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INTERNATIONAL STANDARD

1ISO 1328-1975 (E)

Parallel involute gears — 1SO system of accuracy

1 SCOPE|AND FIELD OF APPLICATION

This Intermational Standard establishes a system of accuracy for parallel involute gear pairs defined in 1SO|53, Cylindrical
gears for general and heavy engineering — Basic rack, and”’1SO/R 54, Modules and diametral pitches of cylindrical gears for

general engineering and for heavy engineering.

It specifieq all errors the control of which is provided for, whether they be on a single whee! or on the complefe gear pair, and

gives the cprresponding tolerances.

NOTE — Cdrtain types of gear pairs may requdire only a limited number of controls; these will be dealt with in special standafds covering these

types of geafs.

2 DEFIN|TIONS

The logical order of mandfacture of a gear pair is :
— machining tnelblanks of the two gears;
— cuttjing the teeth of the two gears;

— assemiling the two toothed wheels under operating conditions.

It is therefore normal to carry out the successive inspections in a corresponding order :
— inspection of the blanks of the two gears;
— inspection of the teeth of the two gears;

— inspection of the assembly conditions of the gear pair.
2.1 INSPECTION OF THE BODY OF THE WHEELS (OR BLANK)

2.1.1 Reference axis

2.1.1.1 In the case of pinions or wheels with bores, the axis of the bore shall be adopted as the reference axis.

2.1.1.2 In the case of pinions on shafts, the reference axis shali be the bearing axis of the bearings.
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2.1.3 Referencs

2.1.3.1 The radial run-out is the total amplitude of the devigtion of the needle of a comparator the stylus of w

contact with the

2.1.3.2 The axi
is in contact with

2.2

2.2.1 Division

Looking at the w

Then adopt the terminology below (figures 2 and 3), which is valid for the control of external and internal teeth.

a)

b)

right flank

INSPECTION OF THE TEETH

left flank ~

teral auxiliary reference surfaces be indicated clearly on the working drawings (see figure 1}.

&
QO .

In order to facilitate the operations of machining, inspection and assembly of toothed wheels, it is recommended

) i — d,; : tip diameter
7 .
d; bore diameter
1
o 7 l//‘ X . reference axis
ko] e St A
Ib S radialreference surface
It '
= — L 1y S; :  axial reference surface
© X
FIGURE 1

er

e of the tip diameter is not of essential importance. It is as well, however, to give preference 1
hse the bottom clearance. In cases where the apparatus for inspectingsthe tooth thickness rests d
ce must be made for the tip diameter error.

ial run-out is the total amplitude of the deviation of the needle of a comparator the stylus of w
tip cylinder during a complete revolution of the gear (figure 1). This check is important only in
th inspection instruments rest on the tip cylinder.

surfaces (figure 1)

radial cylindrical reference surface duringa‘complete revolution of the gear.

Al run-out (wobble) is the total amplitude of the deviation of the needle of a comparator the stylus
the axial reference surface duringa complete revolution of the gear.

heel’s axial referénce surface, number the teeth in a clockwise direction

1,2,3,...¢etc.... 102z

. flank bounding a tooth to the right when this tooth is seen with its tip above its root.

0 a value
n the tip

hich is in

the case

hich is in

of which

TNk pounaing a 1ooth 1o tne Iett, in he dDovVe Circurmstdnces.

External teeth PeL left pitch k&
PkR right pitch &
Fr left flank

Internal teeth Fr right flank

FIGURE 2
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¢) pitch & : pitch between one profile of tooth k-1 and the similar profile of tooth k.
d) right pitch : pitch between two consecutive right flanks.

e) left pitch : pitch between two consecutive left flanks.

f) circular pitch : term designating the value of the pitch round the checking circle which has the same cenire as the

reference circle and is generally adjacent to it {figure 3).

B C 1 checking circle

/ C, : basecircle
;1_3 : circular pitch
ab : chord of the circular pitch
cd . base pitch

FIGURE 3

g) chprd of the circular pitch : chord corresponding to the circular pitch (figure 3),

h) base pitch : distance between two consecutive similar flanks measured alorig)a tangent to the base ci
the caje of involute teeth without profile errors, the base pitch is equal to thé@itch around the base circle

2.2.1.1 [he circular pitch individual error is the (algebraic) difference between the actual circular pitch an

cle (figure 3); in

d the theoretical

circular plitch. The theoretical circular pitch is, furthermore, the mean valuie of all the actual circular pitches {figure 4).
ptn : theoretical pitch
O Py : actual left pitch (2)
g Dy : displacement k (positife)
. : fp2 1 individual error (2)
7k §< D, : displacement (2)
C 1 checking circle
k+1
FIGURE 4

Figure 5 gives an example of a curve)of circular pitch individual errors, with an indication of the maximum in
we call A| the algebraic sum of ‘reéadings from the checking apparatus for zsuccessive pitches { z = number of

dividual error. If
teeth on wheel),

the abscissae of the curves of-individual errors (corresponding to the theoretical pitch) will be defined by the feading A/z.
fp - \L )\ﬂ
N LA NY l 4 R .
A o . individual adjacent transverse
t < <N pitch deviation
£ D displacement
= fp max : maximum individual transverse
123456 k z pitch deviation
-‘——10'0—-—’1 z :  number of gear teeth
D <) algebraic sum of readings from
N checking apparatus
LT \ L p 1 pitch
& \\ /_\///'-4 Ay . reading k on the checking
NN ] apparatus
\
[ Fp . total cumulative error
123456 k z Fpi0 1 cumulative error over 10 pitches

FIGURE &
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2.2.1.2 The base pitch error is the {algebraic) difference between the actual base pitch and the theoretical base pitch.

2.2.1.3 Cumulative error over a certain sector : Refer in figure 4 to the division of the family of “left” flanks.

The datum profil

e is that of tooth 1. The perfect wheel is shown by a broken line.

2.2.1.3.1 The circular displacement of any profile, number k (same number as that of the tooth), is the positioning error
between the actual profile and the theoretical profile measured on the control circle. It is positive or negative, depending on
whether the actual profile is ahead of or behind its theoretical position.

Figure 5 gives the curve of circular displacements corresponding to that of circular pitch individual errors.

The circular displacement of any profile k is the algebraic sum of the circular pitch individual errors from the datur
Conversely, the individual error of any circular pitch k is the algebraic difference between the displacement ef the
and that of the plofile kK — 1.

2.2.1.3.2 The chmulative error over a sector of £ pitches is the difference between the actual length of-the arc of th
circle between two similar profiles and the theoretical length of this arc. 1t is also the algebraic sum of\the individual

k circular pitch
figure 5 the cum

The total cumuld
any sector of ond

2.2.1.3.3 Insped
of teeth, it is n
assessments of in

To determine cy
apparatus the di
pitches (figure 6
the wheel being

one of the styli s

. It may be determined directly from the curve of circular displacements forany sector : for in
lative error over a given sector of 10 pitches has been shown.

tive pitch error is the total amplitude of the displacement curve. It is the)maximum cumulative ¢
half circumference (kK = z/2).

tion of large wheels — Inspection by sectors (Span measurement). In the case of wheels with a larg
ot desirable to determine the displacement chart by summation of the individual errors : eadg
Hividual errors may indeed be affected by a small error due @0 the inspection apparatus and its oper4

mulative pitch errors, the use of ‘‘span measurement’” is therefore recommended. By means of
ision error is not determined on each circular pitch{but on successive sectors containing a certain n
: this number must be sufficiently large, and if-possible should be a submultiple of the number o
nspected. The two styli A and B of the instrumient shall be in contact with similar flanks and at each
hall occupy the position of the other at the\previous reading.

