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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity assessment,
as well as information about ISO’s adherence to the World Trade Organization (WTO) principles in the
Technical Barriers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html.

The committee responsible for this document is ISO/TC 60, Gears, Subcommittee SC 2, Gear capacity
calculation.

This second edition cancels and replaces the first edition (ISO 23509:2006), which has been technically
revised with the following changes:

— minor corrections of several formulae;
— the figures have been reworked;

— explanations have been added in 4.4;

— the structure of Formula (129) has been changed to cover the case = 0°;

— aformula for the calculation of cpe2 has been added as Formula (F.160);

— the values for anc and app in Formulae (F.318) and (F.319) have been extended to three decimal
digits to prevent rounding errors.

© ISO 2016 - All rights reserved v
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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 formulae for their respective
geometries were developed for the mechanical generation methods of their particular machines and
tools. In many cases, these formulae 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 document integrates straight bevel gears and the three major design generation methods for
spiral bevel gears into one complete set of formulae. In only a few places do specific formulae for each
method have to be applied. The structure of the formulae is such that they can be programmed directly,
allowing the user to compare the different designs.

The formulae of the three methods are developed for the general case of hypoid gears and to 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 document is that, on the basis of the combined bevel gear geometries, an
ISO hypoid gear rating system can be established in the future.

Vi © IS0 2016 - All rights reserved
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Bevel and hypoid gear geometry

1 Scope
This document 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 ISO 10300 (all parts), is
also included.

This document is intended for use by an experienced gear designer capable of selecting reasonable
values for the factors based on his/her 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 document.

2 Normative references

There are no normative references in this document.

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

NOTE1 The symbols, terms and definitions used in this document 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 document 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.

© IS0 2016 - All rights reserved 1
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Key

1 backangle 10
2 back cone angle 11
3 back cone distance 12
4  clearance, ¢ 13
5 crown point 14
6  crown to back 15
7  dedendum angle, 6f, 65 16
8 face angle 641, a2 17
9 face width, b 18

front angle

mean cone distance, Ry,

mean point

mounting distance

outer cone distance, Re

outside diameter, dae1, dae2

pitch angle, 61, 62

pitch cone apex

crown to crossing point, txo1, txo2

NOTE See Figure 2 for mean transverse section, A-A.

19
20
21
22

24
25

outer pitch diameter, de1, de2
root angle, 6r1, 02

shaft angle, >

equivalent pitch radius

mean pitch diameter, dy1, dm2
pinion

wheel

Figure 1 — Bevel gear nomenclature — Axial plane

© ISO 2016 - All rights reserved
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Key

1  whole depth, hyy 5 circular pitch 9  working depth, hpw

2 pitch point 6 chordal addendum 10 addendum, hymy,

3  clearance, c 7  chordal thickness 11 dedendum, hgy

4  circular thickness 8  Dbacklash 12 equivalent pitch radius

NOTE See A-Ain Figure 1.

Figure 2 — Bevel gear nomenclature — Mean transverse section

© ISO 2016 - All rights reserved 3
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o
| 6

4
Key
1 face apex beyond crossing point, t;r1 7  outer pitch diameter, de1, de2 13 mounting distance
2 rootapex beyond crossing point, t;r1 8 shaftangle, 2 14 pitch angle, 67
3  pitch apex beyond crossing point, ¢;1 9 rootangle, 61, 62 15 outer cone distance, Re
4 crown to crossing point, txo1, txo2 10 face angle of blank, 6,1, 632 16 pinion face width, b1
5 front crown to crossing point, txi1 11 wheel face width, by
6  outside diameter, daet1, dae2 12 hypoid offset, a
NOTE Apex beyond crossing point values are positive when crossing point lies inside the respective cone.

Figure 3 — Hypoid nomenclature
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3.1 Terms and definitions

3.1.1
mean chordal addendum

hamc1, 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
mean addendum

ham1, 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 1 to entry: It is specified at the outer cone distance.

3.1.4
coast side
<by normal convention> convex pinion flank in mesh with the concave wheel flank

3.1.5
cutter radius

r'co
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

20¢

sum of the pinion and wheel dedendum angles

3.1.7

sum of constant slot width dedendum angles
260tc

sum of dedendum angles for constant slot width

3.1.8

sum of modified slot width dedendum angles

X0fm

sum of dedendum angles for modified slot width taper

3.19

sum of standard depth dedendum angles

X6ss

sum of dedendum angles for standard depth taper

3.1.10

sum of uniform depth dedendum angles
X6y

sum of dedendum angles for uniform depth

3.1.11
mean dedendum

hfm1, hfm2
depth of the tooth space below the pitch cone at the mean cone distance

© IS0 2016 - All rights reserved 5
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3.1.12

mean whole depth

hm

tooth depth at mean cone distance

3.1.13
mean working depth

hmw
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 towards 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 1 to entry: The gear mean addendum is equal to cpam times the mean working depth.

3.1.18
mean radius of curvature

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

3.1.19

number of blade groups

20

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

3.1.20

number of teeth

71, Z2

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

3.1.21

number of crown gear teeth
Zp
number of teeth in the whole circumference of the crown gear

Note 1 to entry: The number may not be an integer.

3.1.22
mean normal chordal tooth thickness

Smncl, Smnc2
chordal thickness of the gear tooth at the mean cone distance in a plane normal to the tooth trace

6 © IS0 2016 - All rights reserved
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3.1.23
mean normal circular tooth thickness

Smn1l, 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

3.1.25
mean point
point where the calculation of basic geometry is executed

Note 1 to entry: Mean point does not necessarily coincide with middle point of face width.

Note 2 to entry: In all the methods listed in this document, the term “mean point” refers to “calculation point”.
See A.3 for calculation points.

3.2 Symbols
Table 1 — Symbols used in this document
Symbol Description Unit
a hypoid offset mm
b1, by face width mm
be1, be2 face width from calculation point to outside mm
bi1, bi2 face width from calculation point to inside mm
c clearance mm
Che2 face width factor —
Cham mean addendum factor of wheel —
dae1, dae2 outside diameter mm
de1, de2 outer pitch diameter mm
dm1, dm?2 mean pitch diameter mm
Fax axial force N
Fmt1, Fmt2 tangential force at mean diameter N
Frad radial force N
falim influence factor of limit pressure angle —
hae1, hae2 outer addendum mm
ham1, ham?2 mean addendum mm
Namc1, Namc2 mean chordal addendum mm
het, he2 outer whole depth mm
hfe1, hfe2 outer dedendum mm
hti1, hfi2 inner dedendum mm
htm1, Mfm2 mean dedendum mm
hm mean whole depth mm
hmw mean working depth mm
htq pinion whole depth mm
Jen outer normal backlash mm
Jet outer transverse backlash mm
jmn mean normal backlash mm

© ISO 2016 - All rights reserved 7



ISO 23509:2016(E)

Table 1 (continued)
Symbol Description Unit

Jmt mean transverse backlash mm
ke clearance factor —
kq depth factor —
khap basic crown gear addendum factor (related to mpyy) —
knep basic crown gear deddendum factor (related to mpp) —
ke circular thickness factor —
Met outer transverse module mm
Mmn mean normal module mm
ni pinion speed min-1
P power kW
Re1, Re2 outer cone distance mm
Ri1, Ri2 inner cone distance mm
Rm1, Rm?2 mean cone distance mm
rco cutter radius mm
Smn1, Smn2 mean normal circular tooth thickness mm
Smncl, Smnc2 mean normal chordal tooth thickness mm
T1 pinion torque Nm
txi1, txi2 front crown to crossing point mm
txo1, txo2 pitch cone apex to crown (crown to crossing point, hypoid) mm
tz1, tz2 pitch apex beyond crossing point mm
tzF1, tzF2 face apex beyond crossing point mm
tzi1, tzi2 crossing point to inside point along axis mm
tzm1, tzm?2 crossing point to mean point along axis mm
tzR1, tzR2 root apex beyond crossing point mm
u gear ratio —
Uy equivalent ratio —
Win2 wheel mean slot width mm
Xhm1 profile shift coefficient —
Xsm1, Xsm2 thickness modification coefficient (backlash included) —
Xsmn thickness modification coefficient (theoretical) —
Z0 number of blade groups —
Z1, Z2 number of teeth —
Zp number of crown gear teeth —
adc nominal design pressure angle on coast side °
adp nominal design pressure angle on drive side °
aeC effective pressure angle on coast side °
aeD effective pressure angle on drive side °
anD generated pressure angle on drive side °
anc generated pressure angle on coast side °
Alim limit pressure angle °
PBe1, Pe2 outer spiral angle °
Bi1, Biz inner spiral angle °
Pm1, Pm2 mean spiral angle °
Aby1 pinion face width increment mm
8 © IS0 2016 - All rights reserved
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Table 1 (continued)

Symbol Description Unit
Agxi increment along pinion axis from calculation point to inside mm
Agxe increment along pinion axis from calculation point to outside mm
AXY shaft angle departure from 90° °
8a1, a2 face angle o
6f1, Of2 root angle °
61, 62 pitch angle °
£ face contact ratio -
n wheel offset angle in axial plane °
021, 022 addendum angle °
01, B2 dedendum angle °
v lead angle of cutter °
Pb epicycloid base circle radius mm
Plim limit curvature radius mm
PPO crown gear to cutter centre distance mm
2 shaft angle °
X0¢ sum of dedendum angles °
X0 sum of dedendum angles for constant slot width taper °
20fs sum of dedendum angles for standard taper °
20sMm sum of dedendum angles for modified slot width taper °
X6¢y sum of dedendum angles for uniform depth taper °
CO pinion offset angle in face plane ’
gm pinion offset angle in axial plane ’
Cmp offset angle in pitch plane, pinion and wheel ’
Q’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 ISO 10300 (all parts), Annex B and handbooks of gear manufacturing companies.

“Precision finish”, as used in this document, 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.

© ISO 2016 - All rights reserved
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4.2 Types of bevel gears

4.2.1 General

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.

4.2.2 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 towards 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

4.2.3 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

4.2.4 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”.

10 © IS0 2016 - All rights reserved
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Figure 6 — Zerol bevel

4.2.5 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 shall
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. Figure 5 shows a right-hand wheel.

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. Figure 5 shows a left-hand pinion.

© ISO 2016 - All rights reserved 11
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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 relation of the hand of spiral and the direction of hypoid offset, see B.3.

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
[SO 10300 (all parts).

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 planing 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.

Itis 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.

12 © IS0 2016 - All rights reserved
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1
L
/
/ \

Key
1 depth
2 slotwidth
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.

© ISO 2016 - All rights reserved 13
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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, £6¢s, 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 formula for the sum of the dedendum angles is given in C.5.1.

Formula (C.4), for the sum of the dedendum angles, indicates that the cutter radius, r¢o, 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¢o
approximately equal to Ry is suggested.

— A small cutter radius decreases the sum of the dedendum angles. In fact, if rcg equals Ryy2 sin fm2,
the sum of the dedendum angles becomes zero, which results in uniform depth teeth. If r¢g is less
than Ry sin B2, reverse depthwise taper would exist and the teeth would be deeper at the inner

14 © IS0 2016 - All rights reserved
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end than at the outer. In order to avoid excessive depth (undercut and narrow toplands) at the inner
end, a minimum value of r¢g, equal to 1,1 Ry 2 sin 2, 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, 6y, should not
exceed 1,3 times the sum of the dedendum angles for standard depth taper, 26¢s, nor should it exceed
the sum of the dedendum angles for constant slot width taper, X6¢c;

— in practice, the smaller of the values, 1,3 Z6¢s or Z6sc, 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, X6¢y,
equals zero.

For the uniform depth tooth, the cutter radius, r¢o, should be greater than Ry sin 2, 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).

© IS0 2016 - All rights reserved 15
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¢) Uniform depth
Key
mean whole depth
mean addendum
mean dedendum

Figure 10 — Bevel gear depthwise tapers

Key

1 face width, b1

2 length of chamfer
3 angle of chamfer

Figure 11 — Tooth tip chamfering on the pinion
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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°.

3
/

Key

1 dedendum angle modification

2 mean pitch diameter of pinion, dpn1

3 mean pitch diameter of wheel, dy2

4  pitch angle of pinion, §1

5  pitch angle of wheel, 62

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.
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a) Face milling b) Face hobbing
Key
1  crown gear centre 8 first auxiliary angle, A
2 mean cone distance, Ry2 9 centre of curvature
3  spiral angle, 2 10 cutter centre
4  intermediate angle 11 second auxiliary angle, n1
5 crown gear to cutter centre, ppg 12 lead angle of cutter, v
6  cutter radius, rco 13 epicycloid base circle radius, py
7 lengthwise tooth mean radius of curvature, pmg

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.

18 © IS0 2016 - All rights reserved



ISO 23509:2016(E)

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, key 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, key 2, in
the wheel axial plane.

The scope of this document does not permit an adequate explanation or derivation of the formulae
involved.
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Key

(ol B e N I

20

intersection of contact normal
through mean point at wheels

axis

wheel offset angle in axial
plane, n

wheel axis

wheel pitch apex

mean point, P

pinion pitch apex

crossing point at wheel axis
wheel pitch apex beyond
crossing point, t;2

distance along wheel axis
between crossing point and
contact normal intersection

10

11
12
13

14
15
16

17
18
19

crossing point to mean point
along wheel axis, t;m2

pitch plane

wheel pitch angle, 67
intersection point of contact
normal through mean point
at pinion axis

offset, a

crossing point at pinion axis
pinion offset angle in axial
plane, {m

pinion axis

pinion spiral angle, fm1
wheel spiral angle, fim2

B-B
28

20

21
22

23

24

25

26

27

28
29

Figure 14 — Hypoid geometry

offset angle in pitch plane,

pinion and wheel, {mp

sliding velocity vector

tangent to tooth trace at mean
point

wheel mean cone distance, Ry 2
shaft angle, 2

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, tz;m1

pinion pitch angle, 61

pinion mean cone distance, Rpy1

© ISO 2016 - All rights reserved



ISO 23509:2016(E)

5.9.2 Crossing point

Crossing point, Oc, 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).

L DS

\/

Figure 15 — Crossing point for hypoid gears

6 Pitch cone parameters

6.1 Initial data for pitch cone parameters

The recommended procedure in this document 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 pitch cone parameters

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

Z1,2 number of teeth X X X X
mean pitch diameter . . .
dm2 of wheel X
outer pitch diameter
de2 of wheel X X o X
b> wheel face width X X X X
mean spiral angle of . . .
Pm pinion X
mean spiral angle of L
reo cutter radius X X X X
number of blade
Z0 groups X X X X
(only face hobbing)

Annex A provides a structure for calculating the methods provided in this document.
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6.2 Determination of pitch cone parameters for bevel and hypoid gears
6.2.1 Method 0
Gear ratio, u

u=—2 (1)

Pinion pitch angle, 61

inY
51 = arctan [—sm ] (2)
cosX +u

Wheel pitch angle, 62

§,=% -8 (3)

Outer cone distance, Re

d
S 4
el,2 2siné, ®

Mean cone distance, Ry,

R, =Ry-—2 (5)

Spiral angle, fin1, pinion
ﬂml = ﬁmZ (6)
Face width factor, cpep

Cpop =05 (7)

6.2.2 Method 1

Gear ratio, u

Desired pinion spiral angle, a1, pinion
ﬁAl = ﬁml 9

Shaft angle departure from 90°, AY
A =X -90° (10)
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Approximate wheel pitch angle, Sint2

UCOSAY

0 1,2 (1 - usinAZ)

= arctan

int2
Wheel mean pitch radius, rmpt2

deZ - bzsin5

_ int2
rmptZ - 2

Approximate pinion offset angle in pitch plane, '

asind,
g', = arcsin int2
rmptZ

Approximate hypoid dimension factor, K1

_ : ’ i
K, =tanf, sine’, + cose’,

Approximate pinion mean radius, rmn1

K

r _ rmptZ 1
mnl U
Start of iteration

Wheel offset angle in axial plane, n

a
n = arctan

rmpt2 (tan(SinthosAZ - smAE) + T on1

Intermediate pinion offset angle in axial plane, &

a-r_ .sinn

£, = arcsin

2
rmptZ

Intermediate pinion pitch angle, Sint1
sin
0,1 = arctan S anAy cosn
tang, cosAZ
Intermediate pinion offset angle in pitch plane, €',
sing, cosAX
¢!, = arcsin| ————

coso intl

© ISO 2016 - All rights reserved
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(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)
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Intermediate pinion mean spiral angle, B int1

!
[Kl — cossz]
= arctan| ————

m intl sing'z

Increment in hypoid dimension factor, AK
— Qi 4
AK =sing;, (tan/i’Al —tanf intlj

Pinion mean radius increment, Armpt1

AK

rmptl - rmptZ U

A

Pinion offset angle in axial plane, €1

Armptl

¢, = arcsin| sing, — r sinn
mpt2
Pinion pitch angle, §1

sinn

0, = arctan[ + tanAX cosn]

tane, COSAY
Pinion offset angle in pitch plane, €1
sins1 COoSAXY
8’1 = arcsin| ——M—
c0551

