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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
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vas prepared by Technical Committee ISO/TC 60, Gears.

edition cancels and replaces the first edition (ISO 1328-1:1995), which has been techni
particular, the following are the major changes:

be of applicability has been expanded;

s have been made to the formulae which define the flank tolerances;

[uation of runout, previously handled in-ISO 1328-2, has been brought back into this pa
8.

nsists of the following parts, under the general title Cylindrical gears — ISO system of |
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Definitions and allowable values of deviations relevant to flanks of gear teeth
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It is intended that, upon revision, the main element of the title of Part 2 will be aligned with the main element
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Introduction

ISO 1328:1975 (third edition, withdrawn) included definitions and allowable values of gear element
deviations, along with advice on appropriate inspection methods.

The first edition of this part of ISO 1328 retained the definitions and allowable values for gear flank
deviations (single pitch, cumulative pitch, total cumulative pitch, total profile and total helix), while the
advice on appropriate inspection methods was given in ISO/TR 10064-1 (listed in Clause 2).

© IS0 2013 - All rights reserved v
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Cylindrical gears — ISO system of flank tolerance
classification —

Part 1:

Definitions and allowable values of deviations relevant to

fl

IMPPRTANT — It is strongly recommended that any user of this part of ISO 1328,be very familiar

with the methods and procedures outlined in ISO/TR 10064-1. Use of techniques other
of IS0/TR10064-1 combined with the limits described in this part of ISO 1328 might not

than those
be suitable.

rformance
) 1328 are
gears to a

‘turing and
definitions
ble values.

vantageous
11, in order

of infcreasing tolerance. Formulae for tolerartices are provided in 5.3. These tolerances are applicable to

the following ranges:

$<z<1000

$mm<d<15000 mm
,5 mm < my < 70mm
4 mm < b <P200 mm

B < A5%

where
d isthe reference diameter;
mp is the normal module;
b isthe facewidth (axial);
z is the number of teeth;

B isthe helix angle.

See Clause 4 for required and optional measuring methods.

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=a2819d220cc5e5cce3ad10bfd04372c3

ISO 1328-

1:2013(E)

Gear design is beyond the scope of this part of [SO 1328.

Surface texture is not considered in this part of ISO 1328. For additional information on surface texture,

see ISO/TR

10064-4.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable to its application. For dated references, only the edition cited applies. For undated

references,

the latest edition of the referenced document (including any amendments) applies.

ISO 701, Int
ISO 11221,

ISO 1328-2
deviations r]

ISO/TR 100
ISO/TS 1661

ISO 16610-
Gaussian fil

ISO 21771,

3 Terms

3.1 Fund

For the pur
NOTE1 F
NOTE2 S

in other docyments and International Standards.

NOTE3 T
in Table 1, an
form groups

ernational gear notation — Symbols for geometrical data
Vocabulary of gear terms — Part 1: Definitions related to geometry

Cylindrical gears — ISO system of accuracy — Part 2: Definitions and allowable valu
plevant to radial composite deviations and runout information

64-1, Code of inspection practice — Part 1: Inspection of corresponding flanks of gear teef]
0-1, Geometrical product specifications (GPS) — Filtration — Part 1%0verview and basic con

V1, Geometrical product specifications (GPS) — Filtration ~<Part 21: Linear profile fi
ers

[ears — Cylindrical involute gears and gear pairs — Congepts and geometry

, definitions and symbols

amental terms and symbols

poses of this part of ISO 1328, the following terms, definitions and symbols apply.

br other definitions of geometric terms related to gearing, see ISO 701, ISO 1122-1 and ISO 2177
bme of the symbols and terminology contained in this part of ISO 1328 might differ from those
he terminology and §ymbols used in this part of ISO 1328 are listed, in alphabetical order, by

d in alphabetical ©rder, by symbol in Table 2. The text of terms used in Table 1 has been adjust
of logical terms. Subscript “T” is used for tolerance values.

Table 1 — Terms, listed in alphabetical order, with symbols

es of

—

repts

ters:

1.

used

term
ed to

Term Symbol Unit
Active tip diameter dna mm
Active tip diameter point on line of action Ny -
Adjacent pitch difference fu pum
Adjacent pitch difference tolerance fuT pum
Adjacent pitch difference, individual fui pum
Amount of root relief Cof um
Amount of tip relief Caa pum
Base diameter dyp mm
Contact pattern evaluation Cp -
Contact point tangent at base circle T -

© ISO 2013 - All rights reserved
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Table 1 (continued)

Term Symbol Unit
Cumulative pitch deviation (index deviation), individual Fpi um
Cumulative pitch deviation (index deviation), total Fp um
Cumulative pitch (index) tolerance, total Fpr pum
Facewidth (axial) b mm
Flank tolerance class -
Helipcangle B deg
Helilx deviation, total Fg Ar(b um
Helix evaluation length Lg, ‘D) mm
Helix form deviation X N um
Helix form filter cutoff kﬂf)k} mm
Helix form tolerance RO N fepT um
Helix slope deviation 9\(0 fugp um
Helix slope tolerance o o fHpT um
Helilx tolerance, total AQ\ Fgr pum
Individual radial measurement \\\‘( ri um
Length of path of contact OT\V Ja mm
Maximum length of tip relief \%\V Lcaa,max mm
Maximum length of root relief :\@® Lcaf,max mm
Medsurement diameter N (\\\‘ dum mm
Midgdle profile zone 2 o Lom -
Minfmum length of tip relief (,\\V Lcaa,min mm
Minkmum length of root relief “\’ o Lcafmin mm

NN

Normal module ,.O my mm
Number of teeth (\U z -
Number of pitches ir}_s@\c?or k -
Pitch, transverse ¢ lar on measurement diameter PtM mm
Pitch point AQS" C -
Pitch span\&v};tion Fpsk um
Pro ilng)Wrol diameter dcs mm
Pro imipvin‘rinn’ tatal 20 Hm
Profile evaluation length Ly mm
Profile form deviation fta um
Profile form filter cutoff A mm
Profile form tolerance ftaT um
Profile slope deviation fHa um
Profile slope tolerance SfHaT pm
Profile tolerance, total Fot um
Radial composite deviation, tooth-to-tootha fi7 pum
Radial composite deviation, totala Fy” um

© IS0 2013 - All rights reserved
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Table 1 (continued)

Term Symbol Unit
Reference diameter d mm
Root form diameter drf mm
Root relief zone Lcaf -
Runout Fy pum
Sector pitch deviation Fpk pum
Sector pitch-+teleranee £kt R
Single flank composite deviation, total Fis A"“Ip
Single flank composite tolerance, total FisT R .q>|')1m
Single flank composite deviation, tooth-to-tooth fis ,.Qw"\ ) pum
Single flank composite tolerance, tooth-to-tooth fisTkQ‘)l’v pum
Single pitchj deviation (I K pum
Single pitcl} deviation (individual) Q\"?”;i pum
Single pitcl} tolerance /. o Spr pum
Start of actjve profile diameter AQ\ dnf mm
Start of actjve profile point on line of action \\\‘( N¢ -
Tip corner thamfer O N4 hy mm
Tip diametpr \\\S\v dy mm
Tip form dijameter :\@Q\ dra mm
Tip relief zpne “(\Q\ Lcaa -
Tooth thickness 2 o s mm
Working pitch diameter (,\\V dw mm
Working trpnsverse pressure angle “\’ o Qwt deg
a Symbols|given in 150 1328-2. ()"
\ O
Table 2 —\éa{bols, listed in alphabetical order, with terms
Symbol AOO Term Unit
A Flank‘tgxrz;nce class -
b Fa@?&th (axial) mm
c ‘_«QYE\h point -
Caa PAmonnt of tip relief um
Cuf Amount of root relief um
Cp Contact pattern evaluation -
d Reference diameter mm
dy Tip diameter mm
dy Base diameter mm
dcst Profile control diameter mm
dra Tip form diameter mm
drf Root form diameter mm
dum Measurement diameter mm

© ISO 2013 - All rights reserved
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Table 2 (continued)

Symbol Term Unit
dNa Active tip diameter mm
dnf Start of active profile diameter mm
dw Working pitch diameter mm
F” Radial composite deviation, totala pum
Fis Single flank composite deviation, total pum

T Single-flank-composite-toleranecetotal um
Fp Cumulative pitch deviation (index deviation), total Ah:b pum
Fpi Cumulative pitch deviation (index deviation), individual R ‘D) pum
Fpk Sector pitch deviation ,.Qw"\ ) um

