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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 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
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editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

proceattres—HSea—to—aeverop—ta e meht3a ~—rrefrdea—Tor— trther—+aathatenance are
ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria egded for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or

on tHe ISO list of patent declarations received (see www.iso.org/patents);
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as w
Tech

The

calculation.

This

revided with the following changes:
— 1minor corrections of several fornlae;
— the figures have been rewprked;

— ¢xplanations have beenadded in 4.4;

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

a formula for\the calculation of cpe2 has been added as Formula (F.160);

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

In explanation on the meaning of ISO specific terms and expressions related to conformity|assessment,
]l as information about ISO’s adherence to the World-Trade Organization (WTO) pringiples in the
hical Barriers to Trade (TBT) see the following URLiZwww.iso.org/iso/foreword.html.

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

second edition cancels and replaces theéfirst edition (ISO 23509:2006), which has been technically

— the valuesAor anc and app in Formulae (F.318) and (F.319) have been extended to three decimal
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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 documentintegrates—straight-bevelgears—and—the—three—major-desisp—generationr—retheds for
spiral bevel[gears into one complete set of formulae. In only a few places do specific formulae, fav|each
method have to be applied. The structure of the formulae is such that they can be programmeédydirgctly,
allowing theg user to compare the different designs.

The formulde of the three methods are developed for the general case of hypoid gearsand to calcplate
the specific fase of spiral bevel gears by entering zero for the hypoid offset. Additionally, the geomdtries
correspond fsuch that each gear set consists of a generated or non-generated whéel 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 geometrigs, an
ISO hypoid gear rating system can be established in the future.

vi © ISO 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 1dentified.

The

process, but rather to be general in nature and applicable to all methods of manufactutre.

The
also

This|document is intended for use by an experienced gear designer., €apable of selecting
valugs for the factors based on his/her knowledge and backgrounds It is not intended fo
engineering public at large.

Anngx A provides a structure for the calculation of the methodsprovided in this document

2

Therk are no normative references in this document.

For the purposes of this document, the-téerms and definitions given in ISO 1122-1 and the foll

ISO gnd IEC maintain terminological'databases for use in standardization at the following ¢

NOT
othe

definjtions, as used-in this document, are different from those used in similar literature pertainin
helicgl gearing:

NOT

a bev]

manufacturing process of forming the desired tooth form is not intended to ifply

beometry for the calculation of factors used in bevel gear rating, such asSO 10300
ncluded.

Normative references

Terms, definitions and symbols

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

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

E1 The symbolsiterms and definitions used in this document are, wherever possible, co
1] International Standards. It is known, because of certain limitations, that some symbols, thé

K 2 A_Bevel gear nomenclature used throughout this document is illustrated in Figure 1, the a3

any specific

all parts), is

reasonable
I use by the

bwing apply.

ddresses:

hsistent with
ir terms and
b to spur and

rial section of

elgear, and in Figure 2, the mean transverse section. Hypoid nomenclature is illustrated in Figure 3.

Subscript 1 refers to the pinion and subscript 2 to the wheel.
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Key

1 backangle 10 frontangle 19 outer pitch diameter, de1, dep
2 back corle angle 11 mean cone distance, Ry, 20 root angle, 611, 02

3 back cone distance 12 mean point 21 shaftangle, 2

4  clearancg, ¢ 13 mounting distance 22 equivalent pitch radius

5 crown pgint 14 outer cone distance, Re 23 mean pitch diameter, diy1, djn2
6  crown tq bhack 15 outside diameter, dae1, dae2 24 pinion

7  dedendumrangte 6561 t6—pitchangte o557 25—wheet

8 face angle 641, 642 17 pitch cone apex

9 face width, b 18 crown to crossing point, txo1, txo2

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

Figure 1 — Bevel gear nomenclature — Axial plane

2 © IS0 2016 - All rights reserved
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Key

1  hole depth, hy, 5 circular pitch 9  working depth, hpw

2 pitch point 6 chordal addendum 10 addendum, hym

3  ¢learance’c 7  chordal thickness 11 dedendum, hgy

4  (gircularthickness 8  Dbacklash 12 equivalent pitch radjus

NOTH See A-Ain Figure 1.