Spiral angle, fin1, pinion

B, = arctan

/
K, +AK —cosg; }
: !/

sing;
Spiral angle, B2, wheel
ﬁmZ - ﬁml - 8,1

Wheel pitch angle, 62

sin.s1
52 = arctan| ——————— + cosg, tanAX
tann cosAX

Mean cone distance, Rp,1, pinion

r _ -~ + Ar

m1l

mptl
sm51

Mean cone distance, Ry2, wheel

_ rmptZ

m2 -~ .
sm52

24

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)
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Mean pinion radius, rmpt1
rmptl = le Sm61 (31)

Limit pressure angle, a1im

tand, tané, (R_; sinf_, —R_, sinf_,
ay, =arctan|— (32)
cose R, tané; + R, tand,
Limit radius of curvature, pjim
secory; (tanﬂm1 - tanﬁmz)
Plim = B B (33)
tan tan
tano ) ml__ mz__ | ! - !
R, tané; R , tand, R,cosB ; R.,cosB ,
For face hobbed gears:
Number of crown gear teeth, zp
z
2
z_ = 34
P siné, (34)
Lead angle of cutter, v
Zg
v = arcsin cosf, ., (35)
o Zp
First auxiliary angle, A
A=90°-B ,+V (36)
Crown gear to cutter centre distance, ppg
_ 2 2
Ppo = \/RmZ +Tgg — 2R 5 T COSA (37)
Second auxiliary angle, n1
R_. cosf
n, = arccos _m2 ~TTmZ (zp + ZO) (38)
Ppo Zp
Lengthwise tooth mean radius of curvature, pmg
tann,
Pmp = R, cosf . |tanf . + (39)

1+ tanv (tanﬁm2 + tannl)
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For face milled gears:

Lengthwise tooth mean radius of curvature, pmg
Pmp = Tco (40)

p
Change 1 and recalculate from Formula (17) to Formula (33) until mp < 0,01
Plim

End of iteration

Face width factor, cpe2

6.2.3 Method 2

Lead angle of cutter, v (see Figure 13)

zyd_, cosf3
v = arcsin | 212 mZ (42)
222 o

First auxiliary angle, A

A=90°- B, +v (43)

m2

Gear ratio, u

First approximate pinion pitch angle, 61app

sinX
o = arctan| ————— 45
Lapp [u + cosX } (*45)

First approximate wheel pitch angle, 62app

S, =3X-5 (46)

2app lapp

First approximate pinion offset angle in axial plane, é’mapp

2a

d
= arcsin| —— M2 (47)
- cosSZapp

U cosd 1app

gmapp
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Approximate hypoid dimension factor, Fapp

cosf .,

ngp N

cos(ﬂm2 + gmapp)

Approximate pinion mean pitch diameter, dm1app

d _ Fapp dm2

mlapp ~— u

Intermediate angle, @2

u cos¢

(¢, = arctan

u
S
tan52app

- 1) sinz

Approximate mean radius of crown gear, Rmapp

d
Rma — m2
PP 2sing,

Second auxiliary angle, 11 (see Figure 13)

roCOSV — R

mappsmﬁmZ

n, = arctan -
1 sinv +R

) mapp

Intermediate angle, @3

tan(ﬂm2 +n1)

(5 = arctan .
sing,

cosf .,

Second approximate pinion pitch angle, 61"

14

d

miapp sinX

o 1 = arctan

dm2 COSCmapp + dmlapp

cosX —

2a

tan ((p3 + §mapp )

ISO 23509:2016(E)

(48)

(49)

(50)

(51

(52)

(53)

(54)

Approximate wheel pitch angle, 62", projected into pinion axial plane along the common pitch plane (see

Figure 14)
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Start of iteration

Improved wheel pitch angle, 62imp

8 gimp = arctan (tanSzﬂcosgmapp j (56)

Auxiliary angle, np

sind €0S0,.
Ny = arctan Tapp 2imp (57)
cos (2 - 521mp )
Approximate wheel offset angle, napp
Napp = arctan 2a (58)
cosnpsin (ﬁmz + 171)
dmZtan52imp + dmlapp s_s
i COS( — Y2imp
Improved pinion offset angle in axial plane, ¢ imp
F___tann__ sind,, cosn
¢ mimp = arcsin Za _ “app app 2imp p (59)
dm2 ucos (Z _5Zimp)
Improved pinion offset angle in pitch plane, Cmp imp
tan{ . sinX
¢ mpimp = arctan T mp (60)
cos (2 - 52imp )
Hypoid dimension factor, F
P cosf , 61)
cos (ﬁmz + 4/mp imp)
Pinion mean pitch diameter, dp1
Fd
d_,=—22 (62)
u
Intermediate angle, ¢4
sind sin¥
¢, = arctan (63)
m2 :
—= — cosA sind,,
Zrco 2imp
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Improved pinion pitch angle, 51"imp

” d sinY
1 imp = arctan m1 .
a

dmzcos§mimp +d ,cosXcosn -
tan((p4 + Cmimp)

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

o

(64)

" "

52 imp — 2 - 51 imp (65)
Wheel pitch angle, 67
6, = arctan (tan52 impcos§mlD imp) (66)
Intermediate angle, @5
tand,
¢s = arctan| ———=— (67)
CoséJm imp
Improved auxiliary angle, npimp
tann___sing
M iy = Arctan | ——22__75 (68)
pImp cos (Z -5 )
Wheel offset angle in axial plane, n
1 = arctan 2a ; (69)
cosn ..o Singe
pimp
d ., tané, +d_,
cos (Z‘ - ¢ )
Pinion offset angle in axial plane, £
¢, = arcsin (tanéztann) (70)
Pinion offset angle in pitch plane, §mp
tand _sinX
¢ mp = arctan L (71)
cos (Z -4, )
Pinion spiral angle, fim1
ﬂml = ﬁmZ + é,mp (72)
Pinion mean pitch diameter, dm1
- d ,cosf . 73)
ucosf 4
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Aucxiliary angle, &

If ¥ #90°:

& = arctan (tanZ cosg ) -4, (74)
If ¥ =90°:

£=90°-5, (75)

Pinion pitch angle, 61

6, = arctan (tanécosémp ) (76)

Mean cone distance, Ry 1, pinion

d
ml
- 77
m1 2sind 7

Mean cone distance, Ry2, wheel

d
m2
m2 2sind, (78)

Crown gear to cutter centre distance, ppg

2 2
Ppo = \/rco +R,—2r R, cosA (79)
Intermediate angle, ¢

rcOsin),J
Ppo

Qg = arcsin[ (80)

Complementary angle, @comp
Peomp = 180° =Gy = @6 .
Checking variable, Richeck

R _,singg

SINQ omp

R (82)

mcheck

R¢1_1

Change 62imp [Formula (56)] and recalculate to Formula (82) until <0,01, increase

mcheck
62imps iIf Rm1 < Rmcheck and vice versa.
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End of iteration

Face width factor, che2

Chez = 0,5 (83)

6.2.4 Method 3

Gear ratio, u

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

F=1 (85)

Wheel pitch angle, &7

= arctan _sin> (86)

F
— + cosX
u

Pinion pitch angle, 61

6,

5, =% -6, (87)

Start of iteration

Wheel mean pitch diameter, dp2

d_, =d,, —bysind, (88)

Pinion offset angle in axial plane, £

¢, = arcsin (89)

Pinion pitch angl;:, 6

6, = arcsin (cosg’m sin¥ cosé, — cosX sin52) (90)

Pinion offset angle in pitch plane, gmp

sind _ sinX ]

91
c0561 (1)

¢ mp = arcsin[
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Mean normal module, mpyn

cos/i'm2 dm2

Myn = 7
2

Spiral angle, fn1, pinion
ﬁml = ﬁmZ + é/mp

Hypoid dimension factor, F

cosp -
cosf 1
Pinion mean pitch diameter, dpn1

u

d

ml
Mean cone distance, Ry,1, pinion

— dml
m1 2sind

Mean cone distance, Ry2, wheel

_ dm2
m2 2sind,

Lead angle of cutter, v

. ZO mmn
vV =arcsin| —————
ZrcO

Auxiliary angle, 9

8, = arctan (sin52 tanCm)
Intermediate variable, A3

Ay = rcocos2 (ﬂmZ - v)
Intermediate variable, A4

A, =R_,cos (ﬂmZ +3 ) cosf .,

Intermediate variable, Asg

Ag = smCmpcosSmcosv

Intermediate variable, 4g

Ag =R _,cosB . +r sinv

32

(92)

(93)

(94)

(95)

(96)

(97)

(98)

(99)

(100)

(101)

(102)

(103)
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Intermediate variable, A7

sin([)’m2 +9, - v)singmp

A, =cosp ;cos (ﬂmZ + Sm) - (104)
cos ( By — v)
Intermediate variable, Ry, int
A A
R . =-__ "3"4 (105)
mint
AgA, +AzA,

Check:

‘Rmint -R_;/<00001R _, (106)
Pinion pitch angle, 61

dml
6, = arcsin (107)
mint
Wheel pitch angle, &7
sind, cos{__ sinX + cosd, cos{ - cosX
6, = arccos ! = ! P (108)
1 - sin?z sinzg’m

Repeat calculation from Formula (88) to Formula (108) until Formula (106) is true.
End of iteration
Face width factor, cpe2

Chez = 0,5 (109)

7 Gear dimensions

7.1 Initial data for tooth profile parameters

For the calculation of the gear dimensions, initial data for tooth profile parameters shown in Table 3 are
required in addition to the initial data for pitch cone parameters shown in Table 2. The data in Table 3
are defined at the calculation point of the wheel. Bevel and hypoid gear data may be supplied in either of
the two commonly used forms: data type [ or data type II; see Table 3 and Annex A.
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Table 3 — Initial data for tooth profile parameters

Data type Data type Il
Symbol Description Symbol Description
adp nominal design pressure angle - drive sidea
adc nominal design pressure angle - coast sidea
Sfalim influence factor of limit pressure anglea
Xhm1 |profile shift coefficient Cham |mean addendum factor of wheel
khap  |basic crown gear addendum factor kq depth factor
knfp  |basic crown gear dedendum factor ke clearance factor
Xsmn |thickness modification coefficient kt thickness factor or
Wm2 |wheel mean slot width
Jmn, jmt2, backlash (choice of four)
Jen jet2
022 addendum angle of wheel
02 dedendum angle of wheel
a  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 I and vice versa. Table 4 shows the appropriate
formulae.

Table 4 — Conversions between data type I and data type II

. Conversion of data type I to
Conversion of data type Il to data type I data type II
1 1 Xhm1
Xhm1 :kd [E_ChamJ €ham _E N k
hap
k
d =
khap = 7 kd 2 khap
1 1| K
khfpzkd(kc+5j ¢ 3 k—p—
hap
ke 1 1 n
t _ m2 —
X —7—5 - +ky [kc +Ej (tananD +tananc)—5 ke =2x,
mn
34
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My,
05m-m,, 0.5k¢-m,
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Key
1  basicrack tooth profile
2 tooth profile with profile shift and thickness modification
3 reference line
Figure 16 — Basic rack tooth profile of wheel at calculation point
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7.2 Determination of basic data
Pinion mean pitch diameter, dy1

dm1 = 2lesin51

Wheel mean pitch diameter, dy2

dm2 = 2Rmzsin62

Shaft angle departure from 90°, AX
AY =X -90°

Offset angle in the pinion axial plane, ¢

_ . 2a
¢, = arcsin

cos52

d ., +d

m2 m1l

cos51

Offset angle in the pitch plane, gmp

| sing, sin¥
= arcsin| ———
Smp cosd,
Offset in pitch plane, ap,
a, = R - sinCmp

Mean normal module, mpyn

m = 2R _,sind,cosf
mn

Z;

Limit pressure angle, ajim

tans, tané, (R _; sinf_, —R . sinf _,

= —arctan

Xlim

Generated normal pressure angle, ayp, drive side

o a +

nD ~ “%dD alim X lim

Generated normal pressure angle, anc, coast side

e = %qc — falim Xim
Effective pressure angle, aep, drive side

%ep = %np T %lim

36

cosCmp R, tand; +R_, tand,

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)

(120)
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Effective pressure angle, aec, coast side
Gec = Anc + X im

Outer pitch cone distance, Re2, wheel
Rey =Ry + e by

Inner pitch cone distance, Rj2, wheel

Ry, =R, b,

Outer pitch diameter, de2, wheel

dez = 2Rezsin62
di2 = 2Rizsin52

Outer transverse module, met2

Wheel face width from calculation point to outside, be?

beZ = Re2 _RmZ

Wheel face width from calculation point to inside, bj

b, =R, — Ry,

Crossing point to calculation point along wheel axis, t;m2

dm151n52

t
zm2 2088

Crossing point to calculation point along pinion axis, t;m1

zm1

Pitch apex beyond crossing point along axis, t,1,2

t,12 = Rip12€08015 =t 015

© ISO 2016 - All rights reserved

=———=-0,5c0s{ tanAX (dmZ +

d
= %2 cos¢ COSAY —t_ ,SINAY
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(121)

(122)

(123)

(124)

(125)

(126)

(127)

(128)

(129)

(130)

(131)
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7.3 Determination of tooth depth at calculation point
Mean working depth, hyw
h_=2m__k (132)

mw mn " hap

Mean addendum, ham2, wheel

Mama = Minn (khap - Xhml) (133)
Mean dedendum, hfm2, wheel

he,=m_ (khfp + thl) (134)
Mean addendum, hym1, pinion

h, o =m_ (khap + thl) (135)
Mean dedendum, hgp1, pinion

hfml =My (khfp - Xhml) (136)

Clearance, ¢
¢ = My (Kt = K | (137)

Mean whole depth, hp,

hm = ham1,2 + hfm1,2 (138)

h =m__ (khap + khfp) (139)
7.4 Determination of root angles and face angles
Face angle, 6,2, wheel

8,0 =0,+0, (140)
Root angle, 652, wheel

8¢ =6, — 0, (141)

Auxiliary angle for calculating pinion offset angle in root plane, @r

a tanAY cos5f2
pg = arctan (142)
Rm2 cosOf2 -t, cosé‘f2
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Auxiliary angle for calculating pinion offset angle in face plane, ¢,

atanAY cos5a2

¢, = arctan

RmZCOSQalz — tZ2c056a2

Pinion offset angle in root plane, {p r

) acos@y,sind
¢ = arcsin R f2 —¢r
R_,cos0p, —t ,C0S5,
Pinion offset angle in face plane, ¢
_ acose siné .,
¢, = arcsin -9,
R ,cos8 , —t ,C0S5,,

Face angle, 6,1, pinion

6, = arcsin (sinAZsin5f2 + cosAZcos5fzcos§R)

Root angle, 6f1, pinion

0¢ = arcsin (sinAZsinéaz + cosAZcosSazcosC())

Addendum angle, 6,1, pinion

0,1 =0, —9;

Dedendum angle, 6¢1, pinion

0y =061 =0

Wheel face apex beyond crossing point along wheel axis, t;p2

_. Rmz sm032 —ham2 cos@az

72 .
51n5a12

Wheel root apex beyond crossing point along wheel axis, t;r2

R 2 sin9f2 —h

m cos sz

fm2
sind £

t oo =t +

ZR2 72

Pinion face apex beyond crossing point along pinion axis, t;r1

asinfp coséy, —t
ZF1 ~

ZR2 51r15f2 —-C

sméa11

t

Pinion root apex beyond crossing point along pinion axis, t;r1

asing  cosd,, —t,p, SiN6_, — ¢

sm51E1

t,r1 =
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7.5 Determination of pinion face width, b

Pinion face width in pitch plane, bp1

2 2 2 2
bp1 = \/Re2 —ap —\/Ri2 —ap

Pinion face width from calculation point to front crown, b1

52 2 2 2
bip _\/RmZ -4, _\/Riz_ap

Method 0:

Pinion face width, b1

=b

1 2

Pinion face width from calculation point to outside, be1

b b

el ~ Cpe2 P1

Pinion face width from calculation point to inside, bj1
bj; =by —bg

Method 1:

Auxiliary angle, A’

sin{ ___cosd
2
A= arctan{ P J

ucosd, + cosézcosg“mp

Pinion face width, breri1

b b,cosA’
reril — COS(Cmp —l')

Pinion face width increment along pinion axis, Abx1

Ab , =h_ sinfy [1 - 1]
u
Increment along pinion axis from calculation point to outside, Agxe
crob .
be2 “reril .
Ag. = “eosd cosé,, +Ab,, - (hfmZ - c) sind

al

(154)

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)
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Increment along pinion axis from calculation point to inside, Agxi

(1 -C ) b_ .
be2) “reril .
A9y = cos0_, cosé,, +Ab , + (hfmZ - c) siné,

Pinion face width from calculation point to outside, be1

by Agxe + hamlsiné1

el cosOa11

coso al

Pinion face width from calculation point to inside, bj1

Agxi B hamISin61

c0551 - tan031$1n51

bil
Pinion face width along pitch cone, b1
by =byy + by
Method 2:

Pinion face width along pitch cone, b1
2
b, =b, (1 + tan g“mp)

Pinion face width from calculation point to outside, be1

by = Cpep by

Pinion face width from calculation point to inside, bj1
biy = by — by
Method 3:

Pinion face width along pitch cone, b1

b

1= int(bpl +3m tan‘éjmp‘+ 1)

