BS ISO

BRITISH STANDARD
23509:2006

Bevel and hypoid gear
geometry

I1CS 21.200

-
J:

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW ..
EEE———— DitiSh Standards



BS ISO 23509:2006

National foreword

This British Standard was published by BSI. It is the UK implementation of
IS0 23509:2006.

The UK participation in its preparation was entrusted to Technical Committee
MCE/5, Gears.

A list of organizations represented on MCE/5 can be obtained on request to its
secretary.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was Amendments issued since publication
published under the authority

of the Standards Policy and
Strategy Committee Y Amd. No. Date Comments

on 31 October 2006

© BSI 2006

ISBN 0 580 47082 2




INTERNATIONAL
STANDARD

Bevel and hypoid gear geometry

Géomeétrie des engrenages coniques et hypoides

BS ISO 23509:2006

1ISO
23509

First edition
2006-09-01

Reference number
ISO 23509:2006(E)






Contents

Introduction

Terms, definitions and symbols
Terms and definitions

Design considerations

Types of bevel gears
Straight bevels
Spiral bevels
Zerol bevels

Hand of spiral
Preliminary gear size

Tooth geometry and cutting considerations
Manufacturing considerations
Tooth taper
Tooth depth configurations
Taper depth
Uniform depth
Dedendum angle modifications
Cutter radius
Mean radius of curvature
Hypoid design
Most general type of gearing
Hypoid geometry

Crossing point

Pitch cone parameters
Initial data
Determination of pitch cone parameters for bevel and hypoid gears

Gear dimensions
Additional data
Determination of basic data
Determination of tooth depth at calculation point
Determination of root angles and face angles
Determination of pinion face width, b,
Determination of inner and the outer spiral angles

BS ISO 23509:2006



BS ISO 23509:2006

7.8 Determination of toOth thiCKNESS .......oeiiiii e 46
7.9 Determination of remaining diMENSIONS ........uuuuiiiiiuieiiiiiriii 47
8 UNAEICUL CRECK ...t e e 48
8.1 T 110 o PRSP PURRRPTP 48
8.2 LT =T OO PP PPURPRPPPPR 50
Annex A (informative) Structure of ISO formula set for calculation of geometry data of bevel and

(07 X eI e o =TT T TP OSSP PP T TPPPP 52
Annex B (informative) PitCh CONE PAraQmMELEIS ....cooiuiiiiiiiiii et 58
Annex C (informative) Gear AiMENSIONS ....ciiiiiiiie ettt e e st b e e e s bb e e e e e sabe e e e e nnneas 68
Annex D (informative) ANalYSIS OF FOrCES ..oooiiiiiiiiii e 75
Annex E (informative) Machine tO0] data ...........eeiiiiiiiiiiiiii e e 78
Annex F (informative) Sample CalCUIAtIONS ........oooiiiiiiiiii e 79



BS ISO 23509:2006

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 23509 was prepared by Technical Committee ISO/TC 60, Gears, Subcommittee SC 2, Gear capacity
calculation.
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Introduction

For many decades, information on bevel, and especially hypoid, gear geometry has been developed and
published by the gear machine manufacturers. It is clear that the specific formulas for their respective
geometries were developed for the mechanical generation methods of their particular machines and tools. In
many cases, these formulas could not be used in general for all bevel gear types. This situation changed with
the introduction of universal, multi-axis, CNC-machines, which in principle are able to produce nearly all types
of gearing. The manufacturers were, therefore, asked to provide CNC programs for the geometries of different
bevel gear generation methods on their machines.

This International Standard integrates straight bevel gears and the three major design generation methods for
spiral bevel gears into one complete set of formulas. In only a few places do specific formulas for each
method have to be applied. The structure of the formulas is such that they can be programmed directly,
allowing the user to compare the different designs.

The formulas of the three methods are developed for the general case of hypoid gears and calculate the
specific case of spiral bevel gears by entering zero for the hypoid offset. Additionally, the geometries
correspond such that each gear set consists of a generated or non-generated wheel without offset and a
pinion which is generated and provided with the total hypoid offset.

An additional objective of this International Standard is that on the basis of the combined bevel gear
geometries an ISO hypoid gear rating system can be established in the future.

Vi
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Bevel and hypoid gear geometry

1 Scope
This International Standard specifies the geometry of bevel gears.

The term bevel gears is used to mean straight, spiral, zerol bevel and hypoid gear designs. If the text pertains
to one or more, but not all, of these, the specific forms are identified.

The manufacturing process of forming the desired tooth form is not intended to imply any specific process, but
rather to be general in nature and applicable to all methods of manufacture.

The geometry for the calculation of factors used in bevel gear rating, such as 1ISO 10300, is also included.
This International Standard is intended for use by an experienced gear designer capable of selecting
reasonable values for the factors based on his knowledge and background. It is not intended for use by the

engineering public at large.

Annex A provides a structure for the calculation of the methods provided in this International Standard.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 1122-1:1998, Vocabulary of gear terms — Part 1: Definitions related to geometry

ISO 10300-1:2001, Calculation of load capacity of bevel gears — Part 1: Introduction and general influence
factors

ISO 10300-2:2001, Calculation of load capacity of bevel gears — Part 2. Calculation of surface durability
(pitting)

ISO 10300-3:2001, Calculation of load capacity of bevel gears — Part 3: Calculation of tooth root strength

3 Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 1122-1 and the following terms,
definitions and symbols apply.

NOTE 1 The symbols, terms and definitions used in this International Standard are, wherever possible, consistent with
other International Standards. It is known, because of certain limitations, that some symbols, their terms and definitions, as
used in this document, are different from those used in similar literature pertaining to spur and helical gearing.

NOTE 2  Bevel gear nomenclature used throughout this International Standard is illustrated in Figure 1, the axial section
of a bevel gear, and in Figure 2, the mean transverse section. Hypoid nomenclature is illustrated in Figure 3.

Subscript 1 refers to the pinion and subscript 2 to the wheel.
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Figure 1 — Bevel gear nomenclature — Axial plane



Key

1 back angle 10 front angle

2 back cone angle 11 mean cone distance, Ry,

3 back cone distance 12 mean point

4  clearance, c 13 mounting distance

5  crown point 14 outer cone distance, Ry

6  crown to back 15 outside diameter, deq, Jaen
7  dedendum angle, &, 65 16 pitch angle, 61, &

8 face angle 6,1, da2 17 pitch cone apex

9 face width, b 18 crown to crossing point, tyss, tyg2
NOTE See Figure 2 for mean transverse section, A-A.

19
20
21
22
23
24
25

BS ISO 23509:2006

outer pitch diameter, daq, dep
root angle, 5, S

shaft angle, ~

equivalent pitch radius

mean pitch diameter, dp,1, dyo
pinion

wheel

Figure 1 — Bevel gear nomenclature — Axial plane (continued)
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NG
Key
1  whole depth, hy, 5  circular pitch 9  working depth, hy,
2 pitch point 6 chordal addendum 10 addendum, hyp,
3 clearance, c 7  chordal thickness 11 dedendum, hgy,
4 circular thickness 8 backlash 12 equivalent pitch radius

Figure 2 — Bevel gear nomenclature — Mean transverse section (A-A in Figure 1)
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outer pitch diameter, dgq, deo
shaft angle, ~

root angle, ¢, Jp

face angle of blank, 541, da
wheel face width, b,

hypoid offset, a

<l 5 -
<l 4 -
Key
1 face apex beyond crossing point, t,5; 7
2 root apex beyond crossing point, t,r1 8
3 pitch apex beyond crossing point, t,; 9
4 crown to crossing point, tygq, tyoo 10
5  front crown to crossing point, tyj; 11
6  outside diameter, dae1, Jaer 12
NOTE 1  Apex beyond centreline of mate (positive values).
NOTE 2  Apex before centreline of mate (negative values).

Figure 3 — Hypoid nomenclature
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mounting distance
pitch angle, o,

outer cone distance, Rg
pinion face width, by
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3.1 Terms and definitions

3.1.1
pinion [wheel] mean normal chordal addendum

hamcl’ hamc2
height from the top of the gear tooth to the chord subtending the circular thickness arc at the mean cone

distance in a plane normal to the tooth face

3.1.2
pinion [wheel] mean addendum

haml’ ham2
height by which the gear tooth projects above the pitch cone at the mean cone distance

3.1.3

outer normal backlash allowance

Jen

amount by which the tooth thicknesses are reduced to provide the necessary backlash in assembly

NOTE It is specified at the outer cone distance.

3.14
coast side
by normal convention, convex pinion flank in mesh with the concave wheel flank

3.15

cutter radius

)

nominal radius of the face type cutter or cup-shaped grinding wheel that is used to cut or grind the spiral bevel
teeth

3.1.6

sum of dedendum angles

6

sum of the pinion and wheel dedendum angles
3.1.7

sum of constant slot width dedendum angles
20;c

sum of dedendum angles for constant slot width
3.1.8

sum of modified slot width dedendum angles
Z 0

sum of dedendum angles for modified slot width taper
3.1.9

sum of standard depth dedendum angles
b

sum of dedendum angles for standard depth taper
3.1.10

sum of uniform depth dedendum angles

oy

sum of dedendum angles for uniform depth
3.1.11

pinion [wheel] mean dedendum

hfml’ hfm2

depth of the tooth space below the pitch cone at the mean cone distance
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3.1.12

mean whole depth

hm

tooth depth at mean cone distance

3.1.13
mean working depth

th
depth of engagement of two gears at mean cone distance

3.1.14
direction of rotation
direction determined by an observer viewing the gear from the back looking toward the pitch apex

3.1.15
drive side
by normal convention, concave pinion flank in mesh with the convex wheel flank

3.1.16

face width

b

length of the teeth measured along a pitch cone element

3.1.17
mean addendum factor

Cham
apportions the mean working depth between wheel and pinion mean addendums

NOTE The gear mean addendum is equal to ¢,y times the mean working depth.
3.1.18

mean radius of curvature

pmﬁ

radius of curvature of the tooth surface in the lengthwise direction at the mean cone distance

3.1.19
number of blade groups

number of blade groups contained in the circumference of the cutting tool

3.1.20

number of teeth in pinion [wheel]

ZER)

number of teeth contained in the whole circumference of the pitch cone

3.1.21
number of crown gear teeth

number of teeth in the whole circumference of the crown gear
NOTE The number may not be an integer.

3.1.22
mean normal chordal pinion [wheel] tooth thickness

Smnc1: Smnc2
chordal thickness of the gear tooth at the mean cone distance in a plane normal to the tooth trace
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3.1.23
mean normal circular pinion [wheel] tooth thickness

Smn1> Smn2
length of arc on the pitch cone between the two sides of the gear tooth at the mean cone distance in the plane

normal to the tooth trace

3.1.24
tooth trace
curve of the tooth on the pitch surface

3.2 Symbols
Table 1 — Symbols used in ISO 23509
Symbol Description Unit
a hypoid offset mm
by, by face width mm
be1, ber face width from calculation point to outside mm
bi1, bio face width from calculation point to inside mm
c clearance mm
Che2 face width factor —
Cham mean addendum factor of wheel —
Oae1r Oae outside diameter mm
de1, deo outer pitch diameter mm
dm1s 2 mean pitch diameter mm
Fax axial force N
Fmt1, Fmt2 tangential force at mean diameter N
Frad radial force N
fodim influence factor of limit pressure angle —
hae1, haeo outer addendum mm
ham1, Nam2 mean addendum mm
hame1s Name2 mean chordal addendum mm
he1, e outer whole depth mm
hte1, hteo outer dedendum mm
hei1, hrip inner dedendum mm
hfm1s him2 mean dedendum mm
hm mean whole depth mm
P mean working depth mm
hyy pinion whole depth mm
Jen outer normal backlash mm
Jet outer transverse backlash mm
imn mean normal backlash mm
imt mean transverse backlash mm
ke clearance factor —




Table 1 — Symbols used in ISO 23509 (continued)
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Symbol Description Unit
kg depth factor —
Khap basic crown gear addendum factor (related to my,,) —
Knfp basic crown gear deddendum factor (related to my,,) —
ki circular thickness factor —
Mgt outer transverse module mm
Myn mean normal module mm
Ra1, Re2 outer cone distance mm
Ri1, Ro inner cone distance mm
Rm1, Rm2 mean cone distance mm
fco cutter radius mm
Snnl Smn2 mean normal circular tooth thickness mm
Smncls Smnc2 mean normal chordal tooth thickness mm
tyity tuio front crown to crossing point mm
tyolr txo2 pitch cone apex to crown (crown to crossing point, hypoid) mm
t1, o pitch apex beyond crossing point mm
tr1 teo face apex beyond crossing point mm
t2i1, tzio crossing point to inside point along axis mm
tzm1 tzm2 crossing point to mean point along axis mm
t,r1 tR2 root apex beyond crossing point mm
u gear ratio —
Uy equivalent ratio —
Wio wheel mean slot width mm
Xhmi profile shift coefficient —
Xsm1» Xsm2 thickness modification coefficient (backlash included) —
Xsmn thickness modification coefficient (theoretical) —
Z number of blade groups —
7,2 number of teeth —
A number of crown gear teeth —
a4c nominal design pressure angle on coast side °
a4p nominal design pressure angle on drive side °
dec effective pressure angle on coast side °
eD effective pressure angle on drive side °
D generated pressure angle on drive side °
nc generated pressure angle on coast side °
Xim limit pressure angle °
Pets Pe2 outer spiral angle °
Bi1, Bio inner spiral angle °
Bts B2 mean spiral angle °
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Table 1 — Symbols used in ISO 23509 (continued)

Symbol Description Unit
Aby,q pinion face width increment mm
AQyi increment along pinion axis from calculation point to inside mm
AQye increment along pinion axis from calculation point to outside mm
AY shaft angle departure from 90° °
Oa1, Oa2 face angle °
11> O root angle °
61, 02 pitch angle °
n wheel offset angle in axial plane °
621, O addendum angle °
611, 65 dedendum angle °
Vo lead angle of cutter °
Pb epicycloid base circle radius mm
Plim limit curvature radius mm
£Po crown gear to cutter centre distance mm
z shaft angle °
> 6 sum of dedendum angles °
26 sum of dedendum angles for constant slot width taper °
b sum of dedendum angles for standard taper °
26w sum of dedendum angles for modified slot width taper °
26 sum of dedendum angles for uniform depth taper °
% pinion offset angle in face plane °
Sm pinion offset angle in axial plane °
Smp pinion offset angle in pitch plane °
R pinion offset angle in root plane °

4 Design considerations

4.1 General

Loading, speed, accuracy requirements, space limitations and special operating conditions influence the
design. For details see 1SO 10300 (all parts), Annex B, and handbooks of gear manufacturing companies.

“Precision finish”, as used in this International Standard, refers to a machine finishing operation which includes
grinding, skiving, and hard cut finishing. However, the common form of finishing known as “lapping” is

specifically excluded as a form of precision finishing.

Users should determine the cutting methods available from their gear manufacturer prior to proceeding.
Cutting systems used by bevel gear manufacturers are heavily dependent upon the type of machine tool that

will be used.

10
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4.2 Types of bevel gears

Bevel gears are suitable for transmitting power between shafts at practically any angle or speed. However, the
particular type of gear best suited for a specific application is dependent upon the mountings, available space,
and operating conditions.

4.2.1 Straight bevels

Straight bevel gears (see Figure 4) are the simplest form of bevel gears. Contact on the driven gear begins at
the top of the tooth and progresses toward the root. They have teeth which are straight and tapered which, if
extended inward, generally intersect in a common point at the axis.

Figure 4 — Straight bevel

4.2.2 Spiral bevels

Spiral bevel gears (see Figure 5) have curved oblique teeth on which contact begins at one end of the tooth
and progresses smoothly to the other end. They mesh with contact similar to straight bevels but as the result
of additional overlapping tooth action, the motion will be transmitted more smoothly than by straight bevel or
zerol bevel gears. This reduces noise and vibration especially noticeable at high speeds. Spiral bevel gears
can also have their tooth surfaces precision-finished.

Figure 5 — Spiral bevel

4.2.3 Zerol bevels

Zerol bevel gears (see Figure 6) as well as other spiral bevel gears with zero spiral angle have curved teeth
which are in the same general direction as straight bevel teeth. They produce the same thrust loads on the
bearings, can be used in the same mounting, have smooth operating characteristics, and are manufactured
on the same machines as spiral bevel gears. Zerol bevels can also have their tooth surfaces precision-
finished. Gears with spiral angles less than 10° are sometimes referred to by the name “zerol”.

11
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Figure 6 — Zerol bevel

4.2.4 Hypoids

Hypoid gears (see Figure 7) are similar to spiral bevel gears except that the pinion axis is offset above or
below the wheel axis, see B.3. If there is sufficient offset, the shafts may pass one another, and a compact
straddle mounting can be used on the wheel and pinion. Hypoid gears can also have their tooth surfaces
precision-finished.

Figure 7 — Hypoid

4.3 Ratios

Bevel gears may be used for both speed-reducing and speed-increasing drives. The required ratio must be
determined by the designer from the given input speed and required output speed. For power drives, the ratio
in bevel and hypoid gears may be as low as 1, but should not exceed approximately 10. High-ratio hypoids
from 10 to approximately 20 have found considerable usage in machine tool design where precision gears are
required. In speed-increasing applications, the ratio should not exceed 5.

4.4 Hand of spiral

The hand of spiral should be selected to give an axial thrust that tends to move both the wheel and pinion out
of mesh when operating in the predominant working direction.

Often, the mounting conditions will dictate the hand of spiral to be selected. For spiral bevel and hypoid gears,
both members should be held against axial movement in both directions.

A right-hand spiral bevel gear is one in which the outer half of a tooth is inclined in the clockwise direction from
the axial plane through the midpoint of the tooth as viewed by an observer looking at the face of the gear.

A left-hand spiral bevel gear is one in which the outer half of a tooth is inclined in the anticlockwise

(counterclockwise) direction from the axial plane through the midpoint of the tooth as viewed by an observer
looking at the face of the gear.

12
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To avoid the loss of backlash, the hand of spiral should be selected to give an axial thrust that tends to move
the pinion out of mesh. See Annex D.

For hypoids, the hand of spiral depends on the direction of the offset. See B.3 for details.

4.5 Preliminary gear size
Once the preliminary gear size is determined (see B.4.3), the tooth proportions of the gears should be

established and the resulting design should be checked for bending strength and pitting resistance. See
ISO 10300.

5 Tooth geometry and cutting considerations

5.1 Manufacturing considerations
This clause presents tooth dimensions for bevel and hypoid gears in which the teeth are machined by a face
mill cutter, face hob cutter, a planning tool, or a cup-shaped grinding wheel. The gear geometry is a function of

the cutting method used. For this reason, it is important that the user is familiar with the cutting methods used
by the gear manufacturer. The following section is provided to familiarize the user with this interdependence.

5.2 Tooth taper

Bevel gear tooth design involves some consideration of tooth taper because the amount of taper affects the
final tooth proportions and the size and shape of the blank.

It is advisable to define the following interrelated basic types of tapers (these are illustrated in Figure 8, in
which straight bevel teeth are shown for simplicity).

— Depth taper refers to the change in tooth depth along the face measured perpendicular to the pitch cone.
— Slot width taper refers to the change in the point width formed by a V-shaped cutting tool of nominal
pressure angle, whose sides are tangent to the two sides of the tooth space and whose top is tangent to

the root cone, along the face.

— Space width taper refers to the change in the space width along the face. It is generally measured in the
pitch plane.

— Thickness taper refers to the change in tooth thickness along the face. It is generally measured in the
pitch plane.

13
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—
B 3
. 4 A
Key
1 depth
2 slot width
3 thickness
4 space width

Figure 8 — Bevel gear tooth tapers

The taper of primary consideration for production is the slot width taper. The width of the slot at its narrowest
point determines the point width of the cutting tool and limits the edge radius that can be placed on the cutter
blade.

The taper which directly affects the blank is the depth taper through its effect on the dedendum angle, which is
used in the calculation of the face angle of the mating member.

The slot width taper depends upon the lengthwise curvature and the dedendum angle. It can be changed by
varying the depth taper, i.e. by tilting the root line as shown in Figure 9, in which the concept is simplified by
illustrating straight bevel teeth. In spiral bevel and hypoid gears, the amount by which the root line is tilted is
further dependent upon a number of geometric characteristics including the cutter radius.

This relationship is discussed more thoroughly in 5.3.

The root line is generally rotated about the mid-section at the pitch line in order to maintain the desired
working depth at the mean section of the tooth.

14
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Key
1 pitch cone apex

Figure 9 — Root line tilt

5.3 Tooth depth configurations
5.3.1 Taper depth

5.3.1.1 Standard depth

Standard depth pertains to the configuration where the depth changes in proportion to the cone distance at
any particular section of the tooth. If the root line of such a tooth is extended, it intersects the axis at the pitch
cone apex, as illustrated in Figure 10, but the face cone apex does not. The sum of the dedendum angles of
pinion and wheel for standard depth taper, X6;5, does not depend on cutter radius. Most straight bevel gears
are designed with standard depth taper.

5.3.1.2 Constant slot width

This taper represents a tilt of the root line such that the slot width is constant while maintaining the proper
space width taper. The slot width taper is zero on both members.

The equation for the sum of the dedendum angles is given in C.5.1.