Figure 2 — Bevel gear nomenclature — Mean transverse section

© IS0 2016 - All rights reserved 3
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o
| - 6

;i
Key
1 face apex beyond-crossing point, t;r1 7  outer pitch diameter, de1, de2 13 mounting distance
2 rootapek beyond crossing point, t;r1 8 shaftangle, > 14 pitch angle, 67
3 pitch apg¢xbéyond crossing point, t;1 9 rootangle, 5¢1, 62 15 outer cone distanceRe
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

© ISO 2016 - All rights reserved
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3.1 Terms and definitions

3.1.1
mean chordal addendum

hamcl; hach

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
haml; hamZ

heig

3.1.
outer normal backlash allowance

amouynt by which the tooth thicknesses are reduced to provide the necessary/backlash in a

Note [l to entry: It is specified at the outer cone distance.

3.1.
coast side
<by mormal convention> convex pinion flank in mesh with the coticave wheel flank

3.1.5
cutter radius

r'co
nominal radius of the face type cutter or cup-shapéd grinding wheel that is used to cut
spirdl bevel teeth

3.1.6
sum|of dedendum angles
20¢
sum pf the pinion and wheel dedendim angles

3.1.7
sum/|of constant slot width dedendum angles
20¢c
sum pf dedendum angles for constant slot width

3.1.4
sum|of modifiedslot width dedendum angles
X0fMm
sum pf dedendum angles for modified slot width taper

3.1.9
sum|of'standard depth dedendum angles

ssembly

br grind the

X6fs
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

htm1, hfm2
depth of the tooth space below the pitch cone at the mean cone distance

© ISO 2016 - All rights reserved
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mean whole depth

hm
tooth depth

3.1.13

at mean cone distance

mean working depth

hmw

depth of engagement of two gears at mean cone distance

3.1.14

direction o
direction d¢g

3.1.15
drive side
by normal ¢

3.1.16

face width
b

length of thg

3.1.17
mean adde

Cham
apportions 1

Note 1 to ent

3.1.18
mean radiy

Pmp
radius of cu

3.1.19
number of |
A

ot
1IUtdtivil

termined by an observer viewing the gear from the back looking towards the pitch ap

bnvention, concave pinion flank in mesh with the convex wheel flank

e teeth measured along a pitch cone element

hdum factor

he mean working depth between wheel and pinioi¥mean addendums

Fy: The gear mean addendum is equal to cham timeSthe mean working depth.

s of curvature

Fvature of the tooth surface in tlie lengthwise direction at the mean cone distance

blade groups

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

3.1.20
number of {
Z1, Z2
number of t

3.1.21

feeth

peth contained in the whole circumference of the pitch cone

number of

Crown gear teeth

A

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

Smnc1l, Smnc2

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

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

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

plane normal to the tooth trace

3.1.24
tooth trace
curve of the tooth on the pitch surface

3.1.25
meap-point
point where the calculation of basic geometry is executed
Note[l 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 A3 for calculation points.
3.2 | Symbols
Table 1 — Symbols used in this document
Symbol Description Unit
a hypoid offset llnm
b1, bp face width Ilnm
be1, be2 face width from calculation point to outside Ilnm
bi1, Hi2 face width from calculation;paint to inside 1|nm
c clearance fm
Che2 face width factor —
Cham mean addendumrfactor of wheel —
dae1)|dae2 outside diameter mm
de1, de2 outer pitch.dtameter llnm
dm1,dm2 mean pitch diameter nm
Fax axial force N
Fmt1] Fmt2 tarigential force at mean diameter N
Frad radial force N
falim influence factor of limit pressure angle —
haet,|hae2 outer addendum mm
hamib hai2 mean addendum llnm
hamdlt, Name2 mean chordal addendum Jlnm
het, he2 outer whole depth mm
hte1, Nfe2 outer dedendum mm
hti1, hfi2 inner dedendum mm
htm1, hfm2 mean dedendum mm
hmp mean whole depth mm
hmw mean working depth mm
ht1 pinion whole depth mm
Jen outer normal backlash mm
Jet outer transverse backlash mm
/mn mean normal backlash mm