Fpkr Sector pitch tolerance k:‘f)l’v um
Fpr Cumulative pitch (index) tolerance, total 0O pum
Fpsk Pitch span deviation Q\COV um

Fr Runout /. O\ pm
Fq Profile deviation, total AQ\ um
Fat Profile tolerance, total \\\‘( pum
Fg Helix deviation, total OT\V pum
Fpr Helix tolerance, total \%\V pum
fta Profile form deviation :\@® um

ftaT Profile form tolerance »(\\\‘ um
ft8 Helix form deviation ,_\Jt\v pm
ftpT Helix form tolerance C,\\V um
SHa Profile slope deviation Hm
SHaT Profile slope,t@}?mce um
fugp Helix sloppglwiation pum
SHBT Helix ,sl@b\{colerance um
fi7 Rg\@?:omposite deviation, tooth-to-tootha pum
fis @Kglve flank composite deviation, tooth-to-tooth pum
fisT & §ingle flank composite tolerance, tooth-to-tooth pum
J : Single pitch deviation pum
for Qinglp pifrh deviation (individnnl) um
Jpr Single pitch tolerance pum
fu Adjacent pitch difference pum
fui Adjacent pitch difference, individual pum
fur Adjacent pitch difference tolerance pum
Ja Length of path of contact mm
hi Tip corner chamfer mm
k Number of pitches in a sector -
Lam Middle profile zone -
Lcaa Tip relief zone -

© IS0 2013 - All rights reserved 5
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Table 2 (continued)

Symbol Term Unit
Lcaf Root relief zone -
Leqamax | Maximum length of tip relief mm
Leaa,min Minimum length of tip relief mm
Leafmax Maximum length of root relief mm
Lcaf,min Minimum length of root relief mm
Lq Prefile-evaluationlength FR
Lg Helix evaluation length mm
mp Normal module mm
Ny Active tip diameter point on line of action -
Nt Start of active profile point on line of action -
ptM Pitch, transverse circular on measurement diameter mm
ri Individual radial measurement um
s Tooth thickness mm
T Contact point at tangent at base circle -
z Number of teeth -
Olwt Working transverse pressure angle deg
B Helix angle deg
Aa Profile form filter cutoff mm
Ap Helix form filter cutoff mm

a Symbols|given in ISO 1328-2.

3.2 Gendral dimensions

3.2.1
reference diameter
d
diameter offreference circle

Note 1 to en]ry: The reference’diameter is used to calculate values of tolerances.

Note 2 to enflry: See ISO'21771:2007, 4.2 .4.

3.2.2
measuremlent diameter
dm
diameter of the circle concentric with the datum axis (3.2.7) where the probe is in contact with the tooth
flanks during the measurement of helix, pitch or tooth thickness deviations

Note 1 to entry: The measurement diameter is usually near the middle of the flank.
Note 2 to entry: See ISO/TR 10064-3.

3.2.3

profile form filter cutoff

Ao

wavelength where 50 % of the amplitude of the involute profile measurement data is transmitted as a
result of the Gaussian low-pass filter, thereby including only longer wavelength deviations

Note 1 to entry: See 4.4.6 and Annex C.

6 © IS0 2013 - All rights reserved
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3.2.4

helix form filter cutoff

Ag

wavelength where 50 % of the amplitude of the helix measurement data is transmitted as a result of the
Gaussian low-pass filter, thereby including only longer wavelength deviations

Note 1 to entry: See 4.4.6 and Annex C.

3.25
roll path length
length of roll

s . T r

point on the

involute profile in the transverse plane

Note|1 to entry: Roll path length is an alternative to roll angle for specification of selected diameter{positions on
an injvolute profile.

Note|2 to entry: See Figure 1 and ISO 21771:2007, 4.3.8.

3.2.6
length of path of contact

Ja
roll path length (3.2.5) from the start of active profile, dyf, to theé tip form diameter, df,, or fo the point

whefe contact stops due to undercut on the mating part (end.ef.active profile)

3.2.Y
datym axis
axis|to which the gear details, and in particular the pifch, profile and helix tolerances, are defined

Note|1 to entry: The datum axis of the gear is defined’by the datum surfaces.

Note|2 to entry: See ISO/TR 10064-3.

© IS0 2013 - All rights reserved 7
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Key
Lq evaluatipn length Diameters
dy tip

Points on ling¢ of action d, base
a tip dcf profile control
Cf profile cpntrol dra tip form, where tip break starts
Fa tip form drs root form, where involute starts
Ff root form dnf start of active profile
Nf start of gctive profile
T  tangency tg’base circle

- — line of action
NOTE Diameters on mating gear have the same symbols, but different values.

Figure 1 — Diameters and roll path length for an external gear pair

8 © IS0 2013 - All rights reserved
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3.3 Pitch deviations

3.3.1

individual single pitch deviation

fpi

algebraic difference between the actual pitch and the corresponding theoretical pitch in the transverse
plane on the measurement circle of the gear

Note 1 to entry: It corresponds to the displacement of any tooth flank from its theoretical position relative to the
corresponding flank of an adjacent tooth.

NOt" Do apteg. Dot alafe Clonlre oo vinll oo £ tbn pighse Clon oo dlhhaen o
CZto It y - T OT CIrCTCT U T TATTINS,;, ofy vy CIT oS TOT CIrC T IS TIC TIa kS, crrcroar

many-vathes-offpras-there are teeth.

Note|3 to entry: See Figure 2.

Key
__ )} . __ theoretical

_ | actual

NOTE ptMm = T dM/Z.

Figure 2 — Pitch deviations

3.3.2

e pitch deviation

indiyidual cumulative pitch deviation
individuial index deviation

algebraic difference, over a sector of n adjacent pitches, between the length and the theoretical length
of the relevant arc

Note 1 to entry: n varies from 1 to z; for the left flanks, as well as the right flanks, there are as many values of Fp;
as there are teeth.

Note 2 to entry: In theory, it is equal to the algebraic sum of the individual single pitch deviations (3.3.1) of the
same n pitches. It corresponds to the displacement of any tooth flank from its theoretical position, relative to a
datum tooth flank.

Note 3 to entry: See Figure 2 and Annex D.

© IS0 2013 - All rights reserved 9
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3.3.4
total cumu

lative pitch deviation

total index deviation

F,

flank obtained for all the teeth of a gear

Note 1 to entry: Fp = max. Fpj - min. Fp;.

3.4 Profile deviations

p
largestalgebraic difference between the individual cumulative pitch deviation (3.3.3) values for a specified

3.4.1 Prokile deviations — General

3.4.1.1

profile confrol diameter

start of pro
dcf

specified d
profile (3.4

Note 1 to ent
the last para

File evaluation diameter

jameter beyond which the tooth profile is required to conform to\the specified dd
R.1)

ry: If not specified, the start of active profile diameter, dyy, is used as the profile control diamete
braph of 4.5.

Note 2 to enflry: See Figures 1 and 3.

3.4.1.2

tip form di
dFa

unless othe

Note 1 to en
internal gea

Note 2 to ent
corner radiu

pmeter

rwise specified, tip diameter minus twice th@tip corner radius or chamfer

ry: This is the minimum specified diametér)for external gears or maximum specified diametsg
s where the tip break (start of tip chamfér or tip corner radius) can occur.

5 is zero and the tip form diameter.s equal to the tip diameter.

Note 3 to enflry: See Figures 1 and 3.

3.4.1.3
measured

portion of
shall includ

profile
he tooth flank-along which the probe is in contact during the profile measurement, w
e the profile control diameter (3.4.1.1)and the tip form diameter (3.4.1.2)

Note 1 to enfry: See Eigure 3.

sign

I, see

r for

ry: With direct transition between the nominal involute helicoid and the top land of the tooth, the tip

hich

\:‘
=<
=TT

a1
%:?

10

{

X:‘
-
QL

[Y)

o
\90

a) External gear

&

b) Internal gear
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Key
1 measured profile

Figure 3 — Measured profile

3.4.1.4

profile evaluation range

section of the measured profile (3.4.1.3) starting at the profile control diameter (3.4.1.1), dcf, and, unless
otherwise specified, ending at 95 % of the length to the tip form diameter (3.4.1.2), dra

Note|1 to entry: See Figures 4 to 8, 4.4.8 and ISO 21771.

3.4.1.5

profiile evaluation length
Ly
roll path length (3.2.5) of the profile evaluation range (3.4.1.4) in a transversefplahe

Note|1 to entry: See Figure 1.