Equation (C.4), for the sum of the dedendum angles, indicates that the cutter radius, r,, has a significant
effect on the amount by which the root line is tilted. For a given design, the following tendencies should be
noted.

— A large cutter radius increases the sum of the dedendum angles. If the radius is too large, the resultant
depthwise taper could adversely affect the depth of the teeth at either end, i.e. too shallow at inner end
for proper tooth contact, and too deep at the outer end, which can cause undercut and narrow toplands.
Therefore, the cutter radius should not be too large and an upper limit of r . approximately equal to R, is
suggested.

15
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— A small cutter radius decreases the sum of the dedendum angles. In fact, if rq equals R, sin S, the
sum of the dedendum angles becomes zero, which results in uniform depth teeth. If r 4 is less than R,
sin B,,». reverse depthwise taper would exist and the teeth would be deeper at the inner end than at the
outer. In order to avoid excessive depth (undercut and narrow toplands) at the inner end, a minimum
value of rq, equal to 1,1 R, sin f,,,,, is suggested.

NOTE For gears cut with a planing tool, the cutter centre is considered to be at infinity and root lines are not tilted.
Standard taper is the norm for gears produced in this manner.

5.3.1.3 Modified slot width

This taper is an intermediate one in which the root line is tilted about the mean point. In this case, the slot
width of the gear member is constant along the tooth length and any slot width taper is on the pinion member.

For the case where the root line is tilted to permit finishing the gear in one operation, the amount of tilt is
somewhat arbitrary, but should fall within the following guidelines, see Table C.4:

— the sum of the pinion and wheel dedendum angles for modified slot width taper, £68,, should not exceed
1,3 times the sum of the dedendum angles for standard depth taper, 65, nor should it exceed the sum
of the dedendum angles for constant slot width taper, X 6c;

— in practice, the smaller of the values, 1,3 £6g or Z0c, is used.

5.3.2 Uniform depth

Uniform depth is the configuration where the tooth depth remains constant along the face width regardless of
cutter radius. In this case, the root line is parallel to an element of the face cone, as illustrated in Figure 10.
The sum of the dedendum angles of pinion and wheel for uniform depth, X6y, equals zero.

For the uniform depth tooth, the cutter radius, r.y, should be greater than R, sin S5, but not more than
1,5 times this value. This approximation of lengthwise involute curvature, in conjunction with the uniform depth,
holds the variation along the face width in normal circular thickness on the pinion and wheel to a minimum.

If narrow inner toplands occur on the pinion, a small tooth tip chamfer may be provided (see Figure 11).

16
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1 mean whole depth
2 mean addendum
3 mean dedendum

Key

1 face width, by

2 length of chamfer
3 angle of chamfer
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¢) Uniform depth

Figure 10 — Bevel gear depthwise tapers

Figure 11 — Tooth tip chamfering on the pinion

m/ N
a) Standard depth taper
™/
b) Constant and modified slot width
™/ N

17
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5.4 Dedendum angle modifications

To avoid cutter interference with a hub or shoulder, the wheel and pinion root line can be rotated about the
mean point as shown in Figure 12. A dedendum angle modification, when desired, normally ranges between
—5° and +5°.

<d 3 -
Key
1 dedendum angle modification
2 mean pitch diameter of pinion, dnyq
3 mean pitch diameter of wheel, dy,»
4 pitch angle of pinion, &1
5 pitch angle of wheel, §,

Figure 12 — Angle modification required because of extension in pinion shaft

5.5 Cutter radius

Most spiral bevel gears are manufactured with face cutters. The selection of the cutter radius depends on the
cutting system used. A list of nominal cutter radii is contained in Annex E.

5.6 Mean radius of curvature

Two types of cutting processes are used in the industry. In the process which will be referred to as the “face
milling process”, the cradle axis and the work axis roll together in a timed relationship. In the process which
will be referred to as the “face hobbing process”, the cradle axis, work axis and cutter axis roll together in a
timed relationship.

With the face milling process, the mean radius of tooth curvature is equal to the cutter radius [see Figure 13 a)].
With the face hobbing process, the curve in the lengthwise direction of the tooth is an extended epicycloid and

is a function of the relative roll between the workpiece and the cutter. The radius of curvature is somewhat
smaller than the cutter radius.

18
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a) Face milling b) Face hobbing
Key
1 crown gear centre 6 cutter radius, reg 10 cutter centre
2 mean cone distance, Ry» 7 lengthwise tooth mean radius of 11 second auxiliary angle, 7,
3 spiral angle, B curvature, pmg 12 lead angle of cutter, v;
4 intermediate angle 8 firstauxiliary angle, 4 13 epicycloid base circle radius, py,
5 crown gear to cutter centre, ppo 9  centre of curvature

Figure 13 — Geometry of face milling and face hobbing processes

5.7 Hypoid design

An infinite number of pitch surfaces exists for any hypoid pair. However starting with the initial data given in
Table 2, the result is only one pitch surface for each method. The design procedures used in the industry will
be referred to as Method 1, Method 2 and Method 3, and, for bevel gears, as Method 0.

In Method 1 and Method 3, the pitch surfaces are selected such that the hypoid radius of curvature matches
the cutter radius of curvature at the mean point for gears to be manufactured by the face milling process and
such that it matches the mean epicycloidal curvature at the mean point for gears cut by the face hobbing
process.

Method 2 is a method for designing gears to be cut by the face hobbing process. In this case, the wheel pitch
apex, pinion pitch apex and cutter centre lie on a straight line.

5.8 Most general type of gearing

Hypoid gears are the most general type of gearing. The wheel and pinion axes are skew and non-intersecting.
The teeth are curved in the lengthwise direction. All other types of gears can be considered subsets of the
hypoid. Spiral bevel gears are hypoid gears with zero offset between the axes. Straight bevel gears are hypoid
gears with zero offset and zero tooth curvature. Helical gears are hypoid gears with zero shaft angle and zero
tooth curvature.
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5.9 Hypoid geometry

5.9.1 Basics

Whenever a most general case is defined, the definition becomes complex. Hypoid gear geometry is no
exception. Figure 14 shows the major angles and quantities involved. Figure 14 a) is a side view looking along
the pinion axis. Figure 14 b) is a front view looking along the wheel axis. Figure 14 c) is a top view showing
the shaft angle between the wheel and pinion axes. Figure 14 d) is a view of the wheel section along the plane
making the offset angle, 16, in the pinion axial plane. Figure 14 e) is a view of the pitch plane. Figure 14 f) is a
view of the pinion section along the plane making the offset angle, 2, in the wheel axial plane.

The scope of this text does not permit an adequate explanation or derivation of the formulas involved.

c) d)

Figure 14 — Hypoid geometry
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through mean point at wheel axis
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pinion spiral angle, 1
wheel spiral angle, fn»
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Figure 14 — Hypoid geometry (continued)
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f)

sliding velocity vector

tangent to tooth trace at mean
point

wheel mean cone distance, Ry,
shaft angle, %

common normal to pinion and
wheel axis through crossing point

pinion pitch apex beyond crossing
point, t,1

crossing point to mean point along
pinion axis, t,m»

pinion pitch angle, &;
pinion mean cone distance, Ry,1
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5.9.2 Crossing point

Crossing point O is the point of intersection of bevel gear axes; it is also the apparent point of intersection of
axes in hypoid gears, when projected to a plane parallel to both axes (see Figure 15).

|~

Figure 15 — Crossing point for hypoid gears

6 Pitch cone parameters

6.1 Initial data

The recommended procedure in this International Standard is to begin each method with the calculation of the
pitch cone parameters, see Annex A. For the calculation of the pitch cone parameters, a set of initial data is

necessary, as given in Table 2.

Table 2 — Initial data for the calculation of the pitch cone parameters

Symbol Description Method 0 Method 1 Method 2 Method 3
z shaft angle X X X X
a hypoid offset 0,0 X X X

Z19 number of teeth X X X X
d mean pitch diameter . . X .
m2 of wheel
outer pitch diameter
de2 of wheel X X - X
b, wheel face width X X X X
mean spiral angle . . .
Bm1 of pinion X
mean spiral angle .
Bm2 of wheel X X X
reo cutter radius X X X X
number of blade
Zy groups X X X X
(only face hobbing)

Annex A provides a structure for calculating the methods provided in this International Standard.
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6.2 Determination of pitch cone parameters for bevel and hypoid gears

6.2.1 Method O

Gear ratio, u
z
u=-2
4

Pinion pitch angle, 6,

sinX
01 = arctan| ————
cosX +u

Wheel pitch angle, 5,

52 :2—51

Outer cone distance, R,

de2
2sind,

Re1,2 =

Mean cone distance, R,

b

— _ 2
Rn12 = Reo2 >

Spiral angle, /1, pinion

ﬂml ::Bmz

Face width factor, ¢y,

Cphe2 = 0,5

6.2.2 Method 1

Gear ratio, u
z
u=-2
Z

Desired pinion spiral angle, S,, pinion

Ba1 = Pm1

Shaft angle departure from 90°, AY

AY =% -90°

)

)

®)

(4)

®)

(6)

()

(8)

9)

(10)
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Approximate wheel pitch angle, ;>

AX
Oint2 = arctan[ ucos ]

1,2(1-usinAx)
Wheel mean pitch radius, 1y,

" _ ep =Dy sindino
mpt2 — 2

Approximate pinion offset angle in pitch plane, &’

.| asing;
&= arcsm[—'”tzl

rmpt2

Approximate hypoid dimension factor, K;
K1 =tan g1 sing’, + cos¢
Approximate pinion mean radius, 1

rmpt2K1

r 1:
mn u

Start of iteration

Wheel offset angle in axial plane, 7

a

n= arctan[

Intermediate pinion offset angle in axial plane, &,

_|la-r sin
£y = arcsm[m—nlﬂ}

rmpt2

Intermediate pinion pitch angle, d

sinng

Jintq = arctan| ——————
int (tangz COSAY

+tanAX cos 77]

Intermediate pinion offset angle in pitch plane, &',

, . [ sing, cOSAY
g = arcsin| ——=——

COSSinn

24

Fmpt2 (taNSjnip COSAT —SINAY) + 1y

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)



Intermediate pinion mean spiral angle, B, int1

’
Ky — COS&‘Z]

Pmint1 = arctan -
mintl sme’2

Increment in hypoid dimension factor, AK

AK = sing’z(tanﬁAl - tanﬁmiml)
Pinion mean radius increment, Ar

AK

Armptl = I'mpt2 u

Pinion offset angle in axial plane, &;

. . Armptl .
gy =arcsin| sing, — sinng
mpt2

Pinion pitch angle, &,

singy

01 = arctan| ————
tangy COSAY

+tanAx cosn]

Pinion offset angle in pitch plane, ¢';

, . [ sing; cOSAY
&7 = arcsin| —————

C0s o,

Spiral angle, f,1, pinion

’
Ky + AK — 00351]
H ’

S|n€l

Pm1 = arctan(

Spiral angle, S5, wheel

Bm2 = Pm1— €1

Wheel pitch angle, &,

sine
5, = arctan| ———+ 4 cosg; tanAX
tann cosAY
Mean cone distance, R,;, pinion

_ "'mn1 * Armptl

R, =
mi sin&;

BS ISO 23509:2006

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)
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Mean cone distance, R,,,, wheel
R _ rmpt2 (30)
M2 " sing,
Mean pinion radius, ry,q
Fmpt1 = Rmy sindy (31)

Limit pressure angle, oy,

tand, tand, ( R,q Sin - R, sin
- :arctan{— ano; 2[ m1 SIN Sm1 — Rma SN fma H (32)

coseq Ry1 tandy + Ry tand,

Limit radius of curvature, pji,

sec ajim (tanBm1 — tan By,

Plim = (33)
tan 1
—tan 2lim tanﬂml + ﬂmz + L -
Rnitano; Ry tano, Rmn1€0SBm1  Rm2 €0SfBmo
For face hobbed gears:
Number of crown gear teeth, z,
2
Z, = — (34)
P sing,
Lead angle of cutter, v
.| Ry Z
v =arcsin| —M2=0 cos 3, , (35)
reo Zp
First auxiliary angle, 4
A=90°- B +V (36)
Crown gear to cutter centre distance, ppq
=JR2, +1% - 2R yl 37
Ppo =yRm2 +Téo m2 co COS (37)
Second auxiliary angle, 7,
Ryo COS
1, = arccos| —M2 Pmz (zp + zo) (38)
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Lengthwise tooth mean radius of curvature, pp, 4

tan m
1+ tanv(tan B, + tansn;)

Pmp = Rm2 COS Bz | tan By +

For face milled gears:
Lengthwise tooth mean radius of curvature, p, Y

Pmp =Tco

Change 7 and recalculate from Equation (17) to Equation (33) until Pmp _ 1<0,01
Plim

End of iteration

Face width factor, ¢y,

dep
. 2sins, M2
be2 =
b,

6.2.3 Method 2
Lead angle of cutter, v (see Figure 13)

. [ zgdo COS
V:arcsm(L’Bmzj

2Z51¢o

First auxiliary angle, 1

A=90°— By +V

Gear ratio, u
z
u=-=2
4

First approximate pinion pitch angle, S1app

o = arctan sin2
1app U+cosy

First approximate wheel pitch angle, S2app

52app =2 - 51app

BS ISO 23509:2006

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)
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First approximate pinion offset angle in axial plane, Cmapp

2a

dm2

= arcsin
Cmapp COS S2app
+ - —rr

UCOSJy14pp
Approximate hypoid dimension factor, Fapp

E B €OS fBm2
app —
COS(ﬁmz + gmapp)

Approximate pinion mean pitch diameter, dy,; 45,

I:app dm2

d mlapp ~ u

Intermediate angle, ¢,

U COSCmapp

@, = arctan

——— +(Fyyy —1)SINY
tané’zapp ( app )

Approximate mean radius of crown gear, Rmapp

d
R — m2
MaPP — 2sin g,

Second auxiliary angle, 7, (see Figure 13)

0 COSV = Rinapp SIN Bma ]

nq, = arctan -
rco SINV + Rimapp €OS fmo

Intermediate angle, @3

tan(ﬂmZ + 771):|

Q3 = arctan -
sSin (%))

Second approximate pinion pitch angle, 6;"

d sinX
5, =arctan miapp

2a
tan((/’3 + Cmapp )

dm2 €0S¢mapp + dm1app COSZ —
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Approximate wheel pitch angle, ¢6,", projected into pinion axial plane along the common pitch plane

(see Figure 13)

5277 — E _ 51!!

Start of iteration

Improved wheel pitch angle, &5y,

S2imp = arctan(tan 55" cos;mapp)

Auxiliary angle, Mp

SiN¢mapp COSO2imp
cos(Z - 52imp)

17p = arctan

Approximate wheel offset angle, Mapp

2a

Napp = arctan :
PP COS 77 SIN( Bz +171)

d ztan52‘ +d 1

Improved pinion offset angle in axial plane, Cmimp

g i = al CSin — app t ‘app SIf I62| p COSUp
mimp n
2 UCOS(Z — 52| )

Improved pinion offset angle in pitch plane, Cmpimp

tan ¢ mimp Sin’

Cmpimp = arctan| —————
cos(E - 52imp)

Hypoid dimension factor, F

€08 iz
F =
COS(ﬁmz + Cmpimp )

Pinion mean pitch diameter, d,;

Fdpo

d..=
ml u

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)
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Intermediate angle, ¢,

04 = arctan sinA sinX
. =

dm2

— 1% = C0S 4 SiNSimp

2 (%)

Improved pinion pitch angle, 91"imp

Improved wheel pitch angle, projected into pinion axial plane along the common pitch plane, 52"imp

dpyq sinZ

51”imp = arctan

dmo COS & mimp + dy,1 cosZX cosn, —

52 imp =2 = 1 imp

Wheel pitch angle, o,

5y = arctan(tan 52" imp COS(mpimp)

Intermediate angle, ¢g

tano, j

@5 = arctan
COS & mimp

Improved auxiliary angle, 7,imp

Mpimp = arctan{ cos(Z—ps)

tan”pp singsg }

Wheel offset angle in axial plane, 7,

2a

n = arctan
dm2 tan52 + dml

COS7pimp SiNPs

cos (X — s

Pinion offset angle in axial plane, ¢,

30

¢m = arcsin(tan s, tany)

2a

tan(¢4 + gmimp)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)



Pinion offset angle in pitch plane, Cmp

tand,, sin> }

Cmp = arctanLos(Z ~ 52)

Pinion spiral angle, 5,1

Pm1=Pm2+Cmp

Pinion mean pitch diameter, d, ¢

dm2 COS,Bmz
ucosfBm1

ml

Aucxiliary angle, &
If 2 #90°:
& =arctan(tanX cos ¢y, ) — 5,
If £ =90°:

62900—52

Pinion pitch angle, 6,

01 = arctan(tan £ OS¢ mp )

Mean cone distance, R,,;, pinion

__O9m
™7 2sing,

Mean cone distance, R,,,, wheel

_ dm2
M2~ 2sing,

Crown gear to cutter centre distance, pp

2 p2
PP = \/rco + Rz —2rco Rmp COS 4

Intermediate angle, ¢g

r'eo sinﬁ]
PPo

P = arcsin[

BS ISO 23509:2006

(71)

(72)

(73)

(74)

(75)

(76)

(77)

(78)

(79)

(80)
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Complementary angle, @comp

Peomp = 180°~ Sy~ 6 -

Checking variable, Rycheck

R,» Sing
Rmcheck = M (82)
SiNPcomp
. . . R .
Change 52imp [Equation (56)] and recalculate to Equation (82) until | —™L — —1|<0,01, increase 52imp,
mcheck

if Rj1 < Rncheck @nd vice versa.
End of iteration
Face width factor, G o

Cpe2 = 0,5 (83)
6.2.4 Method 3
Gear ratio, u

U= 2z (84)

4l

For the iteration that follows, start with hypoid dimension factor, F

F-1 (85)
Wheel pitch angle, o,

J, = arctan _sinz (86)

— +cos’X
u

Pinion pitch angle, &;

0=2-6, (87)
Start of iteration
Wheel mean pitch diameter, d,,

dm2 = dez - b2 Sin52 (88)
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Pinion offset angle in axial plane, ¢,

¢m = arcsin 2a (89)
[ F cosd, j
dmo |1+ ——*
ucosd,
Pinion pitch angle, &;
51 = arcsin(cos ¢y, sinX coss, — cos X sind, ) (90)
Pinion offset angle in pitch plane, (mp
[ singy, sinX
= arcsinf ————— 91
= atcsin S0 o)
Mean normal module, m,,,
cos d
My = ,Bmz m2 (92)
)
Spiral angle, £,,1, pinion
ﬂmlzﬂmZ"';mp (93)
Hypoid dimension factor, F
F _ C0SBm2 (94)
COS fim1
Pinion mean pitch diameter, d,;
A1 = 92 (95)
u
Mean cone distance, R,,;, pinion
dml
- 96
™" 2sing, (%6)
Mean cone distance, R,,, wheel
dm2
=__me 97
M2 2sing, @7
Lead angle of cutter, v
V= arcsin[mj (98)
r'eco
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Auxiliary angle, 4,

Iy = arctan(sins, tand )

Intermediate variable, Aq

Ag =1 cos? (Bmz2-v)

Intermediate variable, A,

A4 = Ry €08( Bz +9m )OS B

Intermediate variable, Ag

As = singy,, cosJy, cosy

Intermediate variable, Ag

Ag = Ry2 COS Byp + g SINV

Intermediate variable, A,

sin(Bmz + Im — v)singmp

A7 =08 1 €0S( Bz +Im) —

Intermediate variable, Ry, it

AgA,
Rmint TN A~ A A
AshAg + Aghq

Check:

| Rmint ~ Rmz| < 0,000 1R

Pinion pitch angle, &;

5, = arcsin dm1_
2Rmint

Wheel pitch angle, o,

cos(Bm2 — V)

sindy cos¢py, Sind' + C0Sdy COSEyy COSY

0y = arccos(

34
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Repeat calculation from Equation (88) to Equation (108) until Equation (106) is true.

End of iteration

Face width factor, cjq,

Cphe2 = 0,5

7 Gear dimensions

7.1 Additional data

(109)

Knowing the desired pitch cone parameters, a set of additional data is necessary for the calculation of the
gear dimensions, see Table 3. Bevel and hypoid gear data may be supplied in either of the two commonly

used forms: data type | or data type I, see Table 3 and Annex A.

Table 3 — Additional data for calculation of gear dimensions

Data type | Data type Il
Symbol Description Symbol Description
adp nominal design pressure angle — drive side 2
adc nominal design pressure angle — coast side 2
flim influence factor of limit pressure angle 2
Xnm1 | profile shift coefficient Cham |mMean addendum factor of wheel
Khap | basic crown gear addendum factor kg depth factor
Knfp basic crown gear dedendum factor ke clearance factor
Xsmn | thickness modification coefficient ke thickness factor or
W2 |wheel mean slot width
jf.”“' j.mtz, backlash (choice of four)
Jens Jet2
a0 addendum angle of wheel
Ot dedendum angle of wheel
&  Generally drive and coast side pressure angles are balanced in initial design. However, some applications may be
optimized with unbalanced pressure angles, see Annex C for guidance.

Annex C gives suggestions for the data in Table 3.