The instrument must be properly placed in relation t¢0 the wheel, mounted on a fixed support outside the control

which can be rot

The cumulative ¢
value of all the r¢g

hted to come into the different control positions.

rror on each of the sectors is the\algebraic difference between the reading taken for this sector and
adings.

NOTE — Cumulative errors should not be determined from base pitch individual errors.

1 : checking
2 : positioning

h profile.
profile

e control
errors of
tance on

rror over

e number
h of the
tor.

suitable
Lumber of
f teeth in
reading,

ed wheel

the mean

3 - fivedsuoport
i ot

FIGURE 6

2.2.1.4 Case of helical teeth. As far as possible, inspection of circular pitch individual errors should be carried out in the

same plane perpe

ndicular to the gear axis.

If inspection is carried out in a direction perpendicular to the direction of the teeth, the values of the tolerances given in
4.4.1.3 should be multiplied by the cosine of the helix angle.

4
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2.2.1.5 Case of double helical teeth. In the case of double helical teeth, it is necessary to avoid having too great a difference
between the cumulative errors on the two wings of the helix for arcs of the same length occupying the same angular position
on the wheel, as this might result in bad load distribution on the two wings of the helix, with the risk of axial displacements

and vibrati

2.2.2 Ecc

on.

entricity — Radial run-out

2.2.2.1 The error of concentricity, or eccentricity, of a wheel is the deviation between the geometrical axis of the teeth and
the reference axis {i.e. the hub).

It is not p
the regula
curve of §

determination of eccentricity be replaced by a practical inspection conventionally termed radial run-outinspe

2222 T
of penetr

teeth (fi91

equal tot

In practic
manufacty
method of

The dimer
at half hei
2.2.3 Tot
2.2.3.1 T
enclose th

The total
will be lin

ity of the drive (division, profile, etc.) : for example, a certain eccentricity can introduce a circu
sinusoidal nature of a total amplitude equal to twice this eccentricity. It is therefore generally

he practical determination of radial run-out is carried out in the following way : the total’amplitude
tion of a measuring device (ball or roller introduced into consecutive tooth spaces)or rider placed
re 7), is measured for one complete rotation of the wheel being checked. The actual radial ry
vice the eccentricity if there were no tooth error.

SRS

FIGURE 7

e, radial run-out is influenced by.tooth errors on both series of flanks, and also possibly by
re. The tolerances indicated in 4.4.2 are valid for commercial gear pairs for transmitting moveme
manufacture. For special gear'pairs {radar, master gears, etc.) lower values are sometimes necessary

hht of the teeth.
al profile error

he total profile error is the distance, measured along their common normal, between two referend
b actual profile (figure 8).

profileterror is the resultant of the base diameter error and the shape error of the profile. The zo
ited towards the root of the tooth by the working root circle, i.e. to the zone of effective contact

profile of

the other gear of the gear pair. it this wheel 1s not known wtth certainty, it will suffice I a rack

zone of inspection will be limited towards the tooth tip by the beginning of the chamfer.

f¢ 1 total profile error

Z zone of inspection
Cs B chamfer

Cs: working root circle
FIGURE 8

errors affecting
ar displacement
agreed that the

Ction.

of the variation
on consecutive
n-out would be

the method of
ht, whatever the

sions of the balls, rollers-or-fiders are chosen so that their contact points with the teeth are located approximately

e profiles which

he of inspection
with the mating
is assumed. The
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2.2.3.2 Obviously an intentional alteration to the profile, such as crowning or, more simply, tip or root relief, should not be
regarded as a profile error : the reference profile will not necessarily be the design involute; figure 9 gives examples of charts
obtained on conventional profile-checking instruments.

A

cle

Pref
f total profile error
I
l‘ Cst working root cir
C \ \ | Pret reference profile
1 ) T I
_-\..\L.__L__J -— \ [ U | i/ 1 Pefs actual profile

TH

2.2.4 Total align

2.2.4.1 The totdl error of alignment or distortion is the resultant of the deviation of the toothtrace on a cylinder g

the pitch cylinde

Misalignment is ¢
total effective w

to this method of determination; if another method of determination is necessitated by the checking equipment us
suffice to make t

a)

2.2.4.2 Figure 1
Figure 10 b) is re|
Figure 10 c) is th

2.2.5 Thickness

2.2.5.1 Taking

|0 a) is relative to teeth”with a theoretical reference trace, and with only one deviation error.

jeoretical profile Crowning profile Tip relief
FIGURE 9

ment error (or distortion)

, and of the longitudinal shape error.

etermined by enclosing the actual trace of a flank between two referénce traces. It is determined
dth of the teeth and in a plane perpendicular to the axis (figure 10);(the tolerances given in 4.4.4 ar|

e relevant adjustment of tolerances.

Fete

1 —_—
Fg distortion
X axis
Fih theoretical fla
Crowning trace
My Fest actual flank t

c)

FIGURE 10

ative to teeth with @ theoretical reference trace, and with deviation and a longitudinal shape error.

e general case, where the reference trace has an intentional longitudinal correction.

tolerances

deviation and the

oaxial to

over the
e relative
bd, it will

ace

he upper

hHe~theoretical thickness as the nominal thickness, then the thickness tolerance is defined by t

i

S.

SCth_ _ Sth SCth theoretical tooth thickness (on the checking circle)
Sth theoretical tooth thickness {on the reference circle)
mm
=—*2xm tgu
2
with m = module
x = addendum modification coefficient
o = pressure angle
Eqs Eg upper deviation
Esi Eg lower deviation
T T tolerance
FIGURE 11 )
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2.2.5.2 As thickness is often checked by measuring the ““base tangent length” over a number of teeth (figure 12), it suffices
to define the distance tolerance by its upper deviation and its lower deviation.

w
Ewi
Ews W . theoretical distance
T Ews : upper deviation
Ew; : lower deviation
/ T 1 tolerance
- Co .
17 / T~ Cp : basecirclé
/!/ j— T — — r
— \\
|
FIGURE 12

2.2.5.3 Deviations are not necessarily a result of the quality of the teeth : considerable deviations may pe necessary for
certain types of precision teeth designed to operate with considerable backlash bgtween flanks.

2.2.5.4 On the other hand, in a given gear pair, the deviations depend Mmore directly on the minimum [normal backlash
necessary [to ensure correct functioning of the mating parts.!

2.2.6 Radial composite error {double flank composite error)
2.2.6.1 A quick and practical overall check for teeth consists in engaging the gear being inspected with a mfaster gear (made

with suff|cient accuracy to allow its errors in relation to~those of the gear being inspected to be ignored) [(figure 13). The
error recdrded results from a combination of all the individual errors of the teeth.

e

| 1 Idddadiaiy i
JAAAllllllllllllLAAJlAAlAl]

—

L

EOURE 12
mrororre—r

For checking the radial composite error, the gear being inspected and the master gear are arranged on an apparatus so
designed that one of its arbors can move and is attached to a spring so that there can be a constant radial load in the matching
of the two gears with each other. Variations in the centre distance are generally recorded on a chart as Cartesian co-ordinates
(figure 14 a)) or polar co-ordinates (figure 14 b}).

