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® Foreword

This British Standard was first issued in 1932, and as a result of the experience obtained in its use, it was
found that certain modifications were desirable. The present revision has accordingly been prepared to
give effect to these.

The following are the principal amendments:

(1) A new class “ D’ has been introduced for large internal gears.

(2) The correction system has been radically altered and the tolerances modified.

(3) Strength factors and running time factors have been combined into one chart each for wear and
strength, in order to save time in making calculations.

(4) The method of dealing with overloads and intermittent ratings has been considerably amplified and
has been brought into line with the worm gear specification No. 721/1937.

(5) A section has been added giving the limiting working temperature.

(6) A number of revisions have been made in the basic stresses for various materials, notably cast iron.
Charts have been added to enable the basic stresses to be determined, approximately, for any material from
the Brinell Hardness number and the tensile strength.

The opportunity has also been taken to re-word several of the clauses, so as to remove ambiguities and
inconsistencies.

' Introduction

The committee unanimously agreed to recommend a tooth form having a pressure angle of 20 °, a working
depth of twice the module and a substantially semi-circular clearance curve at the bottom of the tooth
space. Experience has shown that the effect of a semi-circular clearance curve is to increase the resistance
of the teeth to repeated loadings because the more gradual change of section reduces the degree of stress
concentration. It is fully realised that stub tooth gearing and gearing with a pressure angle of 14} ° have
been used with success for many years and will, for certain purposes, continue to be used.

The standard tooth form having a 20 ° pressure angle represents a well-balanced compromise between
strength, resistance to wear and quietness of running. It is comparable with the stub tooth of 20 ° pressure
angle in respect of strength and superior to it in wear resistance and quietness of running. It is superior to
the full depth tooth of 14} ° pressure angle in respect of strength and relative freedom from risk of under-
cutting. Although the arc of contact is a little shorter as compared with the 14} ° pressure angle, the relative
radius of curvature of the tooth faces is greater, which more than compensates for the reduction in the
length of the arc of contact. _

In deciding upon the horse-power capacity formulae the committee gave special consideration to the
question as to whether the speed factor should be based on revolutions per minute or pitch line speed in
feet per minute, and the former was adopted for the following reasons:

(1) Fracture of a gear tooth is almost invariably the result of fatigue; and ° pitting ’, which is the com-

' monest form of surface failure, is a compressive fatigue failure of the contacting surface. In the determination,
therefore, of both allowable bending and allowable surface loads, the probable number of repetitions of
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stress must be taken into account, and a speed factor based on revolutions per minute contributes to this
end, whereas one based on pitch line velocity fails to do so. A means of differentiating between the severity of
load conditions on the pinion and on the wheel, is thus obtained, and this leads to the employment of a
stronger material for the pinion than for the wheel.

(2} Each time gear teeth pass through contact, 2 minute amount of material is worn off the working
surfaces, and it is evident that if the materials are similar the wear on the pinion teeth will be greater than
on the wheel teeth in proportion to the speed ratio.

(3) Rules have been laid down for pitch errors which avoid undue stresses resulting from large errors at
high speeds.

(4) Errors due to eccentricity of cutting or mounting cause accelerations and decelerations every half
revolution, and therefore the stress induced by any given error of this type is a function:of the number of
revolutions per minute.
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British Standard Specification for

; Machine cut gears

A. Helical and straight spur

Part1. Scope

1. Scope of specification

‘ This specification applies to machine cut or ground circular cylindrical gears, connecting parallel shafts, the
teeth being either straight, single or double helical, external or internal and of the 20 ° full depth involute
system (with a working height of twice the module) of the following classes™:
| Class Al, Precision ground gears.
Class A2. Precision cut gears for peripheral speeds above 2000 feet per minute.
Class B.  High-class cut gears for peripheral speeds above 750 and below 3000 feet per minute.
Class C. Commercial cut gears for peripheral speeds below 1200 feet per minute.
Class D.  Large internal gears. '
This specification has been based on the assumption that the gears will be suitably supported on shafts
of ample size provided with efficient thrust bearings where required, and that they will be effectively lubricated.
It provides for manufacturing tolerances on slotted internal gears and spur gears of involute form when
used as engaging clutches. It does not apply to traction gearst or turbine gears.