Data type Il can be directly transformed into data type | and vice versa. Table 4 shows the appropriate

equations.
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Table 4 — Relations between data type | and data type Il

1 1 X
Xnm1 = Kg (5 - ChamJ Cham = 5{1_ %]
ap
k
Khap :7d kg=2 khap
k
Ko = kgl ke + = =X Sty
hfp d C 2 Cc 2 k
hap
ki 1|W 1 oo
Xsmn :7t _E|:m—$: + kd (kc + EJ (tananD + tananc) —E:| kt = 2X3mn
- UMy |
B 0.5mm, . 0.5k-m, L
< > T €
Xsmn'mmn o . ; o Xsmn Man o O'Skf'mmn EU
e e > x
g
")
; 7 £ g‘
3 pl S i v
B \| & 3 o \
2z / x A i
Y A j

»lag
Blq
\..
| —

kth.mm“

§

nC

Key

1 basic rack tooth profile

2 tooth profile with profile shift and thickness modification
3 reference line

0.5k My

m..-k

Figure 16 — Basic rack tooth profile of wheel
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7.2 Determination of basic data

Pinion mean pitch diameter, d, ¢

Wheel mean pitch diameter, d,,

dro = 2Ry, SiNg,

Shaft angle departure from 90°, AY

AY =% -90°

Offset angle in the pinion axial plane, ¢,

. 2a
¢ m = arcsin

CosJ,
C0S o,

dm2 + dml

Offset angle in the pitch plane, $mp

sing,, sinE]

{mp = arcsin
mp coS &,

Offset in pitch plane, a,

ay = Rpp sind'y,

Mean normal module, m,,,

_ 2Ry Sind, €0S fiyp
22

mmn

Limit pressure angle, o,

Alim = — arctan
COSCmp

Generated normal pressure angle, o,p, drive side

anp = 4p + fylim lim

Generated normal pressure angle, a,,c, coast side

anc = adc — folim im

tand; tand, [ Ryq SiNfBm1 — Rma SiNfma
R tanod; + Ry, tand,

BS ISO 23509:2006

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)
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Effective pressure angle, a,p, drive side
%eD = &nD ~ %jim

Effective pressure angle, agc, coast side
QeC = Anc * Alim

Outer pitch cone distance, Ry,, wheel

Re2 = Rm2 +Cpe2 b2

Inner pitch cone distance, R, wheel

Ri2 = Rez =,
Outer pitch diameter, dg,, wheel
deor = 2Ry, siNG,

di2 = 2Ri2 sin 52

Outer transverse module, mg;,

m _ de2
et2 —
Z

Wheel face width from calculation point to outside, by,

be2 =Re2 —Rn2

Wheel face width from calculation point to inside, b,

biz = Rm2 — Riz

Crossing point to calculation point along wheel axis, t

¢ dp1Sind, atanAx
, = _
fMe - 2coss;  tand,

Crossing point to calculation point along pinion axis, t,.;,;

d .
tym1 = %2 COS¢ | COSAY —t,5 SINAY

Pitch apex beyond crossing point along axis, t,; ,

t21,2 = Rm1,2 COSé‘1,2 _tzml,z
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7.3 Determination of tooth depth at calculation point
Mean working depth, h,,,

Nmw = 2Myn I(hap
Mean addendum, h,.», wheel

Nam2 = Mmn (khap - Xhml)

Mean dedendum, hg.,, wheel

Nfm2 = My (khfp + Xhml)

Mean addendum, h, 4, pinion

Nam1= Mmn (khap + Xhml)
Mean dedendum, hg,, 4, pinion
Nfm1 = Mmp (khfp - Xhml)
Clearance, ¢
¢ = My (Kntp — Knap )
Mean whole depth, h,
Py =ham1,2 + Nim1,2
N = Menn (Knap + Knfp)
7.4 Determination of root angles and face angles

Face angle, J,,, wheel

Oa2 =062+ 0y

Root angle, &;,, wheel

Otp =6 — bfp

Auxiliary angle for calculating pinion offset angle in root plane, ¢g

atanAX cosds, ]

PR = arCtan[
Rm2 C059f2 - tZZ C055f2

BS ISO 23509:2006
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(133)

(134)

(135)

(136)

(137)

(138)

(139)

(140)

(141)

(142)
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Auxiliary angle for calculating pinion offset angle in face plane, ¢,

atanAX coso
9, = arctan a2 (143)
Rn2 €0S8,5 —t,5 COSO,o
Pinion offset angle in root plane, ¢
. acosgg sing
(R = arcsin Pr SNOt2 - or (144)
R €0s6s, —t,5 COSOsp
Pinion offset angle in face plane, ¢
. acosg, sind
{o = arcsm[ %o az ] - 9% (145)
R €0S8,5 —t, COSO,o
Face angle, o4, pinion
541 = arcsin(sinAX sind, + COSAX €0Sd¢, COS(R) (146)
Root angle, &4, pinion
g1 = arcsin(sinA sind,, + COSAL C0SS,, €OSEY, ) (147)
Addendum angle, 6,4, pinion
a1 = 01~ 01 (148)
Dedendum angle, &, pinion
01 =01-05 (149)
Wheel face apex beyond crossing point along wheel axis, t,r,
Ry Sind,, —h cosd
t =ton — m2 a2 am2 a2 150
zF2 =122 SN, , (150)
Wheel root apex beyond crossing point along wheel axis, t,zo
Ry Sinbs, — hep COSH,
t =t + m2 f2 fm2 f2 151
zR2 z2 sin5f2 ( )
Pinion face apex beyond crossing point along pinion axis, t,;
asindr Cosd;, —t sinds, — C
o ¢r t2 ~ tzr2 f2 (152)
sindy,
Pinion root apex beyond crossing point along pinion axis, t,5q
asing, coSd,o —t,pp SINS,» — C
g = o a2 ~lzF2 SINJyp (153)

sin5f1
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7.5 Determination of pinion face width, by

Pinion face width in pitch plane, bpl

2 2 2 2
bplz\/ReZ_ap _\/Riz_ap

Pinion face width from calculation point to front crown, by

blA:\/Rr%Z_apz _\/Rizz_apz

Method 0:

Pinion face width, by
by = b,

Pinion face width from calculation point to outside, by
be1 = Cpea by

Pinion face width from calculation point to inside, b;;

bil = bl - bel

Method 1:
Auxiliary angle, A’

SiN¢'yp COS 5

A" = arctan
UCOS &y +C0S 5 COS Ly

Pinion face width, b,qi1

~_ bycost’
reril COS({mp—l')

Pinion face width increment along pinion axis, Ab,
, 1
Abyy =hpy Singg | 1-—
u

Increment along pinion axis from calculation point to outside, Ag,,

_ Cpe2 breril

C0S 51 + Abyy — (hpo — €) sindy
S0

Xe

Increment along pinion axis from calculation point to inside, Ag,;

(1_ CbeZ) breril .
AQyi = ——2——-00S5,41 + Aby; +(h —c)sino
Oxi C0S 0, al x1 ( fm2 ) 1
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Pinion face width from calculation point to outside, by,

AQye + g1 SiNo;
C0SO41

bel = 0S Hal

Pinion face width from calculation point to inside, b;;

b = Agyi — ham1 Sindy
"1™ cos s, —tan6,, sing,

Pinion face width along pitch cone, b;

by =i +bey
Method 2:
Pinion face width along pitch cone, b;

b, =b, (1+ tan? ;mp)

Pinion face width from calculation point to outside, by,
be1 = Cpez b1

Pinion face width from calculation point to inside, b;;
bjg = by —Dey

Method 3:

Pinion face width along pitch cone, b,

b, = int(bpl +3mMy, tan‘{mp‘ + 1)

Additional pinion face width, b,

_ Dy
X 2

Pinion face width from calculation point to inside, b;;

by = bya + by

Pinion face width from calculation point to outside, by,

bel = bl - bil
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7.6 Determination of inner and the outer spiral angles

7.6.1 Pinion

Wheel cone distance of outer pinion boundary point, R,,; (may be larger than Ry,)

2 2
Re21 = \/RmZ +bg1 + 2Ry beg COS gmp

Wheel cone distance of inner pinion boundary point, R;,; (may be smaller than R;,)

2 2
Rio1 = \/Rmz +bif — 2R by COngp
Face hobbing:

Lead angle of cutter, v

) m
V= arcsm{mj

%)

Crown gear to cutter centre distance, ppq

Ppo = \/Rr%\Z +180 = 2Rz oo SIN( Bz = v)

Epicycloid base circle radius, py,
Yol
Po=—" =
1+ Y sins,

Z

Auxiliary angle, g1

2 2 2
Pop1 = ArCCOS Re21 + Ppo —I'éo
021 =
2Re21 PP

Auxiliary angle, @j,;

2 2 2
Ri%21+ ppo —I'éo J

Pip1 = Arccos
[ 2Ri21Ppo

Wheel spiral angle at outer boundary point, Soo

21~ Pp COS %21]

R
Ber1 = arctan[ € ,
Pp SINPe

Wheel spiral angle at inner boundary point, £;5¢

Ri»1 — pp COS ¢’i21j
Pp SiNPizq

Pio1 = arctan[

BS ISO 23509:2006

(174)

(175)

(176)

177)

(178)

(179)

(180)

(181)

(182)
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Face milling:

Wheel spiral angle at outer boundary point, S,

Wheel spiral angle at inner boundary point, £i5¢

. 2 2
2Rm2 I'co SINBmo2 — Rma + Reoq

Beo1 = arcsin[

2 Re21 l'co

- 2 2
2Rz I'eo SiNBmo — Rma + Ri%1

Bio1 = arcsin[

2Rip1 T'eo

Face hobbing and face milling:

Pinion offset angle in pitch plane at outer boundary point, {gnq
| P
Capoq = Arcsin
ep21 R

Pinion offset angle in pitch plane at inner boundary point, Cip21

Cip21= arcsin(

e21

a, J
Rio1

Outer pinion spiral angle, fgq

Be1=Pear+ gep21

Inner pinion spiral angle, S;;

Bir=Pi21+ Cip

7.6.2 Wheel

Face hobbing:

Auxiliary angle, g,

Pep = arccos(

Auxiliary angle, ¢;,

44

Pip = arccos(

21

2Re2 Ppo

2 2
Ri2 + ppo — I'co

g

2Riz ppo

2 2 2
Re2 + Ppo —co

|

|

|
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Outer wheel spiral angle, S,

Re> — pp COS
Beo = arctan[ e2” Pb %2] (191)
Pp SINPeo

Inner wheel spiral angle, §;»

Ri> — pp COS@;
Bin = arctan[—'2 Pb ¢'2] (192)
Pp SINPip

Face milling:

Outer wheel spiral angle, fq,

; 2 2
,B — arcsin 2Rm2 ) S'”ﬂmz - Rmz + Rez (193)
°2 2Re2 l'co

Inner wheel spiral angle, 5,

- 2 2
2Rz I'eo SiNBm2 —Rmz + R (194)
2R e

Bio = arcsin[

7.7 Determination of tooth depth
Outer addendum, h

' ae

Nae1,2 = Nam1,2 + be1 2 taNGa1 - (195)

Outer dedendum, hg,

Nte1.2 = Nim1,2 +Pe1 2 tanbsy 5 (196)

Outer whole depth, h,

Ne12 = Nae12 + hre12 (197)

Inner addendum, hy;

Nai1,2 = ham1,2 —Dj1 2 tanbaq 5 (198)

Inner dedendum, hg

Nfi1,2 = Nim1,2 —bj1 2 tan b » (199)

Inner whole depth, h;

hi1,2 =hai1,2 + hiig 2 (200)
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7.8 Determination of tooth thickness

Mean normal pressure angle, «,

+
n= anD ZanC (201)

Thickness modification coefficient, xg,,1, pinion

with outer normal backlash, jg,

1 Rm2 €0Sfm2

Xsm1 = Xsmn — | 202
smi. = *smn = len 4my,, cosa, Rgp COSfes (202)
with outer transverse backlash, jq»
. Rpo cospBn
Xsm1 = Xsmn — Jetz ———— (203)
sm smn e 4n,]mn Rez
with mean normal backlash, j,,
, 1
Xsm1 = Xsmn — S —— 204
sml smn ~ Jmn 4mmn cosa, ( )
with mean transverse backlash, j»
. COS o
Xsm1 = Xsmn — — 205
sml smn ~ Imt2 am,, ( )
Mean normal circular tooth thickness, sy,,1, pinion
Smnt = 0,5 My T+ 2My (Xsm1 + Xhme tanay) (206)
Thickness modification coefficient, xg,,, wheel
with outer normal backlash, jg,
. 1 Rm2 €0SfB o
X =-X - 207
sm2 smn ~ len 4my,, Cosay, Rgp COSfep (207)
with outer transverse backlash, jq»
. Ry cospBnn
Xsm2 = ~Xsmn ~ Jet2 — (208)
4Mnn Re2
with mean normal backlash, j,,
. 1
Xsm2 = ~Xsmn ~ Imn (209)

4my,, Cosay,
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with mean transverse backlash, j.»

COS fm2
Xsm2 =~ Xsmn — Imt2 —— (210)
4Mpn
Mean normal circular tooth thickness, s;,,», wheel
Smn2 = 0,5 My T+ 2Myy (Xsm2 — Xpmy tanay) (211)
Mean transverse circular thickness, s
Smt1,2 = Smnl,Z/COSﬂml,Z (212)
Mean normal diameter, d,,,
dm1
dmn1,2 = 5 2m : (213)
(1— Sin“fm1 2 COS an)cosﬂmm CO0SO1
Mean normal chordal tooth thickness, Syc
Smnc1,2 = dmn1,2 Sin(smnl,z/dmnl,z) (214)
Mean chordal addendum, h.
S
hamcl,z = haml,z + O,Sdmn]_’z C0551,2 1— COS[ mn1,2 ] (215)
mnl,2
7.9 Determination of remaining dimensions
Outer pitch cone distance, R,q, pinion
Re1=Rmy+bey (216)
Inner pitch cone distance, R;;, pinion
Rit=Rm1—bj (217)
Outer pitch diameter, dgq, pinion
del = 2Rel Siné‘l (218)
Inner pitch diameter, d;;, pinion
Outside diameter, d
dae1,2 = de1,2 + 2hael,Z C0Sd » (220)
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Diameter, d;,

de12 =de12 — 2Nfeg 2 COSS) 5 (221)
Diameter, d;

daiz,2 = dig 2 + 2hgjp » COSS) 5 (222)
Diameter, dj;

dfig,2 = djg 2 — 2hgy » COSHy » (223)

Crossing point to crown along axis, ty,; 2

tx01,2 = tzm1,2 + be1,2 COS51,2 - hael,Z Sin51,2 (224)

Crossing point to front crown along axis, ty;; ,
txi1,2 = tzm1,2 ~ bi1,2 COSJ1 5 — Nyia 5 SiNGy 5 (225)
Pinion whole depth, h;;, perpendicular to the root cone

t,p 1 . .
htl = M S|n(0a1 + Hfl) - (tle - tZFl) S|n5f1 (226)
C0SJO,1

8 Undercut check

8.1 Pinion

Cone distance of the point to be checked, R4, pinion

Rii1 <Ry < Rgg (227)

Wheel cone distance of the appropriate pinion boundary point, R,,

(may be smaller than R;, and larger than R,,)

2 2
Ry = \/Rmz +(Rm1 = Re1)” = 2Rm2 (Rm1 = R1) €0S¢mp (228)

Face hobbing:

Auxiliary angle, ¢,

2 . 2 2

R + -r

0yo = arccos| —x2 £P0 = Tc0 (229)
2Ry Pro

Wheel spiral angle at checkpoint, g,

Ry, — pp COs
Byo = arctan[ x2 ~ Pb =05 Px2 ] (230)
PpSNPyo
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Face milling:

Wheel spiral angle at checkpoint, S,

; 2 2
ﬂxz — arCSin 2Rm2 r.CO Smﬂmz ~ Rm2 + RX2 (231)
2Ry T'eo
Face hobbing and face milling:
Pinion offset angle in pitch plane at checkpoint, Cxp2
a
Cxp2 = arcsin( P J (232)
Ry2
Pinion spiral angle at checkpoint, g4
Bx1 =Py + Cxp2 (233)
Pinion pitch diameter at checkpoint, d,;
Wheel pitch diameter at checkpoint, d,,
dXZ = 2RX2 Sin 52 (235)
Normal module at checkpoint, m,,
d
My = =2 €0S By, (236)
22
Effective diameter at checkpoint, dg,4, pinion
Z, COSf3
deyq = Aerx2 237
Ex1 X2 Z, COSﬂxl ( )
Appropriate cone distance, Rg,
de
Rexg = -2t 238
B 2sing, (238)
Intermediate value, 7,1
il (239)

Znx1 = 5 >
(1— sin® By, cos“ay, ) COS f41 COS Oy
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Limit pressure angle at checkpoint, oy

Alimx = —arctanl

tano,; tand,

Rex1 SinBy1 — Ryp SinByo

COSCmp

|

Rex1 tand; + Ry, tand,

Effective pressure angle at checkpoint, agp,, drive side

OeDx = %nD ~ Xlimx

Effective pressure angle at checkpoint, agc,, coast side

For further calculations choose the smaller effective pressure angle.

Determination of minimum profile shift coefficient at calculation point, X, min x1» Pinion

Aecx = %nc T Xlimx

If AaCx < oDy .

If  aecx > aepx:

Aeminx = %eCx

Zeminx = @eDx

Working tool addendum at checkpoint, Ky,

Khapx = Knhap +

(Re2 — Rz )tanb,,

mmn

Minimum profile shift coefficient at checkpoint, X;,,1, pinion

Minimum profile shift coefficient at calculation point, X,y min x1» PiNIoON

Xpx1 = 1r1khapx -

Xamminxt = Xhx1

22
Znx1 Myn SIN™ X eminx

2Mmn

(dey — dyp) cOS S

2Mmn

Undercut at checkpoint is avoided, if X111 > Xqm min x1-

8.2 Wheel

Cone distance of the point to be checked, R,,, wheel

Rio <R <Re

Face hobbing:

Auxiliary angle, ¢,

50

Py = arccos[

2 2 2
Rx2 + ppo —f'co

2Rx2 Ppo

|

)

(240)

(241)

(242)

(243)

(244)

(245)

(246)

(247)

(248)
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Wheel spiral angle at checkpoint, S,

B = arctan[ Ry, — pp COS ¢’x2]
X2 — N
Pp SINQyo

Face milling:

Wheel spiral angle at checkpoint, 3,

: 2 2
B = arcsin 2Rm2 Teo SINPma — Rma + Rio
2Rx2 )
Face hobbing and face milling:

Wheel pitch diameter at checkpoint, d,,

dX2 = 2RX2 Siné‘z

Normal module at checkpoint, m,,

d X2
My, = COS fByo
Z

Intermediate value, z,,,

Z

Znx2 = 5 >
(1 - sin“ By, cos“a, ) cos B, COS >y

For further calculations choose the smaller effective pressure angle.
If anc <anp i Zeminx =anc

If anc>anp: Zeminx = %D

Determination of maximum profile shift coefficient at calculation point, X,y ma x1, Rinion
This check is necessary to avoid undercut on the wheel, since Xy, = —Xym1
Working tool addendum at checkpoint, Ky,

(Re2 — Rz )tanéy,
mmn

khapx = I(hap +

Maximum profile shift coefficient at calculation point, X,y max x1. RinNion

L2
Znx2 Myn SIN™Zeming
2Mpn

Xhm maxx1 = _{1’1khapx -

Wheel undercut at checkpoint is avoided, if X111 > Xqm max x1-

(250)

(251)

(252)

(253)

(254)

(255)

(256)

(257)

(258)
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Annex A
(informative)

Structure of 1ISO formula set for calculation of geometry data
of bevel and hypoid gears

A.1 Purpose

This annex gives the structure of the formulas for the calculation of bevel and hypoid gear geometry in this
International Standard. In this structure, the common formulas are put together. However, it is essential that
two alternative sets of input data, those used by AGMA (data type Il) and those used in European standards
(data type 1), be available to calculate one or more of the four design methods shown.

Unlike bevel gears, a simple determination of the pitch surface parameters is impossible for hypoid gear
drives. Therefore, the solution must be found in a procedure of successive approximation or iteration. Each

method needs a set of initial data to start the calculation procedure. However, the pitch cone parameters for
bevel gears also can be calculated with different initial data as given in Table 3.

A.2 Structure of the formula set

The structure of the calculation is shown in Figure A.1.

Initial data

X,a, zy, 2y dy,ordgand by, 01 2, 1y

Calculation — Pitch
cone parameters

[ Method 0 | [ Method 1 || Method2 || Method3 |

Results — Pitch cone

Additional data
t
parameters | Agps Agcs Xpmts -+ | | Rt Rm2' 51' 52' ﬁm% ﬂmZ |

| Calculation - Gear dimensions | | f (data type |); f (data type II) |

| Results - Gear dimensions | | b,d. R, 6, 0h, h, |

Figure A.1 — Calculation of bevel and hypoid gears
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For the calculation of gear geometry, there are two main steps. First, the pitch cone parameters are
determined from the initial data using a specific set of formulas for each method. Second, the gear dimensions
are determined. Starting from the pitch cone parameters, there is only one set of formulas for bevel and
hypoid gears, no matter which method was chosen.

