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National foreword

This British Standard has been prepared by Technical Committee MCE/5 and is
identical with ISO 1328 Cylindrical gears — ISO system of accuracy —

Part 1:1995 Definitions and allowable values of deviations relevant to
corresponding flanks of gear teeth, published by the International Organization
for Standardization (ISO).

ISO 1328 was prepared by the Technical Committee ISO/TC 60, Gears, in which
the UK played an active part.

This British Standard supsersedes the following British Standards which are
declared obsolescent:

BS 436, Spur and helical gears — Part 1:1967 Basic rack form, pitches and
accuracy (diametral pitch series).

BS 436, Spur and helical gears — Part 2:1970 Basic rack form, modules and
accuracy (1 to 50 metric module).

Additional information. Users of this British Standard should note that
preferred sizes for modules should be in accordance with ISO 54:1977 Cylindrical
gears for general engineering and for heavy engineering — Modules and
diametrical pitches.

Also, the rack form should be in accordance with ISO 53:1974 Cylindrical gears
for general and heavy engineering — Basic rack.

Cross-reference. The Technical Committee has reviewed the provisions of
ISO/TR 10064-1:1992, to which normative reference is made in the text, and has
decided that they are suitable for use in conjunction with this standard.

NOTE It has been found that BS 436-4:1996 contained the following errors which have been
corrected in Amendment 1.

In Figure 1 the projection lines for dimension F,;, and p; have been moved to coincide with
the difference between the theoretical and actual tooth profile;

In note 9 “profile” has been replaced by “helix” in line 1;

In Figure 2 the shape of the actual profile has been modified in several of the diagrams;

In Figure 3 the shape of the actual helix has been modified in several of the diagrams. Also,

the text for “Key iii)” has been corrected;

In Annex C the Bibliography has been updated.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 and ii,
pages 1 to 26, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. Documents
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Introduction

Together with definitions and allowable values of
gear element deviations, ISO 1328:1975 also

provided advice on appropriate inspection methods.

In the course of revising ISO 1328:1975 and taking
into account several important aspects, it was
agreed that the description and advice on gear
inspection methods should be published as
Technical Reports and that together with parts 1
and 2 of ISO 1328, a system of standards and
technical reports (listed in clause 2 and Annex C)
should be established.

1 Scope

This part of ISO 1328 establishes a system of
accuracy relevant to corresponding flanks of
individual cylindrical involute gears.

It specifies appropriate definitions for gear tooth
accuracy terms, the structure of the gear accuracy
system and the allowable values of pitch deviations,
total profile deviations and total helix deviations.

This part of ISO 1328 applies only to each element
of a toothed wheel taken individually; it does not
cover gear pairs as such.

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 than those of ISO/TR 10064-1
combined with the limits described in this part of
ISO 1328 may not be suitable.

Annex A gives formulae for tolerances for tangential
composite deviations which are also criterions of
ISO quality, but are not mandatory inspection
items.

Annex B provides values on profile and helix form
and slope deviations which sometimes serve as
useful information and evaluation values but are
not mandatory inspection items.

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this part of ISO 1328. At the time of publication,
the edition indicated was valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 1328 are encouraged to
investigate the possibility of applying the most
recent edition of the standard indicated below.
Members of IEC and ISO maintain registers of
currently valid International Standards.

ISO/TR 10064-1:1992, Cylindrical gears — Code of
inspection practice — Part 1: Inspection of
corresponding flanks of gear teeth.

3 Definitions

For the purposes of this part of ISO 1328, the
following definitions apply.

For the symbols not explained in this clause,
see clause 4.

3.1 Pitch deviations

3.1.1
single pitch deviation (f,;)

algebraic difference between the actual pitch and
the corresponding theoretical pitch in the
transverse plane, defined on a circle concentric with
the gear axis at approximately mid-depth of the
tooth (See Figure 1.)

3.1.2
cumulative pitch deviation (F,;)

algebraic difference, over any sector of & pitches,
between the actual length and the theoretical length
of the relevant arc. (See Figure 1.) In theory, it is
equal to the algebraic sum of the single pitch
deviations of the same & pitches

NOTE 1 Unless otherwise specified, evaluation of F, is limited
to sectors not larger than one-eighth of the circumference. Hence,
allowable values of deviations F,, apply to sectors of which the
number of pitches (k) ranges from 2 to the number nearest to z/8.
Generally, evaluation of F, s is sufficient. If for special
applications (e.g. for high-speed gears) smaller sectors are also to
be checked, the relevant value(s) of & should be specified.