3.4.1.6
proflile deviation
amopunt by which a measured profile (3.4.1.3) deviates from the{design profile (3.4.2.1)

Note|1 to entry: See Figures 4 to 8.

cf N Fa Fa Cr N; Fa
— 1 T - fo +
=1 =
& “~
) N \ 0
Lo
| | :5:
Ga Jua ~
d) Total profile deviation b) Profile form deviation c) Profile slope d¢viation
Key
1 measuredjprofile Points on line of action
R I __ facsimil€of design profile Cr profile control
| _ méanyprofile line N¢ start of active profile
_ | ~facsimile of mean profile line F, tip form, where tip break starts
a tip
s 4 D £31 A 1okl il difiad Lk
I lsul C T 1 1T UIIICU UUTVIAUIVUIIO WILII UIIIInuUuIIItu 111IvuiIutle
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a) Total profile deviation

ffa

b) Profile form deviation

fHa

c) Profile slope deviation

See the key

(O Figure 4.

Figure 5 — Profile deviations with pressure angle modified

a) Total profile deviation

See the key

to Figure 4.

¢ N; Fa
.-/— T
- &
_/'—’—" k‘\
/ Lo
[ |
Ga

b) Profile form deviation

Ce Ne

¢) Profile slope deviatio

Figure 6 — Profile deviations with profile crowning modification

fl—[(x

=)

=)

Fa
\/'e\ =
e =
Lq g
ga ]
a) Total profile:deviation b) Profile form deviation c) Profile slope deviatio
See the key|toEigure 4.
Figure 7 — Profile deviations with profile modified with tip relief
12 © IS0 2013 - All rights reserved
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C N Fa C N Fa
. __/”/\\ — I~ +
i 0
&
/' Lq 8~ La =1
[ [ [ I
Yo Ga Ja

a) Total profile deviation

See

b) Profile form deviation

alauta Digiivn 4

c) Profile slope deviation

3.4.2

3.4.7

a5
HeKEeYytoIgutre—-

Figure 8 — Profile deviations with profile modified with tip and rootrelief

. Analysis of profile deviations

.1

design profile

prof
the

Note
line.

Note

le specified by the designer in a diagram where one axis hasfnodifications from a pure i
ther axis has the roll length along the tangent to the baselcircle

1 to entry: When the design profile is not specified, it is ansunmodified involute and appears
[n Figures 4 to 8, the design profiles are shown as broken-chain (dotted) lines.

2 to entry: See Figures 4 to 8.

2.2

nvolute and

as a straight

e measured

file (3.4.1.3)

profite formrdeviation

ff(x

distance between two facsimiles of the mean profile line (3.4.2.2) which enclose the measured profile

(3.4.1.3) over the profile evaluation range (3.4.1.4)

Note

Note

1 to entry: The facsimiles of the mean profile line are kept parallel to the mean profile line.

2 to entry: See Figures 4 to 8 and 4.4.8.2.

© IS0 2013 - All rights reserved
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3.4.2.5

profile slope deviation

fHa

distance between two facsimiles of the design profile (3.4.2.1) which intersect the extrapolated mean
profile line (3.4.2.2) at the profile control diameter (3.4.1.1), dcy, and the tip diameter, d,

Note 1 to entry: The facsimiles of the design profile are kept parallel to the design profile.

Note 2 to entry: See Figures 4 to 8.

3.5 Helix deviations

3.5.1 Hel

3.5.1.1

measured
full flank b¢
intended to

during the elix measurement

3.5.1.2
helix evalu
flank area &
intended to
in the axial

Note 1 to ent
for the appli

Note 2 to enfry: See 4.4.8.4.

3.5.1.3
helix evalu
Lg
axial length

3.5.1.4

helix deviation

amount by Y

Note 1 to enffry: See Figures9to”13.

3.5.2 And

3.5.2.1
design heli

x deviations — General

helix
ptween the end faces or, if present, the start of end chamfers, rounds, orféther modificg

ition

exclude that portion of the tooth from engagement, along which the probe is in contact

ation range
etween the end faces or, if present, the start of end chamfers, rounds, or other modifica
bxclude that portion of the tooth from engagement, thatis;urnless otherwise specified, short
Hirection at each end by the smaller of 5 % of the facewidth or the length equal to one mog

ry: It is the responsibility of the gear designer to eng(ire that the helix evaluation range is adeq
ation.

ation length

of the helix evaluation range3.5.1.2)

vhich a measured helix’(3.5.1.1) deviates from the design helix (3.5.2.1)

lysis of helix deviations

X

tion
bned
lule

uate

helix specif

-1 4] | a a i 1 H 1 o 4t £ 1 1. h
CU Uy tUIT UTSIGHTT 1IN d Uldg T dlIT WIITI T ULIT dATLS T1dS HHIUUITICAUIULLS TT U 4 PpUl' T IITIHIA dITU t e

other axis has the facewidth

Note 1 to entry: When not specified, it is an unmodified helix.

Note 2 to entry: See Figures 9 to 13.

3.5.2.2

mean helix line
line (or curve) that represents the shape of the design helix (3.5.2.1), but aligned with the measured trace

Note 1 to entry: See 4.4.8.4 for the method to be used.

14
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a) Total helix deviation

b) Helix form deviation

c) Helix slope deviation

measured helix
_____ mean helix line
,,,,,, __ facsimile of design helix

See{

he key to Figure 9.

I __ facsimile of mean helix line

Figure 9 — Helix deviations with unmodified helix

I1

a) Total helix deviation

|

b) Helix form deviation c) Helix slope de

Figire'10 — Helix deviations with helix angle modification

|

viation

II

a) Total helix deviation

See the key to Figure 9.
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b) Helix form deviation

3

Figure 11 — Helix deviations with helix crowning modification

c) Helix slope deviation
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a) Total helix deviation b) Helix form deviation c) Helix slope deviation

See the keyf|to Figure 9.

Figure 12 — Helix deviations with helix end relief

| I1 [ I1 | I1
/_/’/\~
= i < b 0
/\ =3 &7 + =Y
4 = WY S % : z
| — T
] N K )
LB LB LB
b b b
a) Total helix deviation b) Helix form deviation c) Helix slope deviation|

See the keyf|to Figure 9.

Figure 13 — Helix deviations-with modified helix angle with end relief

3.5.2.3
helix deviation, total
Fg

distance befween two facsimiles of the design helix (3.5.2.1) which enclose the measured helix (3.5.1.1)
over the helix evaluation range (3.5.1.2)

Note 1 to enflry: The faesimiles of the design helix are kept parallel to the design helix.
Note 2 to enflry: Seée-Figures 9 to 13 and 4.4.8.4.

3.5.2.4

helix form deviation
ftp

distance between two facsimiles of the mean helix line (3.5.2.2), which enclose the measured helix
(3.5.1.1) over the helix evaluation range (3.5.1.2)

Note 1 to entry: The facsimiles of the mean helix line are kept parallel to the mean helix line.

Note 2 to entry: See Figures 9 to 13 and 4.4.8.4.
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3.5.2.5
helix slope deviation

fug

distance between two facsimiles of the design helix (3.5.2.1) which intersect the extrapolated mean helix
line (3.5.2.2) at the end points of the facewidth, b

Note

Note

Note

1 to entry: The facsimiles of the design helix are kept parallel to the design helix.
2 to entry: See Figures 9 to 13.