2.2.6.2 The radial composite error is the total amplitude of the chart.

2.2.6.3 Local errors, such as pitch, profile and alignment errors, produce a succession of small undulations along the chart
record, generally one pitch apart. The radial tooth-to-tooth composite error is the maximum amplitude of these undulations
{figures 14 a) and 14 b)).

1} Since studies must be undertaken for the determination of the deviation as a function of the permissible normal backlash, the data given in
. . - . . . - A
4.4.5.2 and in table 8, which are at present valid — untess otherwise stated — for individual gears, may be modified or completed later.
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2.2.7 Tangential composite error {single flank composite error)}

2.2.7.1 The gear under inspection meshes with a master gear of adequate accuracy, at the designed operating centre distance,
contact being made on one series of similar flanks. Owing to the existence of errors on the teeth, irregularity occurs in the
positioning of the gear under inspection in relation to the theoretical position. Certain instruments make it possible to record
this error in relation to the pitch circle of the gear under inspection. Chart recordings can be made in the form of Cartesian

co-ordinates or polar co-ordinates (see figures 14 a) and 14 b)).

w -
. |
VaY v
’ .
F; ! composite error
a) f{: tooth to tooth composite error
FIGURE 14

2.2.7.2 The tapgential composite error is the total amplitude of the chart.

2.2.7.3 The tapgential tooth-to-tooth composite error is the maximum amplitude of the small undulations, often
1 pitch, occurripg along the chart record.

2.2.7.4 There |s only a single value for the radial composite error for<a.given gear; on the other hand there is a
composite errof for each series of flanks on the gear under inspection: For preference, the tangential composite er
be determined flor the operating direction of the gear pair.

2.3 INSPECTION OF THE GEAR PAIR

2.3.1 Centre distance error — Centre distance tolerance

distant by

tangential
ror should

The centre distance error is the difference between the centre distance actually produced and the design operafing centre

distance, the cgntre distance being measured-ina plane normal to the direction of the axes which cross the mid
width of the gegr teeth.

The centre distdnce tolerance lies symmetrically over the zero line corresponding to the design centre distance.

Certain particulpr applications reqaire*matching of teeth and sometimes a device for adjusting the centre distance. §
they may require a unilatera! centre distance tolerance.

2.3.2 Parallelism of the axes\(for the gear shaft)

die of the

ometimes

Let X4 and X;|be thestwo axes and L the distance, as great as possible, along which the parallelism will be checke between
the extreme pdints A} and B, A, and B, which can be obtained on these axes (figure 15). Consider the plape passing
through the axi§ X3/and the end B, of the axis X5 :

fx : inclination

FIGURE 15

y @ deviation
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2.3.2.1 Figure 15 a) makes it possible to define an inclination error A2A2' related to a given length.

A5A,' lies in the plane A,B4B,.

2.3.2.2 Figure 15 b) makes it possible to define a deviation error A, A, related to a given length.

A,A,' is normal to the plane A;B;B,.

2.3.2.3 Figure 15 c) expresses the general case where the out-of-parallelism of the two axes X, and X, is the result of the
combination of an inclination error A,'A,"" and a deviation error A,A,"".

2.3.2.4 The inclination and deviation errors determined over the distance L will be related to the Tacewidih |of the gear pair.

It should e noted that the deviation error is expressed as an element of substantially the same value, whereas [the influence of
the inclingtion error is less felt.

2.3.3 Bagklash

2.3.3.1 The circular backlash is determined as follows. One of the two gears of the pair_is‘focked, while thelother, mounted
at the prescribed centre distance, is rotated backwards and forwards as far as possible. The maximum |[displacement is
recorded by, for example, a comparator the stylus of which is located near the reference cylinder and at 4 tangent to this
cylinder (figure 16).

2.3.3.2 The normal backlash is the total clearance which can be determined for example with a feele] gauge inserted
between the teeth on the line of contact (figure 16).

Measurement of
circutar backlash|

/n : normal backlash

FIGURE 16

2.3.3.3 ip the case of spur teeth, the normal backlash is equal to the circular backlash multiplied by the cosine of the
pressure apgle.

in the case of helical teeth, the normal backlash is approximately equal to the circular backlash multiplied by the cosine of
the pitch inclination angle. ’

2.3.3.4 The backlash tolerance will be defined by the upper deviation and the lower deviation.

2.3.4 Composite error of the gear pair {double flank and single flank composite errors)

The radial composite error and the tangential composite error may be determined according to 2.2.6 and 2.2.7, or by
matching the two gears used in the pair.

In the general case, it is accepted that the composite error of the gear pair may reach a value equal to the sum of the
composite errors of each of its two gears.

In the case where the number of teeth in a wheel is a multiple of the number in a pinion, certain arrangements of these two
parts in relation to one another may allow the composite error of the complete gear pair to be reduced.
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3 SYMBOLS"!

The symbols of terms specific to this International Standard are given in table 1.

TABLE 1
Errors checked Symbols for err?r I.|m|ts
(tolerances, deviations)
Adjacent pitch error :
— transverse L% fpt
— normal + fpn
Normal individual base pitch error + fpb
Cumulative circular pitch error over a sector of k pitches Fpk
Total cumulative pitch error Fp
Radial run-out F,
Total profile error fs
Total alignment error FB
TEETH
Thickness of teeth :
— upper deviation Egs
— lower deviation Eg;
Base tangent length over a given number of teeth :
— upper deviation Eyys
— lower deviation Ewi
Radial composite error F
Radial tooth-to-tooth composite error ;'
Tangential composite error Fy
Tangential tooth-to-tooth composite error fi'
Centre distance error tfy
GEAR PAIR Inclination error fx
Deviation error fy
4 BASIS OF THE SYSTEM
4.1 Grades of accuracy
The 1SO system|of-accuracy of parallel involute gears covers a very wide field of gears, from teeth of exceptional prgcision to
teeth of very codrse-quality

Twelve grades of accuracy are provided for, numbered 1 to 12 in order of decreasing precision.

It is also agreed to adopt the same grade of accuracy for all the elements of the teeth of the two toothed gears. Nevertheless,
in certain particular applications and after agreement between manufacturers and users, a finer or coarser grade can be
adopted for one or more elements (this can be done particularly because of the statistical character of the values given in the
formulae and the relative importance of their possible variation depending on the manufacturing process) but with the
reservation that in each of the following groups all the elements maintain the same accuracy grade :

Group | : Fpp Fp, F, F" F/

r

Group !l : foy fon fop fi £ Fi
Group Il : Fg 7y £,

1} For the general symbols see 1ISO/R 701, International gear notation — Symbols for geometrical data.

10
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The following tables and graphs give, respectively for the blank of the wheel, the teeth and the assembled gears, the basis of
the system and in particular the formulae used for the determination of the numerical values of the tolerances and the
limiting errors.

The corresponding numerical values, calculated by ranges from these basic data, form the subject of tables 11 to 24. These
numerical values are the only ones to be taken into account for standardization purposes and consequently, for uniformity in
calculation, are to be substituted for those which could result from the direct application of the formulae in each separate

case.