3.1.3
total cumulative pitch deviation (F))

maximum cumulative pitch deviation of any sector
(with £ = 1 up to k = 2) of the corresponding flanks of
a gear. It is represented by the total amplitude of
the cumulative pitch deviation curve

3.2 Profile deviations
3.2.1 Profile deviation

Amount by which an actual profile deviates from the
design profile. It is in the transverse plane and
normal to the involute profile.

3.2.1.1
usable length (Lpy)

difference between the lengths of two transverse
base tangents, of which one extends from the base
circle to the outer limit and the other extends from
the base circle to the inner limit of the usable profile

depending on the design, the usable length is
limited by the tooth tip, by the start of tip chamfer
or tip rounding (point A). Towards the root of the
tooth, the usable length is limited either by the
beginning of the root fillet or by the undercut
(point F)
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3.2.1.2
active length (Lpp)

that part of the usable length which is related to the
active profile. Towards the tooth tip, it has the same
limit as the usable length (point A). Towards the
root of the tooth, the active length extends to the
endpoint E of the effective contact with the mating
gear (start of the active profile). If the mating gear
is unknown, point E is the start of the active profile
of engagement with a rack having standard basic
rack tooth proportions

3.2.1.3
profile evaluation range (L)

that part of the usable length to which the
tolerances of the specified accuracy grade shall
apply. Unless otherwise specified, its length is equal
to 92 % of the active length Ly, extending from
point E (See Figure 2.)

NOTE 2 It is the responsibility of the gear designer to assure

that the profile evaluation range is adequate for the application.

for the remaining 8 % of Ly, which is the zone near
the tip expressed by the difference between L and
La, the following evaluation rules apply for the total
profile deviation and the profile form deviation:

a) excess material (plus deviation) which increase
the amount of deviation shall be taken into
account;

b) unless otherwise specified, for minus
deviations, the tolerance shall be three times the
tolerance specified for the evaluation range L.

NOTE 3 For analysis of the profile form deviation,
evaluations a) and b) are based on the mean profile trace defined
in 3.2.1.5.

3.2.14
design profile

a profile consistent with the design specification.
When not otherwise qualified, it is the profile in a
transverse plane

NOTE 4 In a profile diagram, the profile trace of an unmodified

involute generally appears as a straight line. In Figure 2, the
design profile traces are shown as chain-dotted lines.

3.2.1.5
mean profile of a measured flank

a trace determined by subtracting from the
ordinates of the design profile trace the
corresponding ordinates of a straight-line gradient.
This is to be so done that, within the evaluation
range, the sum of the squares of deviations of the
actual profile trace from the mean profile trace is
minimal. Thus, the position and the gradient of the
mean profile trace is found by the “least-squares
method”

NOTE 5 This profile is an aid in the determination of fg,
[Figure 2 b)] and fy [Figure 2 c)].

__________ theoretical
actual

In this example F,, = F 3

Figure 1 — Pitch deviations
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3.2.2
total profile deviation (F})

distance between two design profile traces which
enclose the actual profile trace over the evaluation
range L, subject to the provisions of 3.2.1.3

[See Figure 2 a).]

3.2.3
profile form deviation (fi,)

distance between two facsimiles of the mean profile
trace, which are each placed with constant
separation from the mean profile trace, so as to
enclose the actual profile trace over the evaluation
range L, subject to the provisions of 3.2.1.3

[See Figure 2 b).]

3.2.4
profile slope deviation (fy)

distance between two design profile traces which
intersect the mean profile trace at the endpoints of
the evaluation range L, [See Figure 2 c).]

3.3 Helix deviations
3.3.1 Helix deviation

Amount, measured in the direction of the transverse
base tangent, by which an actual helix deviates from
the design helix.

3.3.1.1
length of trace

length proportional to the facewidth of the gear,
excluding the tooth end chamfers or roundings

3.3.1.2
helix evaluation range (Lp)

unless otherwise specified, the “length of trace”,
shortened at each end by the smaller of the following
two values: — 5 % of the facewidth, or the length
equal to one module

NOTE 6 It is the responsibility of the gear designer to assure
that the helix evaluation range is adequate for application.

in the relevant end zones, the following evaluation
rules apply for the total helix deviation and the helix
form deviation:

a) excess material (plus material deviation)
which increases the amount of deviation shall be
taken into account;

b) unless otherwise specified, for minus material
deviations, the tolerance shall be three times the
tolerance specified for the evaluation range Lg.