Additional pinion face width, by

b, -b
bX _ 1 pl
2

Pinion face width from calculation point to inside, bj1

by =byp + b,

Pinion face width from calculation point to outside, be1

bel =b; —by
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(173)

41



ISO 23509:2016(E)

7.6 Determination of inner and outer spiral angles

7.6.1 Pinion

Wheel cone distance of outer pinion boundary point, Re21 (may be larger than Re3)

_ |p2 2
R 5y _\/Rm2+be1 +2R_, b cosgmp

m2 “el

(174)

Wheel cone distance of inner pinion boundary point, Rj21 (may be smaller than R;)

2 2
Rip1 = \/RmZ +biy 2R, byycosC iy,

Face hobbing:

Lead angle of cutter, v

. ZO mmn
Vv =arcsin| —————
2rc0

Crown gear to cutter centre distance, ppg

2 2 .
Ppy = \/RmZ +ri = 2R, rcosm(ﬁmz _")
Epicycloid base circle radius, pp

Io}
Pb _ PO
zy
1+— sm52
Zy
Auxiliary angle, pe21
2 2 2
Rea1 +Ppg —Teo
2R

(Qopq = ArCCos
e21 Ppo

Aucxiliary angle, @i21
R 2

2 2
oyt Pog—T
(., = arccos 12;R PO c0

i21 Ppo
Wheel spiral angle at outer boundary point, fe21

PpSING,

Wheel spiral angle at inner boundary point, fi21

R_,; — p,.COSQ
,3921 _ arctan[ e2l b e2l

Ri21 = PpCOsQ;Hq
PLSING;5q

By = arctan(
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(179)

(180)
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Face milling:

Wheel spiral angle at outer boundary point, fe21

: 2 2
2R\ 15 TeoSINB n =Ry + Ry

Bepy = arcsin (183)
ZReo1 Teo
Wheel spiral angle at inner boundary point, 21
2R 1y TeoSINBry — Ry + Ry
B, = arcsin (184)
ZRiz1 Teo
Face hobbing and face milling:
Pinion offset angle in pitch plane at outer boundary point, Cep21
a
g“ele = arcsin P (185)
ReZl
Pinion offset angle in pitch plane at inner boundary point, gipm
a
Cipm = arcsin | —2 (186)
Riz
Outer pinion spiral angle, Se1
Ber = Bea1 + Sepat (187)
Inner pinion spiral angle, fi1
Bi1 = Big1 + Sip21 (188)
7.6.2 Wheel
Face hobbing:
Auxiliary angle, @e2
2 2 2
R, + -r
@,, = arccos e2 " Ppo 7 'c0 (189)
2R3 Ppo
Auxiliary angle, @i
R2 +p2 —r?
¢;, = arccos i2 " Ppo ~ Teo (190)
ZRy3 Ppo
Outer wheel spiral angle, fSe2
R ., — p,cos
B, = arctan e2 p.b P2 (191)
PHSINGe
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Inner wheel spiral angle, Si>

R., — p;,coso.
Bip = arctan{ 2 b i2

PpSing;,
Face milling:

Outer wheel spiral angle, fe2

. 2 2
2Rm2 rcOSIHﬂmZ a Rm2 + ReZ

= arcsin
ﬁeZ ZR

Inner wheel spiral angle, Si2

. 2 2
2R, 5 TeoSINB o =Ry + R

B,, = arcsin

e2 rcO

7.7 Determination of tooth depth

Outer addendum, hze

Mae12 = Nam1,2 + De1ptand,y 5
Outer dedendum, hfe
P12 = Ngnpp + Do ptanby, 5

Outer whole depth, he

he12 = Pae12+ Peq o

Inner addendum, h,;j

h h b 12 tanQaL2

ai1,2 ~ Mam1,2 T i

Inner dedendum, hs;

hg1o = Rgngp = byg ptanby,
Inner whole depth, hj
higo =hyi10 +hepo

7.8 Determination of tooth thickness

Mean normal pressure angle, ap

o = anD +anC
n 2

44
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(192)

(193)

(194)

(195)

(196)

(197)

(198)

(199)

(200)

(201)
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Thickness modification coefficient, xs;1, pinion
with outer normal backlash, jen

1 Rmz cos/i'mz

cosa, R, cosp,,

Xsml =X

j
smn en 1
mn

with outer transverse backlash, jet2

Rmz cosf m2

~Jep
smn et2
4'mmn Re2

Xsml =X

with mean normal backlash, jjmn

1

n COSOCn

Xsm1 = Xsmn ~ Jmn 4m
m

with mean transverse backlash, jyt2

. . cosf -
~ “smn ]mt2 4m

mn
Mean normal circular tooth thickness, syn1, pinion

Spng =0.5m_ mw+2m_ (xsml +th1tanan)

Thickness modification coefficient, xsm2, wheel
with outer normal backlash, jen

1 Rmz cosf m2

cosa, R, cosf,,

X =—X

j
smn en Am
mn

with outer transverse backlash, jet2

Rmz cosﬂmZ

— ] _—
smn et2
4mmn Rez

X =—X

sm2

with mean normal backlash, jyn

X =-X j !
~  “smn ~ /mn
4mmn cosa

with mean transverse backlash, jmt2

cosB.,

X =" Xsmn ~ Imt2 4m
mn

Mean normal circular tooth thickness, simn2, wheel

S =05m_ mw+2m (xsm2 — Xym1 tanan)
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Mean transverse circular thickness, smt
Smt1,2 = Smn1,2 /CosﬂmLz

Mean normal diameter, dmn

d dml,Z

mnl,2 = .2 2
(1 —sin ﬂm1,2C05 ozn)COScSL2

Mean normal chordal tooth thickness, Smnc

Smnc1,2 - dmn1,2 S (Smnl,z /dmnl,Z)

Mean chordal addendum, hamc

S
mnl,2
hamc1,2 = ham1,2 +0,5 dmn1,2 C0551,2 1- COS( J

mnl,2

7.9 Determination of remaining dimensions
Outer pitch cone distance, Re1, pinion

Rel = le +be1

Inner pitch cone distance, Rj1, pinion

R b.

i1 =Rm1 — by

Outer pitch diameter, de1, pinion

del = 2Relsin51

Inner pitch diameter, dj1, pinion

di1 = 2Ri1 sin51

Outside diameter, dae

d =dyy 5 +2hy, COSS,,

ael,2

Diameter, dfe

d 2h

fe1,2 = do1,2 — 2Nge1 5 €SSy,

Diameter, daj

dyi1p =djgp +2hy 5 cosSy,

46
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(215)

(216)

(217)

(218)

(219)

(220)

(221)

(222)
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Diameter, dfj

d - 2hfi1,2 cos5L2 (223)

fi1,2 = di1,2

Crossing point to crown along axis, txo1,2

to12 = tami12 T Derz €OSO15 — hygy 5 SINGy (224)
Crossing point to front crown along axis, txi1,2
tyit,2 = tum12 ~ Di1p €080y 5 — Ry 5 SINGy 5 (225)
Pinion whole depth, h¢1, perpendicular to the root cone
t +t
zF1 xol . .
hy=———sin (031 + 9f1) - (tle - tzFl) sind ¢ (226)
cosd
8 Undercut check
8.1 Pinion
Cone distance of the point to be checked, Ry1, pinion
Ri1 £ Rx1 < Re (227)
Wheel cone distance of the appropriate pinion boundary point, Ry
(may be smaller than Rjp and larger than R¢3)
) 2
R, =4 R%, + (le - Rxl) ~2R_, (le - Rxl) cos¢ (228)
Face hobbing:
Auxiliary angle, px2
2 2 2
Ria + Ppo ~Teo
¢, = arccos (229)
2Ry, Ppo
Wheel spiral angle at checkpoint, Sx2
R _, — p,cosp
B,, = arctan x2 .b x2 (230)
PHSINGy,
Face milling:
Wheel spiral angle at checkpoint, Bx2
2R 5 Ty SINB,, — Ry + RY,
B, = arcsin (231)

2RXZ rcO
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Face hobbing and face milling:

Pinion offset angle in pitch plane at checkpoint, {

xp2
a
Cxpz = arcsin| — (232)
x2

Pinion spiral angle at checkpoint, x1

ﬁxl - ﬁXZ + gpo (233)
Pinion pitch diameter at checkpoint, dyx1

d, =2R_;sind, (234)
Wheel pitch diameter at checkpoint, dx»

d,, = 2R ,sind, (235)
Normal module at checkpoint, myy

d
m = X2 cosp., (236)
z
2
Effective diameter at checkpoint, dgx1, pinion
z, cosf,
d =d,, —— 237
Ex1 X2 Zz COS,BXI ( )
Appropriate cone distance, Rgx1
d
R - B 238
Ex1 ™ 2sing 1 (238)
Intermediate value, zpx1
2!
Z 1= (239)

) 2
(1 —sin“f,; cosa ) cosfB,, €osd,

Limit pressure angle at checkpoint, ajimx

tand, tand, | Ry, sinf_., —R_, sinf
o — _arctan 1 2 Ex1 x1 X2 X2 (240)
limx cos¢ R. ., tand, + R_, tand
mp Ex1 1 x2 2
Effective pressure angle at checkpoint, aepy, drive side
%epx = %np ~ %limx (241)
Effective pressure angle at checkpoint, aecx, coast side
Fecx = %nc + X limx (242)
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For further calculations, choose the smaller effective pressure angle.

If « o =q (243)

< ae eminx eCx

eCx Dx :

o =a (244)

eminx eDx

Determination of minimum profile shift coefficient at calculation point, X, min x1, pinion:

Working tool addendum at checkpoint, khapx

R.,-R tan®
" ( x2 m2) a2 (245)

mmn

k =k

hapx hap

Minimum profile shift coefficient at checkpoint, xpx1, pinion

.2
11k B anl mxn sin o

eminx
Xhx1 = b hapx (246)

men

Minimum profile shift coefficient at calculation point, Xhm min x1, pinion

(dEX1 - dxl) coséy

men

Xhmminx1 = Xhx1 + (247)

Undercut at checkpoint is avoided, if Xhm1 > Xhm min x1-
8.2 Wheel

Cone distance of the point to be checked, Ry2, wheel

Face hobbing:

Auxiliary angle, @x2

2 2 2
Ri2 +Ppo —Teo

2R

= arccos 249
(pXZ

x2 Ppo
Wheel spiral angle at checkpoint, Sx2

R, — p, cos@
B, = arctan xz P X2 (250)
Py, SINP,

Face milling:

Wheel spiral angle at checkpoint, Sx2
2R ., r.sinf_, —R2, +R?
m2 ' c0 m2 m2 x2

B, = arcsin (251)
2RX2 )
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Face hobbing and face milling:

Wheel pitch diameter at checkpoint, dx»

d., =2R_,sind, (252)

Normal module at checkpoint, myy

d
m,_=-—X2 cosp., (253)
2

Intermediate value, zpx2
z

Z, 0= . 22 (254)
(1 —sin“B ,cosa ) cosf,Cosd,,

For further calculations, choose the smaller effective pressure angle.

If anC < anD: aeminx = anC (255)

If anC = Oan: aeminx = anD (256)
Determination of maximum profile shift coefficient at calculation point, x; ma x1, pinion:
This check is necessary to avoid undercut on the wheel, since xpm2 = ~Xhm1
Working tool addendum at checkpoint, khapx

(R -R )tan@
X2 m2 f2
khapx = khap + m (257)
mn
Maximum profile shift coefficient at calculation point, Xhm max x1, pinion
z m._ sin’a
nx2 'xn eminx
Xhm maxxl — 11 khapx - om (258)
mn

Wheel undercut at checkpoint is avoided, if Xhm1 > Xhm max x1-
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Annex A
(informative)

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

A.1 Purpose

This annex gives the structure of the formulae for the calculation of bevel and hypoid gear geometry
in this document. In this structure, the common formulae are put together. However, it is essential that
two alternative sets of input data, those used by American Gear Manufacturers Association (AGMA;
data type II) and those used in European Standards (data type I), 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 shall 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 can also 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.

2, Q, Z1, Zz, Amz OT dez and by, i1 O Zo, 1o

Calculation - Pitch
cone parameters

Method 0 | | Method 1 | | Method 2 | | Method 3

Results - Pitch cone
parameters

Initial data

| Xap» Xqc2r Xhm1s - | | Bin1s Rz 61, 82 Bin1s Binz |

| | f (data type I}; f (data type II) |

| Results - Gear dimensions | | b,d,,R,6,06h,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 formulae for each method. Second, the gear
dimensions are determined. Starting from the pitch cone parameters, there is only one set of formulae
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 I, as used in
European Standards, describes, for example, the proportions of the gear teeth with an addendum factor,
knap, a dedendum factor, knfp, a thickness modification coefficient, xsmn, and a profile shift coefficient,
Xhm- Data type II, as used in the AGMA standards, describes these proportions with a depth factor, kg,
a clearance factor, k¢, a thickness factor, k¢, and a mean addendum factor, cham. 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 II. 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 shall be ensured that all initial data listed in Table 2 are known.
The appropriate formulae lead to the pitch cone parameters, Rm1, Rm2, 61, 62, fm1, Pm2 and cpez. 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 che2, named “face width factor”, describes the ratio (Re2 — Rm2)/b2. This is because the
calculation point is not necessarily in the middle of the wheel face width for method 1. Typically, for
methods 2 and 3, where the calculation point is in the middle of the wheel face width, cpe2 = 0,5.
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Method 0

This method shall be used for bevel gears without hypoid offset. The formulae can easily be converted,
if any initial data are given other than those in Table 2. For these gears, the face width factor is set to
Che2 = 0,5.

Method 1

Method 1 is used by Gleason, the pitch cone parameters have similar values compared with method 3
which is used by Klingelnberg. For method 1, it is necessary to determinate the face width factor, cpep,
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 data in Table 3, the gear dimensions can be calculated. There is only one set of formulae for
bevel and hypoid gears. All formulae for hypoid gears also apply to bevel gears, if the hypoid offset is set
toa=0.

Determination of basic data

In 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, aep, on the drive side has the same value as the effective pressure
angle, aec, on the coast side. This is the case, for instance, if the design pressure angles are equal and
the total limit pressure angle (fa1im = 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 formulae is
necessary to determine the tooth depth. In this document, it is the formulae for data type I 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;1, t;2, t;F1, tzF2, tzr1 and tzr2, 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 formulae 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 (bj1, be1) at the pitch cone are equal. However, methods 1
and 3 have different values for bj; and be1. Figure A.3 illustrates the way to obtain bj; and be1.

The pinion values, be1 and bj1, represent the real distances from calculation point to inside and outside.
To be consistent, bez and bjy are also established for the wheel. With be1, bi1, be2 and by, it is possible
to determine the inner and outer pinion and wheel diameters (dae1, dae2, dai1, dai2) for all methods with
the same formulae.
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?d it

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 (Rj1) and crown (Re1). 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 (see Figure A.4). Because of the overlap of the pinion face over the
wheel face, the according cone distances of the wheel (Re21/Ri21) 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, §ip21 and Cele’ at the boundary points, the spiral angles of the

pinion can be determined using Formula (187) and Formula (188). A different set of formulae 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 formulae 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 haj1, hfi1,
ham1, hfm1, hae1 and hge1 are perpendicular to the pinion pitch cone and hy1 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.

T
\,aLj
Hq

Figure A.5 — Tooth depth at pinion
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Determination of tooth thickness

The tooth thickness is calculated from the outer normal backlash, jen, the normal backlash at calculation
point, j,, the transverse backlash at calculation point, ji2, and the outer transverse backlash, jet2.

For data type I, the thickness modification coefficient, xsmp, is a theoretical value and does not include
the backlash; see Figure 16. To consider the backlash, the modification coefficients xsy,1 and xsp2 are
calculated.

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

79 determines the remaining dimensions of bevel and hypoid gears.

A.5 Undercut check

The undercut check is provided for generated gears with non-constant and constant tooth depth. With
the set of formulae 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 formulae 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. If the approach of Annex B is used, metallurgical
considerations should be taken into account.

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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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 10 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 10 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

Ty

(B.1)

ny

where

T1 isthe pinion torque, in newton metres (N-m) (see B.4.1);
P isthe power, in kilowatts (kW);

n1 isthe pinion speed, in revolutions per minute (r/min).
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B.4.3 Estimated pinion size

B.4.3.1 General

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.4.3.2 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.4.3.3 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.4.3.4 Hypoids

B.4.3.4.1 General

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, de pim1, is given using Formula (B.2):

a

d -

d, (B.2)

e plm1 =
where

de1 is pinion outer pitch diameter, from Figure B.2 or Figure B.3, whichever is larger, in
millimetres (mm);

a isthe hypoid offset, in millimetres (mm);
u isthe gear ratio.

The actual wheel outer pitch diameter is determined using Formulae (B.3) to (B.6).

Approximate pinion pitch angle

inX
= arctan| —= (B.3)
cosX +u

o

intl

where

2 isthe shaft angle.
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Approximate wheel pitch angle

Sinz =2 ~ Ot (B.4)
Approximate wheel outer cone distance

R de plm1 (B.5)

eint2 — : !