3 to entry: See 4.4.8.4 for the method to be used.
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Application of the ISO flank tolerance classification system

General

part of ISO 1328 provides flank classification tolerances and recommendsimeasuring re
nassembled gears.

e design and application considerations can warrant measuring or documentation not normg
hndard manufacturing processes. Specific requirements shall be stated in the contractual d

articular method of measurement or documentation is_ eonsidered mandatory unless
ed upon between the manufacturer and purchaser..When applications require me
nd those recommended in this part of ISO 1328, special measurement methods shall be
" to manufacturing the gear.

designation as defined in 4.6.1 shall be used when specifying flank tolerance classes frq
0 1328, since in the previous edition, the flank tolerance classes had different tolerancg

Geometrical parameters to be. verified

geometrical features of a gear, listed in Table 3, may be measured by a number of m
tion of the particular method depends on the magnitude of the tolerance, the related m
rtainty, the size of the gear,the production quantities, equipment available, accuracy of
measurement costs. Measuring methods and practices for spur and helical gears are (
TR 10064-1.

quirements

lly available
ocuments.

specifically
hsurements
negotiated

m this part
values.

bthods. The
pasurement
ear blanks,
iscussed in
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Table 3 — Parameters — Locations of definitions and tolerances

Parameter Measurement description Location of Location of definition
symbol tolerance

Elemental:
Fp Cumulative pitch (index), total 5.3.2 3.3.4
fp Single pitch 5.3.1 3.3.2
Fy Profile, total 5.3.3.3 3.4.2.3
fta Profile form 5.3.3.2 34.24
fHa Profile slope 5.3.3.1 3.4.2.5
Fp Helix, total 5.3.4.3 3.5.2.3
ff[g Hetixfornt 5342 3524
fHp Helix slope 5.3.4.1 3.5.2.5
Fr Runout E.4 E.3
Fpk Sector pitch D.5 D.2
fu Adjacent pitch difference G.2 G.12
Composite:
Fis Single flank composite, total F.1.6 Annex F
fis Single flank composite, tooth-to-tooth F.1.5 F.1.5
Cp Contact pattern (see ISO/TR 10064-4) -
Size
s Tooth thickness (see ISO 21771) -

A gearthatis specified to an ISO flank tolerance class shall meet all thedndividual tolerance requirenients

applicable tp the particular flank tolerance class and size as noted.ih Tables 4 and 5.

Table 4 contains lists of the minimum set of parameters thatshall be checked for compliance with| this
part of [SO|1328. With agreement between the manufacturer and purchaser, the alternative list|may
be used ingtead of the default list. The selection of the>default or alternative list may depend on the
measuring |nstruments available. The parameter list-for a more accurate flank tolerance class mdy be
used when evaluating gears.

Normally, the tolerances apply to both sides-of-the teeth. In some cases, the loaded flank may sp¢cify
better accuracy than the non-loaded or miimum-loaded flank; if applicable, this information|and
indication df the loaded flank shall be specified on the gear engineering drawing.

Table4 — Parameters to be measured

Diametdr Minimum acceptable parameters
Flank tolerance class - : -
mm Default parameter list Alternative parameter list
10to 11 Fp, fp, 5, Fo, F s, cpP, Fi'3, fi"
7to9 Fp, fpr S, Foo Fp s, cp, Fis, fis
d<400(
Fp, fpr s
1to6 Fo, fw fHa S, Cpb; Fis, fis
Fr@ fc'@ qus
d>4000 7to 11 Fp, fpr S, Foo F Fp, fp, s, (ftg or cpb)
a Inaccordance with ISO 1328-2, but only when size is not a constraint.
b Contact pattern acceptance criteria and measurement practice are not specified in this part of ISO 1328, and shall be
agreed upon between the manufacturer and purchaser.

18
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Table 5 — Minimum number of measurements

tooth-to-tooth

Method designator Typical measuring method | Minimum number of requirements

Elemental:

Fp: Cumulative pitch (index), total Two probe All teeth
Single probe All teeth

fp: Single pitch Two probe All teeth
Single probe All teeth

Fy: Profile, total Profile Three teeth

fta: Profile form

fHo: [PrOfitestope

Fp: |Helix, total Helix Three teeth

fep: [Helix form

fup: | Helix slope

Conjposite:

Fis: | Single flank composite, total - All teeth

fis: |Single flank composite, All teeth

¢p: |Contact pattern

Three places

Sizes:
s: Tooth thickness

Chordal measurement
Measurement over or between
pins
Span measurentent
Composite action test

Three teeth
Two places

Two places
All teeth

Unlgss otherwise specified, the manufacturer shall select:

4.3

Ino
peri

of the measuring process should be determined.

Lhe measurement method to be used framamong the applicable methods described in ISQ
1 and summarized in Table 5;

the piece of measurement equipiment to be used by the selected measurement method,
s in proper calibration;

the individual teeth to be measured, as long as they are approximately equally spaced a
minimum number required by the method as summarized in Table 5.

Equipment verification and uncertainty

der to ensure traceability, the equipment used for the measurement of gears should
pdically according to standard calibration procedures, such as those in ISO 18653. The

TR10064-

provided it

nd meet the

be verified
uncertainty

4.4

Considerations for elemental measurements

4.4.1 Summary of considerations

Before elemental measurement values can be compared with tolerance values, certain operational
parameters of the measurement method shall be known. These include:

— datum axis;
— direction of measurement;
— direction of tolerance;

— measurement diameter;

© IS0 2013 - All rights reserved
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data filtering;

data density;

— required measuring practices.

In

some cases, measurement instruments follow the minimum requirements by default. When

other conditions exist, it is required that the causes of the measurement differences be known and
compensated for.

Itisimportantto distinguish between measurementlocation (the measurement diameter), measurement

direction, a

d tolerance direction

4.4.2 Dat

Specificatio
axis of rotat

The tooth g
for measure
circle are d¢

4.4.3 Dir

Measuremse
surface, inc

Common m
point on a g

and b) inclified relative to the transverse plane at the hase helix angle.

[t is import

some measiiring in the normal direction, some mi€asuring in other directions.

4.4.4 Dir

In this part
measuremse
direction s
conventions

The specifig
the arc of th

The specifi
tangent to

um axis

h of design profile, design helix and pitch requires the definition of an appropriate refer

cometry is determined with reference to the datum axis, so the datum axis is the refer
ments and associated tolerances. The location and orientation of the measurement dianj
ptermined by the datum axis.

pction of measurement

nts of the shape or the position of any surface may bé.unade in a direction normal to
ined at some angle, or along the arc of a specified cifcle.

btrology practice is to measure in a direction notmal to the surface being measured. Af
ear tooth surface, the normal vector is oriented a) tangent to the base cylinder of the

ant to understand that gear measuring-instruments use different measuring procedji

bction of tolerance

of ISO 1328, the tolerance’direction varies with the given elemental parameter. Orig

nt values shall be compensated for if the actual measurement direction and the toler
becified for the given’ parameter are different. See 4.4.8.2, 4.4.8.4 and 4.4.8.6 for
and the reporting-of values.

d tolerance diréection of measurement for all pitch deviations is in the transverse plane 4
e measurement diameter, dy, circle.

bd direction of tolerance for profile and helix deviations is in a transverse plane, on 3
heDase circle.

ence

ion, called the datum axis. It is defined by specification of datum surfaces. See)[SO/TR 10064-3.

ence
eter

that

any
bear,

ires,

rinal
hnce
sign

long

line

4.4.5 Measurement diameter

This part of ISO 1328 specifies the measurement diameter, dy, as defined in 3.2.2 as the location for the
measurement of helix and pitch parameters (also see 4.4.3 and 4.4.4). The measurement diameter shall
be recorded on the inspection record. Since the tolerance values are calculated based on the reference
diameter, they remain unchanged when the measurement diameter is modified.

When the measurement diameter is not specified, it is given by:

20
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for external gears:

dy =d, —2m, (M

for internal gears:

dy =d, +2m, (2)

where

ictlha e Ao e aa A
/llVl IO LIIC IIICAOSUTI CITIUIT
1, isthe tip diameter, mm;

n;, is the normal module, mm.

4.4.¢ Measurement data filtering

Any|tooth surface will exhibit a wide spectrum of deviations from‘the specified tooth [flank form.
This|includes, at one extreme, those of long period, such as a general concavity. At the other end of the
spedtrum are short period irregularities, such as surface roughnéss.

This| part of ISO 1328 requires the modification of original measurement values for invdlute profile
and helix evaluation so as to include only long period irfégularities before analysis and comparison to
toleffances. This modification is called low-pass filterifig. It minimizes or excludes irregulprities with
wavelengths shorter than the specified filter cutoff'wavelength. The filter cutoff wavelength specified
by this part of [SO 1328 is the gear form filter cutaff, Aq or Ag, as defined in 3.2.3 and 3.2.4 The profile
form filter cutoff, Ao, shall be stated in terms of¥oll path length. The helix form filter cutoff} Ag, shall be
stat¢d in terms of facewidth. The recommended form filter cutoff may be calculated using Fprmulae (3)
and [4). Form filter cutoff wavelengths longéer than these shall not be used.

= (3)

but pot less than 0,25 mm

b
= — 4
B=30 4)

but pot less than'Xg
whefe

\ o is'the profile form filter cutoff, mm;

A is the helix form filter cutoff, mm.

The actual filter type and form filter cutoffs, Aq and A, along with the probe diameter, shall be indicated
on the inspection record. A Gaussian 50 % type filter is required and defined in accordance with
ISO/TS 16610-1 and ISO 16610-21.

