this, it is necessary to syiperpose
the “mean helixline” onto the diagram as shown in ISO 1328-1:2013, Figures 9 to 13. For rgference,
130 1328-1:2013, Figure 9 is reproduced here as Figure 37. Tolerance values fypr and frgr can be
hlculatediin accordance with ISO 1328-1.

[e)
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I 11 1 11
_ _ - 0
@ T~ - q-\“\ o
=Y T~ \ )
~..
....... L ~..
L
I B | B |
b b
Key
b face yvidtir ——————measuredehx
Fg totalfhelix deviation . facsimile of design helix ?<\
fig helixform deviation _ facsimile of mean helix line .(19
fup helix/slope deviation ,'\ :
Lg helixlevaluation range Q@b‘
I  referpnce face Q
I non-teference face Q,
Figure 37 — Helix diagram s\\c“)
& O
9.2.4 Algebraic signs of fijg and f3 \QO

Helix angle deviation, fg, is the difference between actual heli@ngle and specified helix angle.

Z
Helix slope deviation, fyg, and the helix angle deviation’,@ are to be reported with an algebraic sig
Helix angle deviation, fg, is calculated in a manner simi.@r to mean helix angle deviation, fgm (see 14.4.7

=

-

Figu

Figure 39 — Spur gears showing plus and minus helix slope deviations, fjig
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Figure 40 — Left hand helical gears showing plus and minus helix slope deviations, fyg

cording to ISO 1328-1, for helical gears, deviations are deemed to be positive (fyg >-0"an

hen the absolute values of the helix angles are larger than the design helix angle, and negat
sinaller. The helix slope deviations of spur gears are deemed + (positive) if the meastired heli
hhnd and - (negative) if left hand. See Figures 38, 39 and 40.

NOTE In the past, the helix deviations of spur gears if other than zero were indicated by the subs
and “1”, instead of an algebraic sign, implying deviations in the sense of right or left hand helices, respec

Ig Figure 42, both positive and negative slopes, caused by eccentricity‘\or wobble due to moy
the gear generating machine, are shown.

f
1

et

the helix slope deviation, fyg, (assuming equal evaluation ranges) of the corresponding flanl
ating gears is equal in magnitude and algebraic sign, the deviations are mutually compensat

fHﬂ» f— fHEF |[«— fHE»l |— fH 4 |—
£ O 3 -
< 2 " |a + - >'+ =0 [+ —| +
K |
h 4 A d N
0°(360°) 90° 180° 270°

Figure 41 — Traces generated from four tooth flanks

2.5 Machine corrections based on mean helix slope deviation, fipm

br correction of machine tool settings or for matching the helix with a mating gear in a matd
pternijnation of the mean helix slope deviation, fgm, of the gear is useful. If the helix slope d

 fg > 0)
ve when
K is right

“«_.n

cripts “r
tively.

nting on

ks of two
ng.

hed pair,
bviations
b correct

re-either random or are fairly consistent, then the mean helix slope deviation may be used t

gears where one has been manufactured and inspected, then the mean helix slope deviatio

if mating

n may be

used to adjust the manufacture of the other gear in the set. This will result in improved contact between
the gears without the need to make corrections to the previously finished gear. Note that ISO 1328-1
does not apply to matched gear pairs.

If the helix slope deviation, fyg, varies in a regular pattern around the circumference of a helical gear,
then the datum axis of the gear was probably tilted, offset, or misaligned relative to the machine axis
during either manufacture or inspection. See Figure 41. Tilting affects spur gears in the same manner,
but offset (eccentricity) does not.

Eccentricity: The variation of helix slope deviation caused by eccentricity (if within specified limits)
is not normally detrimental to the operation of the gear.
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— Tilting: Variation of helix slope deviation caused by misalignment of the gear teeth relative to the
datum axis may affect the proper functioning of the gear. Tilting leads to poor load distribution. The
helix slope deviations will cause the centre of contact pressure to shift axially back and forth with
each revolution. This can, in turn, cause gear tooth damage. Therefore, attention should be drawn
to this condition even if the deviations are within tolerance.

The mean helix slope deviation, fygm, is calculated by averaging the helix slope deviation, fyg, observed
on the corresponding flanks of three or more teeth equally spaced around the circumference of the

gear. See Formula (21).

1
fHBm:;(fHBl +fHB2+"'+fHBn) 2D
where

fupn{ is the mean helix slope deviation, pm;
fupi | are the individual helix slope deviations, j can have values from 1 to n, um;

n is the number of helix slope deviation values included in the mean.

A suitalilce mean value can be obtained from the helix diagrams of«corresponding flanks of two
diametrically opposite teeth. However, if the helix slope deviations varyaround the gear, this will npt
always be disclosed unless traces of at least three equally spaced flaiiks are obtained.

9.3 Pifch

9.3.1 Pitch deviation

Single pifch deviation (fp) and total cumulative pitch.deviation (Fp) are elemental parameters relating fo
the accufacy of tooth locations around a gear. The following is a description of the measuring methods
and a gujde to the interpretation of the data generated by the measuring devices.

9.3.2 itch deviation measurement
Measurgments for determining single' pitch deviation (fp) and total cumulative pitch deviation (F})
are mad

— in the specifieditolerance direction (within the transverse plane along the arc of the measurement

ents made in other directions need to be adjusted so that they are equivalent to
ents in the tolerance direction. This adjustment should be made before comparison of teft
results to tolerances.

Sector pitch deviation (Fpk) is an optional parameter described in ISO 1328-1:2013, Annex D.
Measurements of sector pitch deviation are also expected to conform to the above requirements.

Pitch should be measured on both left and right flanks.