2sind; 4
Wheel outer pitch diameter
oy = 2R in2SiN0p (B.6)
de1, mm 4
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Figure B.2 — Pinion outer pitch diameter versus pinion torque — Pitting resistance
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Figure B.3 — Pinion outer pitch diameter versus pinion torque — Bending strength
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B.4.3.5 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 in Figure B.2 or as calculated using Formula (B.2), is to be multiplied by 0,80. Based on bending
strength, the pinion outer pitch diameter is given in Figure B.3 or is calculated using Formula (B.2).
From these two values, choose the larger diameter.

B.4.3.6 Material factor, Ky

For materials other than case-hardened steel at 55 minimum HRC, the pinion outer pitch diameter, as
given in Figure B.2 or as calculated using Formula (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,
Km
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 HBW to Oil-hardened steel 375 HBW to 1,20
425 HBW 425 HBW
Heat-treated steel 250 HBW to Case-hardened steel 55 HRC min 1,45
300 HBW
Heat-treated steel 210 HBW to Case-hardened steel 55 HRC min 1,45
245 HBW
Castiron — Case-hardened steel 55 HRC min 1,95
Castiron — Flame-hardened steel 50 HRC min 2,00
Castiron — Annealed steel 160 HBW to 2,10
200 HBW
Castiron — Castiron — 3,10
NOTE For clarification of all types of heat treatments noted in Table B.1, see ISO 6336-5.

B.4.3.7 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 in
Figure B.3 or as calculated using Formula (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 in Figure B.3 or as calculated
using Formula (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.
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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

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
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maintain an acceptable contact ratio. The three-dimensional effect shall 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=su<1,50 13
1,50<u<1,75 12
1,75<u<2,00 11
2,00 <u<2,50 10
2,50 <u<3,00 9
3,00<u<3,50 9
3,50<u<4,00 9
4,00 <u<4,50 8
4,50 <u<5,00 7
500<u<6,00 6
6,00<u<750 5
7,50 <u<10,0 5

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 is 30 % of the cone distance or 10 met2, whichever is less. However, design parameters
may require values to be larger or smaller. 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

B.7.1 General

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.7.2 Spiral bevels

Formulae (B.7) and (B.8) for face contact ratio, €5, may be used to select the spiral angle:

(B.7)

(B.8)

where

Re is the outer cone distance, in millimetres (mm);
Met is the outer transverse module, in millimetres (mm);
b isthe net face width, in millimetres (mm);

PBm is the mean spiral angle at pitch surface.
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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.

B.7.3 Hypoids

For hypoid sets, the pinion spiral angle may be calculated using Formula (B.9):

Z
B, =25+5|-2 +90——
Zl deZ

where

Bm1 is the pinion mean spiral angle;
z is the number of wheel teeth;
z1 is the number of pinion teeth;

dey is the wheel outer pitch diameter, in millimetres (mm).

(B.9)

The wheel spiral angle depends on the hypoid geometry and is calculated using the hypoid formulae in

Clause 6.
b/metk A
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Figure B.7 — Face contact ratio for spiral bevel gears
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B.8 Outer transverse module

The outer transverse module, metp, 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 (see Clause 7) that
are necessary to determine the gear dimensions.

C.2 Normal pressure angle

C.2.1 General
There are three normal pressure angles that are to be considered.

— Nominal design pressure angle, aq, 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, ay, is the pressure angle of the generating gear; ay, can be found on the
tooth flank in the mean normal section.

— Effective pressure angle, a, is a calculated value.

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, fzlim, is set to “1”. Then the limit pressure
angle, alim, is added to the design pressure angle, a4, on the drive side and subtracted on the coast side
in order to obtain the generated normal pressure angle, ay, [see Formula (118) and Formula (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, a, is calculated according to Formula (120) and
Formula (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.2.2 Straight bevels

To avoid undercut, use a nominal design pressure angle of 20° or higher for pinions with 14 teeth to 16
teeth and 25° for pinions with 12 teeth or 13 teeth.
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C.2.3 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 teeth
to 16 teeth and a 25° nominal design pressure angle for pinions with 13 teeth.

C.2.4 Spiral bevels

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

C.2.5 Hypoids
To balance the mesh conditions on coast and drive side, the influence factor of limit pressure angle
should be fy1im = 1. For the use of standard cutting tools, the value of f;1;;m 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 Datatypel

NOTE Data types are described in 7.1.

C.3.1.1 Addendum factor and dedendum factor

In common cases, the addendum factor, kpap, is set to khap = 1 and the dedendum factor, kpfp, is set to
knfp = 1,25.
p )

C.3.1.2 Profile shift coefficient

To prevent undercut, the profile shift coefficient shall be in the range given in Clause 8.

C.3.2 Data typell

NOTE Data types are described in 7.1.

C.3.2.1 Depth factor
Normally, a depth factor, kq, of 2,000 is used to calculate mean working depth, hyyw, but it can be varied

to suit design and other requirements. Table C.1 gives the suggested depth factors based on pinion
tooth numbers.
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Table C.1 — Suggested depth factor, kq

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 11
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 C(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, metz = 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 > = 90°
for cham 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 shall be calculated.

Wheel offset angle in axial plane, n

n = asin (siné’mcoséz) (C.y

Equivalent ratio, u,

cosé, tand, cosn
u, = (C.2)
cosd,
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Table C.2 — Mean addendum factor for shaft angles > = 90°, cham

Type of gear Mean addendum factor Number of pinion teeth
Straight bevel 0,210 + 0,290/uy2 12 or more
Spiral bevel and hypoid 0,210 + 0,290/u,2 12 or more
0,210 + 0,280/u,2 11
0,175 + 0,260/u,2 10
0,145 + 0,235/u,2 9
0,130 + 0,195/u,2 8
0,110 + 0,160/u42 7
0,100 + 0,115/u,2 6
Zerol bevel 0,210 + 0,290/ u,?2 13 or more

C.4  Tooth thickness components
C4.1 Data type ]

C4.1.1 Thickness modification coefficient
Values for the thickness modification coefficient, xsmpn, can be found, regarding the bending strength

balance between pinion and wheel. After the thickness modification, a successful cutting process shall
be ensured.

C4.2 Data type Il

C4.2.1 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 I[SO 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 ISO accuracy grades
4to7 8to12
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
2,00 to 1,50 0,05 0,08
1,50 to 1,25 0,03 0,05
1,25 to 1,00 0,03 0,05

C.5 Addendum angle and dedendum angle of wheel

C.5.1 Sum of dedendum angles, X6¢

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 formulae 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 hfmZ

Standard 20, =arctan| —— |+ arctan| —= (€.3)
RmZ RmZ

Uniform depth 204 =0

90m R sinf
Constant slot width ZQfC = et 1- _mz 7 Tm2 (C.4)
R,, tana  cosf T'eo

Modified slot width | X0, =20 or 204 = 1,3 0, whichever is smaller (C.5)

C.5.2 Angles, 6,7 and 6y
The sum of the dedendum angles is apportioned between the pinion and the wheel using the formulae

in Table C.5. The desired depthwise taper dictates which formulae are to be used when determining the
dedendum angles of each member.
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Table C.5 — Angles, 6,7 and 65, wheels

Depthwise taper Angles (degrees)
hfml
0,, =arctan| —— (C.6)
Standard m2
sz =29fs _9a2 (C.7)
Uniform depth 0,0 =0¢ =0
h
am2
932 = ZQfC P (C.8)
Constant slot width mw
O¢, = ZOfC Oaz (C9
h
am2
a2 = L0y . (C.10)
Modified slot width mw
0¢) = X0y 932 (C11)
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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 formulae to

calculate the forces are presented as follows.

Table D.1 — Loaded flank

Driver hand . . Loaded flank
. Rotation of driver . .
of spiral 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

20007,

F =
mt2
dmZ

where

Fmt2 is the tangential force at the mean diameter on the wheel, in newtons (N);
T,  isthe torque transmitted by the wheel, in newton metres (N-m).

The tangential force on the mating pinion is given by Formula (D.2):

Fr2€0sBy 2000T;

cosﬁmz dml

mtl —

where

Fmt1 is the tangential force at the mean diameter on the pinion, in newtons (N).
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D.4 Axial force

The values of axial force, Fax, on bevel gears are given in the following formulae. The symbols in the
formulae 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, Fax1,p

siné,
————+tanfB_; cosé; |F_ 4

F = {tana
ax1,D nD
cosf 1

Wheel axial force, Fax2,p

siné,
——*=— —tanf , cosé, |F .,

F = {tana
ax2,D nD
cosf -

For coast side flank loading

Pinion axial force, Fax1,c

siné,
———— —tanf_,; cosé; |F_

F = [tana
ax1,C nC
cosf 1

Wheel axial force, Fax2 ¢

siné,
—— +tanf_, cosé, | F .,

F =| tana
ax2,C [ nC COS,Bmz

(D.3)

(D.4)

(D.5)

(D.6)

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

A negative sign (<) indicates that the direction of thrust is towards pitch apex.

D.5 Radial force

The values of radial force, Fr34, on bevel gears are given in the following formulae. When using
the formulae the tangential force, spiral angle, pitch angle and generated pressure angle of the

corresponding member shall be used.
For drive side flank loading

Pinion radial force, Frad1,b

c0sd,
Fradl,D = tarlOCnD COSﬁ
ml

Wheel radial force, Frad2,p

c0562

FradZ,D = (tananD COSﬁ
m2

76

—— —tanf_, siné‘l] F_

+tanf . smézJ F o

(D.7)

(D.8)
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For coast side flank loading

Pinion radial force, Fradi,c

cosd, .
Fic =|tana,c ———+ tanf ; sind; |F 4 (D.9)
cosf 4
Wheel radial force, Frad2,c
cosd, .
Fraqc =|tana o ——=— - tanf ., sind, |F ., (D.10)
cosf, .,

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

A negative sign (=) indicates that the direction of force is towards the mating member. This is commonly
called the attracting force.
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E.1 Purpose

Annex E

(informative)

Machine tool data

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¢o, and blade groups, zg

Face hobbing

Two-part cutter

(two divided cutter parts

Two-blade cutter
(outer and inner blade per

Three-blade cutter
(rougher, outer and inner

Face milling

for inner and outer blades) group) blade per group)
Cutter Number of Cutter Number of Cutter Number of Cutter
radius, blade groups, radius, blade groups, radius, blade groups, diameter,
reo o rco 20 rco zg 2reo
mm mm mm in
25 1 30 39 5 2,5
25 2 51 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
— — — — — — 1000
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F1 Purpose

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

Annex F
(informative)

F.2 Sample spiral bevel gear set

F2.1

Initial data

Sample calculations

This example uses Method 0 — Face milling tooth form.

See Tables F.1 to E.3.

ISO 23509:2016(E)

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

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

z1,2 number of teeth 14/39 X X X
mean pitch diameter . - -
A2 of wheel X
de outer pitch diameter 176,893 mm X . X
of wheel
by wheel face width 25,4 mm X X X
mean spiral angle of . . .
P pinion X
mean spiral angle of o .
B2 wheel 35 X X
reo cutter radius 114,3 mm X X X
number of blade
Z0 groups — — X X
(only face hobbing)

© ISO 2016 - All rights reserved

79



80

ISO 23509:2016(E)

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

Data type ] Data type Il
Symbol Description Symbol Description

adp 20°

adc 20°
falim 0
Xhm1 — Cham 0,247 37
khap — ka 2,000
knfp — ke 0,125
Xsmn — ke 0,0915

W2 -

Jen 0,127

a2 2,134 2°

Or2 6,493 4°

Table F.3 — Transformation of data type II into data type I

1
Xpm1 = kd (E - Chamj = 0,505

k
—_d _
khap—T—l

1
Kng = kg (kc + E] =1,25

kt
Xsmn = 7 = 0,04’6
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F.2.2 Determination of pitch cone parameters
Gear ratio, u
z
u=-2=2786
2
Pinion pitch angle, 61

S sinX

1= arctan[

=19,747°
cosX +u

Wheel pitch angle, 67

6, =%-6,=70,253°
Outer cone distance, Re

d 2
R, = — € -93973 mm
’ 25in62

Mean cone distance, Ry,

bZ
Ruyyp = Rep =~ = 81,273 mm

m1,2 e2

Spiral angle, fm1, pinion
B = B,y =35,000°

Face width factor, cpe2

Chez = 0,5

F.2.3 Determination of basic data
Pinion mean pitch diameter, dy1

dm1 = 2lesin51 =54,918 mm

Wheel mean pitch diameter, dp»

dm2 = 2Rmzsin52 =152,987 mm

Shaft angle departure from 90°, AY
AY =X -90°=0°

© ISO 2016 - All rights reserved
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(F.2)

(F.3)

(F4)

(F.5)

(F.6)

(F.7)

(F.8)

(F.9)
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Offset angle in the pinion axial plane, £

¢ =arcsin 2a = 0,000° (F.10)
m
c0562

m1l
cos51

Offset angle in the pitch plane, Qmp

sin{__sinX
= arcsin| ———— | =0, ;
Cm ' m 0,000° (F11)
P coss
Offset in pitch plane, ajp,
a, = Rmzsingmp = 0,000 mm (F12)
Mean normal module, mpyy
2R__sind,cos
m, =12 2 P2 _ 3213 mm (F.13)
z
2

Limit pressure angle, ajim

tand, tand, [ R_. sinf_. — R_, sinf
o = —arctan L 2 | mi m1 m2 mZ ||~ ge (F.14)
lim cos¢ R _. tand, + R_. tand
mp ml 1 m2 2

Generated normal pressure angle, anp, drive side

j— — (e}
anD - Oth + alim alim =20 (F-]-S)
Generated normal pressure angle, anc, coast side

%ne = %ac ~ fotim %tim = 20° (F.16)
Effective pressure angle, aep, drive side
%ep = %np ~ Xjim = 20° (F.17)

Effective pressure angle, aec, coast side

Aec = %pc + Xim = 20° (F-18)

Outer pitch cone distance, Re2, wheel

R, =R_,+Cp.y by = 93,973 mm (F.19)

Inner pitch cone distance, Rj, wheel

R, =R, —b, = 68,573 mm (F.20)
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Outer pitch diameter, de2, wheel

de2 = 2Rezsin52 =176,893 mm

Inner pitch diameter, dj, wheel

di2 = 2Rizsin62 =129,080 mm
Outer transverse module, met2

d
=€ _ 4,536 mm
Z

met2

Wheel face width from calculation point to outside, be?

b,, =R,, —R_, =12,700 mm

Wheel face width from calculation point to inside, bi

b, =R,_, R, =12,700 mm

Crossing point to calculation point along wheel axis, t;m2

d._.sind
ml 2

= ¢ _0,5c0os{ tanAX|d_ . +
2055 Sm [ m2

dm1c0552

tzm2

= 27,459 mm
cos61

Crossing point to calculation point along pinion axis, t;m1

d
2 .
I % cos¢  COSAY —t ., SinAX = 76,493 mm

Pitch apex beyond crossing point along axis, t;1,2

t,q :le cosé‘1 -t

, 1:Omm

zm

t =Rm2 cosSZ—t 2 =0 mm

72 zZm

F.2.4 Determination of tooth depth at calculation point
Mean working depth, hmw

h_ v =2m_ . khap = 6,427 mm
Mean addendum, ham2, wheel

h =1,591 mm

am2 = Mmn (khap - Xhml)
Mean dedendum, hfy2, wheel

hfmz =m_ (khfp + thl) =5,639 mm

© ISO 2016 - All rights reserved
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(F.21)

(F.22)

(F.23)

(F.24)

(F.25)

(F.26)

(F.27)

(F.28)

(F.29)

(F.30)

(F.31)

(F.32)
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Mean addendum, h,m1, pinion

h, o =m_ (khap + thl) = 4,836 mm

Mean dedendum, hgp1, pinion

h Kinp = Xt | = 2,394 mm

fm1l ~ mmn (
Clearance, ¢

€ = My (K = K | = 0,803 mm

Mean whole depth, hy

h =h

m am1,2 +

h =7,230 mm

fm1,2

Py = Moo (Kpap + Ky ) = 7,230 mm

F.2.5 Determination of root angles and face angles
Face angle, 6,42, wheel

8, =8, +6,, =72387°

Root angle, 6r2, wheel

Spy =8, —0p, = 63,760°

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

a tanAY c0551E2 J o

¢pr = arctan
RmZ cosG’f2 -t, cos5f2

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

a tanAY cos5az J _ oo

¢, = arctan
Rmz cosﬂ9az —t,, COS532

Pinion offset angle in root plane, {p

a cosgp sind,
— g =0°
R_, cosO, —t , cOSOy,

Cr = arcsin{

Pinion offset angle in face plane, £

a cosg_ sind
S :arcsin[ ° az ]—(po =0°

m2 cos@az -t, cos6alz

(F.33)

(F.34)

(F.35)

(F.36)

(F.37)

(F.38)

(F.39)

(F.40)

(F.41)

(F.42)

(F.43)
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Face angle, 6,1, pinion