WARNING — There are some cases where the filtering based on the form filter cutoff wavelength
values recommended in Formulae (3) and (4) may suppress form deviations which are relevant to
the function of the gear. Form deviations that exist with a wavelength between the recommended
form filter cutoff and the filter cutoff used for surface roughness are sometimes referred to as
waviness. When specified, form filter cutoff wavelengths that are shorter than those specified in
Formulae (3) and (4) should be selected to evaluate such form deviations.
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See Annex C for additional information.

4.4.7 Measurement data density

Measurement data density is closely related to measurement data filtering in that the data sampling
rate limits the wavelength of surface irregularities which can be observed. The number of data points
included in the evaluation length shall be shown on the inspection record. Involute profile measurement
data sets shall include a minimum of 150 points approximately equally spaced along the length of roll.
Helix measurement data sets shall include a minimum of 5 - b/Ag points. If waviness is to be checked, then
the data set shall include a minimum of 300 points or 5 points per millimetre, whichever is the greater.

4.4.8 Required measuring and evaluation practices

4.4.8.1 Profile measurement

The measurement probe shall travel the full profile length. The probe shall start below the profile
control diaeter and continue past where the tip break actually starts.

4.4.8.2 Profile analysis

Within the profile evaluation range, the straight-line gradient of the profile measurement is found by
applying the least squares method to the deviation of the measured profile trace from the specjfied
design proffle. The evaluation always starts at the profile control diameter dct. Deviations caused by
plus materjal beyond the profile evaluation range near the tip. of the tooth shall be included in the
calculation pof the profile form deviation, fty, and total profile deviation, Fy. Minus material beyond the
profile evalpation range near the tip of the tooth may be ignored (see Figure 14).

¢ N Fa C N Fa

(T
|
|
|

\&

—
Fq

[ La “ig
Ja
a) Total profile deviation b) Profile form deviation
Key

| measured profile Points on line of action
S | facsimile '0f design profile Cr profile control
e | mean-profile line N¢ start of active profile
S 1 facsimile of mean profile line F, tip form, where tip break starts

Figure 14 — Profile excess

The mean profile line is developed by adding the ordinates of the straight-line gradient of the profile
deviation to the ordinates of the design profile. The mean profile line is used to determine fi, [see
Figures 4 b), 5 b), 6 b), 7 b), 8 b) and 14 b)] and fH [see Figures 4 ¢}, 5 c), 6 ¢), 7 ¢) and 8 c]].

For both internal and external gears, the profile slope deviation is deemed to be positive and the
corresponding pressure angle deviation is deemed to be negative when the mean profile line shows an
increase in material toward the tooth tip, relative to the design profile.

The profile is evaluated over the profile evaluation range, but for determination of the profile slope
deviation the result is extrapolated to the tip diameter.
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4.4.8.3 Helix measurement

The measurement probe shall travel the full facewidth, from end face to end face, or, if present, from the start
of end chamfers, rounds, or other modification intended to exclude that portion of the tooth from engagement.

4.4.8.4 Helix analysis

Within the helix evaluation range, the straight-line gradient of the helix measurement is found by
applying the least squares method to the deviation of the measured helix trace from the specified design
helix. Deviations caused by plus material outside the helix evaluation range shall be included in the
calculation of helix form deviation, ffg, and total helix deviation, Fg. Minus material outside the helix
evalfiation range may be ignored (see Figure 15).

[ I1 A
oo | |*
Ly \ | )
b

a) Total helix deviation b) Helix form deviation

Figure 15 —<\Helix excess

The meanhelixlineis developed by adding theordinates of the straight-line gradient of the helix deviation
to the ordinates of the design helix. The niean helix line is used to determine ffg [see Figurep 9 b}, 10 b),
11 b), 12 b), 13 b) and 15 b)] and fyg [seeFigures 9 c), 10 ¢), 11 ¢), 12 ¢) and 13 ¢)].

Helix slope deviations are deemed to be positive when the absolute values of the helix anglef are larger,
and pegative when helix angles-are smaller, than the designed helix angle. The helix slope deviations of
spur gears are deemed + (pgsitive) if right hand and - (negative) if left hand.

4.4.8.5 Measurementlocation

Helix measurements shall be at the measurement diameter. Pitch measurements shall be at the
meapurement diameter unless the pitch measurements are used to evaluate tooth thickpess. In this
case|the pitch measurement diameter should be the appropriate contacting diameter for the selected
evalpationmethod (dimension over/under pins or ball measurement, chordal or circular tooth thickness).
The reférence diameter, d, shall be used for calculating the tolerance values in accordance with Clause 5,
irregpéctive of the measurement diameter.

4.4.8.6 Reporting of pitch deviation values

4.4.8.6.1 Individual single pitch deviation

Distinction is made as to the algebraic sign of this reading. A condition wherein the actual tooth flank
position is nearer to the previous tooth flank than the theoretical position is considered a minus (-)
deviation. A condition wherein the actual tooth flank position is further from the previous tooth flank
than the theoretical position is considered a plus (+) deviation.
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4.4.8.6.2 Single pitch deviation values

This value is reported without a sign. It is reported separately for both the left and right flanks on
inspection records.

4.4.8.6.3 Individual cumulative pitch deviation

Distinction is made as to the direction and algebraic sign of this reading. In the specified measuring
path direction [clockwise or counterclockwise (anticlockwise)], a condition wherein the actual tooth
flank position is nearer to the datum tooth flank than the theoretical position is considered a minus (-)
deviation, otherwise there is a plus (+) deviation.

4.4.8.6.4 |1‘otal cumulative pitch deviation

Distinction|is not made as to the direction or algebraic sign of this reading. Such a distinction wjould
require a pyirely arbitrary specification of a direction [clockwise or counterclockwisg, (@nticlockwjise)]
between th¢ two teeth comprising the total cumulative pitch deviation. Itis reported‘separately for poth
the left and|right flanks on inspection records.

4.5 Specification of gear flank tolerance requirements

Theinformation to define the gear flank tolerance requirements on the gear drawing or gear specificgtion
should inclyde, but should not be limited to:

— arefergnce to this part of ISO 1328, i.e. ISO 1328-1:2013;

— the flak tolerance class of each tolerance parameter, swhich may be different for each paramleter,
and thq limits, in micrometres, calculated in accordance with this part of ISO 1328;

— datum pxis used for measurement (preferably thefunctional datum axis; see ISO/TR 10064-3);
— functiophal datum axis (used for evaluation);
— measullement diameter if different from.the recommendation in 4.4.5;

— the mifimum number of teeth tobe inspected, if different from the minimum recommenddtion
in Tablé 5;

— the desjgn shape for profile er’helix modifications, if they are required;
— the range of evaluation-for profile and helix measurement;
— the profile controlidiameter (defined as a diameter, length of roll or angle of roll);

— additiohal measurement requirements, for example tooth thickness (defined as circular thickiness
at refereneé diameter, span measurement or dimension over balls), tip and root diameter, root fillet
profile,|supface roughness of tooth flank.

It is usual to define this information as a table of data.

The designer may select the profile control diameter to be anywhere between the root form diameter and
the start of active profile diameter. The root form diameter depends on either the undercut diameter, the
point of tangency to the root fillet, or the base circle diameter (whichever is closest to the tip diameter).
If a profile control diameter is not specified, the start of active profile diameter, dnyis used in place of
the profile control diameter. When a gear will mesh with more than one mating gear, the start of active
profile diameter should be considered for each of these gears when selecting the profile control diameter.
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4.6 Acceptance and evaluation criteria

4.6.1 Designation of flank tolerance class

Designation/specification of a flank tolerance class in accordance with this part of ISO
be as follows:

ISO 1328-1:2013, class A
where A designates the design flank tolerance class.

NOT

4.6. Modified flank tolerance class

The [tolerances, methods, and definitions contained in thisypart of ISO 1328 prevail unless
agreements between the manufacturer and purchaser contain specific exceptions. See
ISO/ITR 10064-5 and ISO 14253-1 for discussion om\measurement uncertainty and how
spedified tolerances.

4.6. Evaluation of flank tolerance class

The [overall flank tolerance class of a.géar is determined by the largest flank tolerance cl
meapured for any tolerance parametenspecified for the gear by this part of ISO 1328.