There are commonly two “data types” in use that describe the gear dimensions: data type |, as used in
European standards, describes, for example, the proportions of the gear teeth with an addendum factor, khap,
a dedendum factor, kg, a thickness modification coefficient, xsy,,, and a profile shift coefficient, x,,. Data
type Il, as used in the AGMA standards, describes these proportions with a depth factor, ky, a clearance factor,
kc, a thickness factor, k;, and a mean addendum factor, ¢, 5, Both means will lead to the same result of tooth
geometry: the factors above are related to each other, so that the same gear geometry, derived from data
type I, can also be described with data type Il. Annex C gives suggestions for the commonly used values for
each data type.

A.3 Pitch cone parameters

As can be seen in Figure A.1, there are currently four different methods for the calculation of the pitch cone
parameters. For each method it has to be ensured that all initial data listed in Table 2 are known. The
appropriate equations lead to the pitch cone parameters, R 1, Ryno, 01, 92, Bim1, Bmz @and Cpep. With these
parameters, a schematic of a hypoid (or bevel) gear can be drawn, see Figure A.2.

Based on the pitch cones, with the additional set of data from Table 3, it is possible to determine the hypoid
and bevel gear blank dimensions.

Figure A.2 — Schematic of hypoid gear

The parameter c,.,, named “face width factor”, describes the ratio (Rg, — R,,0)/b,. This is because the
calculation point is not necessarily in the middle of the wheel face width for method 1. For methods 2 and 3,
where the calculation point is in the middle of the wheel face width, ¢,o, = 0,5.
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Method 0

This method has to be used for bevel gears. The formulas can easily be converted, if any initial data are given
other than those in Table 2. For bevel gears, the face width factor is set to ¢, = 0,5.

Method 1

Method 1 is used by Gleason, the pitch cone parameters have similar values compared to method 3 which is
used by Klingelnberg. For method 1 it is necessary to determinate the face width factor c,,, because the
calculation point is not in the middle of the wheel face width.

Method 2

Method 2 is used by Oerlikon.

Method 3

Method 3 is usually used by Klingelnberg.

A.4 Gear dimensions of bevel and hypoid gears

With the additional data shown in Table 3 the gear dimensions can be calculated. There is only one set of
formulas for bevel and hypoid gears. All formulas for hypoid gears also apply to bevel gears, if the hypoid
offset is setto a = 0.

Determination of basic data

In Clause 7.2 general values, which are partially used in further calculations, are determined. For hypoid gears,
the effective pressure angles are established in order to describe the mesh conditions. These become equal if
the effective pressure angle, a,p, on the drive side has the same value as the effective pressure angle, agc,
on the coast side. This is the case, for instance, if the design pressure angles are equal and the total limit
pressure angle (f,;,, = 1) is considered in the calculation. However, it is not necessary for a proper hypoid
gear set to have equal mesh conditions.

Determination of tooth depth at calculation point

As Table 4 shows how data type Il can be transformed into data type I, only one set of formulas is necessary
to determine the tooth depth. In this International Standard, it is the formulas for data type | that are given.

Determination of root and face angles

For the determination of the root and face angles of pinion and wheel, the addendum and dedendum angles of
the wheel are needed. In this context, the distances, t,4, t,5, t,£1, o, t,g1 and t,g,, can be calculated. These
are defined as positive, if the crossing point lies inside the respective cone.

Determination of pinion face width

Each method used for the calculation of the pitch cone parameters has its specific formulas to determine the
pinion face width. For bevel gears, the pinion face width is equal to the wheel face width. Hypoid gears,
calculated with method 2, have the calculation point in the middle of the pinion face width. For this reason, the
inner and the outer face width (b;;, b,;) at the pitch cone are equal. However, methods 1 and 3 have different
values for b;; and bg,. Figure A.3 illustrates the way to obtain b;; and bg,.

The pinion values, by, and b;;, represent the real distances from calculation point to inside and outside. To be

consistent, b,, and b;, are also established for the wheel. With by, b;;, bs, and bj,, it is possible to determine
the inner and outer pinion and wheel diameters (d a1, a0, a1, dai0) for all methods with the same equations.
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¢dai1
Pdy

Figure A.3 — Pinion face width and inner and outer diameter

Determination of inner and outer spiral angles
Pinion

The spiral angles of the pinion are calculated at the front crown (R;;) and crown (R,;). To obtain the values of
the spiral angles of the pinion, it is first necessary to determine the spiral angles of the wheel at the pertaining
boundary point (Figure A.4). Because of the overlap of the pinion face over the wheel face, the according
cone distances of the wheel (R.,1/Rjpq) may be larger/smaller than the outer/inner cone distance. In
Figure A.4 these cone distances are illustrated by the dashed line. With the according pinion offset angles,
g’ip21 and ¢,,»1, at the boundary points, the spiral angles of the pinion can be determined with Equation (187)
and Equation (188). A different set of formulas is used for face milling and face hobbing.

Wheel

For the determination of the spiral angles of the wheel at the outer and inner cone distances, there are
different formulas for face milling and face hobbing.
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Figure A.4 — Determination of pinion spiral angle in pitch plane

Determination of tooth depth

The definition of the inner and outer tooth depth is illustrated in Figure A.5. The tooth depths h;q, N1, hymi.
Nim1, hae1 @nd heeq are perpendicular to the pinion pitch cone and hy, is perpendicular to the root cone. The
same applies to the wheel tooth depths.

With the implementation of an inner and outer pinion face width at the pitch cone, the inner and outer
addendum and dedendum can easily be determined.
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HLI

Figure A.5 — Tooth depth at pinion

Determination of tooth thickness

The tooth thickness is calculated from the outer normal backlash, j,,, the normal backlash at calculation point,
i the transverse backlash at calculation point, j,,, and the outer transverse backlash, jg,.

For data type I, the thickness modification coefficient, xq,,, is a theoretical value and does not include the
backlash, see Figure 16. To consider the backlash, the modification coefficients xg,,,1 and x4, are calculated.

In general, for the calculation of the theoretical tooth thickness, the backlash has to be set equal to zero.
Determination of remaining dimensions

Clause 7.9 determines the remaining dimensions of bevel and hypoid gears.

A.5 Undercut check

The undercut check is provided for generated gears with hon-constant and constant tooth depth. With the set
of formulas in Clause 8, it is possible to choose any point on the pinion or wheel face width to check if
undercut occurs or not.

The undercut check is based on the concept of a plane-generating gear — the so-called crown gear — which
is able to mesh with pinion and wheel at the same time. The cutting process with a crown gear can be
described in the following way.

The action of the blades in the cutterhead represents a tooth of the generating gear. The generating gear axis
of rotation is identical with the generating cradle axis of the gear cutting machine. The work gear (e.g. the
pinion) rolls with the generating gear as with a mating gear, whereby its tooth spaces and flanks are formed.
To generate a mating gear which fits properly, a “mirrored” arrangement is used, with the mating gear being
cut on the “backside” of the same generating gear. This principle applies independently of the lengthwise tooth
form (circular, cycloid or involute).

For different modifications, hyperbolic generating gears, torus-shaped generating gears and helicoidal

generating gears are used. For these gears, the undercut formulas are not accurate. Nevertheless, the
approximation by a plane-generating gear is a good solution for an estimation of the quantity of undercut.
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Annex B
(informative)

Pitch cone parameters

B.1 Purpose

The purpose of Annex B is to give proposals for the values that might be used as initial data for the
determination of the pitch cone parameters.

B.2 Shaft angle

The shaft angle is determined by the application.

B.3 Hypoid offset

In most cases, the hypoid offset is determined by the application. Pinion offset is designated as being positive
or negative. This is determined by looking at the hand of spiral of the wheel.

If the pinion offset follows the hand of spiral of the wheel, it is defined as positive. If the pinion offset is
opposite to the hand of spiral of the wheel, it is negative.

Figure B.1 illustrates positive and negative pinion offsets as seen from the wheel apex.
It is recommended that positive pinion offset be used because of the increasing diameter of the pinion, higher
face contact ratio, pitting and bending load capacity. Special consideration should be given to scuffing

resistance because of additional lengthwise sliding.

In general, due to lengthwise sliding, the offset should not exceed 25 % of the wheel outer pitch diameter and,
for heavy-duty applications, it should be limited to 12,5 % of the wheel pitch diameter.
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Y
A

a>0 a=0 a<o

a) Left-hand pinion mated with right-hand wheel

a=0 a<o

b) Right-hand pinion mated with left-hand wheel

Figure B.1 — Hypoid offset

B.4 Pinion diameter

B.4.1 Estimated load

In most gear applications, the load is not constant. Therefore, the torque load will vary. To obtain values of the
operating torque load, the designer should use the value of the power and speed at which the expected
operating cycle of the driven apparatus will perform.

In the case where peak loads are present, the total duration of the peak loads is important. If the total duration
exceeds ten million cycles during the total expected life of the gear, use the value of this peak load for

estimating the gear size. If the total duration of the peak loads is less than ten million cycles, start with one
half the value of this peak load or the value of the highest sustained load, whichever is greater.

When peak loads are involved, a more detailed analysis is usually required to complete the design.

B.4.2 Torque

Pinion torque is a convenient criterion for approximate rating of bevel gears, requiring conversion from power
to torque by the relation

 9550P ©.1)
n, '

Ty

T, is the pinion torque, in newton metres (N-m) (see B.4.1);
P is the power, in kilowatts (kW);

n, is the pinion speed, in revolutions per minute (r/min).
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B.4.3 Estimated pinion size
The charts shown in Figures B.2 and B.3 relate the size of commercial quality spiral bevel pinions to pinion

torque. The charts are for 90° shaft angle design. For other than 90° shaft angle designs, the preliminary
estimate is less accurate and could require additional adjustments based on the rating calculations.

B.4.3.1 Spiral bevels
For spiral bevel gears of case-hardened steel, the pinion outer pitch diameter is given by Figures B.2 and B.3.

Follow vertically from pinion torque value to desired gear ratio, then follow horizontally to pinion outer pitch
diameter.

B.4.3.2 Straight and zerol bevels
Straight bevel and zerol bevel gears will be somewhat larger than spiral bevels. The values of pinion outer

pitch diameter obtained from Figures B.2 and B.3 are to be multiplied by 1,3 for zerol bevel gears and by 1,2
for straight bevel gears. The larger diameter for the zerol bevel gears is due to a face width limitation.

B.4.3.3 Hypoids

In the hypoid case, the pinion outer pitch diameter, as selected from the chart, is the equivalent pinion outer
pitch diameter. A preliminary hypoid pinion pitch diameter, dg plm1: is given by

a
dep|m1 =dey - U (B.2)

where
deq is pinion outer pitch diameter, from Figure B.2 or Figure B.3, whichever is larger, in millimetres (mm),
a is the hypoid offset, in millimetres (mm);
u isthe gear ratio.

The actual wheel outer pitch diameter is determined by Equations (B.3) to (B.6).

Approximate pinion pitch angle

(B.3)

sinX
Oint1 = arctan( ! J

cosE+u
where
2 isthe shaft angle
Approximate wheel pitch angle
Sint2 =2~ Sinna (B.4)
Approximate wheel outer cone distance

de plm1

— B.5
2sinSinn (B.5)

Re int2 =

Wheel outer pitch diameter

de2 = Reint2 SiNding (B.6)
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Figure B.3 — Pinion outer pitch diameter versus pinion torque — Bending strength
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B.4.3.4 Precision-finished gears

When gears are precision-finished, the load carrying capacity will be increased. The initial pinion size is based
on both pitting resistance and bending strength. Based on pitting resistance, the pinion diameter, as given by
Figure B.2 or as calculated by Equation (B.2), is to be multiplied by 0,80. Based on bending strength, the
pinion outer pitch diameter is given by Figure B.3 or is calculated by Equation (B.2). From these two values,
choose the larger diameter.

B.4.3.5 Material factor, Ky,

For materials other than case-hardened steel at 55 minimum HRC, the pinion outer pitch diameter, as given
by Figure B.2 or as calculated by Equation (B.2), is to be multiplied by the material factor given in Table B.1.

Table B.1 — Material factors

Gear set materials

Gear material and hardness Pinion material and hardness Material factor, Ky

Material Hardness Material Hardness
Case-hardened steel 58 HRC min. Case-hardened steel 60 HRC min. 0,85
Case-hardened steel 55 HRC min. Case-hardened steel 55 HRC min. 1,00
Flame-hardened steel 50 HRC min. Case-hardened steel 55 HRC min. 1,05
Flame-hardened steel 50 HRC min. Flame-hardened steel 50 HRC min. 1,05
Oil-hardened steel 375 HB to 425 HB | Oil-hardened steel 375 HB to 425 HB 1,20
Heat-treated steel 250 HB to 300 HB | Case-hardened steel 55 HRC min. 1,45
Heat-treated steel 210 HB to 245 HB | Case-hardened steel 55 HRC min. 1,45
Cast iron — Case-hardened steel 55 HRC min. 1,95
Cast iron — Flame-hardened steel 50 HRC min. 2,00
Cast iron — Annealed steel 160 HB to 200 HB 2,10
Cast iron — Cast iron — 3,10

B.4.3.6 Statically loaded gears

Statically loaded gears should be designed for bending strength rather than pitting resistance. For statically
loaded gears which are subject to vibration, the pinion outer pitch diameter, as given by Figure B.3 or as
calculated by Equation (B.2), is to be multiplied by 0,70. For statically loaded gears which are not subject to
vibration, the pinion outer pitch diameter, as given by Figure B.3 or as calculated by Equation (B.2), is to be
multiplied by 0,60.

B.5 Numbers of teeth

Although the selection of the numbers of teeth may be made in any arbitrary manner, experience has
indicated that for general work, the numbers of teeth selected from Figures B.4 and B.5 will give good results.
Figure B.4 is for spiral bevel and hypoid gears and Figure B.5 is for straight bevel and zerol bevel gears.
These charts give the suggested number of teeth in the pinion. Hypoid gears which are often used for
automotive applications can have fewer numbers of teeth, see Table B.2.

The number of teeth in the mating gear will be determined by the gear ratio. When the gears are to be lapped,
the numbers of teeth in the pinion and mating wheel should have no common factor.

Straight bevel gears are designed with 12 teeth and higher. Zerol bevel gears are designed with 13 teeth and
higher. This limitation is based on achieving an acceptable contact ratio without undercut.
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Figure B.4 — Approximate number of pinion teeth for spiral bevel and hypoid gears
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Figure B.5 — Approximate number of pinion teeth for straight bevel and zerol bevel gears
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Spiral bevel and hypoid gears can be designed with fewer numbers of teeth because the additional overlap
resulting from oblique teeth allows the teeth to be stubbed to avoid undercut and still maintain an acceptable
contact ratio. The three-dimensional effect must be considered in that the tooth characteristics across the
whole face width should be used in the analysis of undercut. In later clauses, recommended pressure angles,
tooth depth, and addendum proportions will minimize the possibility of undercut. An undercut check should be
made to verify that undercut does not exist. Table B.2 gives recommended minimum pinion numbers of teeth
for spiral bevel and hypoid gears.

Table B.2 — Suggested minimum numbers of pinion teeth (spiral bevels and hypoids)

Approximate ratio, u Minimum number of pinion teeth, z;

1,00 <u<1,50 13
150<u< 1,75 12
1,75<u < 2,00 11
2,00 <u<2,50
2,50 <u < 3,00
3,00 <u < 3,50
3,50 <u < 4,00
4,00 <u < 4,50
4,50 <u < 5,00
5,00 <u < 6,00
6,00 <u < 7,50
7,50 <u<10,0

=
o

g o0 o N 0 © © ©

B.6 Face width

For shaft angles less than 90°, a face width larger than that given in Figure B.6 may be used. For shaft angles
greater than 90°, a face width smaller than that given in Figure B.6 should be used. Generally, the face width
should not exceed 30 % of the cone distance or 10 mg,, whichever is less. Figure B.6 face widths are based
on 30 % of the outer cone distance. For zerol bevel gears, the face width given by Figure B.6 should be
multiplied by 0,83 and should not exceed 25 % of the cone distance. For shaft angles substantially less than
90°, care should be exercised to ensure that the ratio of face width to pinion pitch diameter does not become
excessive.

In the case of a hypoid, follow the above face width guidelines for the wheel. The hypoid pinion face width is
generally greater than the face width of the wheel. Its calculation can be found in 7.5.
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Figure B.6 — Face width of spiral bevel gears operating at 90° shaft angle

B.7 Spiral angle

Common design practice suggests that the spiral angle be selected to give a face contact ratio of
approximately 2,0. For high-speed applications and maximum smoothness and quietness, face contact ratios
greater than 2,0 are suggested, but face contact ratios less than 2,0 are allowed.

B.7.1 Spiral bevels

The following equations for face contact ratio, g may be used to select the spiral angle:

r)
K :l i

(B.7)

&5 = {Kztanﬁm —%tane’ﬁm} Re (B.8)

Re is the outer cone distance, in millimetres (mm);

is the outer transverse module, in millimetres (mm);
b is the net face width, in millimetres (mm);

By is the mean spiral angle at pitch surface.

Figure B.7 may be used to assist in the selection of spiral angle when the face width is 30 % of the outer cone
distance.

65



BS ISO 23509:2006

B.7.2 Hypoids

For hypoid sets, the pinion spiral angle may be calculated by the following formula:

_25+5 |22 1902 (B.9)
ﬂml
Z den

where
Bmy is the pinion mean spiral angle;
z, is the number of wheel teeth;
z; is the number of pinion teeth;,
deo is the wheel outer pitch diameter, in millimetres (mm).

The wheel spiral angle depends on the hypoid geometry and is calculated using the hypoid formulas in
Clause 6.

g5 = (0,388 5 tan 4, — 0,017 1tan®4,, ) b/me
b/Rg =0,3

Figure B.7 — Face contact ratio for spiral bevel gears
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B.8 Outer transverse module

The outer transverse module, mg,, is obtained by dividing the outer wheel pitch diameter by the number of
teeth in the wheel. Since tooling for bevel gears is not standardized according to module, it is not necessary

that the module be an integer.
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Annex C
(informative)

Gear dimensions

C.1 Purpose

The purpose of Annex C is to give suggestions for the values of the additional data (Clause 7), that are
necessary to determine the gear dimensions.

C.2 Normal pressure angle
There are three normal pressure angles that are to be considered.

— Nominal design pressure angle, oy, is the start value for the calculation. It may be half of the sum of
pressure angles or different on drive and coast side.

— Generated pressure angle, «,, is the pressure angle of the generating gear; «, can be found on the tooth
flank in the mean normal section.

— Effective pressure angle, ¢, is a calculated value, see below.

The most commonly used design pressure angle for bevel gears is 20°. This pressure angle affects the gear
design in a number of ways. Lower generated pressure angles increase the transverse contact ratio, reduce
the axial and separating forces and increase the toplands and slot widths. The converse is true for higher
pressure angles. Based on the requirements of the application, the engineer may decide to choose higher or
lower design pressure angles. Lower effective pressure angles increase the risk of undercut.

For hypoid gears, it could be reasonable to have unequal generated pressure angles on the coast and drive
sides, in order to balance the mesh conditions. If full balance of the mesh conditions is recommended, the
influence factor of limit pressure angle, f ., is set to “1”. Then the limit pressure angle ¢, is added to the
design pressure angle, oy, on the drive side and subtracted on the coast side in order to obtain the generated
normal pressure angle, «,, [see Equation (118) and Equation (119)].

Reducing the generated pressure angles on the drive side may be beneficial for contact ratio, contact stress
and axial and radial forces. However, the minimum generated pressure angle should be approximately
9°...10° due to limits of tooling and undercut.

Nevertheless, in all cases, the effective pressure angle ¢, is calculated according to Equation (120) and
Equation (121).

As for bevel (non-hypoid) gears the limit pressure always is equal to zero, the nominal design pressure angles

have the same values as the generated pressure angles. If the effective pressure angles have the same
values, the mesh conditions on coast and drive side are equal.

C.2.1 Straight bevels

To avoid undercut, use a nominal design pressure angle of 20° or higher for pinions with 14 to 16 teeth and
25° for pinions with 12 or 13 teeth.
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C.2.2 Zerol bevels

On zerol bevels, 22,5° and 25° nominal design pressure angles are used for low tooth numbers, high ratios, or
both, to prevent undercut. Use a 22,5° nominal design pressure angle for pinions with 14 to 16 teeth and a 25°
nominal design pressure angle for pinions with 13 teeth.

C.2.3 Spiral bevels

To avoid undercut, a 20° design pressure angle or higher for pinions with 12 or fewer teeth may be used.
C.2.4 Hypoids

To balance the mesh conditions on coast and drive side, the influence factor of limit pressure angle should be
fiim = 1. For the use of standard cutting tools, the value of f ., may be different from “1”. The nominal design

pressure angles 18° or 20° may be used for light-duty drives; higher pressure angles such as 22,5° and 25°
for heavy-duty drives.

C.3 Tooth depth components

C.3.1 Data type I

C.3.1.1 Addendum factor and dedendum factor

In common cases, the addendum factor ky,, is set to k,, =1 and the dedendum factor kg, is set to
p 1

C.3.1.2 Profile shift coefficient
To prevent undercut, the profile shift coefficient has to be in the range given in Clause 8.
C.3.2 Data type Il D)

C.3.2.1 Depth factor

Normally, a depth factor, ky, of 2,000 is used to calculate mean working depth, h., but it can be varied to suit
design and other requirements. Table C.1 gives suggested depth factors based on pinion tooth numbers.