6 _, = arcsin (sinAZ sind, + cosAX coséy, cosCR) =26,240°

al
Root angle, 61, pinion

5f1 = arcsin (sinAZ sin5az + cosAY c055a2 cosgo) =17,613°

Addendum angle, 6,1, pinion

0, =5, —5, =6493°

Dedendum angle, 6¢1, pinion

O =5, 85y = 2,134°

1~ %1

Wheel face apex beyond crossing point along wheel axis, t;r2

R sinf_., — h cosf
_ tzz _ m2 a2. am2 a2 - _ 1,508 mm
sm5az

Wheel root apex beyond crossing point along wheel axis, t;r2

Rmz sm9f2 - hfm2 cosOf2

t =t =3,999 mm

zZR2 72 +

sind .,
Pinion face apex beyond crossing point along pinion axis, t;r1

a sin{p cosd., —t
zF1 =

JR2 sind = C

t =-9,931 mm

sind
Pinion root apex beyond crossing point along pinion axis, t;r1

a sing  cosé,, —t,p, Sind_, — ¢

tle -

: = 2,094 mm
sm5f1

F.2.6 Determination of pinion face width, b

Pinion face with in pitch plane, bp1

2 2 2 2
bpl = \/ReZ —ay” - \/Riz —a,; = 25,400 mm

Pinion face width from calculation point to front crown, b1 s

2 2 2 2
blA =\/Rm2 —ap —\/Ri2 —ap =12,700 mm

© ISO 2016 - All rights reserved
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(F.44)

(F.45)

(F.46)
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(F.48)

(F.49)

(F.50)

(F.51)
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Method 0:

Pinion face width, b1

b1 = b2 = 25,400 mm

Pinion face width from calculation point to outside, be1

b b, =12,700 mm

el =~ Cpe2 1

Pinion face width from calculation point to inside, b1
bi1 = b1 —bel =12,700 mm
F.2.7 Determination of inner and outer spiral angles

F.2.7.1 Pinion

Wheel cone distance of outer pinion boundary point, Re21 (may be larger than Re3)

2 2
Ry = \/RmZ +bg; +2R b cos§mp = 93,973 mm

m2 “el

Wheel cone distance of inner pinion boundary point, Rj21 (may be smaller than R;7)

2 2
Ry = \/RmZ +bf —-2R_, bilcosCmp = 68,573 mm
Face milling:
Wheel spiral angle at outer boundary point, fe21

. 2 2
2RmZ rcosm'BmZ o RmZ + Re21

ﬂe21 = arcsin = 36,846°
ZRep1 Teo
Wheel spiral angle at inner boundary point, fi21
2RmZ rcOSinﬁmZ - Rr2n2 + Ri221
B, = arcsin = 33,946°
ZRip1 e

Face hobbing and face milling:

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

a
: p o
= arcsin =0
Cele (R }

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

a
. p
. = arcsin =0°

ip21

i21

(F.54)

(F.55)

(F.56)

(F.57)

(F.58)

(F.59)

(F.60)

(F.61)

(F.62)
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Outer pinion spiral angle, fe1
Be1 = Begy + Cepp1 = 36,846°

Inner pinion spiral angle, Bi1

Bir = Pig1 + Cipay = 33,946°

F2.7.2 Wheel
Face milling:

Outer wheel spiral angle, fe2

B, = arcsin

Inner wheel spiral angle, Si2

. 2 2
2Rm2 rcOSIH'BmZ - Rm2 + ReZ
2R62 rcO
2R  r sinB_, —R>_ +R2

m2 ' c0 m2 m2 i2

B;, = arcsin
ZRyp re

F.2.8 Determination of tooth depth
Outer addendum, hge

hael = haml +beltant92111 =6,281 mm

han = hamZ + beztan9a2 = 2,064 mm

Outer dedendum, h¢e

h h + beltanQfl =2,867 mm

fel ~ "fm1

h h + beztanHf2 =7,085 mm

fe2 = "fm2

Outer whole depth, he

h.=h +hfe1=9,149 mm

el ael

h.,=h =9,149 mm

e2 ae2 + her

Inner addendum, h,j

h..,=h mi _bi1tan9a1 =3,391 mm

ail a

h. = ham2 - biztan@a2 =1,117 mm

ai2

© ISO 2016 - All rights reserved
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(F.66)
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Inner dedendum, hs;

hfil = hfml - biltane1E1 =1,921 mm

h h - biztanOf2 = 4,194 mm

fiz = "fm2

Inner whole depth, hj

h., = hai1 +hfil =5,311 mm

i1

hi2 = haiz + hfi2 =5,311 mm

F.2.9 Determination of tooth thickness
Mean normal pressure angle, ap

(04 +
o = nD . nC =20°

n

Thickness modification coefficient, xsm1, pinion

with outer normal backlash, jen

1 Rmzcosﬁmz

=0,037
Lcosa - R,cosB,,

Xsm1 = X¥smn ~ Jen 4m
m

Mean normal circular tooth thickness, spn1, pinion

S mni =0,5mmn7t+2mmrl (xsml +th1tanocn)=6,465 mm

Thickness modification coefficient, xs;m2, wheel

with outer normal backlash, jen

1 Rmzcosﬂmz

—j =-0,055
smn en
4mmncosocn Rezcosﬂe2

X =—X

Mean normal circular tooth thickness, simn2, wheel

S mn2 =0,5mmn TE+2mmn (Xst —thltanan)=3,511 mm

Mean transverse circular thickness, syt

S = smnl/cosﬂm1 = 7,892 mm

mtl

N

mt2 = smnz/cosﬁm2 = 4,286 mm

Mean normal diameter, dmn

d
d . = m1l = 82,241 mm

mnl .2 2
(1—sm B ,1€0s an)c0551

88

(F.75)

(F.76)

(F.77)

(F.78)

(F.79)

(F.80)

(F.81)

(F.82)

(F.83)

(F.84)

(F.85)

(F.86)
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d
d . = m2 = 638,207 mm

mn2 .2 2
(1—sm B 12€0s an)c0552

Mean normal chordal tooth thickness, smnc

s sin (smn1 / dmnl) = 6,458 mm

mncl ~ dmnl

SmncZ = dngSin(sng /dmn2) = 3’511 mm

Mean chordal addendum, hamc

Smn1
hamcl = haml + O’Sdmn1COS51 1-cos (dﬂ = 4,955 mm
mnl / |
S mn2
hach = hamZ + O’Sdmn2C0552 1-cos (d& =1,592 mm
mn2 / |

F.2.10 Determination of remaining gear dimensions
Outer pitch cone distance, Re1, pinion

R, =R, +b, =93,973 mm

Inner pitch cone distance, Rj1, pinion

Ri1 = le - bi1 = 68,573 mm
Outer pitch diameter, de1, pinion

del = ZRelsin51 =63,500 mm
Inner pitch diameter, dj1, pinion

di1 = 2Rilsin51 = 46,337 mm
Outside diameter, dae

dael = del + 2hae1c0551 = 75,324 mm

daez = dez + Zhaezcosé‘2 =178,288 mm

Diameter, dfe

d.. = de1 - thelcos61 =58,102 mm

fel
dfez = deZ - thezcosé2 =172,106 mm
Diameter, daj

dail = di1 + 2hail cosé1 =52,719 mm
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dai2 = di2 + Zhaizcos52 =129,835 mm

Diameter, dfj

dfi1 = di1 - thilcosé1 =42,721 mm

dfi2 = di2 - thizcosé2 =126,246 mm

Crossing point to crown along axis, txo1,2

teol =btum T belcos51 - haelsin51 = 86,324 mm

tyor = tymy T Dep€0SS, —h, ,sind, =29,808 mm

Crossing point to front crown along axis, txi1,2

ti1 =trm — bilcos61 - hailsin51 = 63,395 mm

tip =l,mo — bi2c0552 — haizsiné2 =22,117 mm

Pinion whole depth, h¢1, perpendicular to the root cone

PO i R t t ing,, =9,137
07 cose Sm( a1t fl)_ zR1 ~ tzpr | SO =5, mm
al

E3 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.101)

(F.102)

(F.103)

(F.104)

(F.105)

(F.106)

(F.107)

(F.108)

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

Z1,2 number of teeth X 13/42 X X
mean pitch diameter . . .
2 of wheel X
outer pitch diameter
de2 of wheel X 170 mm — X
ba wheel face width X 30 mm X X
mean spiral angle of L o L .
Pm1 pinion 50

90
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Table F.4 (continued)

Symbol Description Method 0 Method 1 Method 2 Method 3
Bz mean ss;}:ile?ngle of X L X X
reo cutter radius X 63,5 mm X X

number of blade
Z0 groups X — X X
(only face hobbing)
Table F.5 — Additional data for calculation of gear dimensions
Data type Data type 11
Symbol Description Symbol Description

adp 20°

adc 20°
falim 1
Xhm1 - Cham 0,35

khap — kq 2,000

knep — ke 0,125
Xsmn — kt 0,1

W2 -

Jet2 0,2 mm

Oa2 1°

Ot 4°

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

1
Xhm1 zkd [E_ChamJZOB
k
__d _
khap =5 =1
1
k.. =k, | k. +=]=1,25
hfp d[ c zj
kt
Xsmn 27:0,05

© ISO 2016 - All rights reserved 91



ISO 23509:2016(E)

F.3.2 Determination of pitch cone parameters

Gear ratio, u

z
u=-%=3231
2
Desired pinion spiral angle, Sa1, pinion

Bar = By =50°

Shaft angle departure from 90°, AY
AY =X -90°=0°

Approximate wheel pitch angle, Sint2

= arctan ucosAx = 69,624°

1,2(1 —usinAZ)

o

int2
Wheel mean pitch radius, rmpt2

d ., —b,sind.

ez 22 intZ _ 70,939 mm

rmptZ =
Approximate pinion offset angle in pitch plane, ';
asingd,

g’ = arcsin —~ intZ | _ 91,4330
rmptZ

Approximate hypoid dimension factor, K1

K, = tanﬁMsins’i +coss’i =1,216

Approximate pinion mean radius, rmn1

r K
_ mpt271
Fopl = = 26,708 mm
u
Start of iteration

kKKK First trial skkkkok

Wheel offset angle in axial plane, n

n = arctan a = 3,942°

rm]Dt2 (tanéintzcosAZ - sinAZ) +ro

Intermediate pinion offset angle in axial plane, €

a—-r_ _.sin
——mnl ”] =10,694°

&, = arcsin
r
[ mpt2

92

(F.109)

(F.110)

(F.111)

(F.112)

(F.113)

(F.114)

(F.115)

(F.116)

(F.117)

(F.118)
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Intermediate pinion pitch angle, Sint1

sinn o
Oine = arctan + tanAX cosn | = 20,001 (F.119)
tane, cosAX

Intermediate pinion offset angle in pitch plane, €'»

sing2 COSAY
g, = arcsin| ————— | = 11,390° (F.120)
COSéintl
Intermediate pinion mean spiral angle, S int1
K, - cossé
B iny = arctan W = 50,087 (F.121)

Increment in hypoid dimension factor, AK
.y -4
AK =sing, (tanﬁAl - tanf intlj =-7,309%10 (F.122)

Pinion mean radius increment, Armpt1

AK

mpt2 u

-2
A r =-1,605x10 mm (F.123)

rmptl =

Pinion offset angle in axial plane, €1

Ar
€, =arcsin| sing, — mptl sinn | = 10,695° (F.124)
rmptZ
Pinion pitch angle, 61
6, =arctan — SN tanAy cosn | = 20,000° (F.125)
tang; cosAX
Pinion offset angle in pitch plane, €'
sing; cosAX
gj =arcsin| ——— | =11,391° (F.126)
cosd,
Spiral angle, fin1, pinion
K, + AK — cose}
B, = arctan — = 49,998° (F.127)
sine}
Spiral angle, fin2, wheel
B = By — €1 = 38,608° (F.128)
Wheel pitch angle, 67
sing,
6, =arctan| —————— + cos¢; tanAX | = 69,631° (F.129)
tann cosAX
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Mean cone distance, Ry 1, pinion

= 78,045 mm (F.130)

Mean cone distance, Ry2, wheel

r
mpt2
=——=75,670 mm F.131
m?2 sing, ( )

Mean pinion radius, rmpt1

R 1 sind; =26,692 mm (F.132)

rmptl = m1

Limit pressure angle, ajim

tano, tand, (R _. sinf_. —R_, sinf
1= 2 [ ;‘1 ml — m2 sz — ~3,098° (F.133)

iy = arctan| —

’
cose] ml tan(‘)‘1 + Rm2 tan52

Limit radius of curvature, piim
seco; (tan,li'm1 - tanﬁmz)

plim =
tanf tanf
— tana mi__ mz_ |,
le tan61 Rmz tar162

= 71,539 mm (F.134)

1 1

R 4 Cosﬂml R - Cosﬁ'mz
Face milling:

Lengthwise tooth mean radius of curvature pmg

Pmp =Tco = 63,5 mm (F.135)

pmﬁ . .

——-1({=0,112 > 0,01 failed, next trial
Plim

kskskokk Last Trial kokokkk

Wheel offset angle in axial plane, n

n = 4,183° (F.136)

Intermediate pinion offset angle in axial plane, &3
a-r__.sin
e, = arcsin| — 12T |10 6020 (F.137)
rmptZ
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Intermediate pinion pitch angle, Sint1

sinn o
Oinpp = arctan| ————— + tanAY cosn | = 21,290 (F.138)
tane, cosAX

Intermediate pinion offset angle in pitch plane, €'»

sing2 COSAY
g, = arcsin| ——— | = 11,389° (F.139)
C055int1
Intermediate pinion mean spiral angle, S int1
K, - coss’2
B iny = arctan W = 50,089 (F.140)

Increment in hypoid dimension factor, AK
.y -4
AK =sing, (tanﬂAl —tanf | intl) =-7,477x10 (F.141)

Pinion mean radius increment, Armpt1

AK

rmptl = rmptZ u

-2
A =-1,642x10 mm (F.142)

Pinion offset angle in axial plane, €1

Armptl
€, =arcsin| sing, — sinn | =10,603° (F.143)
rmpt2
Pinion pitch angle, 61
6, = arctan{ S + tanAX cosn} = 21,288° (F.144)
1
tang; cosAX
Pinion offset angle in pitch plane, £'1
sing; cosAX
g} = arcsin| ———— | = 11,390° (F.145)
cosé,
Spiral angle, fm1, pinion
K, + AK — cose}
B,y = arctan — = 49,998° (F.146)
sine}
Spiral angle, B2, wheel
By =B, — €1 =38,609° (F.147)
Wheel pitch angle, 6
sing,
0, =arctan| ————— + cosg; tanAY | = 68,323° (F.148)
tann cosAX
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Mean cone distance, Ry 1, pinion

r + Ar
R =_mnl —mptl 3599 mm

sino 1
Mean cone distance, Ry2, wheel
rmptZ

= =76,337 mm

m2 s
sind 2

Mean pinion radius, rmpt1

R sin51 =26,692 mm

rmptl = "m1

Limit pressure angle, ajim

tané, tané, (R _; sinf_, —R_, sinf_,

i = arctan| —

Number of crown gear teeth, zp

Z
z_ =—2 _ _ 45196
p sing,

Lead angle of cutter, v

z
v = arcsin

0

cosB o [=0°
raz m

c0 “p

First auxiliary angle, A

A=90°—f_,+v ="51391°

Crown gear to cutter centre distance, ppg

Ppo = \/ernz + rcz0 —2Rmz rCOCOS/l =61,726 mm
Second auxiliary angle, n1

R m2 cosf m2 (

1, = arccos
Z
Ppo Zp

7, +7y )| = 14,895°

Lengthwise tooth mean radius of curvature, pmg
Face milling:

Pmp =Tco = 63,5 mm

96

!
cose; le tan51 + Rm2 tan52

=-2,253°

(F.149)

(F.150)

(F.151)

(F.152)

(F.153)

(F.154)

(F.155)

(F.156)

(F.157)

(F.158)
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Limit radius of curvature, pjim

secay;, (tanﬁm1 - tanﬁmz)

Plim = = 63,497 mm
tan tan
— tana Pm1 + Pma +
R, tané; R , tand,
1 3 1
R_,cosB ., R, cosB ,
Pmp -5
—— —-1|=4,836x10 < 0,01, passed
Plim
_ A
25sin 8, m2
Chep = =0,504
b2
End of iteration

F.3.3 Determination of basic data
Pinion mean pitch diameter, dpm1

dm1 = 2lesin51 =53,383 mm

Wheel mean pitch diameter, dy2

dm2 = 2Rm251n52 =141,877 mm

Shaft angle departure from 90°, AY
AY =X —-90°=0°

Offset angle in the pinion axial plane, £ _

2a
= arcsin =10,603°
Sm cosé,

m1l
(:0551

Offset angle in the pitch plane, Cmp
sing  sinX

=11,390°
cos51

¢ mp = arcsin[

Offset in pitch plane, ap

a, = RmzsinCmp =15,075 mm

© ISO 2016 - All rights reserved
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(F.160)

(F.161)
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(F.164)

(F.165)
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Mean normal module, mpyn

I 2R ,sind,cosf

m2 _
mn = 2,640 mm

Z;