NOTE 7 For the analysis of helix form deviation, evaluations a)
and b) are based on the mean helix trace defined in 3.3.1.4.

3.3.1.3
design helix
a helix consistent with the design specifications

NOTE 8 In a helix diagram, the trace of an unmodified helix
generally appears as a straight line. In Figure 3, the design helix
traces are shown as chain-dotted lines.

3.3.14
mean helix of a measured flank

a trace, determined by subtracting from the
ordinates of the design helix trace the corresponding
ordinates of a straight-line gradient

this is to be so done that, within the evaluation
range, the sum of the squares of the deviations of
the actual helix trace from the mean helix trace is
minimal. Thus, the position and the gradient of the
mean helix i1s found by the “least-squares method”
NOTE 9 This helix is an aid in the determination of the
deviations ffﬁ [Figure 3 b)] and fHﬁ [Figure 3 ¢)].

3.3.2

total helix deviation (Fj)

distance between two design helix traces which
enclose the actual helix trace over the evaluation
range Lg, subject to the provisions of 3.3.1.2

[See Figure 3 a).]

3.3.3
helix form deviation (ffﬁ)

distance between two facsimiles of the mean helix
trace, which are each placed with constant
separation from the mean helix trace, so as to
enclose the actual helix trace over the evaluation
range Lg, subject to the provisions of 3.3.1.2

[See Figure 3 b).]

3.3.4
helix slope deviation (fHﬁ)

distance between two design helix traces which
intersect the mean helix trace at the endpoints of
the evaluation range Lg [See Figure 3 c).]
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Key
—— —-——-——: Design profile /\/\J\J\: Actual profile ~  ---------------- : Mean profile
i} Design profile: unmodified involute

Actual profile: with minus material deviations in the reduction zone
i)  Design profile: modified involute (example)

Actual profile: with minus material deviations in the reduction zone
iiiy  Design profile: modified involute (example)

Actual profile: with excess of material in the reduction zone

Tip Root
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3) Total profile deviation b} Profile form deviation c) Profile slope deviation
| Figure 2 — Profile deviations
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Key
—— - ——-——-——-: Design helix /\/\_J\J\: Actual helix ~ -=--===mmmmmoo - : Mean helix
i)  Design helix: unmodified helix
Actual helix: with minus material deviations in the reduction zone
i)  Design helix: modified helix (example)
Actual helix: with minus material deviations in the reduction zone
i) Design helix: modified helix (example)
Actual helix: with excess of material in the reduction zone

[ =
w < — T
~
Lp
=
b
i) b
a) Total helix deviation b) Helix form deviation c) Helix slope deviation
Figure 3 — Helix deviations
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3.4 Tangential composite deviations

3.4.1
total tangential composite deviation (F";)

maximum difference between the effective and
theoretical circumferential displacements at the
reference circle of the gear under inspection, when
meshing with a master gear, the tested product gear
being turned through one complete revolution

NOTE 10 During the inspection process, contact takes place on
only one set of corresponding flanks (Figure 4).

3.4.2
tooth-to-tooth tangential composite deviation

)

Active length (of base tangent)
Usable length (of base tangent)

L,  Profile evaluation range
Lg  Helix evaluation range
Q Accuracy grade

&y Total contact ratio

I Reference face

II Non-reference face

4.2 Gear deviations (in micrometres)

) . o fra  Profile form deviation
value of the tangential composite deviation over a . o
displacement of one pitch (See Figure 4.) fip Helix form deviation
4 Symbols and abbreviations faq"  Profile slope deviation
4.1 Gear data and gear terms (lengths in fup"  Helix slope deviation
millimetres) i Tooth-to-tooth tangential composite
b  Facewidth deviation
d Reference diameter fpt*  Single pitch deviation
k Number of successive pitches F';  Total tangential composite deviation
m Module F,  Total cumulative pitch deviation
Pt Transverse pitch F,* Cumulative pitch deviation
N Number of teeth F,  Total profile deviation
A Beginning point of chamfer or tip rounding ) o
] ) Fﬁ Total helix deviation
E Start of active profile
F Qtart of usable proﬁle 2 These deviations can be plus or minus.
One revolution of test specimen
AN K
vj\_/ v A\,
A‘/\v/ w \/\
\ / M A\ o
1 25 23 21 19 17 15 13 " 9 7 S 3 1 25
Tooth No. 1 J
Figure 4 — Tangential composite deviations
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