1) Data types described in 7.1.
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Table C.1 — Suggested depth factor, kg

Type of gear Depth factor Number of pinion teeth
Straight bevel 2,000 12 or more
Spiral bevel 2,000 12 or more

1,995 1
1,975 10
1,940 9
1,895 8
1,835 7
1,765 6
Zerol bevel 2,000 13 or more
Hypoid 2,000 11 or more
1,950 10
1,900 9
1,850 8
1,800 7
1,750 6

C.3.2.2 Clearance factor

While the clearance is constant along the entire length of the tooth, the calculation is made at mean point.
Normally the value of 0,125 is used for the clearance factor, k., but it can be varied to suit the design and
other requirements.

During the manufacturing of fine pitch gearing, mg, = 1,27 and finer, 0,051 mm should be added to the
clearance of the teeth which are to be finished in a secondary machining operation. This 0,051 mm should not
be included in the calculations.

C.3.2.3 Mean addendum factor

This factor apportions the working depth between the pinion and wheel addendums. The pinion addendum is
usually longer than the wheel addendum, except when the numbers of teeth are equal. Longer addendums
are used on the pinion to avoid undercut. Suggested values for shaft angles 2= 90° for c,,,, are found in
Table C.2. Other values based on sliding velocity, topland or point width limits, or matching strength between
two members, can be used. Clause 8 gives the limits for the mean addendum factor to prevent undercut on
pinion and wheel. For Table C.2, the equivalent ratio u has to be calculated.

Wheel offset angle in axial plane, 7
n =asin(sin¢,, coss,) (C.1)

Equivalent ratio, u,

_\/cosdl tans, cosy (€.2)

u =
a cosé,
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Table C.2 — Mean addendum factor for shaft angles X'= 90°, ¢,

Type of gear Mean addendum factor Number of pinion teeth
Straight bevel 0,210 + 0,290/u,2 12 or more
Spiral bevel and hypoid 0,210 + 0,290/u42 12 or more
0,210 + 0,280/u,42 1
0,175 + 0,260/u ;2 10
0,145 + 0,235/u,2 9
0,130 + 0,195/u,42 8
0,110 + 0,160/u 42 7
0,100 + 0,115/u,2 6
Zerol bevel 0,210 + 0,290/u,2 13 or more

C.4 Tooth thickness components
C.4.1 Data type |

C.4.1.1 Thickness modification coefficient

Values for the thickness modification coefficient, xg,,,, can be found, regarding the bending strength balance
between pinion and wheel. After the thickness modification, a successful cutting process has to be ensured.

C.4.2 Data type Il

C.4.2.1 Thickness factor
The mean normal circular thickness is calculated at the mean point. Values of k; based on balanced bending

stress are found by using the graph in Figure C.1. Other values of k; may be used if a different strength
balance is desired.

C.4.2.2 Outer normal backlash

Suggested minimum values of the outer backlash are given in Table C.3. It will be noted that the backlash
allowance is proportional to the module. Two ranges of values are given: one for ISO accuracy grades 4 to 7,
the other for ISO accuracy grades 8 to 12, according to ISO 1328-1.
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Table C.3 — Typical minimum normal backlash measured at outer cone

Minimum normal backlash
mm
Outer transverse module SO accuracy grades
4t07 8to 12
25,00 to 20,00 0,61 0,81
20,00 to 16,00 0,51 0,69
16,00 to 12,00 0,38 0,51
12,00 to 10,00 0,30 0,41
10,00 to 8,00 0,25 0,33
8,00 to 6,00 0,20 0,25
6,00 to 5,00 0,15 0,20
5,00 to 4,00 0,13 0,15
4,00 to 3,00 0,10 0,13
3,00 to 2,50 0,08 0,10
2,50 to 2,00 0,05 0,08
2,00to 1,50 0,05 0,08
1,50 to 1,25 0,03 0,05
1,25 t0 1,00 0,03 0,05

C.5 Addendum angle and dedendum angle of wheel

C.5.1 Sum of dedendum angles, &

The sum of the dedendum angles of pinion and wheel is a calculated value that is established by the
depthwise taper which is chosen in accordance with the cutting method. The formulas for calculating this
value are listed in Table C.4.

Table C.4 — Sum of dedendum angles, X6

Depthwise taper Sum of dedendum angles (degrees)

hfml hfm2

Standard X0 = arctan| 1= | + arctan| — 1= (C.3)
Rm2 Rm2

Uniform depth X0y =0
90m R in

Constant slot width S0,c = et 1- Rmz SiNfmp (C.4)

Re2 tanan COSﬂm rco
Modified slot width XOp =X bsc OF gy = 1,3 b, Whichever is smaller (C.5)
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C.5.2 Angles, 6,, and 6,

The sum of the dedendum angles is apportioned between the pinion and the wheel using the formulas in
Table C.5. The desired depthwise taper dictates which formulas are to be used when determining the
dedendum angles of each member.

Table C.5 — Angles, 6,, and 6, wheels

Depthwise taper Angles (degrees)
hfml
0,5 = arctan| —1= (C.6)
Standard Rm2
Ot =Z0ts— 0y (C.7
Uniform depth 0,0 =04 =0
ham2
0&2 = ngc h (C8)
Constant slot width mw
02 =L 0c — a2 (C.9)
ham2
0&2 = Z ng h (ClO)
Modified slot width mw
012 =2 0m — Oz (C.11)
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Annex D
(informative)

Analysis of forces

D.1 Purpose

The purpose of Annex D is to estimate the forces at the mesh that result from the gear geometry and the

transformed torque.

D.2 Analysis of forces

The gear tooth forces result in tangential, axial and radial components, for the purpose of determining the
forces and moments which act on shafts and bearings. The axial and radial forces are dependent on the
curvature of the loaded tooth flank. Use Table D.1 to determine the loaded flank. The equations to calculate

the forces are presented as follows.

Table D.1 — Loaded flank

i . . Loaded flank
Drl\f/er haTd Rotation of driver . .
or spira Driver Driven
Right Clockwise Convex Concave
Anticlockwise
. Concave Convex
(counterclockwise)
Left Clockwise Concave Convex
Anticlockwise Convex Concave

(counterclockwise)

D.3 Tangential force

The tangential force on a wheel is

2000T,

Frtz =
dm2
where

Fnto is the tangential force at the mean diameter on the wheel, in newtons (N);

T is the torque transmitted by the wheel, in newton metres (N-m).

The tangential force on the mating pinion is given by

Fmt2 COS B ~2000T

Fo=
mtl
COS B2 dm1

where

Fnt1 is the tangential force at the mean diameter on the pinion, in newtons (N).

(D.1)

(D.2)
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D.4 Axial force

The values of axial force, F,,

on bevel gears are given in the following formulas. The symbols in the formulas

represent the values (e.g. tangential force, spiral angle, pitch angle, generated pressure angle) for the wheel

or pinion member under consideration:

For drive side flank loading:
Pinion axial force, Fyyq p:

singy

Faxl’D = (tan 0D +tan B COS51J Fnt1

ml

Wheel axial force, Fyyo p:

sind,

—tan S cosézj Fnt2
OSﬂmz

Faxop = [tananD

For coast side flank loading:
Pinion axial force, Faxl,C:

sindy

—tan Sy cosélj Fmt1
Os,Bml

Wheel axial force, Fy,, ¢

sino.
Faoc = [tananc p— 2_ ttan B, 00552] Frnto

m2

A positive sign (+) indicates direction of thrust is away from pitch apex.

A negative sign (-) indicates direction of thrust is toward pitch apex.

D.5 Radial force

(D.3)

(D.4)

(D.5)

(D.6)

The values of radial force, F,,q4, on bevel gears are given in the following formulas. When using the formulas
the tangential force, spiral angle, pitch angle, and generated pressure angle of the corresponding member

must be used.

For drive side flank loading:
Pinion radial force, F,4; p:

C0Sd;

Frad1,p = (ta”ano cosf tan B Si”51j Fmt1
ml
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Wheel radial force, Fy45 p:

C0s o, .
——<% +tan sind, | F
c0s 3 Pm2 2] mt2

Frad2,p = [tananD
m2

For coast side flank loading:

Pinion radial force, Fradl,C:

C0S 07 .
Frad1,c = [ta”anc C0sp 1 +tan fiy, sin 51] Ft1
mil

Wheel radial force, Fa45 ¢

—tan B sinézj Ft2

BS ISO 23509:2006

(D.8)

(D.9)

(D.10)

A positive sign (+) indicates direction of force is away from the mating member. This is commonly called the

separating force.

A negative sign (-) indicates direction of force is toward the mating member. This is commonly called the

attracting force.
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Annex E
(informative)

Machine tool data

E.1 Purpose

Annex E provides vendor data which influence hypoid gear design.

E.2 Cutter table

Since bevel gear design and manufacture are functions of the cutter radius and, for face hobbed gears, also
the number of blade groups, Table E.1 provides a list of standard cutters.

Table E.1 — Nominal cutter radii, r.,, and blade groups, z,

Face hobbing Face milling
Two-part cutter Two-blade cutter Three-blade cutter
(two divided cutter parts for (outer, and inner blade (rougher, outer, and inner
inner and outer blades) per group) blade per group)

Cutter radius, Number of | Cutter radius, Number of | Cutter radius, Number of | Cutter diameter,
o blade groups, o blade groups, o blade groups, 2reo
mm % mm % mm % in
25 1 30 7 39 5 2,5
25 2 51 7 49 7 3,25
30 3 64 11 62 5 3,5
40 3 64 13 74 11 3,75
55 5 76 7 88 7 4,375
75 5 76 13 88 13 5
100 5 76 17 110 9 6
135 5 88 11 140 11 7,5
170 5 88 17 150 12 9
210 5 88 19 160 13 10,5
260 5 100 5 181 13 12
270 3 105 13 14
350 3 105 19 16
450 3 125 13 18

150 17
175 19
mm
500
640
800
1 000
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Annex F
(informative)

Sample calculations

F.1 Purpose

Annex F demonstrates in four examples how to handle the formula set for bevel and hypoid gears.

F.2 Sample spiral bevel gear set

F.2.1 Initial data
This example uses Method 0 — Face milling tooth form.

See Tables F.1to F.3.

Table F.1 — Initial data for calculation of pitch cone parameters

Symbol Description Method 0 Method 1 Method 2 Method 3
z shaft angle 90° X X X
a hypoid offset 0 mm X X X

Z19 number of teeth 14/39 X X X
d mean pitch diameter . . X .
m2 of wheel
dey outer pitch diameter 176,893 mm X . X
of wheel
b, wheel face width 25,4 mm X X X
mean spiral angle o .
Bm1 of pinion X
mean spiral angle o
Pma of v?/heel ° 35 - X X
o cutter radius 114,3 mm X X X
number of blade
Zg groups — — X X
(only face hobbing)

79



BS ISO 23509:2006

Table F.2 — Additional data for calculation of gear dimensions

Data type | Data type Il
Symbol Description Symbol Description

4D 20°

agc 20°
folim 0
Xhm1 | — Cham 0,247 37

Knap |— ke |2,000

Knfp | — ke 0,125
Xemn | — ke |0,0915

W2 | —

Jen 0,127

Oa2 2,134 2°

Oro 6,493 4°

Table F.3 — Transformation of data type Il into data type |

1
Xhml = kd (E— Chamj 20,505

=~

Kpap = -3 =1

hap 2

Khio = kgl k +1 =1,25
hfp d| "c 2 '

=~

Xsmn =?t =0,046

F.2.2 Determination of pitch cone parameters

Gear ratio, u
z
u=-2=2786
Z

Pinion pitch angle, §;

01 = arctan[

Wheel pitch angle, o,

siny
cosX +u

j =19,747°

5, = X6, =70,253°
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Outer cone distance, R,

d
Re12 = €2_ _93,973mm

sind,

Mean cone distance, R,

b
Rm12 = Rez —?2 =81273mm

Spiral angle, f,1, pinion

ﬂml = ﬂmZ = 35,000°

Face width factor, cyoo

Che2 =05

F.2.3 Determination of basic data

Pinion mean pitch diameter, d ¢

dm1 = 2R SiNd1 = 54,918 mm

Wheel mean pitch diameter, d,;,,

dmo = 2Ry Sind, =152,987 mm

Shaft angle departure from 90°, AY

AXY =2X-90°=0°

Offset angle in the pinion axial plane, ¢,

. 2a o
{m = arcsin C0s5, |~ 0,000

C0Sd;

dm2 +dm1

Offset angle in the pitch plane, Cmp

singy, sin%

=0,000°
C0Sd;

Smp = arcsin[

Offset in pitch plane, a,

ap = Ry SiN¢'yp = 0,000 mm

BS ISO 23509:2006

(F.4)

(F.5)

(F.6)

(F.7)

(F.8)

(F.9)

(F.10)

(F.11)

(F.12)
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Mean normal module, m,,

2R,» Sind, cos
My = —M2>""2 Pm2 _ 3213 mm (F.13)

Z3

Limit pressure angle, ¢,

tand, tand, [ R4 Sin - Ryyo SIiN
alimz—arctan{ 1 2[ m1 SINSmy = Rmp SINfmy H:O" (F.14)

COSCmp Rm1 tano; + Ry, tano,

Generated normal pressure angle, «,,p, drive side

anp =agp + fylim Ajim = 20° (F.15)

Generated normal pressure angle, «,,c, coast side

anc = a4c — fylim @jim = 20° (F.16)

Effective pressure angle, a,p, drive side

Qep = Anp ~ Ajim = 20° (F.17)

Effective pressure angle, oy, coast side

Qec =Anc + Ajim = 20° (F.18)

Outer pitch cone distance, Ry,, wheel

Re2 = Rm2 +Cbe2 b2 = 93,973 mm (Flg)

Inner pitch cone distance, R;,, wheel

Ri» = Rgp —b, = 68,573 mm (F.20)

Outer pitch diameter, dg,, wheel

dgy = 2Rgy SINS, = 176,893 mm (F.21)

Inner pitch diameter, d;,, wheel

dij» = 2R;, sind, =129,080 mm (F.22)
Outer transverse module, mg;,

d
Metz = ZLZZ = 4,536 mm (F.23)

Wheel face width from calculation point to outside, by,

bes = Rep — Ry =12,700 mm (F.24)
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Wheel face width from calculation point to inside, b;,

bip = Rmz — Rip =12,700 mm

Crossing point to calculation point along wheel axis, t,,»

¢ dy1Sind, atanAX
2= -
Me 2c0s8;,  tandy

= 27,459 mm

Crossing point to calculation point along pinion axis, t,,1

d .
tym1 = %2 COS¢py COSAZ —t,, SINAZ = 76,493 mm

Pitch apex beyond crossing point along axis, t,; ,

t,1 = Ripy1 COSO1 —t,1 = 0mm

t22 = Rmz COS52 — thZ =0mm

F.2.4 Determination of tooth depth at calculation point

Mean working depth, h,,,

Nmw = 2Mmp Khap = 6,427 mm

Mean addendum, h wheel

am2:

Nam2 = Mmn (khap - thl) =1,591mm

Mean dedendum, hg,,,, wheel

hfm2 =Mmn (khfp + Xhml) =5,639 mm

Mean addendum, h,,4, pinion

Nam1 = Mmn (khap + thl) =4,836 mm

Mean dedendum, hg,,¢, pinion

hfml =Mmnp (khfp - Xhml) = 2,394 mm

Clearance, ¢

C =My (khfp —khap) =0,803mm
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Mean whole depth, h,

hm = haml,Z + hfm1,2 = 7,230 mm

N = Mimn (Khap + Kntp ) = 7,230 mm

F.2.5 Determination of root angles and face angles

Face angle, J,,, wheel

Sap = 6y + 0,y =72,387°

Root angle, d,, wheel

Sty = 5 — Opp = 63,760°

Auxiliary angle for calculating pinion offset angle in root plane, ¢g

a tanAX cosdy, j oo

@R = arctan
Ri2 €0S6sy —t,5 COSIsy

Auxiliary angle for calculating pinion offset angle in face plane, ¢,

atanAX cosd,, J _o°

@, = arctan
Rm2 €0S8,5 —t,5 COST,H

Pinion offset angle in root plane, {g

R = arcsin(

a cosgp Sinds, g = 0°
R COS&sy —t,5 COSSsy

Pinion offset angle in face plane, ¢,

. acosg, sind
$o = arcsm[ o >11%a2 ] — o =0°

Rm2 €0S8,5 —t,5 COST,H

Face angle, o4, pinion

541 = arcsin(sinAX sindy, + coSAX €os ¢, COS{R ) = 26,240°

Root angle, &4, pinion

g1 = arcsin(sinAY singy, + COSAL OS5,y 0SS, ) =17,613°

Addendum angle, 6,4, pinion

6’a1 = 5&1 - 51 = 6,4930
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Dedendum angle, &, pinion

6’f1 = 51 - §f1 = 2,1340

Wheel face apex beyond crossing point along wheel axis, t,,

Rm2 SiNfap —hamp C0SGap 1,508 mm
Sin5az ’

tro =1, -

Wheel root apex beyond crossing point along wheel axis, t g,

Rz SiNfss — Ngyo COS G5o
sindso

tsz =t22 + =3,999 mm

Pinion face apex beyond crossing point along pinion axis, t,gq

a sing’g CoSdsy —t,py SiNJp —C

. =-9,931mm
sindyq

tp1=

Pinion root apex beyond crossing point along pinion axis, t,p4

a sing, C0So4, —t,rp SiNdgn — C

; =2,094 mm
sinos,

t,R1=

F.2.6 Determination of pinion face width, b,

Pinion face with in pitch plane, blo1

bp1 = R, — a2 —[R3 —a;2 = 25,400 mm

Pinion face width from calculation point to front crown, by 5

bya :\/an12 —a;? _\/Rig ~a,? =12,700 mm

Method O:

Pinion face width, by

by, =by, = 25,400 mm

Pinion face width from calculation point to outside, by

bel = Cbe2 bl = 12, 700 mm

Pinion face width from calculation point to inside, bj;

bil = bl_bel = 12,700 mm
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F.2.7 Determination of inner and outer spiral angles

F.2.7.1 Pinion

Wheel cone distance of outer pinion boundary point, Ro5, (may be larger than R,)

Reot = yR25 + b2 + 2Ry bey COSCpmp = 93,973 mm

Wheel cone distance of inner pinion boundary point, R;,; (may be smaller than R;,)

Ript = | R2p +bZ ~2Reyp by COS iy = 68,573 mm

Face milling:

Wheel spiral angle at outer boundary point, Sao1

: 2 2
. | 2Ry reg SIN -R5 + R
ﬂeZl — arcsin m2 "c0 ﬂmz m2 e21 | _ 36,846°
2Re21 Teo

Wheel spiral angle at inner boundary point, £;5¢

, 2 2
2Rz o SINBm2 — Rma + Riz1
2Rip1 T'eo

Biz1 = arcsin{ } = 33,946°

Face hobbing and face milling:

Pinion offset angle in pitch plane at outer boundary point, Cep21

Cepo1 = arcsin =0°

e2l

Pinion offset angle in pitch plane at inner boundary point, Cip21

Cip21 = arcsing —— |=0°

i21

Outer pinion spiral angle, S

Pe1=Pe21+ é/ele = 36,846°

Inner pinion spiral angle, S;;

Bi1 = Binx+ é’ip21 = 33,946°
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F.2.7.2 Wheel
Face milling:

Outer wheel spiral angle, S,

(2R i ~R2, +R2
Pez = arcsm[ m2 [0 Sg‘fmz m2 * GZJ: 36,846° (F.65)
e2 feo
Inner wheel spiral angle, 5,
(2R i ~R2, +R3
Bir = arcsm[ m2 fc0 S'an m2 ~ Zm2 'ZJ - 33,946° (F.66)
i2 feo
F.2.8 Determination of tooth depth
Outer addendum, h e
hae1 = Ngm1 + be1t@anéy, = 6,281 mm (F.67)
ael aml el al
h.e» =h +bg, tand,, = 2,064 mm (F.68)
ae2 am2 e2 a2
Outer dedendum, hg,
hia1 = hfmq + beq tanfy = 2,867 mm (F.69)
fel fm1™ Vel f1
htepr = heon +by, tands, = 7,085 mm (F.70)
fe2 fm2 e2 f2
Outer whole depth, hy
he1 = Naeq + Nieq = 9,149 mm (F.71)
el ael fel
he2 = haez + hfez = 9,149 mm (F72)
Inner addendum, hy;
h,i1 = hymq —bip tanédyy = 3,391 mm (F.73)
ail aml i1 al
hai2 = ham2 _bi2 tangaz = 1,117 mm (F74)
Inner dedendum, hy;
hfil = hfml_ bil tanﬁfl =1,921 mm (F75)
hfi2 = hfm2 —biz tan9f2 =4,194 mm (F?G)
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Inner whole depth, h;
hil = hai1+ hfil =5,311mm
hi2 = hai2 + hfi2 =5,311 mm
F.2.9 Determination of tooth thickness
Mean normal pressure angle, o,