Part2. Definitions

2. Definitions
NOTE. The symbols given in brackets are those used in the formulae,

2. The ratio of a pair of gears (R) is the ratio of the number of teeth in the wheel to the number of teeth

. .. T
in the pinion = -

3. The pitch cylinders (Fig. 1b) of a pair of gears are thosc cylinders co-axial with the gears, and in peripheral
contact, which will roll together without slip.
NOTE. The ratio of the diameters of these cylinders is the same as the tatio of the gears.

e

The pitch circle (Fig. 1a) is any transverse section of a pitch cylinder normal to the axis.

W

The pitch point (Fig. 1a) of a pair of gears is the point of tangency of the pitch lines or circles.

&,

The pitch diameter (D) (Fig. 1a) is the diameter of the pitch circle.

The base circle (Fig. 14) is the circle from which the involute tooth curve is developed.

g

. The line of action (Fig. 14) is the common tangent to the two base circles which passes through the pitch
point of a pair of mating gears.

* The range of speeds specified for gears of classes A2, B and C has been so fixed as to permit of considerable overlap between
the classes,
Where at any particular speed a gear may fall in either of two classes, it is implied that the lower class is snitable for the
duty, but if it is desired to have specially high-grade work for a particular duty, or to meet exceptionally severe conditions,
' the higher class may be selected,
1 See BS 235, * Gears for electric traction .
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9.

to the pitch circles at the pitch point.

11. The centre distance (C) (Fig. 1a) of a pair of gears is the perpendicular distance between the axes of

the gears.

12,
teeth

The path of contact is that portion of the line of action on which tooth contact takes place.

10. The pressure angle () (Fig. 1a) is the acute angle between the line of action and the common tangent

The circular pitch* (p) (Fig. 1a) is the length of arc of the pitch circle between similar faces of successive

NOTE. Where the term * pitch * is used without qualification, circular pitch is always implied
13.  The normal pitch* (p,) of a helical gear is the distance between similar faces of successive teeth measured
along a helix lying on the pitch cylinder normal to the teeth.

14. The diametral pitch (P) is the number of teeth divided by the pitch diameter.
As the diametral pitch is commonly used with English units, it is understood that the pitch diameter is

measured in inches unless otherwise stated.
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* If the pitch or thickness of the tooth is measured as a chord a correction must be applied to obtain the
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15. The normal diametral pitch (P,) is the diametral pitch of the normal basic rack.

NOTE. P, =Pseca=;:

n

16. The axial pitch (p.) of a helical gear is the distance measured parallel to the axis between similar faces

of successive teeth.

17. 'The module (m) is the pitch diameter divided by the number of teeth; it is the reciprocal of the diametral

pitch.

The module may be expressed in any unit of length and the unit must therefore be stated.

18. The lead (L) (Fig. 1b) of a helical gear is the distance measured parallel to the axis by which each tooth
advances per revolution, and is equal to the product of the axial pitch and the number of téeth in the gear.

19. The helix angle (¢) (Fig. 1b) of a helical gear is the angle between a tangent to the tooth helix at any
point on the pitch cylinder and the plane containing the axis of the gear and passing through that point.

20. The addendum (A) (Fig. 1) is the height from the pitch circle to the tip of the tooth.
21. The dedendum (B) (Fig. 1a) is the depth from the pitch circle to the root of the tooth.

22. The working depth is the depth in the tooth space to which the tooth of the mating gear extends and is
equal to the sum of the addenda of the two gears.

23. The bottom clearance (¢) (Fig. 14) is the shortest distance between the tip of the tooth and the bottom

of its mating space.

24. The whole depth of tooth space is the radial distance from the tips of the teeth to the circle passing
through the bottom of the tooth spaces.

25, The outside diameter (J) (Fig. 1a) is the diameter at the tips of the teeth.
26. The root diameter (I) (Fig. la) is the diameter at the bottom of the tooth spaces.

27. The tooth thickness* is the length of arc of the pitch circle between opposite faces of the same tooth.

28. The normal tooth thickness* of a helical gear is the distance between opposite faces of the same tooth

measured along the helix lying on the pitch cylinder normal to the teeth.

~

J

® _—/’_\

-
r ¢ = Helix angle

N\ |

Fig. 16
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* If the 'piié:h or thickness of the tooth is measured as a chord a cortection must be applied to oﬁtain the Iéng‘iﬁ of arc. .
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29, The backlash is the total free movement at the pitch circle of one gear in the direction of its circumference,
when the other member of the pair is fixed, and the bearing clearances are eliminated.

30, The face-width (F} (Fig. 1b) of a gear tooth is the width measured in the direction of the axis of the
gear.