9.3.3 Relationships of pitch parameters and measuring methods

The relationships of pitch parameters using different measuring methods is illustrated in Figures 42 to
44.
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Tooth number 1 |2 |3 |4 |5 |6 (7 (8 (9 (10 |11 |12 |13 |14 (15 (16 |17 |18
Single probe 0 (3 |4 (7 |8 |7 (4 |2 [0 |-3 |-7 (-9 |-10 |-11 |-10 |-7 |-4 |-2
readings, right

flanks

Cumulative pitch 0 (3 |4 (7 |8 |7 (4 |2 [0 |-3 |-7 (-9 |-10 |-11 |-10 |-7 |-4 |-2
deviations

Pitch number 18 |1 |2 |3 |4 |5 |6 |7 (8 (9 |10 |11 |12 |13 (14 (15 |16 |17
Single pitch 2 |13 11 |3 |1 |-1|-3|-2|-2|-3 (-4 |-2 |-1 |-1 |1 3 3 2
deviationsss

(calculated)

Z

ODTE 1 In practice, integer values are seldom encountered.

=z

PTE 2 Maximum magnitude of f,; and minimum and maximum values for cumulative pitch deviations
e shaded.

[o5)

Figure 42 — Sample table with hypothetical deviation values obtaiited by indexing (single
probe) device

10
6
g 2 — = . ,
Egllllﬁliu—.ullﬂlll |ﬁL_.._:'_"HI_'_'_
= Sl
S -6
-8
12
1 2 3 4 5 6 7 8§ v9 10 11 12 13 14 15 16 17 18
Pitch number
Figure 43 — Sample graphic representation of single pitch deviations, f,
12
10
8 .
g " i ]
= S—H_H_ i = — : :
-2 3 b & — — 3 7 R
3 HHHE
-8 = 3 : : =
-10 i

-12
i1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Tooth number

Figure 44 — Sample graphic representation of cumulative pitch (index) deviations

9.3.4 Calculation of cumulative pitch (index), F,

If the indicator always reads plus material as a plus reading and the gear is indexed counter-clockwise
(teeth are numbered clockwise), then the right flank measurement values provided by the indexing
(single probe) pitch measurement device can be used directly as the plus and minus values of index
for each tooth of the gear (see Figure 42). Left flank single probe measurement values should be
multiplied by -1 to produce the correct plus and minus index values. Other pitch parameters may then
be calculated from that data.
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9.3.5 Calculation of single pitch, f;;

Individual single pitch deviation values, fpi, are the differences between adjacent index values.
Subtraction of each successive pair of index values produces the values of single pitch deviation for each
adjacent pair of tooth flanks of the gear. See Clause 5 for specified tooth numbering, pitch numbering,
and flank naming conventions.

Single pitch deviation value number 1 is equal to the index value of the last tooth subtracted from the
index value of the first tooth. Single pitch deviation value number 2 is equal to the index value of the
first tooth subtracted from the index value of the second tooth, and so on.

9.3.6 alculation of total cumulative pitch deviation, F

The tota] cumulative pitch deviation, Fy, is equal to the difference between the most positive-and the
most negative index value for the complete gear. See Figure 45.

0 k
8 T o
6 I\
4_ £ A\
2 I I I I Fp4 CAa
=0 L - - ]
- ; 1] [
-4 p = 5
_6 <)
_8 NN\
10 A1° 12 13 15 16

1 2 3 4 5 6 7 8 9 14 17 18

Flank number

Figure 45 — Cumulative pitch, Fj,, and sector pitch over four teeth, Fp4

9.3.7 (alculation of sector pitch deviation, Fx

Calculatjon of the sector pitch deviation, Fpk, is presented in ISO 1328-1:2013, Annex D. An example for
Fpk is shgwn in Figure 45 where subscript k is equal to four.

9.3.8 $egment gear measurement

A gear i3 called segmented if it consists of a single segment or if one or several teeth or spaces afe
missing.|The effect_outhe pitch evaluation is best explained by an example. Consider a gear with 40
teeth anfl one missing tooth, tooth number 10. The pitch is measured in a clockwise order. Obviously,
the cumplativespitch has no value on tooth 10. But the individual pitch has no value at tooth 10 and
tooth 11| That’is because tooth 11 has no preceding tooth to calculate the difference. The adjacent
pitch hag thxee missing values because it is created out of the differences of individual pitch deviationis.
Therefore—frdivi . . e - : dp
deviation, fpj, has no value at teeth 10 and 11, and individual adjacent pitch difference, fy;, has no value
at teeth 10, 11, and 12.

On special gearing where each second tooth is missing, no fp; and no f,i values can be calculated at
all. Such gear has only Fp; values. To get information about the behaviour in between the teeth, the
parameters fp2i and fy2i can be created, which means that only every second tooth is used.
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9.4 Radial runout, determining eccentricity

9.4.1 Measuring principle

Relative to the gear reference axis, the radial runout, Fy, of gear teeth is the difference between the
maximum and the minimum radial positions of a suitable ball, anvil, cylinder or prism, which is placed
successively in each tooth space.

If a ball, cylinder, or anvil (a piece shaped like a single tooth of a mating rack) that contacts both sides of
atooth space is used, the tolerance in 1ISO 1328-1 may he applied

Allternatively, radial runout, Fy, may be calculated from left and right pitch measurements on'q CMM or
GMM, provided the probe diameter contacts at the measurement diameter specified onthe dragwing.

The size of the item used for the measurement should be selected such that it contacts the|tooth at
approximately mid-tooth depth and it should be placed at mid-face width (s€e ISO 21771 for the
cqlculation of ball diameter).