(24 +a
a, = nD nC _ 20°

Thickness modification coefficient, xg,1, pinion

with outer normal backlash, jg,,

- 1 Rm2 €OS B2
Xsm1 = Xsmn ~ Jen

4mpy, COSa, Rgap COS Boo

=0,037

Mean normal circular tooth thickness, s,,,1, pinion
Smnt = 0.5Mpn T+ 2M 1 (Xgmy + Xpm1 taNay, ) = 6,465 mm

Thickness modification coefficient, xg,,, wheel

with outer normal backlash, jg,

. 1 Rz COS Bma
X =—Xsmn — =-0,055
sm2 smn = Jen Amy,, COSa, Ry COS foy

Mean normal circular tooth thickness, s>, wheel
Smn2 = 0.5M T+ 2m 1 (Xsma2 — Xpmy tanay, ) = 3,511 mm

Mean transverse circular thickness, s,

Smt1 = Smnl/COSﬂml =7,892 mm
Smt2 = Smn2/C0S Bmz = 4,286 mm

Mean normal diameter, d,,,

d
dmn1 = mi ~100,398 mm
(1 - sinzﬂml coszozn )cosﬂml C0S 01
d
dmn2 = m2 — 779,107 mm
(1—sin2ﬁ’m2 coszan)cosﬂmz C0so,
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Mean normal chordal tooth thickness, s

mnc
Smnct = Amn1 SiN(Smn1/dmn1) = 6,460 mm (F.88)
Smnc2 = Amn2 Sin(sng/dmnz) =3,511mm (F.89)

Mean chordal addendum, h,,,.

hame1 = ham1 + 0,50 mn1 COS & {1— cos[mﬂ = 4,934 mm (F.90)
mnl
hamez = Namz + 0,50 yp2 COS S, {1— cos[sm—”zﬂ =1,592 mm (F.91)
mn2

F.2.10 Determination of remaining gear dimensions

Outer pitch cone distance, Rqq, pinion

Re1 = Ry +bgq = 93,973 mm (F.92)

Inner pitch cone distance, R;;, pinion

Rij = Ry —biy = 68,573 mm (F.93)

Outer pitch diameter, dg,, pinion

dgy = 2Rg SiNG; = 63,500 mm (F.94)

Inner pitch diameter, d;;, pinion

d;; = 2R;; sing; = 46,337 mm (F.95)

Outside diameter, d ¢

dge1 =deq +2h4e1COSH; = 75,324 mm (F.96)

daez = dez + Zhaez COS52 =178,288 mm (F97)

Diameter, dg

dfe1 = dgg — 2N COSH; = 58,102 mm (F.98)

dfep = dgo —2hgep COSSH, =172,106 mMm (F.99)
Diameter, d;

daip = djp + 2h,51 c0sdy =52,719 mm (F.100)

dap = djo +2h,5p COSO, =129,835 mm (F.101)
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Diameter, d;

dﬁl = dil_ 2hﬁ100851 = 42,721 mm

dfi2 = di2 - 2hﬁ2 C0552 =126,246 mm
Crossing point to crown along axis, t,; »

tyo1 = tzm1 +De1 COSS; —hyeq SiNG; = 86,324 mm

tX02 = thZ + be2 COS52 - haez Sin52 = 29,808 mm
Crossing point to front crown along axis, ty;; ,

tyi1 =tym1 —Djp COSO1 —hyjq SiNd; = 63,395 mm

tyio =tym2 —Dbjp OS5 —hyjp SINd, = 22,117 mm
Pinion whole depth, h;;, perpendicular to the root cone

tzFl + txol

t1 s — Siﬂ(@al + Hfl) - (tle - tZFl) Sin§f1 = 9,137 mm

C0S041

F.3 Sample hypoid gear set — Method 1

F.3.1 Initial data

This example uses Method 1 — Face milling tooth form.

See Tables F.4 to F.6.

Table F.4 — Initial data for calculation of pitch cone parameters

(F.102)

(F.103)

(F.104)

(F.105)

(F.106)

(F.107)

(F.108)

(only face hobbing)

Symbol Description Method 0 Method 1 Method 2 Method 3
z shaft angle X 90° X X
a hypoid offset 0,0 15 mm X X

Z19 number of teeth X 13/42 X X
d mean pitch diameter . . X .
m2 of wheel
dey outer pitch diameter X 170 mm . X
of wheel
b, wheel face width X 30 mm X X
mean spiral angle . o . .
Bm1 of pinion 50
mean spiral angle .
Pma of wheel X X X
o cutter radius X 63,5 mm X X
number of blade
Zo groups X — X X
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Table F.5 — Additional data for calculation of gear dimensions

Data type | Data type I
Symbol Description Symbol Description

4D 20°

a4c 20°
folim 1
Xhm1 | — Cham |0,35
Knap |— kg 2,000

Kntp  [— ke 0,125
Xsmn - Kt 01

Wm2 -

Jet2 0,2 mm

0 1°

61, 4°

Table F.6 — Transformation of data type Il into data type |

1
Xhm1 = Kg [E - ChamJ =03

=~

d_1q

I(hap :7

Knfo = kd(kc . %j 1,25

=~

Xemn = ?‘ =0,05

F.3.2 Determination of pitch cone parameters

Gear ratio, u
z
u=-2=37231
Z

Desired pinion spiral angle, $,, pinion

BPa1 = Pm1=50°

Shaft angle departure from 90°, AY

AX =2-90°=0°

Approximate wheel pitch angle, .,

U CcosAXY

__1E083% | _69,624°
1,2(1-u smAZJ

Oint2 = arctan|:

(F.109)

(F.110)

(F.111)

(F.112)
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Wheel mean pitch radius,

dgo — b5 sing;
Mmpt2 = —22 22 int2 _ 70,939 mm

Approximate pinion offset angle in pitch plane, &’;

a SiNdint o

gi= arcsin[ ] =11,433°

rmpt2

Approximate hypoid dimension factor, K;

K, =tang,;sinef +cose’=1,216

Approximate pinion mean radius, I,

r K
Fond :% = 26,708 mm

Start of iteration
*rrkk First trial *xre*
Wheel offset angle in axial plane, 7

a
Mmpt2 (18N Singp COSAT —SINAL) + 1yng

n= arctan{

Intermediate pinion offset angle in axial plane, &,

a—Tyn1Sing

&y = arcsin[ ] =10,694°

rmpt2
Intermediate pinion pitch angle, &1

sin
Oint1 = arctan _ s + tanAX cosn | = 20,001°
tane, COSAY

Intermediate pinion offset angle in pitch plane, &',

sing, COSAY

&5 =arcsin
COSOint1

]: 11,390°

Intermediate pinion mean spiral angle, Sy, i

K, —cose
= arctan| ~L_9%%2 | _ 50 0g7°
mintl y
S|n82

92
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Increment in hypoid dimension factor, AK

AK =sinz) (tan By - tan B in ) = —7,309-10 %
Pinion mean radius increment, Ary,

Almpt1 = rmptz% =-1,605-10"2 mm

Pinion offset angle in axial plane, &;

. . Ar, ptl
g =arcsin| singy, — ———

sinny | = 10,695°
rmpt2

Pinion pitch angle, &;

0, = arctan — S tanas cosp |=20,000°
tangs; cosAXY

Pinion offset angle in pitch plane, ¢;

Sing; COSAX

&1 = arcsin
C0Sd;

]: 11,391

Spiral angle, S,1, pinion

K;+ AK —coségp
sing;

Bm1 = arctan[ j =49,998°

Spiral angle, S5, wheel

Bm2 = Pm1— &1 = 38,608°

Wheel pitch angle, o,

sin
0, =arctan L cosgqg tanAY | = 69,631°
tann cosAX

Mean cone distance, R, pinion

_ f'mn1 * Armptl

R =
mi sin&;

=78,045 mm

Mean cone distance, R, wheel

_ mpt2
Sin52

=75,670 mm

m2
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Mean pinion radius, ry,nq

mptt = Rm1 Sindy = 26,692 mm

Limit pressure angle, oy,

tand, tand, [ R i -R i
Xim =arctan{— anoy fano, [ m1 SNy =~ Ring SN fimp H:—B,O%"

cose) R tandy + Ryo tand,

Limit radius of curvature, pji,,

secajy, (tanfm1 — tan )
tan fq N tan B JJF 1 1

Plim = =71,539 mm

Rmitand; Ry tand, -

- tana”m (
le COSﬂml Rm2 COS,Bmz

Face milling:
Lengthwise tooth mean radius of curvature p, Y

pmﬁ =l = 63,5 mm

Pmp

Plim

=0,112 > 0,01 failed, next trial

*kkkk LaSt Trlal *kkkk

Wheel offset angle in axial plane, 7

n=4,183

Intermediate pinion offset angle in axial plane, &,

a—ryn1Sing

&g = arcsin[ } =10,602°

M'm pt2

Intermediate pinion pitch angle, &1

sinn

Jing1 = arctan| ————
intL (tangz COSAY

+ tanAXY cosn] =21,290°

Intermediate pinion offset angle in pitch plane, &',

Sing, COSAY

&5 = arcsin
COSJijnt1

j =11,389°
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Intermediate pinion mean spiral angle, Sy, i

!
K, —cose)

= j:50,089°
S|n82

Bmintl = arctan(

Increment in hypoid dimension factor, AK

AK =sinzg) (tanfy; - tan By iny ) = 7,477-10

Pinion mean radius increment, Ary, oy

AK

ATmptt = Fmptz =~ = ~1,642-1072 mm

Pinion offset angle in axial plane, &;

A

r
&= arcsin[singz — —mptl sinn] =10,603°

M'm pt2

Pinion pitch angle, &;

sinn

01 =arctan| ————
tang; cosAX

+ tanAXY cosn] =21,288°

Pinion offset angle in pitch plane, ¢;

Sing; COSAY

g1 = arcsin
C0Sd,

]: 11,390°

Spiral angle, f,1, pinion

K;+ AK —coseg
sing)

Bm1 = arctan[ j =49,998°

Spiral angle, S5, wheel

Bz = B — €1 = 38,609°

Wheel pitch angle, o,

Singl

0, = arctan| ————
tanz cosAX

+C0S & tanAEj = 68,323°

Mean cone distance, R,;, pinion

_ f'mn1 * AI’mptl

R =
mi sing;

=73,519 mm
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Mean cone distance, R,,,, wheel
r
Ry = —P2 _ 76,337 mm
sing,

Mean pinion radius, ry,nq

Mmpt1 = Rm1 Sindy = 26,692 mm

Limit pressure angle, oy,

ajm = arctan| —
fim { coss)

Number of crown gear teeth, Z,

7. =22 _ 45196
P sing,

Lead angle of cutter, v

. [ Rpoz
v =arcsin| —12-0 cos g3, [=0°
reo Zp

First auxiliary angle, 4

A=90°= B, + v =51,391°

Crown gear to cutter centre distance, pp

ppo = R2s +12 — 2R, [ €OS A = 61,726 mm

Second auxiliary angle, 7,

Rmo cos
17, = arccos Rinz €08 Ama (zp+120) | =14,895°

Ppro Zp

Lengthwise tooth mean radius of curvature pp, 5

Face milling:

pmﬁ =l = 63,5 mm
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Limit radius of curvature, pji,

secayy, (tan By — tan B )

Llim = =63,497 mm (F.159)
~tanay, tan By N tan S, N 1 B 1
Rmitand; Ry tand, Rm1€0SfBm1 Rz €OSfBno
Pmp _ 1| =4,836-10"° < 0,01, passed
Plim
End of iteration
F.3.3 Determination of basic data
Pinion mean pitch diameter, d;
dm1 = 2Ry Sind; =53,383 mm (F.160)
Wheel mean pitch diameter, d,;,,
dm2 = 2Ry2 SiNd, =141,877 mm (F.161)
Shaft angle departure from 90°, AY
AY =X-90°=0° (F.162)
Offset angle in the pinion axial plane, ¢,
. 2a
&y = arcsin =10,603° (F.163)
dorsd CosJ,
m2 ml COSé'l
Offset angle in the pitch plane, Cmp
Conp = arcsin[wj —11,390° (F.164)
C0S 01
Offset in pitch plane, a,
ap =Ry sindyp =15,075mm (F.165)
Mean normal module, m,
2R i
m_ = 2Rm2SiN% €0Shm2 _ 5 640 mm (F.166)

Z
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Limit pressure angle, aj;,

tanojtand, [ R [ -R i
®jim =—arctan{ ano; tan 2[ mlSInﬂml m2 SmﬂmZ ]:|:_2,2530

COSCmp Rmitanoy + Ryp tano,

Generated normal pressure angle, a,p, drive side

anp = a4p + fylim @jim =17,747°

Generated normal pressure angle, «,,¢, coast side

anc = a4c — fylim @jim = 22,253°

Effective pressure angle, agp, drive side

Qgp = pp — Ajjm = 20°

Effective pressure angle, oy, coast side

Qec = tpc + )i = 20°

Outer pitch cone distance, Ry,, wheel

Rez = Rm2 + Cbez b2 = 91,468 mm

Inner pitch cone distance, R;,, wheel

Rip = Rgp —by =61,468 mm

Outer pitch diameter, dg,, wheel

dgp =2RgpsiNd, =170 mm

Inner pitch diameter, d;,, wheel

di> = 2Rj, sind, =114,243 mm
Outer transverse module, Mg,

d
Megp = —2% = 4,047 mm
Z2

Wheel face width from calculation point to outside, by,

bes = Rep —Rmp = 15,1314 mm

Wheel face width from calculation point to inside, b;,

bi2 = Rm2 - Ri2 =14,869 mm
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Crossing point to calculation point along wheel axis, t,,»

dmysind; atanAX
2c0s0; tangy,

= 26,621 mm

tym2 =

Crossing point to calculation point along pinion axis, t,,1

d .
tymi1 = %zcosg“m COSAZ —t,mp, SINAY = 69,727 mm

Pitch apex beyond crossing point along axis, t,; ,

t,1 = Rpy1 €0S9; —t,q1 = —1,225 mm

t22 = Rmz COS52 —tsz =1,576 mm

F.3.4 Determination of tooth depth at calculation point

Mean working depth, h,,,

hmw = 2Mmp Kpap = 5,280 mm

Mean addendum, h wheel

am2:

Nam2 = Mmn (khap - thl) =1,848 mm

Mean dedendum, hg,,,, wheel

hfm2 =Mmn (khfp + Xhml) =4,092 mm

Mean addendum, h,,4, pinion

Nam1 = Mmn (khap + thl) = 3,432 mm

Mean dedendum, hg, ¢, pinion

hfml =Mmn (khfp - Xhml) =2,508 mm

Clearance, ¢

C =My (khfp - khap) =0,660 mm

Mean whole depth, h,

hm = ham1,2 + hfm1,2 = 5,939 mm

hm = Mmn (Khap + Khtp ) = 5,939 mm
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F.3.5 Determination of root angles and face angles

Face angle, J,,, wheel

Oap = 0p + 04, =69,323°
Root angle, d;,, wheel

Sty = 859 — Oy = 64,324°

Auxiliary angle for calculating pinion offset angle in root plane, g

a tanAX cosdy,
Rm2 €0sb, —t,, COSS4y

PR = arctan( j =0,000°

Auxiliary angle for calculating pinion offset angle in face plane, ¢,

atanAX cosd,,
Rm2 €0S8,5 —t,5 COSI,o

Do = arctan[ J =0,000°

Pinion offset angle in root plane, {g

a cosgg Sinds,
Rm2 €0s6;, —t,, COSS,

= arcsin - =10,319°
R PR

Pinion offset angle in face plane, ¢,

a cosg, Sindy,
Rm2 €0Sf,5 —t,5 COSI,5

$o = arcsin[ ] - ¢y =10,674°

Face angle, d,,, pinion
541 = arcsin(sinAX sindy, + COSAX €0s ¢, COS{R ) = 25,232°

Root angle, &4, pinion

5y = arcsin(sinAX sing,, + COSAL €0SJ,, COSE, ) = 20,303°

Addendum angle, 6,4, pinion

6’a1 = 5&1 - 51 = 3, 9430

Dedendum angle, &, pinion

Hfl = 51 - 5”_ = 0,9850
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Wheel face apex beyond crossing point along wheel axis, t ¢,

Rin2 SiNfa — hgymo COSO,,
sindo

tpp =t - =2,126 mm

Wheel root apex beyond crossing point along wheel axis, t g,

Rz Sinésy — Ngyo COS b5y

- =2,955mm
Sinds,

t,ro =10 +

Pinion face apex beyond crossing point along pinion axis, t,gq

a singr COSdsy —t,ro SN —C

: =-5,064 mm
sindyq

tp =

Pinion root apex beyond crossing point along pinion axis, t,p4

a sing, C0Sd5o — typp SiNdao — C

- =-4,808 mm
sindy

t,R1=

F.3.6 Determination of pinion face width, b,

Pinion face with in pitch plane, blo1

bp1 = R% —ap2 —\|RE ~a,? = 30,626 mm

Pinion face width from calculation point to front crown, by

bya =\/R,%2—ap2 _\/Ri%—apz ~15,243mm

Method 1:
Auxiliary angle, '

SiN¢'yp COSS;

A= arctan[ ] =1,239°

UC0SJ7 +C0SFp COSCmp

Pinion face width, b,y

b, cos A’

i1=————-=30,470mm
reril COS(Q’mp—l')

Pinion face width increment along pinion axis, Ab,

Abyy = hpy SINCR [1 - 1] = 0,653 mm
u
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Increment along pinion axis from calculation point to outside, Ag,,

Che2 Dreri .
Alye :bezs—gre:lcoso"a1+Abxl—(hfm2—c) sing; =13,342 mm
a

Increment along pinion axis from calculation point to inside, Ag,;

l-c Breri
Agyi = (2 Coez) brers C0S,1 + Abyg + (N gz —C) sind; = 15,592 mm
C0sfy,

Pinion face width from calculation point to outside, by,

b, — AQye +hymySindy
el COS 5y,

cosd,, =16,089 mm

Pinion face width from calculation point to inside, b;;

_ A9y —ham1 Sindy
i1

= - =15,822 mm
€oso; — tand,, sino;

Pinion face width along pitch cone, b,

bl = bi1+ bel = 31,910 mm

F.3.7 Determination of inner and outer spiral angles

F.3.7.1 Pinion

Wheel cone distance of outer pinion boundary point, Ro,, (may be larger than R,,)

Re21 = \/R%Z + bezl"r 2Rm2 belcosgmp = 92,163 mm

Wheel cone distance of inner pinion boundary point, R;,; (may be smaller than R;,)

RiZl = \/R%Z + b|:2L —2Rm2 bilCOSé’mp =60,907 mm

Face milling:

Wheel spiral angle at outer boundary point, fSy5¢

: 2 2
2Rm2 o S'nﬂmz B Rm2 + Re21] = 48.130°

Beo1 = arcsin
2Re21 I'co

Wheel spiral angle at inner boundary point, £j»¢

: 2 2
2Rm2 Teo SiNBmz — Rma + Ri%1
2Ri21 o

Bio1 = arcsin[ ] = 30,549°
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Face hobbing and face milling:

Pinion offset angle in pitch plane at outer boundary point, Cep21

a
Lep21 = arcsin[ P J =9,414° (F.219)
e2l

Pinion offset angle in pitch plane at inner boundary point, Sip21

a
Cip21 = arcsin[R—pJ =14,330° (F.220)
i21

Outer pinion spiral angle, £,

Be1 = Be21+ {epo1 = 57,544° (F.221)

Inner pinion spiral angle, S;;

Pir = Piar+ Cipay = 44,879° (F.222)
F.3.7.2 Wheel
Face milling:

Outer wheel spiral angle, S,

; Y 2
fez = arcsin| 25m2 o0 SMma = Rz + Rez | _ 47 6740 (F.223)
2Rez Feo
Inner wheel spiral angle, 5,
(2R, oo SINBma — R25 + RS
Bip = arcsin| —M=-¢ m m 2 | = 30,826° (F.224)
2Riz T'eo
F.3.8 Determination of tooth depth
Outer addendum, h,,
hael = haml + bel tan@al = 4,541 mm (F225)
haez = ham2 + be2 tangaz = 2,112 mm (F226)
Outer dedendum, hg,
hfel = hfm1+ bel taanl = 2,784 mm (F227)
Nieo = Ngmo +bgp tanédy, = 5,150 mm (F.228)
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Outer whole depth, hy

hel = hael+ hfel = 7,325 mm

he2 = han + her = 7,262 mm

Inner addendum, h;

hail = haml_bil tanﬁal =2,341mm

Nai2 = ham2 —Dbjp tand,, =1,588 mm

Inner dedendum, hy;

hsig = Nmy1 — by tandy; = 2,236 mm

hfi2 = hfmZ _bi2 taanz =3,052 mm

Inner whole depth, h;

hil = hai1+ hfil =4,577 mm

hi2 = hai2 + hfiZ = 4,640 mm

F.3.9 Determination of the tooth thickness
Mean normal pressure angle, o,

[04 +a
ap, = nDZ nC:200

Thickness modification coefficient, xg,1, pinion

with outer transverse backlash, jg,

. Ryocos o
Xsm1 = Xsmn ~ Jet2 éTm—Rn; =0,038
mn Ne

Mean normal circular tooth thickness, s,,1, pinion

Smn1 = 0,5 My T+ 2Mpn (Xsm1 + Xhm1 tanay, ) = 4,922 mm

Thickness modification coefficient, x wheel

sm2;
with outer transverse backlash, jg,

Rm2 €0S B2 _

-0,062
4mmn Re2

Xsm2 = ~Xsmn ~ Jet2

Mean normal circular tooth thickness, s, wheel

mn2:

Smn2 = 0,5My T+ 2 My (Xsm2 — Xpmy1 tANa, ) = 3,241 mm
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Mean transverse circular thickness, s,

Smt1 = Smn1/€0S By = 7,656 mm

Smt2 = Smn2/C0S Bmo = 4,147 mm

Mean normal diameter, d,,,

d
dmn = ml — 184,973 mm
(1 - sinzﬂml coszan ) COS f31 COSJ;

d
dmnp = m2 = 749,108 mm
(1— sinzﬂmz coszan ) COS f o COSF,

Mean normal chordal tooth thickness, S,

Smncl = dmnlsin(smnl/d mnl) =4,921mm
Smnc2 = dmn2 Sin(smnz/dmng) =2,241mm

Mean chordal addendum, h,,.

hamet = Nam1 + 0,5 mm cos5{1—cos(mﬂ = 3,462 mm

mnl

hame2 = Namz +0,5d ;02 COSS, {1— cos[sm—”zﬂ =1,849 mm

mn2

F.3.10 Determination of remaining gear dimensions

Outer pitch cone distance, Rgq, pinion

Rel = le + bel = 89,608 mm

Inner pitch cone distance, R;;, pinion

Outer pitch diameter, dgq, pinion

de1 = 2Rgq SiN; = 65,065 mm

Inner pitch diameter, d;;, pinion

di; = 2Rj; sind; = 41,895 mm
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Outside diameter, d ¢

dgeq = dgg +2h4e1 COSH; = 73,528 mm

dgen = dap + 20,405 COSS, =171,560 mm
Diameter, d¢o

dte1 = g1 — 2hse1 COSS; = 59,877 mm

d ey = dgp — 2hgep COSS, =166,196 mm
Diameter, d;

dail = di1+ 2hai1C0551 = 46,258 mm

dai2 = di2 + 2hai2 C0352 =115,416 mm
Diameter, d;

d filt= d i1~ 2hﬁ100351 =37,730 mm

dfi2 = di2 — 2hﬁ2 COS52 =111,989 mm
Crossing point to crown along axis, tyo1,2

txol = thl + bel COS51 — hael Sin51 = 83,070 mm

tyo2 = tzm2 +Den COS5 —hyeo Sind, = 30,247 mm
Crossing point to front crown along axis, ty;

tyi1 = ty;m1 —Dj1 0SS — hyip sindy = 54,135 mm

tyio =t;ma —Dbjp COSI, —hyjp SN, =19,653 mm
Pinion whole depth, h;, perpendicular to the root cone

- tzFl + txol

sin(@,q + 64 ) — (t -t sinds = 7,320 mm
COS§al (al fl) (le zFl) f1
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F.4 Sample hypoid gear set — Method 2

F.4.1 Initial data

This example uses Method 2 — Face hobbing tooth form.