31. The fillet is the rounded corner at the bottom of the tooth space.
32. The adjacent piich error is the error in the circular pitch of any two successive teeth.

33. The accurmulated pitch error is the algebraic sum of all the pitch errors in any arc or number of teeth
under consideration. '

34. The profile error is the maximum deviation of any point on the tooth surface from the designed profile
passing through the point of intersection of the actual curve and the pitch line. The designed profile takes
into account the easing of the teeth provided for in Clauses 41 and 42,

NOTE. The direction of measurement of this error is normal to the designed profile. If the actual profile lies outside the designed
profile at any point, the error is to be regarded as positive: if inside, negative,

35. The zome factor (Z) is a factor dependent on the total contact between mating teeth and the radii of
curvature of the tooth surfaces.

36. The strength factor (Y) is a factor dependent on the number of teeth in contact, the cantilever strength
of an individual tooth, and the distribution of load over the face of the tooth.

37. The constant chord is the shortest distance between the lines of contact of a gear tooth with the adjacent
teeth of the basic rack when the latter is symmetrically placed in relation to the centre line of the gear tooth.
The constant chord lies in a normal section of the gear tooth, and is shown in Fig. 2. The position and
length of this chord is independent of the number of teeth, and depends oaly on the proportions of the
normal section of the basic rack, the pitch, and the correction factor.

b= Constant Chord
Thickness.

N cont
‘ ‘ "‘-._' I Constant Cherd
Height.
/ Pitch Cirele .
Fig.2

38. The constant chord thickness (g) (Fig. 2) is the length of the constant chord.

39. The constant chord height (i) (Fig. 2) is the length of the intercept of the centre line of the gear tooth,
between the tip of the tooth and the constant chord.

“ Right® or * Left’ hand helix. If, when a tracing point is moved along a helix in a clockwise direction
locking along the axis, it moves away from the observer, the helix is * Right * hand; if it moves towards the
observer the helix is * Left > hand.

A right-hand helical gear is one in which the direction of the teeth follows a right-hand helix; a left-hand
hefical gear is one in which the direction of the teeth follows a left-hand helix.

If two helical gears meshing together have parallel axes, they must have teeth of opposite hand unless
one of them is an internal gear, when they must have téeth of the same hand.

Documents

8 Document Sharing Hub

Full document details: BS 436:1940



http://www.avadocuments.com/doc/bs-436-1940
http://www.avadocuments.com/doc/bs-436-1940

BS 436 : 1940
L 3

Part 3. Notation

40. The following notation shall be used in expressing the relations between the various dimensions (see
Figs. 1a and 1b):

A = Wheel addendum Clause 20
a = Pinion addendum Clause 20
- B = Wheel dedendum Clause 21
b = Pinion dedendum Clause 21
C = Centre distance Clause 11
¢ = Bottom clearance ) Clause 23
D = Wheel pitch diameter ’ Clause 6
d = Pinion pitch diameter Clause 6
E = Total rim bolt area Clause 53
¢ = Total boss bolt area Clause 53
F = Face-width Clause 30
f = Projection of boss beyond rim Clause 48
G = Depth of coring in wheel arms Clause 50
. G; = Gradient factor Clause 73
g = Constant chord thickness Clause 38
H == Setback of arm from rim Clause 49
h = Constant cord height Clause 39
I = Wheel root diameter Clause 26
i = Pinion root diameter Clause 26
J = Wheel outside diameter Clause 25
j = Pinion outside diameter Clause 25
K = Pitch factor Clause 59
k, == Pinion correction factor Clause 43
k, = Wheel correction factor Clause 43
L, = Length of arc (in pitch measurements) Clause 45
L, = Lead of pinion Clause 18
L, = Lead of wheel Clause 18
I = Length of boss Clause 48
M = Torque Clause 65
m = Module Clause 17
N = Revolutions per minute of wheel Clause 63
. n = Revolutions per minute of pinion Clause 63
; P = Diametral pitch Clause 14
P, = Normal diametral pitch Clause 15
p = Circular pitch Clause 12
p. = Axial pitch Clause 16
pn = Normal pitch Clause 13
Q = Depth of rim rib Clause 49
g = Depth of boss rib Clause 48
4 R = Gear ratio Clause 2
r = Tyre radius Clause 73
S, = Bending-stress factor Clause 61
- S, = Surface-stress factor Clause 60
s = Thickness of metal in rim below teeth Clause 49
T = Number of teeth in wheel Clause 63
t = Number of teeth in pinion Clause 63
U/ = Time in hours Clause 65
u = Bore chamber diameter Clause 48
V = Bore diameter Clause 48
v = Thickness of metal in boss Clause 48
. W = Width of bore chamber Clause 48
W, = Gross weight of vehicle Clause 73
9 Documents
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w = Width of keyway Fig. 7
X, = Speed factor for strength Clause 58
X, = Speed factor for wear Clause 58