9{4.2 Evaluation of measurement

9(4.2.1 Radial runout, F;
The radial runout, Fy, is referenced to the datum axis and is equdal to the algebraic difference beteen the
maximum and minimum values of the radial deviation measured in accordance with ISO 10064-2:1996,
53. It is composed of roughly twice the eccentricity, f, tegether with superimposed effects of pitch and
profile deviations of the gear (see Figure 46).
18
16
14
12
10
Hm
6
4
2
0

12 3456 7 891011121314151617

Tooth number

Figure 46 — Radial runout diagram of a gear with 16 teeth

9.4-2-2— Eccemntricity, /¢

A diagram showing measured radial runout is shown in Figure 46. The sinusoidal component of the
curve roughly drawn by hand or calculated by the least squares method indicates (in the plane of
measurement) the eccentricity of the teeth to the reference axis by an amount fe. When the runout is
caused mainly by eccentricity, then the maximum pitch deviation is approximately 90° + o on the left
flanks and 90° - at on the right flanks from the high point of runout.
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10 Interpretation of profile, helix, pitch and radial runout results

10.1 Interpreting measurement results

The mea

surement of profile, helix, pitch and radial runout provides data that can be used to identify

the potential causes of the measured deviations. Before diagnosing a manufacturing problem using
this information, it is vital that potential sources of measurement error are eliminated. For example,

measure
same as

ments which show radial or axial runout merely indicate that the measurement axis is not the
the production axis and can easily be caused by an error in the measurement set-up. Careful

control 3
before rg

10.2 Pr
The folld

results. |
a) Use
radi
b) Heli
1y
2)

c) Pitclh and radial runout/deviation visual examination:

1y
2)

3)

TId TITEAS UTETETTt Of IO UITtiNE EITorS aid Simply TeMoving the gear fronT its mourtting fixture
peating the inspection will provide confidence in measurement results.

ocedure for interpreting measurement results

wing procedure provides a robust method of evaluating and interpreting gearmeasurement
xamples of measured deviations are provided for guidance.

hll the information available to diagnose the cause of the deviations (heliX, profile, pitch and
h] runout deviations and tooth thickness).

k and profile error visual examination:
Review all teeth measured (left flanks and right flanks).
[Use slope parameters to detect trends.

) Generally consistent slope deviations between“the measured teeth at regular interva{is
indicate the same manufacturing error is présent on all teeth and thus, the tooling o¢r
setup is the predominant cause of deviations. Example error sources include alignmert,
tool setting or dressing errors, re-grinding faults on hobs and shaping cutters, cutting topl
runout, temperature effects, elastic deflection from cutting forces, mould cavity errors
due to shrinkage or cavity shape exfors.

i) Deviations that vary from teoth to tooth in a cyclic manner over measured teeth at
regular intervals are generally due to blank mounting errors, in the case of machine cfit
gears. Example error sources include axial or radial runout of the blank on the productign
machine (or measuring\machine), radial runout of the teeth and gear blank from previoys
operations, mould dayity concentricity errors, mould shrinkage variation.

Review all the@vailable evaluated parameter values and deviation charts.

FExamine the shape of the deviations. Smooth sine waves are generally caused by radial runofit
br concentricity errors during either final machining or measurement process.

Review the phase of the high points on the cumulative pitch deviations.

4)

) If the high points of the sine waves are out of phase by approximately two times the
transverse pressure angle, then the deviation is likely to be due to blank radial runout.

ii) If the high points are in phase, the deviation is due to an indexing error on the
manufacturing machine spindle or from the previous operation when checking shaved or
honed gears. Examination of radial runout deviation should show no significant sine wave
once per revolution error in this case.

Review the cumulative pitch deviation charts to identify repeating patterns of pitch deviations

that may cause excessive noise. The deviations may be within tolerance but still cause excessive

52

noise and vibration in service. Possible causes of repeating pitch deviation patterns include
multi-start hob errors, spindle drive errors or grinding wheel dressing errors.
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10.3 Recognition of common manufacturing errors

10.3.1 General
The following examples illustrate common manufacturing errors and discuss the potential causes of

error both from manufacturing and measuring processes. The results are from measurements taken on
actual gears and thus, they are typical of what is seen in a production environment.

10.3.2 Example of a profile with pressure angle deviation

Ekamination of the left and right flank profile deviations in Figure 47 shows a consistent erjror from
r¢ot to tip indicating minus metal at the tip. The mean left flank profile slope deviation fyim is +23,1 pm
nd varies between -22,4 pm and -23,5 um. The mean right flank profile slope deviation fHum is
—-P4,4 um and varies between -23,8 um and -24,7 um. Consistent profile errors indicate they aile caused
by a common error source. 14.3.1 provides a method to calculate the deviation(in"base diameter and
pressure angle deviation from the mean deviation, fHum-

o)

IS0 1323L left flank PROFILE right flank

Tip
20 i
pm

Va500:1 |

—113.85
—T113.8

Root

g —=t=108.23
23 16 8 1 Tooth 1 8 16 23

Act.value [pm] Quallty Lim.value Qual. Act.value [pm] Qualit
£Hom =23.2 9 V_ M -24.4 10 V. 0.9
fHo -22.4 ~23.3 -23{1 F23.5 9| +8.5 6 B.5 6[-24.6 -24.7 10|-24.3 ~23.8
Fo 22.5 23.5 ZNS 23.5 8B 13 6 13 6|24.5 8| 24.5 24.2 23.7
ffo 1.8 1: 9 1.7 139 & 10 6 10 6 1.2 0 1.2 1.1 Dol

Figure 47 — Consistent profile slope deviations

The most likely cause is a tooling problem. For machine cut or ground gears, this could be an error in
dressing the grindingheel or hone. For hobbing or shaping processes, it could be caused by|an error
in cutting tool mantfacture or an error when the tool is re-sharpened. In moulded gears, this could
indicate an errorfn the mould cavity caused by the manufacturing process or shrinkage as|the gear
cpols. Measurement errors can also cause this effect. Programming of measuring instruments with
the wrong medule or pressure angle or selecting the wrong size base disc on manual instrumlents will
cquse these errors. Temperature errors will also affect the profile slope deviations in this manpner (see
[§0/TR.10064-5 to quantify these effects).