Table F.7 — Initial data for calculation of pitch cone parameters

Symbol Description Method 0 Method 1 Method 2 Method 3
z shaft angle X X 90° X
a hypoid offset 0,0 X 31,75 mm X

71 number of teeth X X 9/34 X
mean pitch diameter
A2 Lo — — 146,7 mm —
outer pitch diameter
dez of wheel X X - X
b, wheel face width X X 26,0 mm X
mean spiral angle . . .
Bm of pinion X
mean spiral angle o
Pm2 of \?vheel ° X - 21,009 X
o cutter radius X X 76,0 mm X

number of blade
Zg groups X — 13 X
(only face hobbing)

Table F.8 — Additional data for calculation of gear dimensions

Data type | Data type Il
Symbol Description Symbol Description

a4p 20°

d4c 20°
folim 1
Xhm1 | — Cham |0,275

Khap |— kg 2,000

khfp — Ke 0,125
Xsmn | — k¢ 0,1

Wm2 -

Jet2 0,2 mm

620 0°

Ot 0°
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Table F.9 — Transformation of data type Il into data type |

1
Xpm1 = Kg [E - Chamj =0,45

k

Kpap = -3 =1
hap 2
Ko = ky| kg + | =1,25
hfp d| "c 2 '
k

Xemn = ?‘ =0,05

F.4.2 Determination of pitch cone parameters

Lead angle of cutter, v

v = arcsin| 209m208Pm2 | _ 54 151 (F.267)
2751
First auxiliary angle, 4
A =90°= B0 +v =89142° (F.268)
Gear ratio, u
u=22_3778 (F.269)
7

First approximate pinion pitch angle, &4,

siny

o = arctan
lapp ( u+cosy

] _14,826° (F.270)

First approximate wheel pitch angle, &0,

Soapp = £ — O1app = 75174° (F.271)

First approximate pinion offset angle in axial plane, §mapp

2a

; dm2
=arcsinf ———%— | =23,861° F.272
S mapp COSS2app ( )
+

U COSS14pp

Approximate hypoid dimension factor, Fapp

Fapp = 05 Pz =1,317 (F.273)
COS(ﬂmz + gmapp)
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Approximate pinion mean pitch diameter, d

mlapp
Faop Am2
d =8P M2 _ 51150 mm
mlapp u
Intermediate angle, ¢,
u cos
¢, =arctan omapp = 69,130°

—————+(Fyyp —1)SINY
tan52app ( app )

Approximate mean radius of crown gear, Ry,

d

—Mm2_ _ 78,500 mm

MaPP = 2sing,

Second auxiliary angle, 7,

Ico COSV = Rapp SiNPmo
o SiNV + Rpyapp €0S Bmo

m = arctan[ ] =23,479°

Intermediate angle, @3

tan(ﬂmZ + 771)

- :| =46,431°
S|n¢)2

@3 = arctan{

Second approximate pinion pitch angle, 6,"

d sinX
5, = arctan m1app

2a

dm2 COS&mapp + miapp COS 2 —

tan(¢73 + gmapp)

= 24,660°
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Approximate wheel pitch angle, 85", projected into pinion axial plane along the common pitch plane

5," =X -5, =65,340°

Start of iteration

Improved wheel pitch angle, &y,

52imp = arctan(tan&z” cos ;mapp) = 63,343°

(F.280)

(F.281)
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Auxiliary angle, Mo

SINCmapp COSS2imp

Mo = arctan =11,479°
cos(2—62imp)
Approximate wheel offset angle, Napp
NMapp = arctan 2a - =10,843°
€0S77 SiN( Bmz +171)
dm2 tan52imp + dmlapp
cos(Z—&zimp)
Improved pinion offset angle in axial plane, Cmimp
Fapp tan SiNS 5imp COS
gmimp = arcsin 2a__ Tapp %app Zimp T =21,556°
m2 u cos(Z—ézimp)
Improved pinion offset angle in pitch plane, Cmpimp
tan imp SN2
¢ mpimp = arctan fanEmimp SN | 23,846°
cos(Z —52imp)
Hypoid dimension factor, F
cos
F= Pm2 =1,317
COS(ﬂmz + gmpimp)
Pinion mean pitch diameter, d,;
F
dm1 _Fdm2 _ 51,138 mm
u
Intermediate angle, ¢,
04 = arctan sinAsinX _ 46,413°
%2 ~ COS A SiNG 2imp
cO
Improved pinion pitch angle, &;"iy,
51 imp = Ging Sin> = 24,786°
1 imp = arctan >3 =24,

dma2 COSCmimp + dmy COS 2 COSR, —

tan(¢4 + gmimp)
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Improved wheel pitch angle, projected into pinion axial plane along the common pitch plane, 52”imp

53 imp =2 = 61 'imp = 65,214° (F.290)

Wheel pitch angle, o,

5y = arctan(tandz"imp cos{mpimp) =63,212° (F.291)

Intermediate angle, ¢g

ano,

— 64,847° (F.292)
cos;mimp

@5 = arctan(

Improved auxiliary angle, Moimp

tann,,, Sings

o5(2 ~p2) } =10,843 (F.293)

Mpimp = arctan{
Wheel offset angle in axial plane, 7,

5 = arctan 2a —10,554° (F.294)

COS77pimp SiN@s
cos(Z - ¢s5)

dm2 tan52 + dml

Pinion offset angle in axial plane, ¢,

¢m = arcsin(tans, tany) = 21,658° (F.295)

Pinion offset angle in pitch plane, Smp

inX
Comp = @rctan fanem SN2 | 53 9g10 (F.296)
cos(X-63)
Pinion spiral angle, 5,1
B1 = Bmz + gmp = 44,990° (F.297)

Pinion mean pitch diameter, d,;

d_, = dm2CShm2 5 558 mm (F.298)

U cosfm
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Auxiliary angle, &
If 2 #90°:

& =arctan(tan cos ¢y, ) -,
If 5 =90°:

&=90°-0, =26,788°

Pinion pitch angle, &;

01 = arctan(tanf cos ;mp) =24,763°

Mean cone distance, R,;, pinion

Rm1 = _Imi__ 61 186 mm
2sinoq

Mean cone distance, R wheel

m2»

d
m2 =—m2_ — 82168 mm
2sino,

Crown gear to cutter centre distance, pp

ppo =13 + R2, — 2y Ry COSA =111,088 mm

Intermediate angle, ¢g

. ini
96 = arcsm{ﬂj = 43,162°

PPo

Complementary angle, @comp

Peomp =180°— & — 9 =112,856°

Checking variable, Ry,check

Rmo Sing
R =-_M2> 76 _ 60,998 mm
mcheck Sin("comp

le -1

<0,01
R

mcheck

End of iteration
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Face width factor, cyqo

Che2 = 0,5

F.4.3 Determination of basic data

Pinion mean pitch diameter, d,;

dm1 = 2Ry Sind; = 51,258 mm

Wheel mean pitch diameter, d,;,,

dm2 = 2R SiNd, =146,7 mm

Shaft angle departure from 90°, AY

AZ = X —-90°=0°

Offset angle in the pinion axial plane, ¢,

. 2a
= arcsin =21,647°
Sm COS &5

C0Sdq

dm2 +0m1

Offset angle in the pitch plane, Cmp

sindy, sinX

J =23,969°
C0Soq

Cmp = arcsin[

Offset in pitch plane, a,

ap =Rmz singy, = 33,380 mm

Mean normal module, m,

2R ind
My = —m2 S92 COShm2 _ 4,028 mm

Z

Limit pressure angle, a;;,

tano, tand, [ R4 Sin - R, sin
anm:—arctan{ 1 2[ m1 SN fm1 = Ring S| 'Bmzﬂz—4,132°

COSmp Rmitand; + Ry, tand,

Generated normal pressure angle, «,,p, drive side

anp =a4p + flim @im =15,9°
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Generated normal pressure angle, a,,¢, coast side

anc = a4c — fylim aim = 24,1°

Effective pressure angle, a,p, drive side

Oep = Opp — Xjim = 20,032°

Effective pressure angle, a,c, coast side

Ooc = Opc + Xjjy =19,968°

Outer pitch cone distance, Ry,, wheel

Rez = Rm2 +Cb82 b2 = 95,168 mm

Inner pitch cone distance, R;,, wheel

Riy = Ry — by = 69,168 mm

Outer pitch diameter, dg,, wheel

des = 2Rgp SiNS, =169,910 mm

Inner pitch diameter, d;,, wheel

di» = 2R;p sind, =123,490 mm
Outer transverse module, mg;,

d
Merp = —22 = 4,997 mm
Z3

Wheel face width from calculation point to outside, by,

be2 = Rez - Rmz =13,000 mm

Wheel face width from calculation point to inside, b;,

bi2 = Rmz - Ri2 =13,000 mm

Crossing point to calculation point along wheel axis, t,,»

¢ dyy Sind,  atanAXr
2= -
zm 2coss;  tandp,

=25195 mm

Crossing point to calculation point along pinion axis, t,,1

d .
tym1 = %2 COS¢py COSAZ —t,mp SINAZ = 68,178 mm
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Pitch apex beyond crossing point along axis, t,; ,

t,1 =Ry €0SS; —t,1 =—12,618 mm (F.330)

t,» = Ry COSSy —t,,p =11,836 mm (F.331)

F.4.4 Determination of tooth depth at calculation point

Mean working depth, h,,,

hmw = 2Mmp Kpap = 8,056 mm (F.332)

Mean addendum, h,», wheel

Namz = Mmn (Khap — Xhma ) = 2,215 mm (F.333)

Mean dedendum, hg,,,, wheel

hfm2 =Mmnn (khfp + Xhml) =6,847 mm (F334)

Mean addendum, h,,1, pinion

Nama = Mmn (Khap + Xhm1 ) = 5,840 mm (F.335)

Mean dedendum, h,,¢, pinion

Nfma = M (Kntp —~ Xpm1) = 3,222 mm (F.336)
Clearance, ¢
c= mmn(khfp—khap):l,ow mm (F.337)

Mean whole depth, h,

hm = haml’z + hfml,z = 9,063 mm (F338)

N = Mmn (Khap + Knfp ) = 9,063 mm (F.339)

F.4.5 Determination of root angles and face angles

Face angle, o,,, wheel

Sap = 5y + 0y = 63,212° (F.340)

Root angle, d;,, wheel

Sty = 55 — Opp = 63,212° (F.341)
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Auxiliary angle for calculating pinion offset angle in root plane, ¢g

a tanAX’ cosodi,
Rm2 €0sbs, —t,, COSIsy

PR = arctan( j =0,000°

Auxiliary angle for calculating pinion offset angle in face plane, ¢,

atanAX cosdy,
Rm2 €0Sf,5 —t,5 COST,,

Do = arctan[ J =0,000°

Pinion offset angle in root plane, {g

a cosgg Sind,
Rm2 €os8s, —t,, COSS,

= arcsin —pp =21,647°
R PR

Pinion offset angle in face plane, ¢,

a cosg, sind,o
Rm2 €0S8,5 —t,5 COST,o

$o = arcsin[ ] —p, =21,647°

Face angle, d,4, pinion

541 = arcsin(sinAX sindy, + CoSAX €oS ¢, COSSR ) = 24,765°

Root angle, &4, pinion

511 = arcsin(sinAY sindo, + COSAL COSS 4, €COSE, ) = 24,765°

Addendum angle, 6,4, pinion

6’a1 = 5&1 - 51 = 0, 0020

Dedendum angle, &, pinion

6’f1 = 51 _5f1 = _0,0020

Wheel face apex beyond crossing point along wheel axis, t,,

Rin2 SN — hymo COSO,,

. =14,318 mm
sind g,

tpo =1, -

Wheel root apex beyond crossing point along wheel axis, t g,

Rz Sinfss — Ngyo COS G5y
sindo

t,ro =t + =4,166 mm
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Pinion face apex beyond crossing point along pinion axis, t,q

a singr C0Sdsy —tyro SiNSfy — C
sinody,

tZFl = :1,319 mm

Pinion root apex beyond crossing point along pinion axis, t,p4

a sind, CoSd4y —typp SiNd4o — C

- =-20,315mm
sinoy

t,R1=

F.4.6 Determination of the pinion face width, b,

Pinion face width in pitch plane, blo1

bp1 = \/Rgz - ap2 - \/Rizz - ap2 =28,542mm

Pinion face width from calculation point to front crown, by

by = \/R,%2 ~a,? - \/Ri% ~a,” =14,502mm

Method 2:

Pinion face width along pitch cone, b

by =b, (1 + tanzcjmp) =31,139 mm

Pinion face width from calculation point to outside, by

bel = Cbe2 bl = 15,569 mm

Pinion face width from calculation point to inside, bj;
bil = bl - bel = 15,569 mm
F.4.7 Determination of inner and outer spiral angles

F.4.7.1 Pinion

Wheel cone distance of outer pinion boundary point, Ry,; (may be larger than Ry,)

Re21 = \/RI%Z + bezl + 2Rm2 bel COS{mp = 96,602 mm

Wheel cone distance of inner pinion boundary point, R;,; (may be smaller than R;,)

Rig1 =y R2 + D3 — 2Ry by COSCpmy = 68,235 mm
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Face hobbing:

Lead angle of cutter, v

V= arcsin[Mj =20,151°
%)

Crown gear to cutter centre distance, ppg

Ppro = \/R%Z + rc20 — 2Rz Teo SiN(Bmz —v) =111,088 mm

Epicycloid base circle radius, py,

b :Zp+0 — 82,820 mm
1+ “9 sing,
Z

Auxiliary angle, @qoq

R2 2 2
Doy = arccos| —e2LT 2P0 710 |_ 45 5130
2Re21 Ppo

Auxiliary angle, @jp1

R2 2 2
iy = arccos| —12L T PPO 7 Tc0 | _ 45 5570
Ri21 Ppo

Wheel spiral angle at outer boundary point, Be»q

Reo1 — pp COS
By = arctan[ e21 ~ Pb %21] = 32,362°
Pb SIN@Peo1

Wheel spiral angle at inner boundary point, £j»¢

Ri21 — Pp COS Qi1
Pp SiNPixq

Biz1 = arctan[ ] =7,101°

Face hobbing and face milling:

Pinion offset angle in pitch plane at outer boundary point, Cep21

a
Cep21 = arcsin[ P J =20,215°
e21

Pinion offset angle in pitch plane at inner boundary point, Cip21

. ap
Cipo1 = arcsin| —— | = 29,287°
i21
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Outer pinion spiral angle, £,

Be1=Bea1+ gele =52,576°

Inner pinion spiral angle, S;;

Bir = Pio1+ Sip21 = 36,388°

F.4.7.2 Wheel
Face hobbing:

Auxiliary angle, ¢,

RZ 4 2 _ 2
oy = arccos| 2+ PP0 " Tc0 | _ 45 370
2Re2 PPo
Auxiliary angle, ¢;,
2

2, 2
R5 + —-r
¢y = arccos| —12PP0 " Tc0 | _ 45 3970
2Ri2 Ppo

Outer wheel spiral angle, S,

Reo — pp COS
By = arctan[ e2 ~ Pb = Pe ] = 31,334°
Pp SNPep

Inner wheel spiral angle, 5,

Ri2 — pp COS 9

Bio = arctan[ i : ] =8,159°
Pp SIN@jp

F.4.8 Determination of tooth depth

Outer addendum, h,e

hae1 =Nam1 +bes tandy; = 5,841 mm

Nae2 = Nam2 +bep tanb,, = 2,215 mm
Outer dedendum, hg,

hte1 = Nim1 + bey tANGg; = 3,222 mm

hfez = hfm2 + bez taanz =6,847 mm
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Outer whole depth, hy

hel = hael+ hfel = 9,063 mm

he2 = han + her = 9,063 mm

Inner addendum, h,;

hai1 = Nam1 —bip tanb,, = 5,840 mm

hai2 = hamz —bjz tandy, = 2,215 mm
Inner dedendum, hy;

hfiy=Nfm1—bjztandy = 3,223 mm

hfi2 = hfm2 _bi2 tanﬁfz = 6'847 mm
Inner whole depth, h;

hip = hai1+ hg1 = 9,063 mm

hip = h,ip + hjip, = 9,063 mm

F.4.9 Determination of the tooth thickness

Mean normal pressure angle, «,

ay, = %D T nC _ 20,000°
2

Thickness modification coefficient, xg,1, pinion

with outer transverse backlash, jg,

. Ry cospo
Xsm1 = Xsmn ~ Jet2 H =0,040
mn "e2
Mean normal circular tooth thickness, s,,,, pinion

Smn1 = 0,5Mmn 7+ 2Mpn (Xsm1 + Xhm1 tanay ) = 7,969 mm

Thickness modification coefficient, x wheel

sm2’

with outer transverse backlash, jg,

. Rppcosp
Xsm2 = ~Xsmn ~ Jet2 —m2 —=m2 —0,060

4mmn Re2

Mean normal circular tooth thickness, s>, wheel

Smnz = 0,5Myy T+ 2Mp 0 (Xsm2 — Xpm1 tanay ) = 4,524 mm
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Mean transverse circular thickness, s,

Smt1 = Smn1/C0S Bm1 =11,267 mm

Smt2 = Smn2/C0S Bmo = 4,846 mm

Mean normal diameter, d,,,

dmn = It — 142,877 mm
02 2
(1 —8in“f,1 C0S“ap, ) C0S f1 COS I,

d
dmn2 = ne = 393,326 mm
02 2
(1 —Sin“By2 Cos“ay, ) COS f\p COSO5H

Mean normal chordal tooth thickness, Sy,¢

Smnc1 = dmnlsin(smnl/dmnl) =7,964 mm

Smnc2 = dmn2 Sin(smnz/dmnz) =4,524 mm

Mean chordal addendum, h,.

hame1 = Nam1 + 0,50 cosé{l— cos(mﬂ = 5,941 mm

mnl

hame2 = Namz + 0,5d o COSS, {1— cos[sm—”zﬂ =2,221mm

mn2

F.4.10 Determination of remaining gear dimensions

Outer pitch cone distance, Rgq, pinion

Rel = le + bel = 76,755 mm

Inner pitch cone distance, R;;, pinion

Outer pitch diameter, dgq, pinion

de1 =2Rgq SiNd; = 64,301 mm

Inner pitch diameter, d;;, pinion

di; = 2Rj; sind; = 38,215 mm
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Outside diameter, d ¢

daeq = dgp +2hse1 COSS; = 74,909 mm

daen = dap + 2hgey COSS, =171,907 mm
Diameter, d¢o

dfe1 = dog — 2hgeq COSS; = 58,450 mm

diep = oy — 2N¢ey COSS, = 163,738 mm
Diameter, d;

dail = dll + Zhail COS§1 = 48,821 mm

dai2 = di2 + 2hai2 C0352 = 125,487 mm
Diameter, d;

dfil = dil_ 2hﬁ1 COSé‘l =32,632 mm

dfiZ = di2 — 2hﬁ2 COS52 =117,318 mm
Crossing point to crown along axis, tyo1,2

tyo1 = t;m1 +DPe1 COSO; —hgeq SING; = 79,869 mm

tyo2 = tzm2 +Dep COSs —hyeo SiNS, = 29,077 mm
Crossing point to front crown along axis, ty;

tyi1 = tsm1 —DPj1 0SSy — hyjq SiNdp = 51,594 mm

tyiz = tzm2 —Dbj2 COSS, —hyjp siNd, =17,359 mm
Pinion whole depth, h;, perpendicular to the root cone

hos = tzFl + txol

sin(@,q + G¢1) — (t -t sindg = 9,063 mm
COS§a1 ( al fl) ( zR1 zFl) fl
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F.5 Sample hypoid gear set — Method 3

F.5.1 Initial data

This example uses Method 3 — Face hobbing tooth form.