© ISO 2016 - All rights reserved
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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 mpp) —
knep basic crown gear deddendum factor (related to mpp) —
ke circular thickness factor —
Met otter-transverse-moedute FAHH
Mmn mean normal module mrll\b
ni pinion speed min;
P power i C\%’W
Re1, Re2 outer cone distance (OV mm
Ri1, Ri2 inner cone distance ,.\( l/d mm
Rm1, Rm?2 mean cone distance \C)\J mm
rco cutter radius (‘\\\ mm
Smnl, Smn2 mean normal circular tooth thickness A{( - mm
Smncl, Smnc2 mean normal chordal tooth thickness O\) mm
T1 pinion torque ) ‘\\\ K Nm
txitl, txi2 front crown to crossing point mm
txol, txo2 pitch cone apex to crown (crown to cross’@pomt hypoid) mm
tz1, tz2 pitch apex beyond crossing point 0.® mm
tzF1, tzF2 face apex beyond crossing point AQ\V mm
tzi1, tzi2 crossing point to inside poin:c ;ﬂ%ﬁ'?g axis mm
tzm1, tzm2 crossing point to mean pg'g@}Tong axis mm
tzrR1, tzR2 root apex beyond cros§i$q.g)f)oint mm
u gear ratio : —
Uy equivalent ratip-p\ —
Win2 wheel mear‘o@t/ width mm
Xhm1 profile,s.k@p\c'f)efficient —
Xsm1, Xsm2 thic@‘ﬂ‘modiﬁcation coefficient (backlash included) —
Xsmn tJ’l\Qﬁ\l/ESS modification coefficient (theoretical) —
Z0 K )\ﬁmber of blade groups —
Z1, Z2 | V?\ number of teeth —
Zp C’\\‘ number of crown gear teeth —
~ - 13 - 1 3

aqe TIOTITTat deSigIT Pressure angie o 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 °
Be1, Be2 outer spiral angle °
Bi1, Biz inner spiral angle °
Bm1, Pm?2 mean spiral angle °
Aby1 pinion face width increment mm
8 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=cd3bd303896bb46d0d0d4a67d352b2ab

ISO 23509:2016(E)

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, 6a2 face angle o
61, OF2 root angle °
61, 62 pitch angle °
£ face-contactratio -
n wheel offset angle in axial plane °
021, Pa2 addendum angle °
01, B2 dedendum angle °
% lead angle of cutter °
Pb epicycloid base circle radius mm
Plim limit curvature radius 1}nm
PPO crown gear to cutter centre distance fnm
2 shaft angle °
X0 sum of dedendum angles °
X0 sum of dedendum angles for constant slat.width taper °
X0¢s sum of dedendum angles for standard taper °
%6¢M sum of dedendum angles for modified slot width taper °
X6¢y sum of dedendum angles for uniform depth taper °
go pinion offset angle in faceplane
gm pinion offset angle in‘axial plane
Cmp offset angle in pitch plane, pinion and wheel
CR pinion ‘effset angle in root plane
4 Design considerations
4.1 | General
Loadingfspeed, accuracy requirements, space limitations and special operating conditions influence the
design-Por 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.

© IS0 2016 - All rights reserved 9
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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 straighf 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 qf 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 pevel or zerol bevel gears. This\reduces noise and vibration especially noticeable at|high
speeds. Spirjal bevel gears can also have their tooth surfaces precision-finished.

A 33 Caniaoal b 1
3 lsul CJ O}Jll dl UTVTI

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.§ Hypoids

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

Figure 7 — Hypoid

4.3 | Ratios

Bevel gears may be useéAfor both speed-reducing and speed-increasing drives. The requirgd ratio shall
be dg¢termined by the‘designer from the given input speed and required output speed. For ppwer drives,
the rjatio in beveland hypoid gears may be as low as 1, but should not exceed approximate¢ly 10. High-
ratiolhypoids from 10 to approximately 20 have found considerable usage in machine tool design where
precision geats)are required. In speed-increasing applications, the ratio should not exceed b.

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.

© IS0 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 Toothgeometry and cutting considerations

5.1 Manyfacturing considerations

This clause presents tooth dimensions for bevel and hypoid gears in which the teethdare maching¢d by
a face mill cutter, face hob cutter, a planing tool or a cup-shaped grinding wheel~Thé gear geomefry is
a function of the cutting method used. For this reason, it is important that thecuser is familiar with the
cutting methods used by the gear manufacturer. The following section is provided to familiarizg the
user with this interdependence.

5.2 Tooth taper

Bevel gear t

the final togth proportions and the size and shape of the blank;

Itis advisab
in which str

— Depth
pitch cd

— Slotwid
pressur]
tother

— Space W
the pitc

— Thickns
the pitc

both design involves some consideration of tooth taper ' because the amount of taper affects

e to define the following interrelated basic types of tapers (these are illustrated in Figure 8,

night bevel teeth are shown for simplicity):

aper refers to the change in tooth.depth along the face measured perpendicular tp the

ne.

th taper refers to the change in‘the point width formed by a V-shaped cutting tool of norpinal
e angle, whose sides are tangent to the two sides of the tooth space and whose top is tafgent

pot cone, along the face.

idth taper refers to.the'change in the space width along the face. It is generally measurfed in

h plane.

ss taper refepsito the change in tooth thickness along the face. It is generally measurgd in

h plane.