Examination of the left flank profile deviations in Figure 48 shows a varying profile slope deviation
between four teeth measured at 90° intervals. The mean left flank profile slope deviation fHqm is
-0,3 um and varies between -7,9 um and +6,1 pm. The mean right flank profile slope deviation fHam is
-1,9 um and varies between -8,2 um and +3,9um. The mean profile deviations are small and thus, the
tooling errors and tooling runout are not the primary fault here. The deviations vary and thus, the most
likely cause of the deviations is radial runout of the gear blank. The radial runout effect varies cyclically
around the gear depending on the phase of the runout with respect to the four teeth samples randomly
at 90° intervals. What cannot be established is whether the runout occurs from the measurement
process or the manufacturing process. All that is clear is that there is a difference between the
measurement axis and the manufacturing axis. Careful measurement and verification of runout of the
datum axis will eliminate the measurement process from this. Note that radial runout or incorrect
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datum axis definition on measuring instruments has the same effect. With traditional mechanical base
disc instruments, runout of the base disc has the same effect as radial runout of the gear, and thus this
should also be checked.

1s0 1328{ left flank PROFILE right flank

Va2000:1|

Vb4 :1

25| [E
mm

Root

23 16 ak Tooth 8 16 23
Act.value[pm] Qualit Lim.value Qual. Act.value [pm] Qualit
fHom -0.3 0 V 14.0 o T ) V' 1210
fHo 0.1 7.9 6] 0.6 6.1 8.5 6 8.5 6 3.9 2.2 -8.2 6 5.4
Fo L7 842 B| L7 6l 13 6 13 6| 4.2 2.6 8.3 5| 5.4
ffa LT 1.8 1.6 1.6 10 6 10 6 dzi 1.2 0 1.2 1.%

Figure 48 — Example of varying profile slope deviation

10.3.4 Hob runout or shaping cutter deflection

Examingtion of the profile deviations in Figure 49 shows thatthe mean left flank profile slope deviatign
fHam is 40,8 pm and varies between +5,8 um and -6,2 pmcwhile the right flank mean fyqm is -7,3 umn
and varips between -3,2 pm and +15 pm. The form of these deviations is consistent between left and
right flapks and is the predominant deviation. The déviation is the same for four teeth measured ft
90° integvals and thus, radial or axial blank runouts not contributing to this deviation. If the sanje
deviationf is present on all teeth, tooling related, problems are the most likely cause. In this case,|a
e
e
ht
b
e

hobbing |process was used to make the gear. Errors in manufacturing the hob could cause this profi
deviation and the cutting tool should be measured to verify that it is not at fault. However, an accurat
cutting ool (hob) mounted with excessive radial runout can also cause these deviations. Note th
differendes between left and right flank deviations generally result from the combination of the hd
(axial anld radial) runout deviatiops that are resolved differently because of the pressure angle of th
tool flanks. Other causes of this type of deviation include variations in elastic deflection of the hob shalft
during the cutting process. Shaping cutters may also show this type of form deviation due to variatign
in deflection of the cutter shaft.

180328 left flank PROFILE right flank

Tip
2001 i
pum

Va500:1 i

Root p=t=108.10
23 16 Tooth at 16 28

Act.value[pym] Qualit Lim.value Qual. Act.value[pm] Quality

£Ham 0.8 0 v 12.0 =7..3 B Vi 1448

fHa 5.8 5.0 6.2 6| =1.6 +8.5 6° 8.5 6| =4.8 Plae0 B)=6.3 =32
Fo 51.4 14 50.6 45.1 46.2 13 B 13 6] 32.6 42.8 10/ 33.3 355
£ffa 49.2 50.5 11 46.1 46.8 10 6 10 6[34.2 38.5 10| 35.5 36.6

Figure 49 — Example of effect on profile of either hob radial runout or deflection of the hob arbor
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10.3.5 Consistent mean helix slope deviation

Examination of the left and right flank helix deviations in Figure 50 shows a consistent slope deviation
across the face width. The left flank shows plus metal at the end marked “top” on the deviation chart
and the right flank shows minus metal at the same end. Deviations from a vertical straight line are
deviations from the helix. The mean left flank helix slope deviation fygm is -34,4 um and varies between
-32,1 pm and -36,1 um over the four teeth spaced at 90° intervals. The mean right flank helix slope
deviation fygm is -35,2 pum and varies between -32,0 pm and -37,2 um over the four teeth spaced at 90°
intervals. The helix deviations are consistent, which indicates they are caused by a common error source
t each tooth equally spaced at 90° intervals. 14.4.7 provides a method to calculate the deviation in
elix angle from the mean slope deviation, figm. The primary error is a consistent mean slopg deviation
1t the small variation in slope is consistent with axial runout or wobble during manufacturing or
easurement processes.

5 oo o

@ left flank LEAD right flank ®

Top . - 2
i —+ 8.
20 L |
pm |0
Va500:1
LS =
—1—10.00
Vb4:1
_
mm —T—2,00
4
Bottom Toa oo

N:Z 23 16 8 1 ToOER 1 8 16 23

£HRm -34.4 1 V 4.0 -35.2 11 N B2
£HR =333 w36l -36.1 11[-32.1 RWEI6 7.5 6|-32.0 35.8 37.2 11-35.7
FR 26.4 28.9 28.9 9|25.4 id 6 14 6| 25.4 28.3 29.5 9| 28.4
| ££8 0.4 0:5 0 0.4 0.4 #.5 6 7.5 6| 0.4 0.4 0.5 0| 0.4

Figure 50 — Example of a helix deviation with consistent mean slope deviation

he mean helix deviation could bé.caused by an alignment error in the manufacturing |[machine
dilstock, wrong helix programmed or a fundamental axis alignment error. Helix deviations|can also
e caused by temperature deviations (see ISO/TR 10064-5 to quantify temperature effects). Measuring
achine alignment errors, helix specified or temperature effects during measurement can havie similar
fects. The risk of these/occurring is minimized by routine alignment tests and the use of calibrated
tefacts to verify measuring machine performance.