Limit pressure angle, ajim

= —arctan

tand,tand, (R _;sinf_, —R ,sin_,

a lim
Generated normal pressure angle, ayp, drive side

%ap = %p + fotim im = 17,747°

Generated normal pressure angle, anc, coast side

Une = %ac = Solim Y lim = 22/253°

Effective pressure angle, aep, drive side

a.=ao =20°

eD nD ~ %lim
Effective pressure angle, aqc, coast side

— —_ o]
Fec = %nc +O‘lim =20

Outer pitch cone distance, Re2, wheel

Rez = Rm2 + Cpen b2 =91,468 mm

Inner pitch cone distance, Rj2, wheel

Ri2 = Rez - b2 = 61,468 mm

Outer pitch diameter, de2, wheel

dez = 2Rezsin62 =170 mm

Inner pitch diameter, di2, wheel

diZ = 2Rizsin52 =114,243 mm
Outer transverse module, met2

d
My, = —% = 4,047 mm
Z

Wheel face width from calculation point to outside, be?

beZ = Rez —RmZ =15,1314 mm

98

cosg“mp R ,tandé; +R ,tand,

=-2,253°

(F.167)

(F.168)

(F.169)

(F.170)

(F.171)

(F.172)

(F.173)

(F.174)

(F.175)

(F.176)

(F.177)

(F.178)
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Wheel face width from calculation point to inside, bj

b, =R, R, = 14,869 mm

Crossing point to calculation point along wheel axis, t;m?

d_.sind
=-ml" "2 _(5cos¢ tanAZX|d
2c0s8, m

dm1c0552

tsz m2 +

=26,621 mm
c0561

Crossing point to calculation point along pinion axis, t;m1

d
:_§%amgmamA2—¢HﬂsmAz=69727mm

zm1

Pitch apex beyond crossing point along axis, t;1,2

t,, = lec0561 -t,q = —1,225 mm
t,o = Rm2c0552 —t, 0= 1,576 mm

F.3.4 Determination of tooth depth at calculation point
Mean working depth, hmw

hmW = men khap =5,280 mm
Mean addendum, ham2, wheel

h =1,848 mm

am2 — Mmn (khap - Xhml)
Mean dedendum, hfmy2, wheel

Pimz = Mo (Kngp + Xy ) = 4,092 mm

Mean addendum, ham1, pinion

haml =m_ (khap + thl) = 3,432 mm

Mean dedendum, hgy1, pinion

h = 2,508 mm

fm1 — Mmn (khfp - Xhml)
Clearance, c

c=mg, . (khfp - khap) =0,660 mm

© ISO 2016 - All rights reserved
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Mean whole depth, hy,

h =h +h

m ~ "aml,2

fm12 = 5,939 mm

Py = Mo (Kpap + Ky | = 5,939 mm

F.3.5 Determination of root angles and face angles
Face angle, 42, wheel

8.5 =8, +6,, =69,323°

Root angle, 8, wheel

Spy =8, —0p, = 64,324°

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

a tanAX coso ©

R cos@f2 -t, c055f2

ma2

g = arctan{ J =0,000°

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

a tanAY coso a2

=0,000°
Rmz c059az —t, cos§a12

¢, = arctan[

Pinion offset angle in root plane, {p

a cosgp sindg,

R

- Qg = 10,319°
c059f2 -t coséfzJ

Cr = arcsin[

m2

Pinion offset angle in face plane, ¢

acose, sind,,

¢, = arcsin
RmZ cos@az -t c055az

J ~ ¢, =10,674°

Face angle, 641, pinion

o 1 = arcsin (sinAZ sin5f2 + CosAXY c055f2 cong) = 25,232°

a
Root angle, 61, pinion

O = arcsin (sinAZ sind_, + cosAX cosé, cosgo) =20,303°

Addendum angle, 6,1, pinion

0, =35, —8, =3,943°

Dedendum angle, 6¢1, pinion

O =8, — 5y =0,985°

(F.190)

(F.191)

(F.192)

(F.193)

(F.194)

(F.195)

(F.196)

(F.197)

(F.198)

(F.199)

(F.200)

(F.201)
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Wheel face apex beyond crossing point along wheel axis, t;rp

_. Rmz 51r19alz — ham2 cost9a12

— =2,126 mm
z2 s ’
sm5az

Wheel root apex beyond crossing point along wheel axis, t;r2

R sinf., — h cosO
" m2 f2 fm2 f2 — 2,955 mm

sind £

t =t

zZR2 72

Pinion face apex beyond crossing point along pinion axis, t;r1

asinfp cosdy, —t
ZF1 ~

ZR2 51n5f2 -C

sind al

t =-5,064 mm

Pinion root apex beyond crossing point along pinion axis, t;r1

asing  cosé_, —t,p, Sind_, — ¢
tr1 = . =—4,808 mm
Sh

F.3.6 Determination of pinion face width, b

Pinion face with in pitch plane, bp1

_ [p2 2 2 2
bpl—\/Rez—ap —\/Riz—ap = 30,626 mm

Pinion face width from calculation point to front crown, b1 s

2 2 2 2
blA = \/Rmz -a, _\/Riz -a,” = 15,243 mm
Method 1:
Auxiliary angle, A’

' — aretan smCmp c0552

=1,239°
ucosd, + cos52cos§mp

Pinion face width, breri1

b,cosA’
reril — .~ o~ 30,470 mm
cos(¢ mp ~ A"
Pinion face width increment along pinion axis, Abx1
. 1
AbX1 = hmwsmé’R 1- ; = 0,653 mm

Increment along pinion axis from calculation point to outside, Agxe

_ Cbe2 breril

cosoé., +Ab_, — (h - c) sind, = 13,342 mm
al x1 fm2 1 ’
cosOal

Agxe
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Increment along pinion axis from calculation point to inside, Agxi

(1 -c ) b .
be2 ) “reril .
Agy = cos6,_ cosé,; +Ab, + (hfmZ —c) sind; = 15,592 mm

Pinion face width from calculation point to outside, be1

Ag.. +h__.sind
= xe aml ! cosGa1 =16,089 mm
COS5a1

b

el

Pinion face width from calculation point to inside, bj1

Ag.. —h__.siné
- 7x amlTl 45872 mm
cos§1 - tan@alsiné1

bil
Pinion face width along pitch cone, b1

b1 = 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, Re21 (may be larger than Re3)

2 2
Ry = \/RmZ +bgy +2R 5 byycos, - =92,163 mm

Wheel cone distance of inner pinion boundary point, Rij21 (may be smaller than R;7)

2 2
Ry, = \/RmZ +b -2R_, bilcos§mlD =60,907 mm
Face milling:
Wheel spiral angle at outer boundary point, fe21

: 2 2
2R, 5 Teo SINBn =R, + Ropg

,Be21 = arcsin = 48,130°
ZRep1 7o
Wheel spiral angle at inner boundary point, i1
2R Tog SIB, — Ry + Ry
B;p1 = arcsin =30,549°
ZRi51 T

Face hobbing and face milling:

Pinion offset angle in pitch plane at outer boundary point, é’epm

a
= arcsin L - 9,414°
e2l

Cele

(F.212)

(F.213)

(F.214)

(F.215)

(F.216)

(F.217)

(F.218)

(F.219)

(F.220)
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Pinion offset angle in pitch plane at inner boundary point, §

ip21
ap
Cipp1 = arcsin =14,330° (F.221)
P R.
i21

Outer pinion spiral angle, Se1

Bei =Bep1 * Cep21 =57,544° (F.222)
Inner pinion spiral angle, fi1

Bir = Bigy +&ipay = 44,879° (F.223)
F3.7.2 Wheel
Face milling:
Outer wheel spiral angle, fe2

2R, oo SiNB, — Ry + RE,
B, = arcsin =47,674° (F.224)
2ReZ reo
Inner wheel spiral angle, S
2R, TSPy, — Ry + R
B;, = arcsin =30,826° (F.225)
2R e

F.3.8 Determination of tooth depth
Outer addendum, hge

h,eq =h, 1 +beq tand ; = 4,541 mm (F.226)

h,e =h, ., +b,tand_ , =2,112 mm (F.227)
Outer dedendum, hfe

hegq =hgpnq +bgq tande, = 2,784 mm (F.228)

h¢yy = hg o + b, tanbc, = 5150 mm (F.229)
Outer whole depth, he

hyy =h,eq +heq =7,325 mm (F.230)

h,, =h,, +he, =7,262 mm (F.231)
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Inner addendum, hg,j

h.. =h mi —biltaneal = 2,341 mm

ail a

hai2 = ham2 - biztan@az =1,588 mm

Inner dedendum, h¢j

h h — biltanQf1 = 2,236 mm

fil ~ "fm1

h h - biztan@f2 = 3,052 mm

fiz = Mtm2

Inner whole depth, h;

h., = hail + hﬁl = 4,577 mm

i1

= 4,640 mm

hiy =hyp +hgy

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

(04 + o
o = nD - nC =20°

n

Thickness modification coefficient, xsm1, pinion

with outer transverse backlash, jet2

R ,cosf . _ 0038

e2

Xsm1 = Xsmn ~ Jet2 4m
mn

Mean normal circular tooth thickness, spn1, pinion

Smn1 = O,Smmn T men (Xsml + Xhmltanan) = 4,922 mm

Thickness modification coefficient, xsm2, wheel
with outer transverse backlash, jet2

Rmzcosﬁrnz

4mmn R

X =—X =-0,062

sm2 smn ~ Jet2
e2

Mean normal circular tooth thickness, s;mn2, wheel

Sonz = 0,5 Mo, T+ 2 m.. (Xst ~Xpm1 tanan) =3,241 mm
Mean transverse circular thickness, syt

s = smnl/cosﬂm1 =7,656 mm

mtl

s =s /cos/i'm2 =4,147 mm

mt2 ~ “mn2

104

(F.232)

(F.233)

(F.234)

(F.235)

(F.236)

(F.237)

(F.238)

(F.239)

(F.240)

(F.241)

(F.242)

(F.243)

(F.244)
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Mean normal diameter, dmn

d
d .= ml = 118,898 mm
.2 2
(1—sm B ,1€0s an)00561
d_ . = Im2 = 585,370
mn2 — - ’ mm

s 2 2
(1 —sin“B_,cos“a ) cosé,
Mean normal chordal tooth thickness, smnc

Smnc1 = dmn1SiN (Smnl /dmnl) =4917 mm

S sin(smr12 /dmnz) =3,241mm

mnc2 dng

Mean chordal addendum, hamc

h =h 0,5d 5,11 Smnt || _ 3432
amc1l ~ MTam1 Y24, €050 | 1 —cCOS d - mm

mnl

mn2

Smn2
hach = hamZ + O’SdngCOS52 l:l — Cos (dﬂj:l =1,849 mm

F.3.10 Determination of remaining gear dimensions
Outer pitch cone distance, Re1, pinion

R, =R_, +b, = 89,608 mm

Inner pitch cone distance, Rj1, pinion

R, =R_, —b, =57,697 mm

Outer pitch diameter, de1, pinion

del = 2Re1 sin51 = 65,065 mm

Inner pitch diameter, dj1, pinion

di1 = 2Rilsin51 =41,895 mm

Outside diameter, dae

dael = del +2hae1C0551 = 73,528 mm

daez = dez + Zhaezcosé2 =171,560 mm
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Diameter, dfe

doq =dgq —2hg c086, =59,877 mm (F.257)

fel

doy =dgy —2hg,c086, = 166,196 mm (F.258)

Diameter, d,j

d,, =d; +2h cos6; = 46,258 mm (F.259)
d,, =d;, +2h_,cos6, =115,416 mm (F.260)

Diameter, dfj

dgq =diy —2hg cos6; = 37,730 mm (F.261)

dg, =d;, —2hg,c086, = 111,989 mm (F.262)

fi2
Crossing point to crown along axis, txo1,2

o1 = tym1 + De1€OS6; —h,  sind; = 83,070 mm (F.263)

X0

tyor = tymp T DapCc0S6, —h ,sind, = 30,247 mm (F.264)

X02

Crossing point to front crown along axis, txi1,2

tq1 =t,mg — Dyp€086; —hy sind; = 54,135 mm (F.265)

xil

tyip =ty — bpC086, — h ;,sind, =19,653 mm (F.266)

Xi2

Pinion whole depth, h¢1, perpendicular to the root cone

poo e g g ins, = 7,320 F.267
= sm( a1t fl) - (th - tzFl) sindy =7, mm (F. )
coséz11

F4 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
2 shaft angle X X 90° X
a hypoid offset 0,0 X 31,75 mm X
Z1,2 number of teeth X X 9/34 X
mean pitch diameter . . .
dmZ of wheel 146,7 mm
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Table F.7 (continued)
Symbol Description Method 0 Method 1 Method 2 Method 3
outer pitch diameter .
de2 of wheel X X X
b2 wheel face width X X 26,0 mm X
mean spiral angle of o . -
Pm1 pinion X
mean spiral angle of - o
Pm2 wheel X 21,009 X
rco cutter radius X X 76,0 mm X
number of blade
Z0 groups X — 13 X
(only face hobbing)
Table F.8 — Additional data for calculation of gear dimensions
Data type Data type 11
Symbol Description Symbol Description
agp 20°
aqc 20°
falim 1
Xhm1 — Cham 0,275
Xsmn — k¢ 0,1
Wm2 _
Jet2 0,2 mm
932 00
62 0°

Table F.9 — Transformation of data type Il into data type I

1

Xpm1 = kd [E - Chamj =0,45

k

L
2

khap -

khfp =ky [kc +
kt
Xsmn 2720,05

© ISO 2016 - All rights reserved
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F.4.2 Determination of pitch cone parameters

Lead angle of cutter, v

z,d_,cosf
v = arcsin 20 m27 T m2 20,151°
2zyTy
First auxiliary angle, A
A=90°-B ,+v=289,142°

Gear ratio, u

Z
u=-—==3,778
Zq

First approximate pinion pitch angle, 61app

5 sinX

lapp = arctan[

=14,826°
U+ cosX

First approximate wheel pitch angle, 62app

o =X-6 =75,174°

2app lapp

First approximate pinion offset angle in axial plane, gmapp

2a

= arcsin| —— M2 | -23,861°

coso
2
14— =3P

U coso

Cmapp

lapp
Approximate hypoid dimension factor, Fapp

= €05 m =1,317
cos(ﬂm2 + gmapp)

Approximate pinion mean pitch diameter, dm1app

app

F

d
__ app m2 _
dmlapp = T =51,150 mm

Intermediate angle, @2

u cos¢
¢, = arctan PP =69,130°
u
Lt (Fypp — 1) sinZ
pp
tam62app

Approximate mean radius of crown gear, Rmapp

d
R =—m2 _ 78500 mm
MAPP - 2sing,

(F.268)

(F.269)

(F.270)

(F.271)

(F.272)

(F.273)

(F.274)

(F.275)

(F.276)

(F.277)
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Second auxiliary angle, n1

IpCoSV — Rmappsmﬂmz

n, = arctan - =23,479°
roSinv JrRmappcosﬁmz
Intermediate angle, @3
tan(B._, +7n
¢4 = arctan Pz 1) | _ 46,431°
sing,
Second approximate pinion pitch angle, 61"
" d sinX
6, =arctan m1iapp
2a
dmzcoscjmapp + dmlappcosZ -
tan (g03 + gmapp )

= 24,660°

ISO 23509:2016(E)

(F.278)

(F.279)

(F.280)

Approximate wheel pitch angle, 62", projected into pinion axial plane along the common pitch plane

5, =X-5, =65340°

2

Start of iteration

Improved wheel pitch angle, 62imp

52imp = arctan (tan62"cos§mappj =63,343°
Auxiliary angle, np
sind cosd .
n . = arctan 1app 2imp | _ 11,479°
P -5
cos ( Zimp)

Approximate wheel offset angle, napp

2a
= arctan

Mapp
d

cosr,psin(ﬁm2 + 771)

dm2 tan52 imp + mlapp

© ISO 2016 - All rights reserved
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Improved pinion offset angle in axial plane, ¢ imp

24 Fapptannappsm52impcosnp

Cmimp = arcsin a_ s (2 Y ) =21,556 (F.285)
2imp
Improved pinion offset angle in pitch plane, Cmp imp
tang . sinX
— p _ o
gmp imp = arctan = 23,846 (F.286)
cos (2 - 52imp )
Hypoid dimension factor, F
cos
F = Pz =1,317 (F.287)
cos (ﬁmZ + Cmp imp)
Pinion mean pitch diameter, dp1
Fd
m2
d. 1= » =51,138 mm (F.288)
Intermediate angle, @4
¢, = arctan sinsinZ = 46,413° (F.289)
m2 ;
——= — cosAsind,,.
2imp
2ry,
Improved pinion pitch angle, 61"imp
" d sin¥
81 imp = arctan ml > = 24,786° (F.290)
d ., cosCmimp +d,, cosX cosn  —
tan ((P4 + Cmimp)

Improved wheel pitcfl angle, projected into pinion axial plane along the common pitch plane, 2" imp

14

o, imp =2 -0, imp = 65,214° (F.291)
Wheel pitch angle, 67
6, = arctan[tané2 imp cosg“mpimpj =63,212° (F.292)
Intermediate angle, @5
tand,
¢ = arctan =64,847° (F.293)
COSCmimp
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Improved auxiliary angle, npimp

tannappsingo5
cos (Z — s )