4.6. Additional characteristics

In c¢rtain applications there can be additional characteristics that might require toleran

1:2013(E)

1328 shall

arameter.

he formulae

contractual
ISO 18653,
to apply to

nss number

res in order

to epsure satisfactory gerformance. For example, if dimensions for tooth thickness or surface finish

toleffances are desirable in order to ensure satisfactory performance in special applics
dim¢nsions and tolerances should appear on drawings or purchase specifications. Methods o
some of these characteristics are discussed in ISO/TR 10064-1, and in Annexes D to G.

4.7 | Presentation of data

itions, such
f measuring

Throughout this part of ISO 1328, all the figures show how the design or measured prof|

ile deviates

from a theoretical pure involute with the design pressure angle or how the design or measured helix
deviates from a theoretical pure helix with the design helix angle. The figures show the profile and helix

as generally horizontal lines, so as not to require indication of left or right flank or internal
gear. Most measuring machines display the profile and helix as generally vertical lines; the
is not important.

5 Tolerance values

5.1 General

Tolerance values are calculated, in micrometres, by Formulae (5) to (12) given in 5.3.

© IS0 2013 - All rights reserved
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5.2 Use of formulae

5.2.1 Range of application

The ranges of application are specified in the Scope (Clause 1), and Formulae (5) to (12) (in 5.3) shall not
be extrapolated beyond these limits. Tolerances for gears beyond these ranges shall be agreed upon by
the manufacturer and purchaser.

5.2.2 Step factor

TItres o e e telrer{fortowerj—class are
d value for any flank tolerance class.mqy be
(4-5)

The step fagtorbetwee consect ctars s—~2—Va
determined by multiplying (or dividing) by J2.The require

determined by multiplying the unrounded calculated value for class 5 by J2 where 4 ig the

number of the required flank tolerance class.

5.2.3 Rounding rules
Values calcyilated from Formulae (5) to (12) (in 5.3) shall be rounded as follows:

— if greatpr than 10 um, round to the nearest integer micrometre;

— if 5,0 u or greater but less than or equal to 10 um, round to the-tearest 0,5 pm;

— ifless than 5,0 um, round to the nearest 0,1 um.

If the measpuring instrument reads in (Imperial) inches, values calculated from Formulae (5) to|(12)
in 5.3 shall|be converted to ten thousandths of an inch and then rounded according to the rulef for
micrometrds (i.e.substitute “ten thousandths of aninch” for “micrometre” inthe rulesabove). Parameéters
in Formulag (5) to (12) are intended to be entered in millimetres.

5.3 Tolerance formulae

5.3.1 Single pitch tolerance, fp1

Single pitchftolerance, fpr, shall be ¢aledlated using Formula (5):

pr :(0,001d+0,4mn+5)(\/§)(A—5) (5)

5.3.2 Cumulative pitch (index) tolerance, total, Fpr

Total cumulativepitch (index) tolerance, Fpr, shall be calculated using Formula (6):

~

Fyr = (050826-+-6:55e-+6:7mr+a2{</2) 6)

5.3.3 Profile tolerances

5.3.3.1 Profile slope tolerance, fijuT

Profile slope tolerance, fHqt, shall be calculated using Formula (7). This tolerance shall be applied as a
plus/minus (%) value.

frior =(0,4m,, +0,001d+4)(+/2 )(A_S) (7)
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5.3.3.2 Profile form tolerance, fi,T

Profile form tolerance, ftqT, shall be calculated using Formula (8):

ff(xT = (0'55mn +5)(\/E)(A_5)

5.3.3.3 Profile tolerance, total, FyT

1:2013(E)

(8)

Total profile tolerance, Fur, shall be calculated as given by Formula (9) using unrounded tolerance values

for prafile slope and profile form:

i [ 2 2
For = fiior + fior

5.3.4 Helix tolerances

5.3.4.1 Helix slope tolerance, fygr

Helix slope tolerance, fugr, shall be calculated using Formula (10). This tolerance shall be
plusfminus (*) value.

Fupr =(0,05Vd +0,35vb +4)(ﬁ)(A‘5)

5.3.4.2 Helix form tolerance, figr

Helix form tolerance, ftgT, shall be calculated usitig Formula (11):

For =(0,07Vd +0,454b +4)(v2) " 2

5.3.4.3 Helix tolerance, total, Fgr

Totall helix tolerance, Fgr, shallbe calculated as given by Formula (12) using unrounded toler
for helix slope and helix form:

Far =+ fiipr + Fifr

)

hpplied as a

(10)

(11

ance values

(12)
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Annex A
(normative)

Zone-based tolerance evaluation

A.1 General

This annex
An example
separately,

A.2 7one

For the dets
tip and rootf
of the regr¢
considered
be defined 3

presents a strategy using a segmented evaluation or zone evaluation for two or more, z(
for the gear profile can be a tip zone, middle zone and root zone. Adjacent zones arecalcul
hnd can have different tolerance classes.

-based profile tolerance evaluation

rmination of the slope and form deviation a regression calculation.jsnecessary. In the ca
modifications, each zone may be considered separately (see Figtire A.1). For the calculs
ssion lines, only the zones Lqa, Lam and Lqf are used. The areasbetween the zones are
for the plus material condition for form and total deviation:)The length of these areas

nd cannot be zero (except when there is a tangential transition). The regression is calcul

nes.
ated

se of
ition
only
chall
ated
mnost

on the deviptions from the design profile according to the sum of the least squares (Gauss). In 1}
cases, a lindar regression is used.
Ce a
Fe L, Ligamax
af max
L Caa,min
LC(xf,min Fa
3 - R
Laf Loa
L«
Key
Coa amount of tip relief Points on line of action
Cuf amount of rootrelief a tip
Lcoa,max aximum Jength of tip relief Cr profile control
Lcaa,min inimum-tength of tip relief F,y tip form
Lcaf max aximum length of root relief Fr root form
Lcafmin inimum length of root relief
Laa tip relief zone
Lam middle profile zone
Lof root relief zone

Figure A.1 — Regression zones for profile with tip and root modification

A.2.1 Profile slope deviation, fj

For the profile slope deviation, fjo, the regression line of the middle profile zone shall be extrapolated
over the area from the profile control point to the tip [see Figure A.2 c)].

28
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A.2.2 Profile form deviation, f;,

The profile form deviation, ffy, is the distance between two facsimiles of the regression lines which
enclose the measured profile within the zone. For each zone, the form deviation is determined
independently. For the area above the tip break, a plus material condition is included in the adjacent

zone [see Figure A.2 b)].

NOTE The facsimiles of the regression line are kept parallel to the regression line.
Laf G Loa
Lam a
C Fa
s . 4 +
< oG ]
| T QI
2 £
S =
La
| |
q) Total profile deviation b) Profile form deviation c)\Profile slope d¢viation
Key
— 1  measured profile Points ondine of action
-4 __ facsimile of design profile Cr profile control
_ | _ _ _ mean profile line Fy¢~1ip form
S R __ facsimile of mean profile line a7y tip

Figure A.2 — Zone-based evaluation'for profile with tip and root modifications

A.2.3 Total profile deviation, Fy

The fotal profile deviation, Fy, is the distance between two facsimiles of the design profile which envelop
the gctual profile as shown in Figiire A.2 a). Outside the evaluation range at the tip, excess mpterial shall
be tgken into account.

NOTE1 The facsimiles of the design profile are kept parallel to the design profile.

NOTE 2  Itis commofh-practice to restrict evaluation to the middle zone or to omit F, completely.

A.3| Zone-based helix tolerance evaluation

For the détermination of the slope and form deviation, a regression calculation is necessary} In the case

of end-relief, each zone is considered separately. The areas close to the faces are denoted with I and II

By A_2)
(seeEigure-A3)-

For the calculation of the regression lines only the zones Lgy, Lgm, and Lgjj are used. The areas between
the zones are only considered for the plus material condition for form and total deviation. The length
of these areas shall be defined and cannot be zero (except when there is a tangential transition). The
regression is calculated on the deviations from the design helix according to the sum of the least squares
(Gauss). In most cases, a linear regression is used.
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[ I1
L(‘I max LCII,max
LBm
LF] min LCII min
— / ----------- N =
&S | - \‘\ ¥
o LBI LBII
LB
b
Key
I datum face Lenmax  maximum length of end relief
II noh-datum face Lcii,min minimum length of end relief
Cpl amjount of end relief Lgr end relief zone
Cpir amount of end relief Lgm middle helix zone
Lcimax  mdximum length of end relief Lgn end relief zone

LCI,min mi

nimum length of end relief

A.3.1 Helix slope deviation, fig

For the hel
whole facey

Uidth, b [see Figure A.4 c)].