o -

o5 o

[y

0.3.6 Helix slop@variation

Ekamination-of the left and right flank helix deviations in Figure 51 shows clear variatior| in helix
slope deviation of around 19 pm (left flank) and 16,4 pm (right flank) over four teeth spac¢d at 90°
ntervals. The mean helix deviations are very low, around 2 pm. The primary error is the vagiation in
slopé.deviation and is commonly caused by axial runout (sometimes called swash error) duriphg either
taue manufacture or measurement processes. This can also be caused by radial runout in helifal gears
because of the different angular position of the tooth across the face width. Careful control of radial
runout in the measurement process will minimize the risk of this occurring during measurement, but
the selection of the wrong datum surfaces for defining the measuring datum axis will cause similar
deviations. Again, it is the variation in results which show this is caused by blank mounting errors.

—
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® left flank LEAD right flank ©)
Top : —— 2000
IE —+ 18.00 =l
5
pm [ i
Va2000:1
A+ - gl
——10.00
vba:l | |
25| &
mm‘ 7 T 1 T —t—2.00:
Bottom =000 T T
N:Z 23 16 8 1 Tooth ik 8 16 23
£HBm -1.5 2 vV 19.0 -1.0 1 V 16.4
£HE 10.2 7| -3.4 8.8 -1.0 7.5 6 7.5 6| -6.3 8.1 2.4 8.3 7
FR 8.3 6| 2.6 7.d 0.8 11 ®& 44 6| 5.1 6.5 2.0 6.8 5
|z£= 0.5 0.5 0] 0.4 0.4 7.5 6 7.5 6| 0.4 0.3 0.4 0.5 0

Figure 51 — Variation in helix deviation
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profile deviations are consistent on four teeth spaced at 90%intervals (both left and right flanks) an
thus, thelcause is likely to be a set-up or tooling error.

TS0 1328 left flank PROETLE right flank

153 o« \\ - 175.80 =

Va500:1 |

Vb2:1
= 2 2
mm
Root, r,
16 1L 6 b Tooth i 6 1 16
Act.value[pym] Qualit Lim.value Qual. Act.value [pm] Quality
£riof 18.2 8 V_4.3 14.9 7 vV 1.9
Futy 1546 17.6 |19.9 8[19.5 t8 5 18 5|14.7 23.7 15.4 15.6 7
& 770 85.2 927 14|57 13 5 13 5[71.4 69.6 80.2 11] 80.2
ffa 75.5 83.5 90.7 12[ 84.9 10 5 10 5[66.1 65.7 76.7 14 75.6

Figure 52 — Non-clean up during grinding processes

10.3.8 Variatiomimprofite mon-cleamupamd profite controt diameter mot achieved

Figure 53 shows flank clean up variation for profile on the left flank. Teeth 1 and 6 meet the control
diameter requirements. Teeth 10 and 15 do not and are out of specification. Observe that the flank
trace below the profile control diameter shows variation in metal condition. This variation indicates
a difference in mounting error between hobbing and grinding operations. In addition, the right flanks
have all met the profile control diameter requirements (cleaned up). They show no variation in metal
condition below the profile control diameter. This indicates uneven stock division at the start of the
grinding process as well as excessive errors in mounting between operations.
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ISO 1328~ left flank PROFILE right flank "

Tip [P — 10 =

——155:38

Vb2:1
: 15 &
mm
146,44
Root
15 10 6 i Tooth € 6 10 15
Act.value[pm] Qualit Lim.value Qual. Act.value[pm] Quality
£Hom 1.7 1 v 9.1 1.1 0 V. 3.9
£Ho 7.0 5| 3.5 2.1 =0T 8 5 48 5| 1.2 =33 3| =0:6 0.6
Fa 29.6 8| 21.1 2.9 2.7 13 6 13 5 1.9 3.7 2 1.1 12
ffa 27.8 8| 20.3 3.6 33 10 5 10 5 1.2 1:3.0 0.8 1.0
£Ko -50.1 -46.1 -41.7 42.8 -45+5 -45¢5 |-44.0 -43.9 -45.2 -44.2
R/T- (mm] 132.707 171.045

Figure 53 — Variation in start of involute caused by radial runout,uneven stock

[

gures 54 and 55 present a tooth contour manufactured without protuberance and ground on the
lank only. In this case, consideration should be given to the tip cun¢eof the mating gear. The [grinding
Focess should ensure sufficient distance between the mating gear tip curve and the tooth confour (see
gure 54). There, the generated length of involute is sufficient\and the mating gear tip curye has no
terference with the tooth contour.

gl !

—

225 \ i
_ +d +EAP d
[
|
|
+d, \ d+
|
|
| &2
|
Ldy :7 SAPd L 1
\ S+ de I drr"‘/
g |
el | 6
s\ 205 / | k
-15 -10 N 0 5 10 15 ‘

a) Tooth profile b) Profile chart
Key
1| tooth contour
2| mating geartip trace
3| startofactive profile
4| stavtof involute
5| Cgrinding fillet
6  root fillet

Figure 54 — Tooth profile that has no interference with mating gear tip trace

If the distance between mating gear tip curve and tooth contour is not sufficient, interference during
mesh will occur (see Figure 55). There, the mating gear tip curve has interference with the tooth
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contour after grinding, although the generated length of involute is sufficient for the active profil
Those conditions will lead to noise excitations.

e.