4.2 Designationof-the-grade-of-accuracy

The grade

Example :

4.3 Toler

of accuracy shall be designated by its order number followed by two letters indicating the limit
tooth width (see 4.4.5).

1SO-6 FL

ances on gear blanks

TABLE 2
Accuracy grade 1 2 3 4 5 6 7 8 9 10 11 12
dimension IT4 {IT4 {IT4
Bore ITANITS [ IT6 IT7 IT8 IT 8
error of form1} ITT]1T2 [IT3
dimension IT4 1 iT4 | 1T4
Shaft IT4 ITS IT6 IT7 IT 8
error of form1) IT1 [1IT2 U7 3
Tip diameter) 16 IT7 IT8 ITQ IT1
i f;
Radial rzt.;n-out of reference 012 0.25a* 040a* 063a* 12%
surface
ial
Axial run-out of reference 014" 0.25a* 0.40a* 063a* 1a*
surface
®*a = 0,04 d + 25 in micrometres, for ¢ in millimetres
=0.04d + 1in1/1 000 in, for d in inches

1) Forthe,numerical values of IT, see table 24.

2) , Opradial run-out of the tip cylinder, when this is used as a datum surface.

NOTE — The values given in table 2 are provisional and subject to modification in a future edition of this Intprna-

|_tional Standard taking into consideration the studies in progress

Jﬁeviations of the

11
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4.4 Limits of errors on teeth

4.4.1 Pitch tolerances {adjacent and cumulative)

4.4.1.1 CUMULATIVE ERROR OVER A SECTOR OF kK PITCHES

or arc length L

where

L {(mm) =kmm

LA )—kﬂ
in} = 5

Figure 17 and
L = k pitches; o
determined by t

4412 ToTtal

4.4.1.3 ADJA(Q

TABLE 3 (see figure 17)

Accuracy grade

in micrometres

{where L is in millimetres)

Tolerance Fpi

in 1/1 000 in

{where L is in inches)

W 0 N O A AR W N =

- -
- O

12

0,25/L + 0,63
04 L+ 1
063/L+ 1,6
1 JL+ 25
1.6 VL+ 4
25 JL+ 63
355\L+ 9
5 JL+125
7,1 L 18
10 N/ +25
14\ /L + 355
20 /L +50

0.05 /L +(0.025
0.08 JI'+ 0.040
0.125 /L + 0.063
0.20 /L +0.10
0.315 /L + 0.16
0.50 /L +0.25
0.71 /L + 0.355

1 JL +05
14 VL +071
2 JL+1
28 L+ 1.4
4 VL +2

he most unfavourable/sector.

F

ENT PITCH ERROR

1
Maximum value of L = Ecircumference.

CUMULATIWVE PITCH TOLERANCE

table 3 allow the determination of the maximum admissible cumulative error on any leng
If any number k of pitches (L being at most equal to a half circumference}; the grade of the teeth

1 z
p = Fpk for L =Ecircumference (i.e. k =—2)

th of arc
should be

4.4.1.3.1 Toler

where

ance factor ¢, (figure 18)

m is the module;

d is the reference diameter in millimetres;

where

or

P is the diametral pitch;

d is the reference diameter in inches.

12

Yo _T

9o =m+0,26/d

254

+1.25d

e
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Fpk
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80 2000
60 1500 o
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40 {1000 -

] el
28 1 700 A
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16 4 400 r
12 300 12 L1 AP aiPs

i o
8 1 200 Tt 1
6 | 150 ] 101 I ’ A

b1 L~

4 | 100 L 1 4T g o 1 e o A
28 1 70 8
2 1 s0 T 7 o Zal
16 | a0 o e
12 20 /‘_ » b7 = ‘/ /,

] L4t -~ 5

4

o | rEE R

i T 41 » HTO LA

b1 - A1 LA A
04 4 10 3 —
028y 7 3
0.20 A 54 =8 >
0164 4 13-
0.12 3 1T
0.08 2 - 5
0.06 |
___,_—04‘ =

0o0ad 1
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LA ELURRARVLBAL N UL L RS SRR
0.2 0.4 0.60.8 ~1 2 34 6 810 20 40 80 100 200 in
L
FIGURE 17
4.4.1.3.2 | Limit of error 5 (+ or =) table 4 and 4.4.1.3.3
Limit of error f,, (+ or =} = fr¢ecos/8
TABLE 4 (see figure 19)
Accuracy grade Tolerance ¢ {+ or —)
in micrometres in 1/1 000 in
1 0,063¢, + 0.8 0.0025¢, + 0.0315
2 0,10 gp+ 1,25 0.004 0¥, + 0.05
3 0,16 ¥p+ 2 0.006 3yp + 0.08
4 025 ¢p+ 3,15 0.010 ¢, +0.125
5 040 Yp+ 5 0.016 ¢, + 0.20
6 063 Yp+ 8 0.025 y, + 0.315
7 098 ¢+ 112 0.0355¢, + 0.45
8 1,25 ¢p + 16 0.050 ¢, + 0.63
9 1.8 ¢p+224 0.071 ¢, + 0.90
10 25 yYp+315 010 ¢p+ 1.25
11 3,65 ¢, + 45 014 ¢Yp+1.8
12 5 Yp T+ 63 0.20 yp+ 25

13
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4.4.1.3.3 The value to retain for fpq is the smaller of the two values which result :

— on the one hand from table 4 above;

— on the other hand from table 3 for L = 1 pitch (= nm or /P).

4414 BASE PITCH TOLERANCE

fpp (+or—) =7, cosa

(In fact, f,y, does not differ appreciably from fon.)

d
{mm)
160  __ 4000
o Jome R/ / /IRl
80 _|2000 / /// / /
o Jime 7771 1111
40 _| 1000 ///// // / °
. 111171”1'/ II 1’ II
28 ] 700 777 y A Y A R | |
R L] IV J N AR Y | J|
20 | 500 AL T T 1] ] i
16 | 400 ’ / [ U] / L1
12 _| 300 //////////]I J ml 3
- ///////////%l o
6 | 150 ]] m[ &
. 100 _|| Dismetral pitch v, j/'i".\ © “’/ "/ " f\‘,’/ ~ -*I R B
- J 7 ya y 4 y 4 J 17 J | | |
1 . LA 1 1 1
28 7 — X717 1 8
20 _| S0 [/ /1] [ |
16 | 40 y 4 //I A0 11
1.2 — 30 /// /1/ [ II ] l ]
I ///] ]l
06 — 15 la// {l 2
S R EEEE N
SE e e
="srSEs
o I 71111
1 1,5 2 3 4 5 6 7 10 15 20 30 40 50 60 ¥p
FIGURE 18
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4.4.2 Radial run-out

4.4.3 Profile to

4.4.3.1 TOLER

where m is the n

where P is the d

TABLE 5 (see figure 20)