12
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Key
1 depth
2 dqlot width
3 thickness
4  dpace width
Figure 8— Bevel gear tooth tapers
The taper of primary consideration for production is the slot width taper. The width of t

narr

placdd on the cutter blade.

The {
whic|

The s
vary

aper which directlyaffects the blank is the depth taper through its effect on the dede
h is used in the ¢alculation of the face angle of the mating member.

lot width tapérdepends upon the lengthwise curvature and the dedendum angle. It can b
ng the dépth taper, i.e. by tilting the root line as shown in Figure 9, in which the concept

by illustrating straight bevel teeth. In spiral bevel and hypoid gears, the amount by which th

tilted

This

isfurther dependent upon a number of geometric characteristics including the cutter rd

he slot at its

bwest point determines the)point width of the cutting tool and limits the edge radiug that can be

ndum angle,

e changed by
is simplified
e root line is
\dius.

h A h PO . K 1 +1 R P . !
TCIAUIOIISITIP IS UISCUSSCU ITIUTC LITUTOUGIITY 11T O.0o.

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
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Key

1  pitch cor

5.3 Tooth depth configurations

5.3.1 Tap

5.3.1.1 St

Standard djq
distance at
the axis att

the dedendym angles of pinion and wheel for standard depth taper, £6¢s, does not depend on c

radius. Most

5.3.1.2 Cq

This taper 1
proper spac

The formuld

fer depth

e apex

Figure 9 — Root line tilt

andard depth

epth pertains to the configuration where the depth changes in proportion to the
hny particular section of the'tooth. If the root line of such a tooth is extended, it inter
he pitch cone apex, as illustrated in Figure 10, but the face cone apex does not. The sy

straight bevel gears(aye designed with standard depth taper.

nstant slot width

epresents_astilt of the root line such that the slot width is constant while maintainin
e width<€aper. The slot width taper is zero on both members.

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

cone
sects
m of
utter

g the

Formula (C.

), Ior the sum oI the dedendum angles, indicates that the cutter radius, rco, has a signit

1cant

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

approxi

mately equal to Ry is suggested.

A small cutter radius decreases the sum of the dedendum angles. In fact, if r¢o equals Rz sin B2,

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
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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 Ryy2 sin 2, is suggested.

NOTE

tilted

. Standard taper is the norm for gears produced in this manner.

5.3.1.3 Modified slot width

For gears cut with a planing tool, the cutter centre is considered to be at infinity and root lines are not

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 t
is sol

1
[
1

he case where the root line is tilted to permit finishing the gear in one operation, thea
mewhat arbitrary, but should fall within the following guidelines (see Table C.4):

he sum of the pinion and wheel dedendum angles for modified slot width taper, L6\
bxceed 1,3 times the sum of the dedendum angles for standard depth taper, %8s, nor sho
he sum of the dedendum angles for constant slot width taper, X6¢c;

— in practice, the smaller of the values, 1,3 X6ss or 26¢c, is used.

5.3.2

Unifq
rega
illust

Uniform depth

rm depth is the configuration where the tooth depth«rémains constant along the
rdless of cutter radius. In this case, the root line is-parallel to an element of the f
rated in Figure 10. The sum of the dedendum angles\of pinion and wheel for uniform

equalls zero.

For
than
unifq
whed

If na

he uniform depth tooth, the cutter radius, rgp, should be greater than Ry sin fm2, b
1,5 times this value. This approximation of lengthwise involute curvature, in conjunct
rm depth, holds the variation along theface width in normal circular thickness on th
1 to a minimum.

‘row inner toplands occur on thé pihion, a small tooth tip chamfer may be provided (se

mount of tilt

, should not
uld it exceed

face width
hce cone, as
depth, X6y,

ut not more
ion with the
e pinion and

e Figure 11).

© ISO
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c) Uniformrdepth
Key
1 mean whole depth
2  mean addendum
3  mean defendum

Figure 10 — Bevel gear depthwise tapers

T

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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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°.

Key

ledendum angle modification

Ul s W N

5.5
Most
on th

5.6

Two
“facd
proc
axis

With|

ean pitch diameter of pinion, dp1
ean pitch diameter of wheel, dpy2
itch angle of pinion, 61
itch angle of wheel, 62

Cutter radius

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

Mean radius of curvature

types of cuttingprocesses are used in the industry. In the process which will be refer}

milling process”; the cradle axis and the work axis roll together in a timed relatiot
bss which will be referred to as the “face hobbing process”, the cradle axis, work axi
Foll together in a timed relationship.

the face milling process, the mean radius of tooth curvature is equal to the cutter

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

ius depends

ed to as the
iship. In the
5 and cutter

radius [see

Figu

re-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.