Wheel offset angle in axial plane, n

= arctan =10,843°

M pimp

2a
n = arctan - =10,554°
COST impSiNPs

cos (2 - goS)

Pinion offset angle in axial plane, £

dmztané2 + dm1

¢, = arcsin (tan52 tann) =21,658°

Pinion offset angle in pitch plane, Cmp

tan{ _sinX
¢y = arctan| ——=—— | =23,981°
P Cos(Z -0 )
2
Pinion spiral angle, fin1
Bg =B+ gmp =44,990°
Pinion mean pitch diameter, dpy1
d_.cos
dm1==—E@——£52-=51258rnm
ucosf 4

Auxiliary angle, &

If ¥ #90°:

& = arctan (tanZ cosg ) — 9,

If ¥ =90°:

§=90°-6, =26,788°

Pinion pitch angle, 61

0, = arctan(tané cosCmp) =24,763°

Mean cone distance, Ry 1, pinion

d
=2 =61,186 mm
2sind
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Mean cone distance, Ry2, wheel

d
o =22 = 82168 mm
2sind,

Crown gear to cutter centre distance, ppg

Ppy = \/rczo + Riz — 2rCO Rmz cosA =111,088 mm

Intermediate angle, ¢

r ~sinld
CO—] = 43,162°

Py = arcsin[
Ppo

Complementary angle, @comp
=180° - §mp — Qg = 112,856°

(pcomp

Checking variable, Rincheck

R___sin
R =-m2"2% _ 60998 mm
check .
SINQ omp
R
—ml _1/<0,01
Rmcheck
End of iteration

Face width factor, cpe2

Che2 = 0,5

F.4.3 Determination of basic data
Pinion mean pitch diameter, dm1

dm1 = Zlesin51 =51,258 mm

Wheel mean pitch diameter, dp,2

dm2 = 2Rmzsin52 =146,7 mm

Shaft angle departure from 90° AY
AY =X -90°=0°

112
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(F.310)

(F.311)
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Offset angle in the pinion axial plane, £ _

2a
= arcsin =21,647°
Sm cosd,
d

+

m2 ml

cosd
Offset angle in the pitch plane, Cmp
sing  sin¥

= 23,969°
c0551

¢ mp = arcsin[

Offset in pitch plane, ap

a, = Rmzsin§mp = 33,380 mm

Mean normal module, mpyn

_ 2R _,sind,cosf

m m2 _ 4028 mm

mn

Zy

Limit pressure angle, a1im

tané, tandé, (R_; sinf_, —R_, sinf_,

alim = —arctan

Generated normal pressure angle, ayp, drive side

p— — (e}
%yp = %dp + alim %lim = 15,868
Generated normal pressure angle, ayc, coast side

Une = %c ~ fotim Ylim = 24,132°

Effective pressure angle, aep, drive side
a,py = 20°

Effective pressure angle, aec, coast side
Q. =20°

Outer pitch cone distance, Re2, wheel

Rez = Rm2 +Chan b2 =95,168 mm

Inner pitch cone distance, R, wheel

R, =R, - b, = 69,168 mm

© ISO 2016 - All rights reserved
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Outer pitch diameter, de2, wheel

de2 = 2Rezsin62 =169,910 mm
Inner pitch diameter, dj, wheel

di2 = 2Rizsin62 =123,490 mm
Outer transverse module, Met2

d
m.., =—2 - 4997 mm

Zy

Wheel face width from calculation point to outside, be?

b,, =R, - R, , =13,000 mm

Wheel face width from calculation point to inside, bi

b,=R,_, R, =13,000 mm

Crossing point to calculation point along wheel axis, t;m2

d_,sind
—_ml” "2 0,5cos¢  tanAX | d
2c0551

dmlc0562

tsz m2 +

= 25,195 mm
cos§1

Crossing point to calculation point along pinion axis, t;m1

d
2 .
I % cos¢  CosAY —t . sinAY = 68,178 mm

Pitch apex beyond crossing point along axis, t;1,2

t :le cosé1 -t = -12,618 mm

z1 zZm

t., = Rmz c0552 —t, = 11,836 mm

72

F.4.4 Determination of tooth depth at calculation point
Mean working depth, hpw

h . =2m_ . khap = 8,056 mm
Mean addendum, hym2, wheel

h = 2,215 mm

am2 = Mmp (khap - Xhml)
Mean dedendum, hfm2, wheel

hmzzmmmh®+xmm)=&M7mm
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Mean addendum, ham1, pinion

ham1 =m_. (khap +th1) = 5,840 mm

Mean dedendum, hgy1, pinion

h = 3,222 mm

fm1 = Mmn (khfp - Xhml)
Clearance, ¢

c=m_. (khfp - khap) =1,007 mm

Mean whole depth, hy,

h_=h +h

m ~ aml,2

fml2 = 9,063 mm

Py = Mo (Kpap + Kpgy ) = 9,063 mm

F.4.5 Determination of root angles and face angles
Face angle, 6,2, wheel

8,5 =08, +0,, =63,212°

Root angle, dr2, wheel

Sy =08, —0p, =63,212°

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

a tanAY cos5f2

=0,000°
RmZ cosﬂ9f2 -t c055f2

Pp = arctan[

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

a tanAX coso a2

¢, = arctan
RmZ cos@az -t coséa12

J =0,000°

Pinion offset angle in root plane, {p

a cosgy sindg,

R c059f2 -t 0055f2

m2

Cr = arcsin[ J —pg =21,647°

Pinion offset angle in face plane, ¢

acosg, sind,

¢, = arcsin
R cos@al2 -t cosSz12

] ~p, =21,647°

© ISO 2016 - All rights reserved
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Face angle, 6,41, pinion

6, = arcsin(sinAZ Sind, + cosAX cosdy, COSCR) = 24,765°

Root angle, 6¢1, pinion

6f1 = arcsin(sinAZ sin6a12 + CosAXY coséa2 cosgo) = 24,765°

Addendum angle, 6,1, pinion

0,, =5, —5, =0,002°

Dedendum angle, 6¢1, pinion

0r =8, — 8 =—0,002°

Wheel face apex beyond crossing point along wheel axis, t;r7

R sinf_., — h cosf
_ tzz _ m2 a2. am?2 a2 _ 14,318 mm
51nSa12

tZFZ

Wheel root apex beyond crossing point along wheel axis, t;r2

RmZ smeZ — hfmzcosef2

+ =4,166 mm
sin5f2

=t

72

Pinion face apex beyond crossing point along pinion axis, t;r1

a sinfp €osé¢, —t,p, SiNdp, — ¢

tzFl -

=1,319 mm

sind
Pinion root apex beyond crossing point along pinion axis, t;r1

asing, coséd_, =t p, Sind_, — ¢
tr1 = . =-20,315 mm
sind

F.4.6 Determination of the pinion face width, b

Pinion face width in pitch plane, bp1

_ [p2 2 2 2
bpl—\/Rez—ap —\/Riz—ap = 28,542 mm

Pinion face width from calculation point to front crown, b1

_ [p2 2 2 2
blA—\/Rmz—ap —\/Riz—ap =14,502 mm

Method 2:

Pinion face width along pitch cone, b1

2
b1 = b2 (1 + tan Cmp) =31,139 mm

(F.347)

(F.348)

(F.349)

(F.350)

(F.351)

(F.352)

(F.353)

(F.354)

(F.355)

(F.356)

(F.357)
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Pinion face width from calculation point to outside, be1

b =15,569 mm

el = Chez D1
Pinion face width from calculation point to inside, bj1

b;; =b; —b,; =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, Re21 (may be larger than Re?)

2 2
Ry = \/RmZ +by, +2R_, b, cosgmp = 96,602 mm

Wheel cone distance of inner pinion boundary point, Rj21 (may be smaller than R;7)

2 2
R, = \/RmZ +b{} = 2R, , by cosC, = 68,235 mm

Face hobbing:

Lead angle of cutter, v

2r

| Z0Mmn °
v = arcsin| —— | = 20,151
c0

Crown gear to cutter centre distance, ppo

2 2 B
Ppy = \/Rmz +ri — ZRm2 T'eo sm(ﬂm2 - v) =111,088 mm

Epicycloid base circle radius, pp

py =—P0 82820 mm
Z
1+-2 sing,
22

Auxiliary angle, @e21
2 2 2
Rix1 + Ppo —Téo

(Popq = Arccos =42,213°
ZR 21 Ppo

© ISO 2016 - All rights reserved
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Aucxiliary angle, @i21

2 2 2
Ri51 + Ppo —Teo

2R

¢, = arccos =42,257°

i21 Ppo
Wheel spiral angle at outer boundary point, fe21
21 ~ Pp C0SPenq

Py, SINQyq

R
Bery = arctan{ ° J =32,362°

Wheel spiral angle at inner boundary point, fi21

R.,. — p, cose.
i21 .b i21 —7101°
Pp SMQj7q

By = arctan[

Face hobbing and face milling:

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

a
= arcsin L - 20,215°
Re21

Cele

Pinion offset angle in pitch plane at inner boundary point, §ip21

a
¢ . =arcsin| —— | =29,287°
ip21 R121

Outer pinion spiral angle, fe1
Ber = Beg1 + Gepa1 = 52,576°

Inner pinion spiral angle, i1

Bix =Bigg + Cip21 =36,388°

F4.7.2 Wheel
Face hobbing:

Auxiliary angle, @e2

2 2 2
RS, + ppy—T
(op = arccos e2 P0 Sty 42,370°
2R, Ppy
Auxiliary angle, @i
R? + p2 r2
2_TP0 O _42397°
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Outer wheel spiral angle, fe2

R, — p, cose
B, = arctan| <22 €2 |_ 373340 (F.375)
Pp Sin(peZ
Inner wheel spiral angle, Si
R., — p, coso.
B, =arctan| 2212 |_g159° (F.376)
Py, SN,

F.4.8 Determination of tooth depth

Outer addendum, hge

=h, , +b,tand_ ; =5,841 mm (F.377)

ael a

h,ey =h, o +b,,tand , =2,215 mm (F.378)

ae2

Outer dedendum, hge

h hg 1 + bgq tanby = 3,222 mm (F.379)

fel ~ Mtm1

h hg.» + by, tandy, = 6,847 mm (F.380)

fe2 = "fm2

Outer whole depth, he

hyy =hygq +hey =9,063 mm (F.381)

hy, =h,e + hgp =9,063 mm (F.382)
Inner addendum, h,j

hyq =h,q —bj;tand, ; = 5,840 mm (F.383)

h,, =h, ,—b;,tand_, = 2,215 mm (F.384)
Inner dedendum, hy;

hgy = hgyq — by tanby = 3,223 mm (F.385)

hgo = hg , —by,tand;, = 6,847 mm (F.386)
Inner whole depth, hj

hyy =hyq +hgy =9,063 mm (F.387)

hi, = h, + hg, = 9,063 mm (F.388)
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F4.9 Determination of the tooth thickness
Mean normal pressure angle, ap

o +
o =-JﬂLE—J!l:=20ﬁ00°

n

Thickness modification coefficient, xsp1, pinion

with outer transverse backlash, jet2

Rm2 cosﬂmz

- = 0,040
smn ]etZ Am

X =X

sm1l
mn - e2

Mean normal circular tooth thickness, spyn1, pinion

= O,5mm T+ men (Xsml + Xpmi tanan) =7,969 mm

Sm n

Thickness modification coefficient, xsm2, wheel

with outer transverse backlash, jet2

. . j R, cosB .,
sm2 ~ “smn Jet2
4‘mmn Re2

=-0,060

Mean normal circular tooth thickness, s;mn2, wheel

Sin2 = 0,5mmn T+2m_ (Xst ~ Xpm1 tanan) =4,524 mm

Mean transverse circular thickness, syt

N

mtl = smnl/cosﬁm1 =11,267 mm

S o= smnz/cosﬁm2 = 4,846 mm

mt2

Mean normal diameter, dmn

d
d ;= ml =101,047 mm
(1 - sinzﬁmlcoszozn)c0551
dm2
d_ .= = 367,179 mm

.2 2
(l—sm B 208 ozn)cosé2

Mean normal chordal tooth thickness, Smnc

Smncl = dmnISin (Smnl / dmn1) =7,961 mm

SmncZ = dngSin (Smn2/dmn2) = 4’524 mm

120
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Mean chordal addendum, hamc

Smnl
hamcl = haml + O'Sdmn1C0551 1-cos d— =5,982 mm

mnl

h, o =hy o +0,5d 5 cosd, [1 — cos [:Im—nzﬂ =2,221 mm
mn2
F.4.10 Determination of remaining gear dimensions
Outer pitch cone distance, Re1, pinion
R

=R = 76,755 mm

el ml + bel

Inner pitch cone distance, Rj1, pinion

Ry =R, —b;; =45617 mm
Outer pitch diameter, de1, pinion

del = ZRE1 sin51 =64,301 mm
Inner pitch diameter, dj1, pinion

d,, =2R;; siné; =38,215 mm

Outside diameter, dae

dae1 = del + 2hael cosS1 =74,909 mm

d 02 = dez + 2hae2 cos52 =171,907 mm

al

Diameter, dfe

dfe1 = de1 - thelc0561 =58,450 mm

d.. = dez - thezcos52 =163,738 mm

fe2

Diameter, d,;

dail = di1 + Zhailcosé1 = 48,821 mm
daiZ = diz + Zha12C0552 =125,487 mm

Diameter, dfj

dfi1 = di1 - th11C0551 = 32,362 mm

d., = di2 — thizcos52 =117,318 mm

fi2

© ISO 2016 - All rights reserved
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Crossing point to crown along axis, txo1,2

tyo1 = tymy T Dep €086, —h,  siné; =79,869 mm (F414)

x01l

tor = tymp T Dey€OSS, —h, ,sin6, =29,077 mm (F.415)

X02
Crossing point to front crown along axis, txi1,2

ty1 = tym — Dy €086, — hyyysind; = 51,594 mm (F.416)

xil

tip =t,no — b,C086, —h_.,sind, =17,359 mm (F.417)

xi2
Pinion whole depth, h¢1, perpendicular to the root cone

t +t
zF1 xol . .
= XL sin(0,) +0gy ) ~ (Er1 — Egpr ) SNy = 9,063 mm (F.418)

h
t1
coso al

E5 Sample hypoid gear set — Method 3

F.5.1 Initial data

This example uses Method 3 — Face hobbing tooth form.

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
2 shaft angle X X X 90°
a hypoid offset 0,0 X X 40 mm
Z1,2 number of teeth X X X 12/49
mean pitch diameter . . .
A2 of wheel X
outer pitch diameter
dep of wheel X X — 400 mm
ba wheel face width X X X 60 mm
mean spiral angle of . . .
Pm1 pinion X
mean spiral angle of . o
Pma2 wheel X X 30
rco cutter radius X X X 135 mm
number of blade
Z0 groups X — X 5
(only face hobbing)
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Table F.11 — Additional data for calculation of gear dimensions

Data typel Data type Il
Symbol Description Symbol Description
adp 19°
adc 21°
falim 0
Xhm1 0,2 Cham —
khap 1 kq —
knfp 1,25 ke —
Xsmn 0,031 Kt —
W2 -
Jet2 0 mm
022 0°
Or2 0°

Table F.12 — Transformation of data type I into data type II

1 Xhm1
Cham:E 1—k—m :0,4-

hap
kg =2k, = 2,000
k
k, LD ) Z 0125
2| Ky

k. =2x,  =0,062

F.5.2 Determination of pitch cone parameters

Gear ratio, u

23
u=—==4,083 (F.419)
z
1
For the iteration that follows, start with hypoid dimension factor, F
F=1 (F.420)
Wheel pitch angle, &7
inY
5, = arctan| ——= | = 76,239° (F421)
— 4+ cosY

u

© ISO 2016 - All rights reserved 123



ISO 23509:2016(E)

Pinion pitch angle, 61

§, =2 -5, =13,761°

Start of iteration
**xEE First trial *¥+**

Wheel mean pitch diameter, dy2

dm2 = dez — bzsin52 =341,722 mm

Pinion offset angle in axial plane, {_

2a

F cos52
d 1+ —-
m2 u cosd,

¢, = arcsin =12,760°

Pinion pitch angl_e, 01

0, = arcsin(cosgm sin cosd, — cosX sin52) =13,415°

Pinion offset angle in pitch plane, Cmp

sing _sinX
=arcsin| ————— | =13,124°
Cmp { coss, ]
Mean normal module, mpyp
cosf_, d
m_ =—"2 "2 _ 6040 mm
)

Spiral angle, fin1, pinion
B =Byt gmp = 43,124°

Hypoid dimension factor, F

P cosf_

cosf_ 4

=1,187
Pinion mean pitch diameter, dm1

d
=-M2 _ 99,298 mm
u

d

m1l

Mean cone distance, Ry 1, pinion

d
===l =214,009 mm
2sind,

124
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(F.426)
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(F.429)
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Mean cone distance, Ry2, wheel

d
g =22 =175,910 mm
2sing,

Lead angle of cutter, v

Z, m
v = arcsin 20 mnf_ 6,422°
2rc0

Auxiliary angle, 9 |

§_ = arctan (sin52 tanCm) =12,405°
Intermediate variable, A3

Ay =rcos” (B, —v)=113,400 mm
Intermediate variable, A4

A, = Rmzcos(ﬂmz + Sm) cosf ., =112,489 mm
Intermediate variable, A5

A5 = sing“mp cosSm cosv =0,220
Intermediate variable, 4g

A6 = Rmzcosﬁmz + rcosinv =167,442 mm

Intermediate variable, A7

sin(ﬂm2+9m —v) sinCmp _ 0393

A7 =cosﬂm1 cos(ﬂm2+.9m)—

cos (ﬂmZ —v)
Intermediate variable, Ry, int
A3 A4
R oiw=""—"""= 156,504 mm
Ag Ay + A5 A
Check:
‘Rm int —le =57,504 mm > 0,000 1Rml = 0,021 mm, next trial