A.3.2 Hetx form deviation, ffg

The helix fo
the measur

Figure A.4

NOTE T

Figure A.3 — Regression zones for a helix with reliefat both ends

x slope deviation, fyg, the regression line of the*middle zone shall be extrapolated tq

m deviation, ftg, is the distance between two facsimiles of the regression line which en
ed helix within the zone. For each zone the form deviation is determined independentlyj
b)]. For the area between the zones and at the ends, any plus material shall be includg
the analysig.

he facsimiles of the regression line are kept parallel to the regression line.

the

lose
[see
bd in
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A.3.3 Total helix deviation, Fg

The total helix deviation, Fp, is the distance between two facsimiles of the design helix which envelop
the actual helix [see Figure A.4 a)]. Outside the evaluation range, Lg, at the ends of the flank, excess
material shall be taken into account.

NOTE1 The facsimiles of the design helix are kept parallel to the design helix.

NOTE 2  Itis common practice to restrict evaluation to the middle zone or to omit Fg completely.

L L
ol Bl L
prT | PIIT II
W I Ol 60
/”/\uumn[\ 5
N v
LB LB
b b b
) Total helix deviation b) Helix form deviation c) Helix slope deyiation
Key
1 measured helix Lyl end relief zone (datum face)
[ I __ facsimile of design helix Lpnr  end relief zone (non-datum face)
_ 1 meanhelixline Lgm  middle helix zone

. ___ facsimile of mean helix line

Figure A.4 — Zone-based evaluation for a helix with end modifications
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Annex B
(normative)

Evaluation of profile and helix deviations using the second order
analysis method

B.1 Purpose

This annexjapplies to gears with either a crowned profile (sometimes called barrelling) or & crowyned
helix, or to|gears with both. A second order best fit is applied to the deviations from the*unmodjfied
profile or the unmodified helix. The standard flank tolerance classes from Clause 5 may be used with
this method of analysis.

NOTE Clauses 3 and 4 use linear analysis of the deviations from the design profilezand the design helix rather
than a seconl order fit. The result of the linear analysis is referred to as a mean profile (or helix) line even thpugh
it has the sarhe shape as the design profile (or helix), which can be a curve. The resujt of the second order anglysis
as presented in this annex is always referred to as a curve.

B.2 Second order profile analysis

Profile croWning is a commonly used and effective profile medification for some applications. Crowpning
modificatiops are generally defined by a single parabolic.curve (see Figure B.1). The calculation of the
parabola is|executed within L, but for the evaluation-of’fljq and Cy, the parabola is extrapolated t¢ the
tip diametef for unsegmented designs or to the end ofthe segment when analysed by zones.

_______ involute

crowned profile

Figure B.1 — Profile crowning
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B.2

ISO 1328-

.1 Mean second order profile curve

1:2013(E)

The mean second order profile curve is a curve created by mathematically fitting a second order curve
to the measured profile trace, within the profile evaluation length, L, by the least squares method.

NOTE This curve is the basis of the determination of fiy, fiq and Cq.

B.2

.2 Profile form deviation, fi,

The profile form deviation, fq, is the distance between two facsimiles of the mean second order profile
curve, whlch are each placed with constant separatlon from the mean second order proflle curve, so as

4.4.84.2 for plus materlal conditions.

The
extr

B Profile slope deviation, fjjq

profile slope deviation, fHq, is the displacement of a line struck through the points
hpolated mean second order profile curve intersects the profile control diameter

diameter [see Figure B.2 b)].

The
sam

If th

P manner as given in 4.4.8.2.

pre is a design profile slope deviation, Cyq, the initially calculated fhqc is used to de

profjle slope deviation according to Formula (B.1):

B.2.
The

fHoc = fH(xC —Chqy

4 Profile crowning, C,

profile crowning, Cy, is the distance, in-the direction of recorded deviations, betwee

to the extrapolated mean second order profile curve where it intersects the profile contr

| B.2 a)]. See

where the
hnd the tip

algebraic sign of profile slope deviation, fq, using the second érder method is deternined in the

fermine the

(B.1)

h the chord
ol diameter

and [the tip diameter and a parallel line' which is tangent to the mean second order profil¢ curve [see
Figufre B.2 c)].
C N, Faa C N Fai
— -4 + —d
S N :E
o — = S
La 0 | |
| ga
Ja |
a) Profile form deviation b) Profile slope deviation c) Profile crowning

Key

Points on line of action
measured profile Cr profile control
e _ mean second order profile curve Ny start of active profile

S __ facsimile of mean second order profile curve F, tip form

777777777 chord of mean second order profile curve a tip

Figure B.2 — Second order profile deviations
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B.3 Seco

nd order helix analysis

Similar to profile crowning, helix crowning is a commonly used helix modification. This modification is
generally defined by a single parabolic curve that increases the curvature of the helix and crests at the
middle of the helix evaluation range, Lg. The calculation of the parabola is executed within Lg, but for the
evaluation of fyg and Cg, the parabola is extrapolated to the full facewidth, b, for unsegmented designs,
or to the end of the segment when analysed by zones.

B.3.1 Mean second order helix curve

The mean second order helix curve is a curve that is created by mathematically fitting a second order

curve to th¢ measured helix trace, within the helix evaluation range, Lg, by the least squares methg

NOTE

B.3.2 Helix form deviation, ftg

The helix f
curve, whic
enclose the
plus materi

B.3.3 He

The helix s
second orde

The algebrg
same mann

If there is a
helix slope

fup = figpc —Cup

B.3.4 Helix crowning, Cg

The helix c1
lineandap

This curve is the basis of the determination of ftg, fug and Cg.

li)x slope deviation, fyg

rm deviation, fgg, is the distance between two facsimiles of the mearsécond order
h are each placed with constant separation from the mean second order helix curve, so
measured helix trace over the helix evaluation range, Lg [see Figure B.3 a)]. See 4.4.8.

d.

helix
hsS to
1. for

h] conditions.

pe deviation, fyp, is the displacement of a line struckthrough the points where the n
r helix curve intersects the end points of the facewidth, b [see Figure B.3 b)].

er as in 4.4.8.4.

design helix slope deviation, Cyg, then, the initially calculated fygc is used to determin
leviation according to Formula (B.2):

owning, Cp, is the distance, in the direction of recorded deviations, between the helix s

nean

ic signs of helix slope deviation, fyg, using the\second order method are determined i the

b the

B.2)

lope

hrallel line which-is tangent to the mean second order helix curve [see Figure B.3 c]].
| I1 [ I
; a\y
o B

S

a) Hel

ix form deviation b) Helix slope deviation c) Helix crowning

measured helix
mean second order helix curve

. __ facsimile of mean second order helix curve

34

Figure B.3 — Second order helix deviations
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ISO 1328-
Annex C
(informative)

Profile and helix data filtering

Purpose

1:2013(E)

ile and helix measurement data are usually conditioned by low-pass filtering prior
edures. The selected filtering method and cutoff wavelength influences analysis results
ides descriptions of filtering practices.

Filtering

surements include variations of many different wavelengths or frequencies. The exclusig
jons of the measurement data frequency spectrum is called filtering. A filter that exq
elength (high frequency) data is called a low-pass filter. A filter that excludes long wave
lency) data is called a high-pass filter. A filter that excludes)the shortest and longest

to analysis
This annex

n of certain
ludes short
length (low
vavelengths

nest and lowest frequencies), thereby leaving only medium wavelength (medium freq
lled a bandpass filter. For gear metrology purposes, a\low-pass filter is usually applie
Influences of high-frequency surface finish conditions from the observations of total, for
htions of profile and helix. Several types of filtering@re normally presentin the gear measu

Mechanical filtering

hanical filtering limits the profile ahd helix measurement data gathered to longer
bs and is thus a low-pass type filtersMechanical filtering occurs as the geometry of the p
1s) bridges and thereby suppresses the shorter wavelength variations. Another releva

e gear profile and helix data are normally subjected to intentional low-pass filter
y required. Evaluation of gear surface finish is best accomplished with specialized su
uments, rather than profile or helix measurement instruments.