Y = Strength factor Clause 36

¥ = Width of arm at boss end Clause 50

Z = Zone factor Clause 35

z = Thickness of metal in arms, webs and ribs Clause 49

4 = Extension of centre distance factor Clause 43

d = Tolerance factor Clause 45

€ = Easing of teeth at point . Clause 4]

o = Helix angle : Clause 19

¥ = Pressure angle Clause 10

Part4. Form of gear teeth and clearance

41. Form of gear tooth

The nominal proportions of the British Standard basic rack tooth shall be as shown in Figs. 3,4 and 5. It is
involute in form except that a slight easing of the point is desirable. The amount of this easing (¢) shall not
exceed the following values on the basic rack:

Classes A1, A2, and B: Precision ground, precision cut and high-class cut gears
€ = 0.003 p extending 0.157 p in depth.

Classes C and D: Commercial cut and large internal gears
¢ == 0.006 p extending 0.20 p in depth.

r&nos
i -
ﬁn'm E
0-3183
— - ol !
o ~—05 —H—05 |
. / T FITY ows 0-4583
l

00938 redius
Fig. 3. BS basic rack tooth shape with 20° pressure angle. Class A1 precision ground gears

- The above easing may be carried out on the lower part of the teeth near the root if preferred by the
manufacturers.

The shape and proportions of teeth of helical gears on a section at right angles to the helix shall correspond
to the basic rack tooth forms shown in Figs. 3, 4 and 5, normal pitch being substituted for circular pitch.
(Note that p, = p cos ¢.)

Attention is called to the table of equivalent diametral and circular pitches and modules given in Appendix
C.
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42, Bottom clearance space

The bottom clearance space shall have a smooth continuous surface and shall be as nearly semi-circular
as the tooth form and system of cutting will permit.

/A et
’ IT;I_- __"'-.: P |
It e
= s —N_os
go\‘o‘!““‘ﬁé 00355 [
/ LY
D124 radivs

Fig. 4. BS basic rack tooth shape with 20° pressure angle. Classes A2 and B precision and
high-class cut gears

- ; \ & 1[]-3!85

Aumradius:

Fig.5. BS basic rack tooth shape with 20° pressure angle. Classes C and D commercial
cut and large internal gears

This requirement shall not preciude the provision of slight *flats * at the bottom of the semi-circular
clearance spaces, as shown in Figs. 3, 4 and 5.
NOTE. The slight * flats * are for convenience in cutter manufacture and to provide a definite diameter for measurement.

43. Addendum

In order to obtain full involute action, to avoid undercutting when a pinion of a small number of teeth is
in contact with a 20 ° basic rack, and to obtain better zone and strength factors, the addendum varies with
the pitch and the numbers of teeth in the mating gears. The recommended values for the addendum are

given by:
a =2 (1 +k)
T

4 =" 1 +k)
T

where k, and k,, the correction factors for pinion and wheel respectively, are determined thus:

(@) If (¢t + T) sec3 o be not less than 60, then

f
ky =04 (1 — =
? ( T)

or 0.02 (30 — ¢ sec? ¢), whichever is the greater,
and k,, = — k,
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(b) If (t - T) sec3 o be less than 60, then the centre distance shall be extended by an amount Apn
™

ky = 0.02 (30 — ¢ sec? o)
ky = 0.02 (30 — T sec? o)
and the value of 4 can be obtained from Chart 13.

(¢) For internal gears:
k, = 04
kw = -k,
irrespective of numbers of teeth.

NOTE. To maintain the tip thickness if the number of teeth in the pinion is such that ¢ sec? & is less than 17, the outside
diameter shall be reduced by an amoum‘vﬂlx 0.04 (17 — 1 sec3 o), the pitch and root diameters remaining unaltered. Approxi-

mate values of sec? o are given in the following table:
Spiral angle o 0° 22.5° 30° 45°
secd o 1.00 1.268 1.540 2.83

NOTE. For examples of calculation see Appendix B.