225
== — -d, EAP d
\ 220 / / :
+d, | d
\\\ //’ I
\ 215 / !
\ P4 | / 2
v / /\ 1 A - I /% 1
\ f 1d il d. |
e R o — S Y
. 7 I -
6— a3 | oy
T 4 [ Vd
205
15 -10 -5 0 5 10 15 :
a) Tooth profile b) Profile chart
Key
1  tooth contour
2 mating gear tip trace
3 startfof active profile
4  start|of involute
5 grinding fillet
6 root fillet

Figure 55 — Tooth profile with interference of mating gear tip trace

10.3.9 Pitch results with radial runout of the gear blank

When an otherwise perfect gear has an.ecgentric bore, as in Figure 46, and it rotates about t}
axis of the bore, the radial runout, Fy, willvapproximately equal 2 f.. Eccentricity causes single pitc
deviatiops around the circumference of the gear with a maximum value of fpt = 2 fe [sin (180°/z
cos amt]| The resulting cumulative pitch deviation also has a sinusoidal form, with a maximum valy
of Fp = 1 fe/cos amt. The angle between the maximum cumulative pitch deviation and the maximu
radial runout is approximately. 90° + a on the left flanks and 90° - a; on the right flanks. Radial runot
caused Hy eccentricity results/in a variation in backlash and accelerations and decelerations due {
pitch deyiations.

The res

Its in Figurel56 show the cumulative pitch results have a cyclic once per revolution sir

wave characteristio/which is commonly caused by radial runout. The deviation is identical whethé¢

runout gccurs during the measurement process or when it occurs during the manufacturing proces
Examingtion of-the cumulative pitch deviations in 10.3.2 shows that the high points of the sine wax

O~ O

=

deviatiofps-are displaced by a phase angle of two times the transverse pressure angle, which in this cas
is approxima by 40° The calculated radia i

10.3.10Pitch with indexing deviations

Indexing deviations while form cutting, shaving or power honing teeth can create a gear in which all
tooth spaces are of equal size, resulting in no runout, while substantial pitch and cumulative pitch

deviations are present.

Results in Figure 57 illustrate this. The large cumulative pitch deviation sine wave peaks on left and

right flanks are in phase and thus, the deviations cannot be caused by blank radial runout. This

is

confirmed by the radial runout deviations which are small. It may be caused by an indexing deviation of
the rotary table drive. But it is also common in shaving and honing processes where the pitch deviations

introduced during the hobbing process are not removed by the finishing process.
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ISO 1328
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5 Es00:1
Cumulative pitch deviation Epi left flank
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7 I T T ———" —
Izoﬂm g\\‘\o
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QO
N e

:[Zﬂ,um

500:1
%
0 N left £lank right f£lank
“C) Act.value Qual . Lim.value Qual. Act.value Qual . Lim.value Qual.
Single pitch deviation, max fp. (-\\ 4.9 5 9.0 6 5.0 5 5.0 p
Adjacent pitch difference, max  fu | 1.9 2.7
N
Cumulative pitch deviation,tum 43.0 8 28.0 6 42.4 8 28.0 4
Sector pitch deviation  ~\_J Fpk; 14.4 7 16.0 6| 14.2 5 16.0 A
ISO 1328 OV Runout Fr © : 39um
E —;LI—U
%& 500:1 MAK 123.233 [mm] /Ball-@ [7
Pitch Line Bupout Pz 39.5 al 22.0 £ |Lim.value 123.733 323.23

! Act. 123.166 123.169 123.164

Figure 56 — Gear blank radial runout deviation and influence on adjacent cumulative pitch
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PITCH + RUNOUT TEST
Part No.: o REMARKS: .
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Figure 57 — Example of an indexing deviation on cumulative pitch and radial runout

To reveal this condition on the gear, a modified radial runout check can be applied using a “rider” as
a probe (see Figure 58). The reason why this check detects the effect of the pitch deviations is that
here, the pitch deviation results in tooth thickness deviations, which a rider indicates as a radial change
when contacting both flanks. This type of gear measurement is not included in ISO 1328-1.
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- - r(s)

i Tis
Key
1| rider type A
2| rider type B

Figure 58 — Measurement of radial runout(of the teeth with a rider

0.3.11Pitch with repeating deviation patterns that may cause noise

1

Flgure 59 shows a repeating adjacent pitch deviation pattern that has occurred during man
This type of deviation is likely to cause excessive noise and vibration in operation. Typical
these deviations are multi-start hobs with thread pitch deviations or deviations caused by t}
table drives on machine tools.

11 Single flank composite testing

1.1 Single flank composite testing principle

hngential (single flank)‘composite testing can provide valuable information about the tran
‘ror of a gear, a pair-of gears, or an entire gear train. Transmission error is the deviation of the
[ a driven gear from’the position that the driven gear would occupy if all the gears involv

bviations duting an unloaded single flank test that are different from the deviations that ¥
hen the gears are loaded.

hfacture.
rauses of
le rotary

smission
position
bd in the
vill show
vill exist

prresponding to successive cycles of tooth engagement, superposed on long period co
bsaciated with complete revolutions of each of the meshing gears

1
T
e
0
nmleasurement were’geometrically perfect. It should be noted that gears with modified flanks ¥
d
W
R
c
a

ponents

ecorded diagrams of single flank composite measurements generally include short period coq:ponents

ISO 1328-1 provides tolerances for two characteristics of transmission error (without applied load
between the gear pair) for individual product gears measured with a master gear, total single flank

composite deviation, Fis, and tooth-to-tooth single flank composite deviation, fis.

The following is a description of the measuring methods and a guide to interpretation of
generated during single flank measurement:

a) individual gears measured with a master gear;

b) apair of product gears.
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Single flank testing of more than a single mated pair of gears is the assessment of the kinematics of a
gear transmission. This is not considered to be within the scope of this document or ISO 1328-1.