4.43.2 PrOFIyE TOLERANCE f¢

16

Tolerance F,
Accuracy grade in micrometres in 1/1 000 in
1 0,224 ¢y + 2,8 0.009 yp+ 0.112
2 0,355 ¢, + 45 0.014 @, + 0.18
3 056 @Yo+ 7.1 0.022 4y, + 0.28
4 090 Yp+ 11,2 0.035 59, + 0.45
5 140 gp+ 18 0.056 @p + 0.71
6 2,24 Yp+ 28 0.090 ¢p+ 1.12
7 3,15 Yp+ 40 0.125 Yp+ 1.6
8 4 gp+ 50 0.16  @p+ 2.0
9 5 ¢p+ 63 0.30 ¥p+25
10 63 @p+ 80 0.25 Yg+3.15
n 8  @p+ 100 0.315.%pp + 4
12 10 @p+125 040  @p+5
prance
ANCE FACTOR s (figure 21)
wi=m+0,0125d
nodule; d is the reference diameter in millimetres;
25.4
or ¢,=—P+0.315d
ametral pitch; d is the reference~diameter in inches.
TABLE 6 (see figure 22)
Accuracy grade Tolerance f¢
in micrometres in 1/1 000 in
1 0,063 ¢ + 2 0.002 5 ¢¢ + 0.08
2 0,10 ¢+ 25 0.004 05 + 0.10
3 0,16 s+ 3,15 0.006 3¢ + 0.125
4 0,25 yr+ 4 0.010 s + 0.16
5 040 Yi+ 5 0.016 s + 0.20
6 063 ¢+ 6,3 0.025 5 + 0.25
7 1 Yr+ 8 0.040 5 + 0.315
8 1,6 ¢+ 10 0.063 @5 + 0.40
9 25 ¢+ 16 0.10 ¢ + 0.63
10 4  p+25 0.16 ¢+ 1
11 6,3 ¢+ 40 0.25 ¢+ 16
12 10 ¢+ 63 040 y+25
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4.4.4 Alignment

Tolerance Fg on tooth width b.

TABLE 7 (see figure 23)

Tolerance Fg
Accuracy grade in micrometres in 1/1 000 in
(where b is in millimetres) (where b is in inches)
1 03156 + 16 0.063 /b + 0.063
2 040 b+ 2 0.08 /b +0.08
3 050 b+ 25 0.10 b + 0.10
4 063 b+ 3,15 0,125/b + 0.125
5 080 b+ 4 0.16 b + 0.16
6 1 b+ 5 0.20 /b + 0.20
7 1,25 b+ 6,3 0.25 b + 025
8 2 Vb +10 0.40 /b +0.40
9 3,15 b + 16 0.63-X/b + 0.63
10 5 Vb + 25 1 Vb + 1
1 8 Vb + 40 16 b +16
12 126 /b +63 25 b +25

These values are adopted only provisionally for widths of tooth (b) up to 160 mm (6.3 in).

F
) (um)
1 000
12 -1300
8 ~200
e
6 4150 - g
4 4100 22— —t1"]
] 111 = =
28 4 70 e
2.0 4 s0 10 = ——
1.6 4 40
8 4 20 R R— ot |
0.6 {15 . — —
04 4 10 = "]
—~ ‘4"‘
0.20 5 3 - s il - —
: i ,_2‘———‘ | et
0124 3 T
0.084 2
0.06Jd 15
1 15 2 3 4 5 6 8 10 15 20 30 40 50 60 80 100 160 mm
| M T T T T T 1 1 71 T T T T T T T ™ T 1
0.04 0.06 0.08 0.12 0.16 0.20 0.32 0.4 06 08 12 16 2 24 32 4 in
b
FIGURE 23
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4.4.5 Thickness tolerance (or distance on a given number of teeth)

4.4.5.1 The tolerance results from the difference between the limit values (Egs and Eg; for the width or Epyg and Ey; for the
distance) of the upper and lower deviations in relation with the theoretical value of the width or of the distance. In the case
of helical teeth, these deviations will be relative to the thickness or to the actual “distance”.

4.45.2 Each of the two deviations shall be chosen, even for helical teeth, from among the following standardized values
designated by letters and given in multiples of the value of 7y (see 4.4.1.3.3) corresponding to the proper accuracy grade.l}

C=+1p H=-8f, N =~ 25 f,,
D=0 J==101, P=-32f,
E=—-2fp K==12f,, R=—40f,,
F=—4f,, L=—1617p S=—50)fpy
G=—6fp M =—20f,,

The tolerpnce zone should be designated by the symbols (letters) of the two deviations one after the other.

Example|: FL, if Egs = F and Eg; = L (see figure 24).

\:
<
|
Il
Zeroline + 1 C A
0 D L W
o el
- 4 F F .
N
- 6 G / . o
- 10 / o Il
-12 / " 5
~
- 16 L A
tolerance
Example of tolerance
zone for deviatiohs FL

|
w
N
o

Deviations Ain multiples of fp¢)

- 40 R

— 50 S

Nominal width

FIGURE 24

1} See footnote to 2.2.5.4.
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4.4.6 Radial composite error

4.4.6.1 Radial composite error tolerance F;'' (table 8).

TABLE 8 (see figure 25)

4.4.6.2 Radial tq

Tolerance ~;"
Accuracy grade in micrometres in 1/1 000 in
1% _ —
Pid — —
3% _ —
4 1,25¢p+ 16 0.05 Yp+ 0.63
5 2 ¢gpt 25 0.08 ¥p + 1
6 3.15¢p+ 40 0.125¥p + 1.6
7 45 ¢p+ 56 0.18 ¢p + 2.24
8 56 gpt+ 71 0.224¢, +2.8
9 71 gp+ 90 0.28 'yp + 3.55
10 9 gpt 112 0,355¢, + 4.5
1" 11,2 ¢, + 140 0.45 p + 5.6
12 14 g, + 180 0.56 @p+ 7.1

® For grades 1 to 3, the tolerances will be practically of the same order of size as those of

master standards which can be used for their testing.

oth-to-tooth error tolerance f;"' (table 9)

TABLE 9 (see figure 26}

22

Accuracy grade Tolerance ;"
in micrometres in 1/1 000 in

1* - -

2* - -

3* _ —

4 04595+ 5.6 0018 ¢+ 0224

5 063¢p+ 8 0.025 yp+ 0.315

6 09 yp+ 11,2 0.0355¢p + 0.45

7 1,25¢p + 16 0.050 ¢p + 0.63

8 1.8 Yp+224 0.071 ¢p+09

9 2,249p + 28 0.090 ¥p + 1.12
10 28 Yp+ 355 0.112 ¥p+ 14
11 3,65¢p + 45 0.14 ¢Yp+18
12 45 ¢Yp + 56 0.18 Yp+ 224

*

master standards which can be used for their testing.

For grades 1 to 3, the tolerances will be practically of the same order of size as those of
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4.4.7 Tangential

(E)

composite error

Values provisionally adopted awaiting the possible results of further studies (for the values of Fp, 5y and f; see 4.4.1.2,
4.41.3.3and 4.4.3.2).

4.4.7.1 Tangential composite error tolerance : Fi' =Fp 1
4.4.7.2 Tangential tooth-to-tooth tolerance : fi' = fpy + £
4.5 Gear assembly errors
4.5.1 Centre distance tolerance
In relation to the theoretical centre distance : + f, (table 10)
TABLE 10
Accuracy grade 1 and 2 3and 4 5 and 6 7 and 8 9 and 10 11 and 12
1 1 1 1 1 1
Value of f, —IT4 —IT6 —IT7 —IT8 —IT9 —IT 1
2 2 2 2 2 2

F

NOTE — If the fun

or the numerical values of IT, see table 24.

example) or a differgnt numerical value from those resulting from the above table, ‘it should be stated.