44, Caliper settings

The constant chord caliper settings are given in Table 1 for gears of unit normal diametral pitch, British
Standard normal basic rack proportions, and correction factors from — 0.5 to + 0.5 settings for intermediate
values of the correction factor may be directly interpolated. Note that the caliper height % increases uniformty
by 0.088 302, and the caliper thickness g by 0.064 279 for every 0.1 increase in k.

Table1. Constantchord caliper settings
20 ° normal pressure angle—Full depth

Caliper settings Caliper settings
Correction Correction —
factor Height Thickness factor Height Thickness
k 3 g k h g
— 0.5 0.306 07 1.065 66 + 0.5 1.189 09 1.708 45
- 0.4 0.394 37 1.129 93 + 0.4 1.100 79 1.644 17
. [}

- 0.3 0.482 67 1.194 21 + 0.3 1.012 49 1.579 89
— 0.2 0.570 98 1.258 49 + 0.2 0.924 18 1.515 61
— 01 0.659 28 1.322 77 -+ 0.1 0.835 88 1.451 33

0 0.747 58 1.387 05 0 0.747 58 1.387 05

The figures are for unit normal diametral pitch. The corresponding values for other pitches are obtained
by dividing by the normal diametral pitch.
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Part5. Permissible errors and tolerances

45.

Indexing or division and tooth shape

BS 436 :1940

The permissible errors of indexing or division on the pitch circle and shape shall not exceed the figures
- given by the formulae in Table 2 for the particular form of error and class of gear. (All linear dimensions

are expressed in inches.)}

Table2. Pitchand profiletolerances
(In thousandths of an inch)

| Accumulated error

Class of gear Adjacent pitch error Profile error®
{Clause 32) | (Clause 33) (Clause 34)

.. L 1.8

Al. Precision ground 016+ 05 0.1L, + 1.0 40— -
; 3

A2, Precision cut + 0 — 3
" 3

B. High-class cut 0246410 0.2L, + 2.0 +0— 7

|

- 6

C. Commercial 036+ 15 0.3L, -+ 3.0 40— 7
] 6

D. Large internal 0.6 5 + 3.0 03L, + 3.0 + 0 - 7

& = Tolerance factor =
0P
P = Diametral pitch, reciprocal inches.
p = Circular pitch, inches.
L

A

NOTE. The allowable profile error shall not permit an excess of material either above or below the pitch point.

1

(T + 60) 1] _ [p (r 4{-):0) - I:I

= Length of arc of pitch circle on which accumulated error exists, inches.

X

* In view of the difficulties of measurement the tolerances on profile error shall only apply when expressly agreed between

purchaser and manufacturer.
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BS 436 :1940

46. Tooth thickness

The thickness of the gear tecth shall in all cases be less than the nominal thickness. The limits shull be in
accordance with the formulae specified in Table 3. '

Table3. Tooth thicknesstolerances

(Expressed in thousandths of an inch, and measured normal to the tooth helix)

Amonnt under nominal
Class or type of gear ] g
Maximum* ‘ Minimum
e Hos s [oco
B.  High-class cut S - B -.4 8 cos -cr r dcos a .
C. Commercial cut - B 56 cose _5 ;os a_ -
D. Large inte;al - | 56 coso dcoso -
- Engine_timinjg g,:ars 0756 cos-a- N 0.3756 cos 0'_
N ;Aircraft gears i 1.5é coso dcos o
Ground spur and internal gears for clutches _l._S 4 cos -r'.I O dcos -a P
Unground spur gears for clutch; " 1.5 6 cos o |_5_c_os c i
ap Ungrgnd internaz gears for clutches : -3 § coseo ‘ 156 cose 3
Precgon_ g;)und or cut_ differential or pl;netr;lry gears 28 coso | d cos a'_ 3
B Commercial cut differential or planetary gears 36 cos 0'_ | 158 coso 3
Automobile gear boxes: B 3
Fixed 3.0 2.0
Sliding 4.0 | 3.0

8 = Tolerance factor = [w 4 I:I = [p (T-{——60-) 4 1] as in Clause 45,
10P 10%

47. Centredistance

The tolerance on centre distance expressed in thousandths of an inch shall be:
plus  (0.25 C -+ 1.75)
minus 0

where C is the centre distance in inches.

* Where no reversal of torque oceurs under load the maximum permissible tolerances given in this column shall be doubled.
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