11.2 Single flank composite test

11.2.1 Single flank test setup

For measurement of single flank composite deviations, two gears are mounted, with backlash, at an
appropriate centre distance. Contact should occur only on one set of corresponding flanks. Rotating

synchrorl_fl'n_lﬁ—ﬁl_f—'—l_t_ﬁ—l—t—l]ous y With each gear IS a device capable of measuring angular motion, these are yplgg y
rotary optical encoders (gratings and reader head assemblies), but may be rotary acceleromethg r

'ransducers. If both flanks are to be tested, two tests must be run.

velocity
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PITCH + RUNOUT TEST
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Figure 59 — Single and cumulative pitch deviations with repeating patterns
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Figure 60 shows the principle of single flank testing and double flank testing. For single flank testing,
the rotational movements are measured; for double flank testing, the centre distance variation is

measured. A schematic of a single flank measuring device is presented in Figure 61.

24

single flank test (with backlash)
double flank test (no backlash)
fixed position

AW N =R

floating (movable) centre

Z

OTE Meshing teeth enlarged for clarity.

Figure 60 — Principle of single flank and double flank composite gear testing
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Key
1 driving (master) gear
2 driven (product) gear
3 rotary encoder of driving gear
4  rotary encoder of driven gear
5 calculation of transmission error
a  Fixed centre distance.

Figure 61 — Schematic of a single flank measuring device
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Single flank composite measurements are performed with tooth flank contact maintained, under very
lightload, and with low angular velocities. During measurement, one gear acts as the driver, rotating the
other gear. During rotation, the angular positions of the driven gear relative to the driver are measured,
taking the ratio of the number of teeth into account. The angular deviations from nominal are recorded
either on a strip chart or into digital storage on a computer for one complete revolution of the product
gear being measured. See 11.4 for single flank measurement of product gear pair. The results generated
reflect the combined elemental deviations (profile, helix, pitch) of both gears. To compare the angular
readings to the tolerances provided in ISO 1328-1, they should first be converted to linear values at the
measurement diameter specified. If no measurement diameter is specified, the conversion should be

done at thereference diameter

Before sfarting the single flank composite measurement, it is very important that:

— the gpindle runout is minimized;

— the footh flanks have been adequately cleaned;

— the gears are properly aligned and set up with minimum eccentricity to the spindle axis.

Tangential composite deviations of heavily loaded gears can also similarly be ¢hecked when a suitab
rig is available. Under these conditions, recorded deviations are influenced by load induced toot
deformations, by mesh stiffness variation, and, depending on the speed of rotation, by impact effects,
well as By imperfections of tooth geometry. The loaded test will also include effects from the bearing
and houging deformations resulting from load. Tolerances for measufement under load are not covere
by I1SO 1328-1.

ingle flank composite deviations

ingle flank composite deviation, Fjs, is the maximum measured transmission error range whe
the gearwheel is moved through one complete revolution. See Figure 62, Key A.

Tooth-to-tooth single flank composite deviation.with long term component removed, fis, is the valy
of the greatest measured transmission error ‘@ver any one pitch (360°/z) after removal of the lor
term component (low pass filter) when _the gear is moved through one complete revolution. S¢

Figure 6, Key C.

The long term component may be found by using a moving average (rectangular filter) with
window [length equal to 10 % of the number of teeth. This has been found to be generally applicab
to all size gears.

The varipnce of the long period component over one complete revolution achieved by using a low pas

filter is described by parameter fi'. See Figure 62, Key B.

Tooth-toftooth singleflank composite deviation before removal of long term component, f}, is the valy
of the greatest measured transmission error over any one pitch (360°/z) without removal of the lor
term componerit when the gear is moved through one complete revolution. See Figure 62, Key A.

h
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g
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24
single pitch of tooth meshing
one wheel revolution
single pitch of tooth meshing
total signal of tangential composite deviation
long period component obtained by using a low pass filter:

O W > W N LR

short period component obtained by subtracting low pass'curve

components

[y

1.3 Single flank measurement with master gear

1.3.1 Master gear requirements

1
Fpr single flank measurement of individual product gears, a master gear of known accuracy (ca
a

product gears. However, when the flank tolerance class of the master is at least four classes be
the required cldss of the product gear, inaccuracies of the master are often ignored.

111.3.2 Iufluence of profile deviations

The /Assumption that the master gear is perfectly accurate implies that the generated sin

(@)

Figure 62 — Single flank composite diagram with long period and short period devigtion

[ibrated)

nd specifically designedto mesh with the product gear to be inspected should be used. Attention
should be paid to thefact that the tolerance class of the master gear will influence the measurement of

tter than

ble flank

pmposite deviation diagram represents only the combined deviations of the tooth elements of the

product gear.

Figure 63 shows schematically single flank composite recordings of three consecutive cycles of tooth

engagement of a master gear and product gear. Each corresponds to a different tooth profile.

The first

is unmodified and faultless, the second being progressively modified from mid-depth towards each
limit of the active profile (barrelling), and the third with negative profile slope deviation (modified

pressure angle).

© IS0 2017 - All rights reserved

65


https://standardsiso.com/api/?name=d19b4f037f7fb548c9f87ba5d59f5d73

ISO/TR

10064-1:2017(E)

Key

1 mast
2 prod
3 tip

4  root
5

angujar displacement

It shoulq
influencq
influence
helical g

11.3.3 1

Each sin
composi

The scheg

flank comnposite diagram. While single pitch error can increase the tooth-to-tooth deviations as show

in Figurg

Key
1 singl

er gear

angular motion curve

lict gear one angular pitch
perfect conjugate tooth shape

modified tooth shape (profile with-barrelling)

O W > 3 o

modified tooth shape (modified pressure angle)
Figure 63 — Angular motion curves from tooth modification

| be noted that diagrams of single flank composite measurements do not merely refle
s of profile deviations revealed by individual measurements made on a few teeth, but may &
bd by contact with excess material on the working surfaces of the teeth of the product gear. O
bars, axial overlap may significantly influence results\(see 11.3.4).

nfluence of pitch deviations

ble pitch deviation introduces a local tangential component, which will show on the single flan
fe diagram as a displacement of the corresponding profile generated component of the diagrar

matic diagram in Figure 64 illustrates the influence of single pitch deviations, fpt, on the sing

64, it generally is not possible‘to determine the single pitch error from single flank results.