4.5.2 Error of parallelism of axes

Tolerances related

45.2.1

45.2.2

5 NUMERICAL

NOTE — The valueg
b the geometrical

arithmetical average
of the R 20 series {0

to the width b of teeth, through F of table.7 {for b < 160 mm or 6.3 in).

Inclination error tolerance :

Deviation error tolerance :

VALUES

ctioning of the gear pair and particularly the influence of the‘tooth backlash requires a unilateral tolerance ({ 27, for

given in thé“faliowing tables have been established from the corresponding formulae of clause 4, by adopting fof d, L and
average between the extreme values of each step and for m {or P} the standardized value which lies near
between,_the extreme values of each step. The results obtained have been rounded to the nearest rounded preferre
r R 40 for the values of f¢ in grades 1 to 7).

EI;t to the
number

TABLE 11 — Wheel blank — Tolerances on bore or shaft diameter and tip diameter

(Tolerances in IT*)

Accuracy grade 1 2 3 4 5 6 7 8 9 10 11 12
Dimension IT4{1T4|1T4

Bore : ITA4|ITS{ITS (IT7({IT7{IT8{IT8 {IT8{IT8
Error of form IT1|IT2{I1T3
Dimension IT4|1T4 1T4

Shaft : IT4)ITS | ITS [ IT6!IT6 |IT7 |[IT7 |{IT8|ITS8
Error of form IT1]IT21IT3

Tip diameter ITG|ITE I IT7{IT7 ([ IT7IT8{IT8[IT8 [ITY{ITO (IT11IT 11

*  For the numerical values of IT, see table 24.
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TABLE 12 — Wheel blank — Radial and axial run-out of reference surfaces

Tolerances in micrometres

Pitch diameter Accuracy grade
d (mm) v
over to 1and 2 3and 4 5and 6 7 and 8 9 to 12
- 125 2,8 7 11 18 28
125 400 3,6 9 14 22 36
A00 200 :,n 12 20 29 [~¥a}
800 1600 7,0 18 28 45 Vi
1600 2 500 10,0 25 40 63 160
2500 4 000 16,0 40 63 100 160
d (in} Toletances in 1/1 040 in
- 4.92 0.11 0.28 0.45 0.71 1.12
4.92 15.75 0.14 0.36 0.56 0.90 1.40
15.75 31.5 0.20 0.50 0.80 1.25 2.00
31.5 63 0.28 0.71 ; 1.12 1.80 2.80
63 100 0.40 1.00 1,60 2.50 4.00
100 160 0.63 1.60 2650 4.00 6.30

25
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TABLE 13 — Tolerance of cumulative error, Fpi*, and total pitch tolerance, Fp**

Values of Fpi in micrometres

L (mm) Accuracy grade '
over to 1 2 3 4 5 6 7 8 9 10 | M 12
- 11,2 1,1 18 2,8 4.5 7 1" 16 22 32 45 63 90
11,2 20 1.6 2,5 4,0 6 10 16 22 32 45 63 90 125
20 32 2,0 3.2 5,0 8 12 20 28 40 56 80 112 160
32 50 2,2 3,6 5,6 9 14 22 32 45 63 90 128 180
50 80 2,5 4,0 6,0 10 16 25 36 50 71 100 140 200
80 160 3.2 5,0 8,0 12 20 32 45 63 90 125 180 250
160 315 45 7,0 11 18 28 45 63 90 125 180 250 355
315 630 6,0 10 16 25 40 63 90 1256 180 250 355 500
630 1000 8,0 12 20 32 50 80 112 160 224 315 450 630
1000 1600 10 16 25 40 63 100 140 200 280 400 560 800
1600 2500 11 18 28 45 71 112 160 224 315 450 630 900
2500 3150 14 22 36 56 90 140 200 280 400 560 800 1120
3 150 4 000 16 25 40 63 100 160 224 315 450 630 900 1250
4 000 5 000 18 28 45 71 112 180 250 355 500 710 1000 1400
5 000 7 200 20 32 50 80 125 200 280 400 560 800 1120 1 600
L {in) Values of Fpg in 1{1 000 in
- 0.44 || 0.045 0.071 0.1 0.18 0.28 0.45 0.63 0.90 1.25 1.80 2.50 3.55
0.44 0.79 || 0.063 0.100 0.16 0.25 0.40 0.63 0.90 1.25 1.80 2.50 3.55 5.0
0.79 1.26 || 0.080 0.120 0.20 0.32 0.50 0.80 1.12 1.60 2.24 3.15 4,50 6.3
1.26 1.97 || 0.0980 0.140 0.22 0.36 0.56 0.90 1.25 1.80 2.50 3.55 5.0 7.1
1.97 3.15 || 0.100 0.160 0.25 0.40 0:63 1.00 1.40 2.00 2.80 4.00 5.6 8.0
3.15 6.30 || 0.12 0.20 0.32 0.50 0.80 1.256 1.80 2.50 3.55 5.0 7.1 10.0
6.30 | 12.40 0.18 0.28 0.45 0.71 1.12 1.80 2.50 3.55 5.0 71 10.0 13.0
12.4 24.8 0.25 0.40 0.63 1.00 1.60 250 3.55 5.0 7.1 10.0 14.0 20.0
24.8 39.4 0.32 0.50 0.80 1.25 2.00 3.15 4,50 6.3 9.0 12.5 18.0 25.0
39.4 63.0 0.40 0.63 1.00 1.60 2.50 4.00 5.6 8.0 11.2 16.0 224 31.5
63.0 98.4 0.45 0.71 N2 1.80 2.80 4.50 6.3 9.0 12.5 18.0 23.6 35.5
98.4 124.0 0.56 0.90 1.40 2.24 3.55 5.6 8.0 11.2 16.0 22.4 31.5 45.0
124.0 157.5 0.63 1.00 1.60 2.50 4.00 6.3 9.0 125 18.0 25.0 35.5 50.0
157.5 197 0.71 1.92 1.80 2.80 4.50 71 10.0 14.0 20.0 28.0 40.0 56.0
197.0 283 0.80 1.25 2.00 3.16 5.0 8.0 11.2 16.0 224 315 45.0 63.0
* admissible error on any arc of the checking circle, having a length L = k-mm or k-n/P corresponding to any ntimber & of

Fpk = maximuny

pitches less than z/2

1
** Fp=Fpxfork=2/2(ie. L == circumference).
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TABLE 14 — Tolerance of adjacent pitch error*