ISO 23509:2016(E)

(F.432)

(F.433)

(F.434)

(F.435)

(F.436)

(F.437)

(F.438)

(F.439)

(F.440)

(F.441)

Repeat the next loop of iteration with the following two improved values for 61, 62 and the actual

value for F.
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Pinion pitch angle, 61

d
8, =arcsin| — 21— | = 18,496°

m int

Wheel pitch angle, 6

sing; cos¢  sinX + cosd, cos§mp cosX
6, = arccos

C 2 2
1 —sinZ'sin“C
kskskokk Last trial kekokkk

Wheel mean pitch diameter, dy2

dm2 = dez - bzsin52 = 343,148 mm

Pinion offset angle in axial plane, ¢

2a

J F c0562
14— %
m2 u cosd,

¢, = arcsin =12,265°

Pinion pitch angl_e, 01

0, = arcsin(cosgm sinX cosd, — cosX sin62) =18,201°

Pinion offset angle in pitch plane, Cmp

sing _sinX
= arcsin| ———— | =12,922°
Cmp { cosd, ]
Mean normal module, mpyn
cosf_., d
m.. = _TmZ2 m2 _ 6,065 mm
Z)

Spiral angle, fin1, pinion
Boi =Byt Cmp =42,922°

Hypoid dimension factor, F

Fo cosf_,

cosf 4

=1,183
Pinion mean pitch diameter, dm1

d
= -M2 £ _ 99,384 mm
u

d

ml

126

=71,018°
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(F.451)

© ISO 2016 - All rights reserved



Mean cone distance, Ry 1, pinion

d
=2 =159,088 mm
2sind,

Mean cone distance, Ry2, wheel

d
R, =—"2_ =181,074 mm
2sing,

Lead angle of cutter, v

v = arcsin [MJ = 6,449°
Auxiliary angle, 9

g =arctan (sin52 tand ) =11,640°

Intermediate variable, A3

2
Ay =rgcos® (B, —v)=113,446 mm

Intermediate variable, A4

A, = Rmzcos(ﬂnr12 + 9m) cosf , =117,194 mm

Intermediate variable, As

A5 = sinCmpCOSSmcosv =0,218

Intermediate variable, 4g

A6 = Rmzcosﬁmz + rcosinv =171,977 mm

Intermediate variable, A7

sin(ﬁm2 +3,, —v) sing

A7 = cosﬂmlcos(ﬁm2 +9m) -

Intermediate variable, Ry, int

A3 A4
R, ., =—————=159,100 mm
As Ag +A; A,

Check:

‘Rm int le

© ISO 2016 - All rights reserved

cos(ﬂmz —v)

=0,012mm <0,0001R_, =0,016 mm, passed

ISO 23509:2016(E)

(F.452)

(F.453)

(F.454)

(F.455)

(F.456)

(F.457)

(F.458)

(F.459)

(F.460)

(F.461)

(F.462)

127



ISO 23509:2016(E)

Pinion pitch angle, 61

d
ml | _18,200°

m int

Wheel pitch angle, 6

51 = arcsin

sind; cos¢ sinX + cosd; cosg“mp cosY
6, = arccos

=71 °
RN ,360
1 - sinZ'sing

End of iteration

Face width factor, che2

Che2 = 0,5

F.5.3 Determination of basic data
Pinion mean pitch diameter, dpy1

dml = 2lesin61 =99,377 mm

Wheel mean pitch diameter, dy»

dm2 = 2Rmzsin62 = 343,151 mm

Shaft angle departure from 90°, AY
AY =X -90°=0°

Offset angle in the pinion axial plane, £

2a

¢, = arcsin =12,265°

cosé2

d .+

m2 m1l

00551

Offset angle in the pitch plane, Cmp
sing  sinX

=12,922°
c0551

¢ mp = arcsin[
Offset in pitch plane, ajp,

a, = Rmzsing“mp = 40,492

Mean normal module, mpyp

~ 2R_,sind,cosp .

m_. = 6,065 mm

Zy
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Limit pressure angle, aim

tand, tand, | R sinf_, —R_,sinB_,

cosgmp R ,tané; + R _,tand,

_ — o
Q ), = —arctan =-1,731

Generated normal pressure angle, ayp, drive side

o =19°

nD ~ adD + alim alim
Generated normal pressure angle, anc, coast side

a =21°

nc = %dc ~ fotim %lim

Effective pressure angle, aep, drive side
QAup = A p — Ay = 20,731°

Effective pressure angle, qec, coast side

Aoe =0 + Ay, = 19,269°

Outer pitch cone distance, Re2, wheel

R, =R_,+Cpoy by = 211,072 mm

Inner pitch cone distance, R, wheel

R, =R, —b, =151,072 mm

Outer pitch diameter, de2, wheel

dez = 2Re25in52 =400 mm

Inner pitch diameter, dj, wheel

di2 = 2Rizsin52 = 286,295 mm
Outer transverse module, met2

d
=€ _8163 mm
Z,

metZ

Wheel face width from calculation point to outside, be?

b,, =R,, —R_, =29,998 mm

Wheel face width from calculation point to inside, bi

b, =R, -R,, =30,002 mm

© ISO 2016 - All rights reserved
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Crossing point to calculation point along wheel axis, t;m2

@1 SN0, 0,5cosC_tanAX | d
=—= 2 _0,5cos an +
2058, m m2

. dmlc0552
zm2

= 49,561 mm (F.485)
c0561

Crossing point to calculation point along pinion axis, t;m1

tzml

d
= %2 cos{ CosAX —t, ., SinAY = 167,660 mm (F.486)

Pitch apex beyond crossing point along axis, t;1,2

t,1 = le cosé1 —t

. =—16,530 mm (F.487)

zm

t,, =R, cosé, —t, . =8315mm (F.488)

z2

F.5.4 Determination of tooth depth at calculation point

Mean working depth, hmw

h =2m__k, =12130 mm (F.489)

mw mn " hap

Mean addendum, hym2, wheel

Pamz = Monn (Knap = Xpn1 ) = /852 mm (F.490)
Mean dedendum, hfm2, wheel

Pimz = Mo (Kngp + Xpm1 ) = 8,794 mm (F.491)
Mean addendum, hym1, pinion

Pam1 = Mo (Khap + Xy ) = 7,278 mm (F.492)
Mean dedendum, hfpy1, pinion

Pt = Mo (Knfp = Xpona ) = 6,368 mm (F.493)
Clearance, ¢

¢ =My (Kpgy ~ Kpap ) = 1,516 mm (F.494)
Mean whole depth, hy,

My = hoy o+ hny o = 13,646 (F.495)

Py = Mo (Kiap + gy ) = 13,646 (F.496)
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F.5.5 Determination of root angles and face angles
Face angle, 6,2, wheel

5, =06, +0,, =71360°

Root angle, 6¢2, wheel

ey =8, — 0 =71,360°

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

a tanAX cosd £

R cosOf2 -t, 0055f2

m2

PR = arctan[ } =0,000°

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

a tanAY cos5a12

¢, = arctan
RmZ cos@az -t, c056az

J =0,000°

Pinion offset angle in root plane, {p

a cosgy sind,

— Qg = 12,265°
Rmz cosQf2 -t cos5f2

Cr = arcsin{

Pinion offset angle in face plane, ¢

€, = arcsin{R

Face angle, 6,1, pinion

acosg, sins_,

m2 cos@a12 -t cos5a12

]——¢0::1&265°

531

Root angle, 61, pinion

5f1 = arcsin (sinAZ sinéa12 + cosAY coséa12 cosgo) =18,200°

Addendum angle, 6,1, pinion

6,, =5, —6, =0,000°

Dedendum angle, 61, pinion

0p =38, -8 =0,000°

Wheel face apex beyond crossing point along wheel axis, t;r2

R sinf_., — h cosO
_ tzz _ m2 a2. am2 a2 _ 13,4—36 mm
51n5a2

zF2
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= arcsin (sinAZ sind¢, + cosAX cosdy, cong) =18,200°
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(F.499)
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Wheel root apex beyond crossing point along wheel axis, t;r2

Rmz sm9fz — hfmz cos@f2 ~

=t ., + =-0,966 mm

z2 :
sind £

Pinion face apex beyond crossing point along pinion axis, t;r1

a sinfp €osd¢, —t,p, SiNde, — ¢

tzFl -

=6,771 mm

sind_;
Pinion root apex beyond crossing point along pinion axis, t;r1

a sing cosd_, —t
zZR1

2F2 sm5az -C

sind f1

t

=—-36,920 mm

F.5.6 Determination of pinion face width, b

Pinion face with in pitch plane, bp1

_ [p2 2 2 2
bp1 —\/Re2 -a, —\/Ri2 -a, =61,607 mm

Pinion face width from calculation point to front crown, b1

2 2 2 2
blA :\/Rmz -a, —\/Ri2 -a, =30,944 mm

Method 3:

Pinion face width along pitch cone, b1

by = int(by, +3m, tan¢, |+1) = 66,000 mm

Additional pinion face width, by

b, —b
b :—L321=2J96mm

X

Pinion face width from calculation point to inside, bj1

b., = b1A + bX = 33,140 mm

il
Pinion face width from calculation point to outside, be1

bel = b1 —bi1 =32,860 mm

FE.5.7 Determination of inner and outer spiral angles

F.5.7.1 Pinion

Wheel cone distance of outer pinion boundary point, Re21 (may be larger than Re2)

2 2
Reay = \/Rmz +bgy +2R,, beyc0sC, =213,228 mm

(F.508)

(F.509)

(F.510)

(F.511)

(F.512)

(F.513)

(F.514)

(F.515)

(F.516)

(F.517)
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Wheel cone distance of inner pinion boundary point, Rj21 (may be smaller than Rj3)

\/R +bf — 2R, by cos¢ = 148,957 mm (F.518)

Face hobbing:

Lead angle of cutter, v

2r

Z M
v = arcsin (ﬂ] = 6,449° (F.519)
c0

Crown gear to cutter centre distance, ppo

2 2 .
0= \/Rmz +r% = 2R, rsin(B,, —v) = 177,420 mm (F.520)

Epicycloid base circle radius, pp
Py, = PP 161,778 mm (F.521)

zy |
1+ — sm62
Zy

Auxiliary angle, @e21

2 2
R + -r
¢y, = arccos| —21 Pro ~c0 | _ 39 09g° (F-522)
2R 21 Ppo
Aucxiliary angle, @i21
R%. + —r?
¢, = arcos| —21 Pro 77e0 | _ 47,893° (F523)
2R;51 Ppyg

Wheel spiral angle at outer boundary point, Se21

R ., — p,.coso
ﬂeZl _ arctan[ e2l b e2l

: =40,675° (F.524)
PpSMPerq

Wheel spiral angle at inner boundary point, 21

R, —p,CcosSQ;
ﬂiZl _ arctan[ i21 b i21

. - 18,639° (F.525)
PpSQirq

Face hobbing and face milling:

Pinion offset angle in pitch plane at outer boundary point, §ep21

a
Cepa1 = arcsin{ P J =10,947° (F.526)

e2l

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

a
= arcsin| —— | = 15,774° (F.527)

Si
p21
RiZl
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Outer pinion spiral angle, fe1
Be1 = Begy +Gepa1 = 21,622°

Inner pinion spiral angle, Si1

Bir = Biz1 + Cippy =34,412°

E5.7.2 Wheel
Face hobbing:

Auxiliary angle, @e2

2 2 2
R%, + -r
e2 pPO c0 — 39,4850

¢, = arccos

2R 2 Ppg
Auxiliary angle, @i
2 2
RS, + -
¢;, = arccos i2 " Ppo "o =47,703°
2R;5 ppg

Outer wheel spiral angle, fe2

R , — p, cos
B, = arctan e2 p_b Pea | _ 39,966°
PpSING
Inner wheel spiral angle, Si2
R., — p, coso,
B, = arctan i2 p_b iz | _ 19,426°
PpSINQ;,

F.5.8 Determination of tooth depth
Outer addendum, hze

hael = haml + be1 taneal =7,278 mm

h = ham2 + beztanOZ12 = 4,852 mm

ae2

Outer dedendum, h¢e

h.. =h + beltanGf1 = 6,368 mm

fel fm1

h,, =h + beztansz =8,794 mm

fe2 fm2

Outer whole depth, he

h.=h =13,646 mm

el ael + hfel

hez = han +her =13,646 mm
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(F.528)

(F.529)

(F.530)

(F.531)

(F.532)

(F.533)

(F.534)

(F.535)

(F.536)

(F.537)

(F.538)

(F.539)
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Inner addendum, h,j

h., =h mi —biltaneal =7,278 mm

ail a

hai2 = ham2 - biztanea12 = 4,852 mm

Inner dedendum, hs;

h h - biltanQf1 =6,368 mm

filt = Mfm1

h h - biztanGf2 = 8,794 mm

fiz = "fm2
Inner whole depth, h;

h., = hail + hfi1 =13,646 mm

i1
hi2 = haiz + hfiZ =13,646 mm

F.5.9 Determination of tooth thickness

Mean normal pressure angle, ap

n

+
o ==—£25—Jﬁ-=20000°

Thickness modification coefficient, xsm1, pinion

with outer transverse backlash, jet2

R ,c0SB . _ 0031

e2

Xsm1 = Xsmn ~ Jet2 4m
mn

Mean normal circular tooth thickness, sjn1, pinion
Sm

Thickness modification coefficient, xsm2, wheel

with outer transverse backlash, jet2

Rmzcosﬂmz

X =—-X =-0,031

sm2 smn ~ Jet2

4'mmn e2

Mean normal circular tooth thickness, simn2, wheel

Smnz = 0,5mmn T+ men (xsmz - thltanan) = 8,268 mm
Mean transverse circular thickness, syt

s = smnl/cosﬁm1 =14,729 mm

mtl

S =S /cos/i’m2 = 9,547 mm

mt2 ~ “mn2

© ISO 2016 - All rights reserved

a1 =05m me2m(xg )+ x o tane ) = 10,786 mm
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Mean normal diameter, dmn

d
d .= ml =177,158 mm
.2 2
(1—51n B ,1€08 ocn)cosé1
d_ . = Im2 =1377,740
mn2 — - ’ mm

s 2 2
(1 —sin“B ,cos“a ) cosé,
Mean normal chordal tooth thickness, Smnc

Smncl = dmnlsin (Smnl / dmnl) =10,779 mm

SmncZ = dng sin (Sng/dng) = 8,268 mm

Mean chordal addendum, hamc

Smn1
hamcl = haml + O’Sdmn1C0551 [1 — COs {d&]] = 7,434 mm

mnl

mn2

Smn2
hach = hamZ + O’Sdmnz C0552 [1 — COoS (dﬂ = 4,855 mm

F.5.10 Determination of remaining gear dimensions

Outer pitch cone distance, Re1, pinion

R, =R, +b, =191,947 mm

Inner pitch cone distance, Rj1, pinion

Ri1 = le —bi1 =125,947 mm

Outer pitch diameter, de1, pinion

del = 2Relsin61 =119,903 mm

Inner pitch diameter, dj1, pinion

di1 = 2Ri1 sir151 =78,675 mm

Outside diameter, dae

dael = del + 2hae1c0551 =133,730 mm

dae2 = de2 + Zhaezcosé2 =403,102 mm
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(F.553)

(F.554)

(F.555)

(F.556)

(F.557)

(F.558)

(F.559)

(F.560)

(F.561)

(F.562)

(F.563)

(F.564)
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Diameter, dfe

d.., = del - 2hfe1C0551 =107,804 mm

fel

der = de2 - thezcosé2 = 394,378 mm

Diameter, daj

d, =dy +2hy, cosd; =92,502 mm
dai2 = di2 + 2ha12c0562 = 289,396 mm

Diameter, dfj

d,.. = di1 - Zhﬁlcos51 =66,576 mm

fil

d., = di2 - thizcosé2 = 280,673 mm

fi2
Crossing point to crown along axis, txo1,2

teol =t T belcosé1 - haelsiné1 =196,602 mm

w02 =tuma T be2c0552 — haezsin62 =54,552 mm

Crossing point to front crown along axis, txi1,2

ti1 = tom —bilcos51 - hailsiné1 =133,904 mm

tir =t —bi2C0352 — haizsin62 = 35,374 mm

Pinion whole depth, h¢1, perpendicular to the root cone

t +t

t1
cosSal

© ISO 2016 - All rights reserved

F1 1 :
h,, =-21 X0 ¢ip (931 + Qfl) - (tzR1 - tzpl) sind; = 13,646 mm
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