Electrical filtering

rrical'filtering that limits the measurement data gathered to longer wavelengths (lowe

Ps1s a low-pass type filter. During electrlcal flltermg, the measurement data signal pass

oo dil rina (D allizaontotbha doro oo i and o

actirica

hanical low-pass filtering is the inertial mass of the moving parts of the probing system,

ency) data,

to remove
m and slope
ring system.

wavelength
Fobe (i.e. tip
ht source of

e specified.
ing, this is
rface finish

frequency)
es from the

PEP=3 NP TAPN £11 aaat ool €10 1z
e atTT oug I arr CreC e ICar T cCTr g (1IN G cHeuttahe Auluu_y oot trattaarrary Stsaiaott

putdevices.

Electrical filtering circuits for profile and helix data are designed to accomplish the elimination of high
frequency measurementdataataspecified wavelength called the cutoff. All dataat frequencies significantly
higher than the cutoff are eliminated. High-frequency measurement data that are near but not exactly at
the cutoff frequency are filtered proportionally according to their proximity to the cutoff wavelength.

An unfortunate effect of RC electrical filtering is a phase shifting of data that can influence the analysis

of m

easurement results.

Electrical filtering is most commonly encountered on older instruments; newer instruments employ
mathematicalfiltering. Electricalfilteringisanacceptable practice, provided itslimitations are understood.

© IS0 2013 - All rights reserved

35


https://standardsiso.com/api/?name=a2819d220cc5e5cce3ad10bfd04372c3

ISO 1328-1:2013(E)

C.5 Mathematical filtering

Mathematical filtering requires that measurement data first be converted from analogue to digital
to permit processing by a digital computer. There are many mathematical filters available today. One
common filter emulates the characteristics of electrical filters (with or without the phase shifting
characteristic of RC circuits). Another common filter employs Gaussian mathematics.

The transmission characteristics of a phase correct Gaussian filter are such that 50 % of the amplitude
of a sinusoidal waveform with a wavelength equal to the long-wavelength cutoff will be transmitted.
Other frequencies are passed in an amount according to their proximity to the cutoff. When a phase
correct Gaussian filter is used, irregularities are reduced and phase shift is eliminated.

Based upon| sine wave amplitude transmission characteristics and compliance with ISO standards} use
of the digitql Gaussian 50 % filter is required (see 4.4.6).

It is also advantageous to be able to view the measurement data with different (or np) mathematical
filtering applied.

C.6 Cutoff selection

Standard pjofile and helix data cutoff values for use in this part of ISO 1328are specified in 4.4.6.
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Annex D
(informative)

Sector pitch deviation

D.1_Purpose

This|annex provides the definition, measurement practices, recommended tolerances, ahd-guidance for
appljcation of sector pitch deviation.

D.2| Sector pitch deviation, Fyy, Fpz/8

The [sector pitch deviation, Fpy, is the largest algebraic difference betwgen the individual|cumulative
pitch deviation (index deviation) values for a specified flank within any/sector of k pitches. In[the specific
caselwhere k is one eighth of the number of teeth, z, it is named Fj7/g;

NOTE1 Unless otherwise specified, k is limited to one eighth of the\snumber of teeth. For segment gears, the
numper of teeth, z, is that for a full gear, and not the number of teeth irf the segment gear.

NOTE2  When a specific number of teeth is specified, thatthumber appears in the symbol in plage of k; i.e. if
sectqrs of four teeth are used, the symbol is Fp4.

NOTE3  When Fpyg is specified, then

(D.1)

o N

whele

k is the number of pitches in the sector; it is rounded to the nearest integer of pitches

y  is the number of teethin the gear.

The pmallest useful value of k is 2. Parameter Fp/g is only applicable to gears with 12 or mqre teeth.

Distinction is made as to the algebraic sign of this reading. Thus, a condition wherein the distance
between the two teeth comprising the sector pitch deviation is shorter than the theoretical distance is
congidered-axminus (-) deviation. A condition wherein the distance between the two teeth{comprising
the gectenpitch deviation is longer than the theoretical distance is considered a plus (+) deyiation.

The lmeasurement direction for sector pifhh deviation is a]nng the arc of the measurement diameter

circle, dy, within the transverse plane.

D.3 Measurement practice

Gear tooth position data gathered by either a pitch comparator (two-probe) device or an indexing (single-
probe) device may be used to determine sector pitch deviation. In either case, individual cumulative
pitch deviation (index deviation) values shall be found first. Determination of the sector pitch deviation,
Fpk, requires the algebraic difference of the most positive individual cumulative pitch deviation (index
deviation) value and the most negative individual cumulative pitch deviation (index deviation) value
within every group of k pitches (k + 1 adjacent teeth), as defined in D.2. The sector pitch deviation, Fpy,
is the largest of these values. There are as many groups of k pitches as there are teeth.
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D.4 Comparison to similar parameters

It is important to understand that parameter Fy is not equivalent to certain other similar parameters,
such as pitch span deviation Fpsk. Pitch span deviation is equal to the algebraic difference between the
first and last values of the individual cumulative pitch deviation (index deviation) in a sector of k pitches.

In both cases, a window of k spaces is used. For Fpk, z windows of length k are used and (maximum
reading minus minimum reading) is determined for each window for all values inside the window.

For Fpsk, the number of windows is equal to the nearest integer of z/k. For each interval, only the first

and last values are considered to determine the difference.

NOTE The tolerance for Fpsk is not specified in this part of [SO 1328.

An examplq of the differences between these analysis methods is provided by Figure D.1. That Figure
shows the individual cumulative pitch deviation (index deviation) data for a gear with 35 teeth, [thus
for Fpz/8, the value of k is equal to 4. In this example, the value of sector pitch deviation, Fp;/s, i 4,7
occurring between teeth 18 and 20, which are contained within a sector of 4 pitchesThe value of pitch
span deviatfion, Fps4, is 4,1 occurring from teeth 18 and 22, which are 4 pitches.apart. In this example,

Fpz/8 and Fjs4 occur in the same sector; this is not always the case.

Fy

8

. JEZEAN

pS4

F 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 n
pi

Key

1 4 pitch sector withJargest tooth deviation

n tooth number.

Fp totall cumulative pitch deviation

Fpz/8 sectl])r pitch deviation (z/8 % 4)

cian dagiation A oot
T tt

Fpsa pitch

Spor oty oeroTl; tce

Figure D.1 — Sector pitch deviation and pitch span deviation
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Tolerance, sector pitch deviation, Fpkr

1:2013(E)

A recommended tolerance for sector pitch deviation, Fpkr, is calculated according to Formula (D.2):

4k A-5

Fka:pr+7(0,001d+0,55\/c_1+0,3mn+7)(\/§) (D.2)
where

Fpkr is the tolerance, sector pitch;

fpT tsthetoterance; biuglc pitciyforthetoteranceclass4A:
A recommended range of application for sector pitch tolerance follows the same restrictigns as those
spedified for total cumulative pitch tolerance, Fpr.
For the specific case of Fpz/g, Formula (D.2) may be simplified to:

b JertFer D.3

pz/8T = (D.3)

D.6| Guidance to application
Unlgss otherwise specified, the measurement of sector pifich deviation is not mandatory. Information
pertpining to this parameter is therefore not included i (the main body of) this part of ISO|1328.
Howlever, when agreed between the manufacturer.and purchaser, the method may be used. If differences
between individual cumulative pitch deviatioffs (index deviations) over relatively smdll numbers
of pitches are too large, substantial acceleration forces can be generated when the gear i$ in service,
espdcially for high speed gears, where dynamic loads can be considerable.
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Annex E
(normative)

Allowable values of runout

E.1 Purpose

This annex provides the tolerance formula and range of application.

E.2 Indiyidual radial measurement, r;

The indivi

al radial measurement, rj, is the radial distance from the gear axis to.the centre or @

ther

defined locgtion of a probe (ball, cylinder or anvil), which is placed successively, in each tooth space.

During eac
The runout

Figure E.2)
NOTE1 T

NOTE2 T
from the pit(

When a sps
shall be usq
Otherwise,

E.3 Rung

check, the probe contacts both the right and left flanks at apprekimately midtooth-de
may also be determined by using the points from the pitch ‘measurement (see E.5

here are as many values for rj as there are tooth spaces.

he results from a physical measurement usually give slightly different results from those calcu
h measurement.

cific ball diameter for runout measurement js\required, the contact diameter for this

the measurement diameter, dy;, shall be used.

put, Fr

epth.
and

ated

ball

bd for pitch measurements, if these measurements will be used for calculation of runout.

The value ¢f the runout, Fy, of the gear\is the difference between the maximum and the minignum

individual 1
eccentricity

adial measurement, ri. Higure E.1 shows an example of a runout diagram, in which
is a portion of the runout (see ISO/TR 10064-2).

the
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