Values of f5¢ in micrometres

Pitch diamaeter Module A d
d (mm) m ccuracy grade
over to 1 2 3 4 5 6 7 8 9 10 1 12
1 to 35 1,0 1,6 25 4 6 10 14 20 28 40 56 80
- 125 > 35t 6,3 1,2 2,0 3,2 5 8 13 18 25 36 50 71 100
> 631010 14 2,2 3,6 55 9 14 20 28 40 56 80 112
1 to 35 11 1,8 2,8 4,5 7 11 16 22 32 45 63 90
> 35t 6,3 1,4 2,2 3,6 5,5 9 14 20 28 40 56 80 112
12% 400 b, 310 10 1,0 2,0 4,0 [§] 10 1o 22 32 45 B3 30 125
>10 to16 1,8 28 4,5 7 11 18 25 36 50 n 100 140
>16 to25 2,2 3.6 5.5 9 14 22 32 45 63 90 125 180
1 to 356 1,2 2,0 3,2 5 8 13 18 25 36 50 71 100
> 35t0 6,3 1,4 2,2 3,6 55 9 14 20 28 40 56 80 112
400 800 > 6,3t0 10 1.8 2,8 45 7 11 18 25 36 56, 71 100 140
>10 1016 2,0 3,2 5,0 8 13 20 28 40 56 80 112 160
>16 to25 2,5 4,0 6,0 10 16 25 36 50 1 100 140 200
>25 tod40 3,2 5,0 8,0 13 20 32 45 63 90 125 180 250
1 to 35 1,2 2,0 3,6 55 9 14 20 28 40 56 80 112
> 35t 63 1.6 25 4,0 6 10 16 22 32 45 63 90 125
800 1600 > 6,3t 10 1.8 2,8 4,5 7 11 18 25 36 50 71 100 140
>10 to 16 2,0 3,2 5.0 8 13 20 28 40 56 80 112 160
>16 to25 2,5 4,0 6,0 10 16 25 36 50 71 100 140 200
>25 to40 3.2 5,0 8.0 13 20 . 32 45 63 90 125 180 250
1 to 35 1,6 2,5 4,0 6 10 16 22 32 45 63 90 125
> 35t 6,3 1.8 2,8 4,5 7 11 18 25 36 50 71 100 140
1600 2500 > 6,3t010 2,0 3.2 5.0 8 13 20 28 40 56 80 112 160
> 10 to 16 2,2 3,6 5,5 9 14 22 32 45 63 30 125 180
> 16 to25 2,8 45 7,0 1 18 28 40 56 80 112 160 224
>25 to40 3.6 5,5 9,0 14 22 36 50 7 100 140 200 280
1 to 35 1.8 2,8 4,5 7 11 18 25 36 50 71 100 140
> 35t0 63 2,0 3,2 5,0 8 13 20 28 40 56 80 112 160
2500 4 000 > 6,3t010 2,2 36 55 9 14 22 32 45 63 90 125 180
>10 to16 25 4,0 6.0 10 16 25 36 50 71 100 140 200
>16 t025 2,8 4,5 7.0 N 18 28 40 56 80 112 160 224
> 25 to40 3.6 5,5 9,0 14 22 36 50 71 100 140 200 280
Values of fpt in 1/1 000 in
Pitch djameter Diametral pitch
d (in) P Accuracy grade
over to 1 2 3 4 5 6 7 8 9 10 1 12
24 to7 0.040 0.063 0.10 0.16 0.25 0.40 0.56 0.80 1.12 1.60 2.24 3.15
— 4.92 <7 tn4 0.050 0.080 0.12 0.20 0.32 0.53 0.71 1.00 1.40 2.00 2.80 4.00
<4 t025 0.056 0.080 0.14 0.22 0.36 0.56 0.80 1.12 1.60 2.24 3.15 4.50
24 to? 0.045 0.071 0.11 0.18 0.28 0.45 0.63 0.90 1.25 1.80 2.50 3.55
<7 toéd 0.056 0.090 0.14 0.22 0.36 0.56 0.80 1.12 1.60 2.24 3.15 4.50
4.92 15.75 <4 to25 0.063 0.10 0.16 0.25 0.40 0.63 0.90 1.25 1.80 2.50 3.55 5.0
< 2.5 to16 0.071 0.11 0.18 0.28 0.45 0.71 1.00 1.40 2.00 2.80 4.00 5.6
< 1.6.t0,1 0.090 0.14 0.22 0.36 0.56 0.90 1.25 1.80 2.50 3.55 5.0 7.1
24 “to7 0.050 0.080 0.12 0.20 0.32 0.53 0.71 1.00 1.40 2.00 2.80 4.00
<V "tod 0.056 0.090 0.14 0.22 0.36 0.56 0.80 .12 1.60 2.24 3.15 4.50
15.75 315 <A 1025 0.071 0.1 0.18 0.28 0.45 0.71 1.00 1.40 2.00 2.80 4.00 5.6
: ' <2510 1.6 0.080 0.12 0.20 0.32 0.53 0.80 1.12 1.60 2.24 3.15 4.50 6.3
<16to1 0.10 0.16 0.25 0.40 0.63 1.00 1.40 2.00 2.80 4.00 5.6 8.0
<1 t00.625 0.12 0.20 0.32 0.53 0.80 1.256 1.80 2.50 3.55 5.0 7.1 10.0
24 to7 0.050 0.080 0.14 0.22 0.36 0.56 0.80 1.12 1.60 2.24 3.15 4.50
7 04 0.063 010 016 025 040 063 090 1.25 1.80 2.50 3.55 5.0
315 63 <4 1025 0.071 0.1 0.18 0.28 0.45 0.71 1.00 1.40 2.00 2.80 4.00 5.6
: <25101.6 0.080 0.12 0.20 0.32 0.53 0.80 1.12 1.60 2.24 3.15 4.50 6.3
<16to1 0.10 0.16 0.25 0.40 0.63 1.00 1.40 2.00 2.80 4.00 5.6 8.0
<1 to00.625 0.12 0.20 0.32 0.53 0.80 1.25 1.80 2.50 3.55 5.0 7.1 10.0
24 to7 0.063 0.10 0.16 0.25 0.40 0.63 0.90 1.25 1.80 2.50 3.55 5.0
<7 to4 0.071 0.1 0.18 0.28 0.45 0.7 1.00 1.40 2.00 2.80 4.00 5.6
63 100 <4 1025 0.080 0.12 0.20 0.32 0.53 0.80 1.12 1.60 2.24 3.15 4.50 6.3
< 25t0 1.6 0.090 0.14 0.22 0.36 0.56 0.90 1.25 1.80 2.50 3.55 5.0 7.1
<16to1 0.1 0.18 0.28 0.45 0.7 1.12 1.60 2.24 3.15 4.50 6.3 9.0
<1 t00.625 0.14 0.22 0.36 0.56 0.90 1.40 2.00 2.80 4.00 5.6 8.0 11.2
24 t07 0.071 0.11 0.18 0.28 0.45 0.7 1.00 1.40 2.00 2.80 4.00 5.6
<7 toéd 0.080 0.12 0.20 0.32 0.53 0.80 1.12 1.60 2.24 3.15 4.50 6.3
100 160 <4 1025 0.080 0.14 0.22 0.36 0.56 0.90 1.25 1.80 2.50 3.55 5.0 71
<25t 1.6 0.10 0.16 0.25 0.40 0.63 1.00 1.40 2.00 2.80 4.00 5.6 8.0
<16t01 0.1 0.18 0.28 0.45 0.71 1.12 1.60 2.24 3.15 4.50 6.3 9.0
<1 to00.625 0.14 0.22 0.36 0.56 0.90 1.40 2.00 2.80 4.00 5.6 8.0 1.2

it

fpt for transverse circular pitch.
+ fpt cos 8 for normal circular pitch.
+ fpt cos a for normal base pitch.
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ISO 1328-1975 (E)