1
1 3

N-1

b pitch component

k

=

n

Figure 64 — Influence of cinglp pitrh deviation diagram of a spur gear

11.3.4 1

11.3.4.1

nfluence of helix deviations

General

A helix slope deviation that is constant in magnitude and sign (i.e. is similar for every tooth) results
in consistent localized contact in the mesh. This does not substantially influence the single flank
composite deviations of spur gears. The single flank composite deviations of helical gears, however,
may be adversely affected by a constant helix slope deviation. This is due to the different nature of the
path of contact of helical gears. This effect increases with overlap ratio if the overlap ratio is greater

than one

66
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When helix slope deviations vary in magnitude and/or sign around a product gear, the contact location
will vary around the gear. This condition may adversely affect single flank composite deviations of both

spur and helical gears.

11.3.4.2 Spur gears

A single flank composite deviation diagram generated from a master gear and product gear
combination is composed of successive curves representing for the most part the profile deviations, as
shown in Figure 65. The traces at the top of this figure represent those of a test with a perfect master

car Single-pnair and two-nair taoth engagements and the single flank camnaosite deviation
5T P b 55 S T

g

dhring a complete cycle of tooth engagement are clearly illustrated. It can easily be recognized
njaximum length of the single-pair tooth contact path is realized when the contact ratiogs,, i
ohe. As the contact ratio increases, this length reduces and when the contact ratio is equal to o
tIan two, there is no single-pair tooth contact at all.

I order to derive the maximum amount of useful data, the teeth of the master.gear should be
deep as is consistent with adequate tooth tip width. This enables checks to be.made at extendg
djstance such that the contact ratio is unity and other checks to be made€with the centre dig
a

Hjusted that the “in-service” working flanks are fully explored.

1.3.4.3 Helical gears

those of a spur gear with a contact ratio, g, less than twe,/in which case, all of the above c

1
When the total contact ratio, £y, is less than two, the meshing conditions for a helical gear ar
t
cpncerning spur gears apply equally to such a helical gear.

When the total contact ratio, €y, exceeds two, which is normally the case for helical gears, {
period components which represent profile irregularities are smoothed to some extent bd
general, simultaneous contact takes place on twa or more tooth pairs.

Djiagrams in Figure 66 with the two cases “A” (generated from helical gears) and “B” (from sp
illustrate the difference between the ways in which the influence of the overlapping teeth of
types combine.

diagram
that the
equal to
I greater

made as
bd centre
tance so

e similar
mments

he short
cause in

ir gears)
the two
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Figure 65 — Effect of contaettransfer on the profile component in a tangential composite
deviation diagram (spur gears)
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Figure 66 — Influence of overlap ratio
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11.4 Single flank measurement of product gear pair

11.4.1 Differences between tests with a master gear and between two product gears

The single flank tooth-to-tooth and total composite deviations involving a mated pair of product gears
are termed “transmission deviations of a gear pair”. To fully explore the complete spectrum of the
deviations, it is necessary to continue rotation until the complete meshing period of both gears has been
explored. The number of revolutions of the smaller gear that is required corresponds to the number of

teeth in the larger member divided by the largest factor common to both members.

Analysis is similar to that described in 11.3 for a product gear with a master gear, except
dpviations should be calculated based on the complete meshing period of both gears rather {
single revolution of the product gear. See ISO 1328-1:2013, Figure F.2.

[y

1.4.2 Identification and location of defects

that the
han on a

ration of

The measurement of tangential composite deviations facilitates the identification and lo
defects (nicks or burrs) which may degrade the smoothness of transmission: For example, as indicated
i) the diagram in Figure 67, the presence of a defective tooth can readjly be seen.
1
AVA AUAVAUh

AAAANAANANY VS

4 V v VN b Z_J\I
Ky
1| one pitch
2| damaged tooth

111.4.3 Selective meshing of gears

[} some exceptional cases involving mated pairs of gears with equal numbers of teeth or othé
itios, special steps can bé taken to ensure that optimum performance is realized. Such geai
njeshed to best advantage’by re-meshing the gears with a phase shift of 90° to find the qus
which single flank coemposite deviations are smallest. Following this, the process is repeatg
njeshing the gears-with phase shifts less than 90° in order to find the optimum meshing phase

—

njesh indicated. It is quite evident that the single flank composite deviation diagrams for the lg
hd rightflanks are not the same. It may be necessary to choose an intermediate meshing posi
Fovides:the best compromise solution if a high degree of transmission accuracy is needed
rections of rotation.

oo L

Figure 67 — Part of tangential composite deviation diagram — Interpretation example

r integer
s can be
idrant in
d by re-

I Figure 68, diagrams are shown which were generated from a pair of gears at the different phases of

ft flanks
tion that
for both
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Figurg 68 — Tangential composite deviation diagrams showing influence of mesh relocation

11.5 D4ta analysis by the Fourier transform method

Composite deviations are mainly used to evaluate the gear tolerance-class. However, it may be desirab
to carry|out additional analysis for diagnostic purposes, such.as noise potential or manufacturir
process monitoring. In such cases, more comprehensive data-analysis is necessary. Figure 69 show
the Fourfer transformed deviations. The amplitude is drawmn against the harmonic numbers “n”. Shar

peaks can be seen at the mesh frequency and the second order mesh frequency.
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a) Order of tooth mesh frequency (linear scale for amplitude)
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b) Order of tooth mesh frequency (log scale for amplitude)

Figure 69 — Fourier transformed single flank composite deviations

It should be borne in mind that gear noise and vibration spectra may include significant components at
one or more of the sub- and higher harmonics of the tooth meshing frequency.
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