BS ISO 23509:2006

Table F.10 — Initial data for calculation of pitch cone parameters

Basic data for calculation of pitch cone parameters
Symbol Description Method 0 Method 1 Method 2 Method 3
z shaft angle X X X 90°
a hypoid offset 0,0 X X 40 mm
71 number of teeth X X X 12/49
doo mean pitch diameter . . X .
of wheel
des outer g;t(xlhgi::meter X X . 400 mm
b, wheel face width X X X 60 mm
Bt mear;fsgilrr]?(l)r?ngle . X . .
B mear:) fs\f)vlrrlzle?ngle X . X 30°
o cutter radius X X X 135 mm
number of blade
Zg groups X — X 5
(only face hobbing)
Table F.11 — Additional data for calculation of gear dimensions
Data type | Data type Il
Symbol Description Symbol Description
a4p 19°
a4c 21°
folim 0
Xpm1 0,2 Cham |—
Khap |1 ka |—
Knfp  |1,25 ke |—
Xsmn | 0,031 kq —
Wmz  [—
Jet2 0 mm
620 0°
Ot 0°
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Table F.12 — Transformation of data type | into data type Il

Cham = =| 1- 2 | _ 0,4
2|7 Knap

kg = 2Kpap = 2,000

k
ke | <h_1|_0125
2| Knap

Ky = 2Xgmn = 0,062

F.5.2 Determination of pitch cone parameters

Gear ratio, u
z
u=-2-4,083
Z

For the iteration that follows, start with hypoid dimension factor, F

F=1

Wheel pitch angle, o,

5, = arctan| —>"=__ | _76,239°

—+c0sY
u

Pinion pitch angle, &;

5, =X -5, =13,761°

Start of iteration

*Hxkx Eirst trial *****

Wheel mean pitch diameter, d,;,,

dmz = dez - b2 Sin52 =341,722 mm

Pinion offset angle in axial plane, ¢,

2a

dm2[1+ F cosézj
U cosd,

¢y = arcsin =12,760°
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Pinion pitch angle, &;

51 = arcsin(cos ¢y, sinX coss, — cos Y sing, ) =13,415° (F.424)

Pinion offset angle in pitch plane, $mp

sing, sin%

] =13,124° (F.425)
C0Ssd;

Smp = arcsin[

Mean normal module, m,

My, = <0Pm2 dm2 _ g 040 mm (F.426)

Z

Spiral angle, £,1, pinion

Bm1=Bm2 +Cmp = 43,124° (F.427)

Hypoid dimension factor, F

FC0hm2 _q 147 (F.428)
C0S i1

Pinion mean pitch diameter, d;

Ay = d%z F = 99,298 mm (F.429)

Mean cone distance, R, pinion

d
Ry = —0L = 214,009 mm (F.430)
2sind;
Mean cone distance, R,;,,, wheel
dm2
Rmo = —=—=175,910 mm (F.431)
2singd,
Lead angle of cutter, v
y= arcsin[mj — 6,422° (F.432)
leo
Auxiliary angle, 9,
I = arctan(sins, tan¢, ) = 12,405° (F.433)
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Intermediate variable, Az

Ag = Teg €052 ( fmp —v) = 113,400 mm

Intermediate variable, A,

A4 =R €0S(Bma + 9m) €0S B =112,489 mm

Intermediate variable, Ag

As =singy, cosJp, cosv = 0,220

Intermediate variable, Ag

Ag = R0 COS Byyo + I'g SNV =167,442 mm

Intermediate variable, A

SiN(Bmz +9m —v) SiNgmp

=0,393
cos(Bmz2 V)

A7 =€0S By €0S(Bma +Im ) —

Intermediate variable, Ry, it

Ag A,

R, ..L—__"3"/4
M AL Ag + Ag Ay

=156,504 mm

Check:

| Rmint ~Rmz| = 57,504 mm > 0,000 1Ry = 0,021mm , next trial

Pinion pitch angle, &;

m int

| d
5l:arcsm[ ml ]:18,496"

Wheel pitch angle, o,

sind, cos sinX + cosd; cos cosXY
1 m 1 mp

S T =71,018°
1-sin“2 sin“¢,

0y = arccos{

*kkkk Last trlal *kkkk
Wheel mean pitch diameter, d,;,,

dm2 = dez —bz Sin52 =343,148 mm
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Pinion offset angle in axial plane, ¢,

¢ = arcsin 2a = 12,265° (F.444)
[ F cos52j
dpo| 1+ —=
U CoSo;
Pinion pitch angle, &;
51 = arcsin(cos ¢y, sinX coss, — cos X sing, ) =18,201° (F.445)
Pinion offset angle in pitch plane, Cmp
Cimp = arcsin Singm SN2 1 _ 15 900 (F.446)
C0S 01
Mean normal module, m,
My, = 20Pm29m2 _ g 065 mm (F.447)
Z2
Spiral angle, £,1, pinion
Bm1=Pm2 +Cmp = 42,922° (F.448)
Hypoid dimension factor, F
F-C0hm2 _q 143 (F.449)
COS fim1
Pinion mean pitch diameter, d;
dm2
Ay = —& F = 99,384 mm (F.450)
Mean cone distance, R, pinion
dml
Rm1 = =——=159,088 mm (F.451)
2sind;
Mean cone distance, R,;,,, wheel
Rmp = Im2  _ 151,074 mm (F.452)
2sind,
Lead angle of cutter, v
y= arcsin[Mj _ 6,449° (F.453)
leo
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Auxiliary angle, 4,

Im = arctan(sing, tan¢,, ) =11,640°

Intermediate variable, Az

Ag = T €082 (B —v) = 113,446 mm

Intermediate variable, A,

A4 =Rp2€08(Bma + 9 ) €0S B, =117,194 mm

Intermediate variable, Ag

As = singy, cos gy, cosv = 0,218

Intermediate variable, Ag

Ag = Rp2 COS Byyp + g SNy =171,977 mm

Intermediate variable, A,

sin(Bmz + 9m —v) SiNmp

A7 = C0S fim1 COS(fimz + Im ) - c0S(fimz ~v)
m

Intermediate variable, Ry, it

Ag A

Rmint =————— =159,100 mm
m int ASAG +A3 A7

Check:

=0,407

‘ Riint — le‘ =0,012 mm < 0,000 1R,,,; = 0,016 mm, passed

Pinion pitch angle, &;

51 = arcsin(&J =18,200°

mint

Wheel pitch angle, o,

sing; cos¢y, sinZ + €osdy COSLy, oSy

0, = arccos
[ 1-sinx sinzg“m

End of iteration
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Face width factor, cyqo

Che2 = 0,5

F.5.3 Determination of basic data

Pinion mean pitch diameter, d,;

dm1 = 2Rp18ind; = 99,377 mm

Wheel mean pitch diameter, d,;,,

dmo = 2Ry Sind, = 343,151 mm

Shaft angle departure from 90°, AY

A =X -90°=0°

Offset angle in the pinion axial plane, ¢,

. 2a
= arcsin =12,265°
Sm COSJ,

C0Ss o,

dm2 +0m1

Offset angle in the pitch plane, Cmp

sing, sinX

=12,922°
C0Soq

Cmp = arcsin[

Offset in pitch plane, a,

ap =Ry singy, = 40,492

Mean normal module, m,

2Ry, sind
My = 27m2 9192 €95fm2 _ g 065 mm

Z3

Limit pressure angle, ¢,

tand, tand, [ R4 SiN —Rpo SIN
alimz—arctan{ 1 2[ m1 81N fm1 = R SIN/ing ﬂ:—l,731°

COS&mp Rm1tand; + Ry, tano,

Generated normal pressure angle, «,,p, drive side

anp = 4p *+ fglim Ajim =19°
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Generated normal pressure angle, a,,¢, coast side

anc =a4c — fylim @jim =21°

Effective pressure angle, a,p, drive side

Oep = Opp — Xjjm = 20,731°

Effective pressure angle, a,c, coast side

Ooc = Opc + Uiy =19,269°

Outer pitch cone distance, Ry,, wheel

Rez = Rm2 + Cbez b2 = 211,072 mm

Inner pitch cone distance, R;,, wheel

Rip = Rgp —by =151,072 mm

Outer pitch diameter, dg,, wheel

des = 2Rg; SiNd, =400 mm

Inner pitch diameter, d;,, wheel

dj» = 2R;p Sind, = 286,295 mm
Outer transverse module, mg;,

Metp = 9e2 _g163mm
z
2

Wheel face width from calculation point to outside, by,

be2 = Rez - Rm2 =29,998 mm

Wheel face width from calculation point to inside, b;,

bi2 = Rmz - RiZ =30,002 mm

Crossing point to calculation point along wheel axis, t,,»

¢ dpySind, atanAX
2= -
Me 2c0s8;  tandy,

=49,561mm

Crossing point to calculation point along pinion axis, t,,1

d .
tym1 = %2 COS ¢ COSAZ —t,, SINAZ =167,660 mm

130

(F.474)

(F.475)

(F.476)

(F.477)

(F.478)

(F.479)

(F.480)

(F.481)

(F.482)

(F.483)

(F.484)

(F.485)



BS ISO 23509:2006

Pitch apex beyond crossing point along axis, t,; ,

t,1 = Rpyp 0SSy —ty = —16,530 mm (F.486)

t,o = Ryp COSIy —t,0 =8,315mm (F.487)

F.5.4 Determination of tooth depth at calculation point

Mean working depth, h,,,

hmw = 2Mmp Kpap =12,130 mm (F.488)

Mean addendum, h,», wheel

Nam2 = Mmn (Khap ~ Xhmt) = 4,852 mm (F.489)

Mean dedendum, hg,,,, wheel

hfm2 =Mmnn (khfp + Xhml) =8,794 mm (F490)

Mean addendum, h,,1, pinion

Nama = M (Knap + Xnmt) = 7,278 mm (F.491)

Mean dedendum, hg,,¢, pinion

Nfma = Min (Khtp — Xpm1) = 6,368 mm (F.492)
Clearance, c
¢ = Mo (Knfp —Khap ) = 1,516 mm (F.493)

Mean whole depth, h,

hm =ham1,2 +Nim1,2 =13,646 (F.494)

N = Mimn (Khap + Knfp ) = 13,646 (F.495)

F.5.5 Determination of root angles and face angles

Face angle, 6,5, wheel

Sap =y + 0,y =71,360° (F.496)

Root angle, d;,, wheel

Sip = 55 — Oy = 71,360° (F.497)
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Auxiliary angle for calculating pinion offset angle in root plane, ¢g

atanA cosdi,
Rm2 €0sb;, —t,, COS sy

PR = arctan[ ] =0,000°

Auxiliary angle for calculating pinion offset angle in face plane, ¢,

atanAX cosd,,
Rm2 €0S8,5 —t,5 COSI,o

Do = arctan[ J =0,000°

Pinion offset angle in root plane, {g

a cosgg Sindss
Rz €0sbs, —t,, COS Sy

= arcsin - =12,265°
R PR

Pinion offset angle in face plane, ¢,

acos@, SiNdyo
Rm2 €0S8,5 —t,5 COST,o

= arcsin -, =12,265°
(0] (0]

Face angle, o4, pinion

541 = arcsin(sinAX sindy, + cosAX cos g, cos{g ) = 18,200°

Root angle, &4, pinion

g1 = arcsin(sinAY sind,, + COSAX COSS,, COSE, ) = 18,200°

Addendum angle, 6,4, pinion

6’a1 = 5&1 —51 = 0,0000

Dedendum angle, &, pinion

6’f1 = 51 - §fl = 0, 0000

Wheel face apex beyond crossing point along wheel axis, t,,

Rin2 Sinéas — hymo COSO,,

. =13,436 mm
Sind,o

tpo =1, —

Wheel root apex beyond crossing point along wheel axis, t g,

R.» Sin@s», — h cosé
tyry =ty + m2 le fm2 f2 _ 0,966 mm
sinds,
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Pinion face apex beyond crossing point along pinion axis, t,q

a singr COSJsp —t,ro SiNdgp — C
Sindy,

tZFl = :6,771mm

Pinion root apex beyond crossing point along pinion axis, t,p4

asing, CoSd,o —typp SiNd4o —C

- =-36,920 mm
sinos

t,R1=

F.5.6 Determination of pinion face width, b,

Pinion face with in pitch plane, blo1

bp1 :\/Rgz - ap2 - \/Ri% - ap2 = 61,607 mm

Pinion face width from calculation point to front crown, by

bia =[R2, —a,2 —/R3 —a,? =30,944 mm

Method 3:

Pinion face width along pitch cone, b

by = int(bpl +3mMy;, tan‘gmp‘ +1) = 66,000 mm

Additional pinion face width, b,

by —b
b, =P = 2196 mm
2

Pinion face width from calculation point to inside, b;;

bil = blA + bX = 33,140 mm
Pinion face width from calculation point to outside, by,

bel = bl _bil = 32,860 mm

F.5.7 Determination of inner and outer spiral angles

F.5.7.1 Pinion

Wheel cone distance of outer pinion boundary point, Ro,; (may be larger than Ry,)

Reot =y R2s + b2 + 2Rp be1 €OSCpmp = 213,228 mm
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Wheel cone distance of inner pinion boundary point, R;,; (may be smaller than R;,)

Ripy = \/R%Z +b2 — 2R3 by COSLp = 148,957 mm (F.517)

Face hobbing:

Lead angle of cutter, v

. ZoM
y = arcsin| —2—mN | — 6 449° (F.518)
21

Crown gear to cutter centre distance, ppg

pro =\ RE2 +1& ~ 2Ry Fog SIN( By — v) = 177,420 mm (F.519)

Epicycloid base circle radius, py,

Py = Zp¢ 161,778 mm (F.520)
20
1+ —sind,
Z

Auxiliary angle, ggpq

2 2 2

R —r

9opy = arccos| €217 2P0 "Te0 | _ 39 nggo (F.521)

e2l
2Re21PpPO

Auxiliary angle, @y;

R2 2 .2

91y = arccos| 2L T PP0 " Te0 | _ 47 893 mm (F.522)

i21
2Ri21Ppo

Wheel spiral angle at outer boundary point, fe5q

Rao1 — pp COS
ey = arctan| €21~ Pb EOSPe2l | _ 40 750 (F.523)
Pb SNPe2q

Wheel spiral angle at inner boundary point, £;5¢

R.»1— pp COS @;
Pipy = arctan| —21~ Pb 225021 | _ 1 g3go (F.524)
Pp SINPi2

Face hobbing and face milling:

Pinion offset angle in pitch plane at outer boundary point, Cep21

a
Lep21 = arcsin[ P ] =10,947° (F.525)
e2l
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Pinion offset angle in pitch plane at inner boundary point, Cip21

a
Cipo1 = arcsin[—pJ =15,774°
Riz1

Outer pinion spiral angle, fqq

Be1=Bea1+ gep21 =51,622°

Inner pinion spiral angle, f;;

Bi1 = Pip1 + Cipo1 = 34,412°

F.5.7.2 Wheel
Face hobbing:

Auxiliary angle, ¢,

J =39,485°

Auxiliary angle, ¢;,

R2. ,2 .2
o1, = arccos| ~12PP0 710 | _ 47 7030
2Riz Ppo

Outer wheel spiral angle, S,

Reo — pp COS
By = arctan[ e2 ~ Pb 205 Ve j —39,966°
Pp SINPer

Inner wheel spiral angle, 5,

R:» — p, COS @;
Bis = arctan{wj =19,426°
Pp SINYj

F.5.8 Determination of tooth depth
Outer addendum, h,,

hael = haml +be1 tanHal = 7,278 mm

haez = Nama +bep taNd,, = 4,852 mm
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Outer dedendum, hg,

hter = Nfm1 + Doy tandf; = 6,368 mm

hfez =Ngma + bez tands, = 8,794 mm
Outer whole depth, hy

he1 = Nae1 +hie1 = 13,646 mm

Neo =hgen +Niepr =13,646 mm
Inner addendum, hy;

hai1 = Nam1 — biy tand,; = 7,278 mm

a0 = Nam2 — Do tand,, = 4,852 mm
Inner dedendum, hy;

hfil = hfml_bil tanﬁfl =6,368 mm

hfiz = Nm2 — bjz tanby, = 8,794 mm
Inner whole depth, h;

hj1 = hgjp + hgp =13,646 mm

hio = hyjp + hyip =13,646 mm

F.5.9 Determination of tooth thickness

Mean normal pressure angle, «,

0!D+ac °
= —0D =%nC _ 20,000

Thickness modification coefficient, xg,1, pinion

with outer transverse backlash, jg,

Xsm1 = Xsmn ~ Jet2 4

mn Ne2

Mean normal circular tooth thickness, s,,,1, pinion

Smnt = 0.5 My 7T+ 2M 1 (Xgm1 + Xpmy AN, ) = 10,786 mm
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Thickness modification coefficient, x wheel

sm2:

with outer transverse backlash, jg,

Rm2 Cosﬂmz — _0 031
4mmn Re2

Xsm2 = ~Xsmn ~ Jet2

Mean normal circular tooth thickness, s>, wheel

Smn2 = 0,5Mmn T+ 2Mpn (Xsm2 — Xhm1 tanay, ) = 8,268 mm
Mean transverse circular thickness, s,
Smt1 = Smn1/€0SBm1 =14,729 mm

Smt2 = Sng/COSﬂmg =9,547 mm

Mean normal diameter, d,,,

It = 241,926 mm
1- sinzﬂml coszozn )cosﬂml C0sd,

dmn1 = (

d
dmn2 = mi =1590,877 mm
(1 - sinzﬂml coszozn )cosﬁml C0Sd;

Mean normal chordal tooth thickness, Sy,¢
Smnc1 = dmn1 Sin(smnl/dmnl) =10,782 mm

Smnc2 = Amn2 Sin(smnz/dmnz) =8,268 mm
Mean chordal addendum, h,,,.

mnl

hame1 = Nam1 + 0,50 mn1 cosﬁl{l— cos[mﬂ =7,392mm

Name2 = Nam2 + 0,50 02 €OSJ, {1— cos[sm—”zﬂ = 4,855 mm

mn2

F.5.10 Determination of remaining gear dimensions

Outer pitch cone distance, Rqq, pinion

Rel = le+ bel = 191,947 mm

Inner pitch cone distance, R;;, pinion

Ri1 = Rm1 —bj1 =125,947 mm
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(F.550)

(F.551)

(F.552)
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(F.555)

(F.556)
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(F.559)
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Outer pitch diameter, dg4, pinion

de1 = 2Rgq SiNo; =119,903 mm

Inner pitch diameter, d;;, pinion

di]_ = 2R|1 Sin51 = 78,675 mm
Outside diameter, d,q

d,e1 = g1 +2h,e1 COSS; =133,730 mm

daep = dap +2hges COSS, = 403,102 mm
Diameter, d¢o

de1 = deg — 2he1 COSS; = 107,804 mm

dep = Ay — 2Ntey COST, = 394,378 mm
Diameter, d;

d,ig = djp + 2h,j COSS; = 92,502 mm

dai2 = di2 + 2hai2 COS§2 = 289,396 mm
Diameter, d;

dfil = dil_2hﬁl 00351 =66,576 mm

dfi2 = di2 — 2hﬁ2 COS52 =280,673 mm
Crossing point to crown along axis, tyo1,2

tyo1 = tzm1 +De1 COSS] —hgeq Sing; =196,602 mm

tX02 = thZ + be2 COS52 — haez Sin52 = 54,552 mm
Crossing point to front crown along axis, ty;; »

tyir = tzm1 —bjp COSIy —hyjg SiNdy =133,904 mm

tyi> =tm2 —Djp COSS, —hyjp Sindy = 35,374 mm
Pinion whole depth, h;, perpendicular to the root cone

tzFl +tx01

1 = Sih(@al + 91‘1) - (tle _tZFl) Sin§f1 = 13,646 mm

C0SO41
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