TABLE 15 — Tolerance of teeth run-out, F,

Values of F, in micrometres

Pitch diameter Module Accuracy grade
d (mm) m Y g
over to 1 2 3 4 5 6 7 8 9 10 m 12
1 to 35 3,6 5,5 9 14 22 36 50 63 80 100 125 160
- 125 > 35to 63 45 7.0 1 18 28 45 63 80 100 125 160 200
> 6,3t010 5,0 8,0 13 20 32 50 71 90 112 140 180 224
1 to 35 4,0 6.0 10 16 25 40 56 71 90 12 140 180
> 35t0 63 5,0 8,0 13 20 32 50 71 90 112 140 180 224
125 400 > 6,3t010 5,5 9,0 14 22 36 56 80 100 125 160 200 250
>10 to16 6,0 10 16 25 40 63 80 112 140 180 224 280
>16 1025 8,0 13 20 32 50 80 112 140 180 224 280 355
1 to 35 4,5 7.0 11 18 28 45 63 80 100 125 160 200
> 35t 6,3 5,0 8,0 13 20 32 50 71 90 112 140 180 224
400 800 > 6,310 10 5,5 9,0 14 22 36 56 80 100 125 160 200 250
>10 to16 7,0 11 18 28 45 71 100 125 160 200 250 315
>16 to25 9,0 14 22 36 56 20 125 160 200 250 315 400
>25 1040 11 18 28 45 71 112 160 200 250 315 400 500
1 to 35 5,0 8,0 13 20 32 50 7 90 112 140 180 224
> 35t 6,3 55 9,0 14 22 36 56 80 100 125 160 200 250
800 1600 > 6,3t010 6,0 10 16 25 40 63 90 112 140 180 224 280
>10 1016 7,0 11 18 28 45 M 100 125 160 200 250 315
>16 t025 9,0 14 22 36 56 90 125 160 200 250 3156 400
>25 1040 11 18 28 45 71 112 160 200 250 315 400 500
1 to 35 5,6 9,0 14 22 36 56 80 100 125 160 200 250
> 35t0 6,3 6,0 10 16 25 40 63 90 112 140 180 224 280
1600 2500 > 6,310 10 7,0 11 18 28 45 71 100 125 160 200 250 315
>10 to 16 8,0 13 20 32 50 80 112 140 180 224 280 355
>16 to25 10 16 25 40 63 100 140 180 224 280 355 450
>25 to40 13 20 32 50 80 125 180 224 280 355 450 560
1 to 3,5 6,0 10 16 25 40 63 20 112 140 180 224 280
> 35to 6,3 7,0 1 18 28 45 71 100 125 160 200 250 315
2 500 4 000 > 6,3t010 8,0 13 20 32 50 80 112 140 180 224 280 355
>10 to 16 9,0 14 22 36 56 90 125 160 200 250 315 400
>16 to25 10 16 25 40 63 100 140 180 224 280 355 450
>25 t040 13 20 32 50 80 125 180 224 280 355 450 560
Values of £, in [I/1 000 in|
Pitch diameter Diametral pitch Accur de
d tin) P ccuracy gra
over to 1 2 3 4 5 6 7 8 9 10 11 12
24 w7 0.14 0.22 0.36 0.56 0.90 1.40 2.00 2.50 3.15 4.00 5.0 6.3
- 4.92 <7 toéd 0.18 0.28 0.45 0.71 1.12 1.80 2.50 3.15 4.00 5.0 6.3 8.0
<4 1025 0.20 0.32 0.63 0.80 1.25 2.00 2.80 3.55 4.50 5.6 7.1 9.0
24 to7 0.16 0.25 0.40 0.63 1.00 1.60 2.24 2.80 3.65 4.50 5.6 71
<7 to4 0.20 0.32 0.53 0.80 1.25 2.00 2.80 3,55 4.50 5.6 71 9.0
4.92 15.75 <4 to25 0.22 0.36 0.56 0.90 1.40 2.24 3.15 4.00 5.0 6.3 8.0 10.0
< 251016 0.25 0.40 0.63 1.00 1.60 2.50 3.55 4.50 5.6 7.1 9.0 11.2
< 1.6%¢0-1 0.32 0.53 0.80 1.25 2.00 3.15 4.50 5.6 7.1 3.0 11.2 14.0
24 \/to 7 0.18 0.28 0.45 0.71 1.12 1.80 2.50 3.15 4.00 5.0 6.3 8.0
<7 'to4 0.20 0.32 0.63 0.80 1.25 2.00 2.80 3.55 4.50 5.6 7.1 9.0
<)4 1025 0.22 0.36 0.56 0.90 1.40 2.24 3.15 4.00 5.0 6.3 8.0 10.0
15‘75 31'5 285t 186 0.28 0O.456. 0721 1_1’) 1_0!\ ').Oh A_nn E_I‘\ D.g O'c 1'r\.c "2.5
<16to1 0.36 0.56 0.90 1.40 2.24 3.55 5.0 6.3 8.0 10.0 12.5 16.0
<1 to0.625 0.45 0.71 1.12 1.80 2.80 4.50 6.3 8.0 10.0 12.5 16.0 20.0
24 to7 0.20 0.32 0.53 0.80 1.25 2.00 2.80 3.55 4.50 5.6 7.1 9.0
<7 to4d 0.22 0.36 0.56 0.90 1.40 2.24 3.15 4.00 5.0 6.3 8.0 10.0
315 63 <4 to2b 0.25 0.40 0.63 1.00 1.60 2.50 3.55 4.50 5.6 7.1 9.0 11.2
: <2510 1.6 0.28 0.45 0.71 1.12 1.80 2.80 4.00 5.0 6.3 8.0 10.0 12,5
<1.6to1 0.36 0.56 0.90 1.40 2.24 3.55 5.0 6.3 8.0 10.0 12.5 16.0
<1 to0.625 0.45 0.71 1.12 1.80 2.80 4.50 6.3 8.0 10.0 125 16.0 20.0
24 to7 0.22 0.36 0.56 0.90 1.40 2.24 3.15 4.00 5.0 6.3 8.0 10.0
<7 to4d 0.25 0.40 0.63 1.00 1.60 2.50 3.55 4.50 5.6 7.1 9.0 11.2
63 100 <4 to25 0.28 0.45 0.71 1.12 1.80 2.80 4.00 5.0 6.3 8.0 10.0 125
<25t 1.6 0.32 0.53 0.80 1.25 2.00 3.15 4.50 5.6 7.1 9.0 11.2 14.0
<16to1 0.40 0.63 1.00 1.60 2.50 4.00 5.6 7.1 9.0 11.2 14.0 18.0
<1 1t00.625 0.53 0.80 1.25 2.00 3.15 5.0 71 9.0 11.2 14.0 18.0 22.4
24 w7 0.25 0.40 0.63 1.00 1.60 2.50 3.55 4.50 5.6 7.1 9.0 1.2
<7 to4d 0.28 0.45 0.71 1.12 1.80 2.80 4.00 5.0 6.3 8.0 10.0 12.5
100 160 <4 to25 0.32 0.53 0.80 1.25 2.00 3.15 4.50 5.6 7.1 9.0 11.2 14.0
<25to 1.6 0.36 0.56 0.90 1.40 2.24 3.55 5.0 6.3 8.0 10.0 12,5 16.0
< 16to1 0.40 0.63 1.00 1.60 2.50 4.00 5.6 71 9.0 11.2 14.0 18.0
<1 1t00.625 0.53 0.80 1.25 2.00 3.15 5.0 7.1 9.0 11.2 14.0 18.0 22.4
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