© ISO

2016 - All rights reserved
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Key

crown g4
mean co
spiral an|
intermed
crown gq
cutter ra

N O U W

lengthwi

a) Face milling

ar centre

he distance, Ry2

gle, fm?2

liate angle

ar to cutter centre, ppg

dius, rco

se tooth mean radius of curvature, pmg

5.7 Hyp(]:d design

An infinite number of pitch surfaces exists for any hypoid pair. However, starting with the initial
le 2, the result is.only one pitch surface for each method. The design procedures used i
1 be referred te-as’Method 1, Method 2 and Method 3, and, for bevel gears, as Method Q.

given in Tab)
industry wi

In Method 1
matches the
milling prod
cut by the 3

cehobbing process.

10
11
12
13

b) Face hobbing

first auxiliary angle;4

centre of cupvatire

cutter centre

second’auxiliary angle, 1

lead angle of cutter, v
epicycloid base circle radius, pp

Figure 13 — Geometry of face milling and face hobbing processes

and Method" 3, the pitch surfaces are selected such that the hypoid radius of curvy
cutter<radius of curvature at the mean point for gears to be manufactured by the
ess and such that it matches the mean epicycloidal curvature at the mean point for §

data
n the

ture
face
rears

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
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5.9 Hypoid geometry

5.9.1 Basics

Whenever a most general case is defined, the definition becomes complex. Hypoid gear geometry is no
exception. Figure 14 shows the major angles and quantities involved. Figure 14 a) is a side view looking
along the pinion axis. Figure 14 b) is a front view looking along the wheel axis. Figure 14 c) is a top view
showing the shaft angle between the wheel and pinion axes. Figure 14 d) is a view of the wheel section
along the plane making the offset angle, key 16, in the pinion axial plane. Figure 14 €) 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 pcope of this document does not permit an adequate explanation or derivation 'of*the formulae
involved.

© IS0 2016 - All rights reserved 19
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Key
1

O N O U1 bW

20

184124 5oy
A 20 LL
11
6
21
e) f)

intersectfion of contact normal 10 crossing point to mean point 20 offset angle in pitch plane,
through mean point at wheels along wheel axis, t;m2 pinigh‘and wheel, {mp
axis 11 pitch plane 21 ssliding velocity vector
wheel offset angle in axial 12 wheel pitch angle, 67 22 tangent to tooth trace at mean

plane, n
wheel axjis
wheel pitch apex
nt, P

tch apex

mean po
pinion p
crossing|point at wheel axis
wheel pifch apex beyond

crossing|point, t;
distancelalong wheel axis
between|crossing point and

contact normal intersection

13 intersection point of contact
23
24

25

normal through mean point
at pinion axis
14
15
16

offset, a
crossing point at piniion axis

pinion offset angle in axial 26

plane, {y
17 pinion axis
18

19

27
pinion spiral angle, fim1

28
29

wheel spiral angle, fm2

Figure 14 — Hypoid geometry

point
wheel mean cone distance, Ry
shaft angle, 2

common normal to pinion and
wheel axis through crossing p
pinion pitch apex beyond cros
point, t;1

int

5ing

crossing point to mean point along

pinion axis, t;m1
pinion pitch angle, 61
pinion mean cone distance, Ry

=y
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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).

SN

T

6.1

The 1
cone
nece

L~

Figure 15 — Crossing point for hypoid gears

Pitch cone parameters

Initial data for pitch cone parameters

Table 2 — Initial data for pitch cone parameters

ecommended procedure in this document is to bégin each method with the calculation of the pitch
parameters; see Annex A. For the calculation.of the pitch cone parameters, a set of ipitial data is
5sary, as given in Table 2.

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

Z1,2 numberof teeth X X X X
duno mean glft‘(/:vl;l(;lle?meter . . X -
de outer r())lft‘(/:vhh(élleallmeter X X . X
by wheel face width X X X X
Bt mean sgilrl;z;\érelmgle of L X L L
mean spiralangale of
Pm2 wheel A o A A
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.

© ISO 2016 - All rights reserved
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6.2 Determination of pitch cone parameters for bevel and hypoid gears

6.2.1 Method O

Gear ratio, u

Pinion pitch angle, 61

6, = ar¢tan [ﬂ] (2)

cosX +u

Wheel pitch|angle, 62
6, =216, (3)

Outer cone dlistance, Re

d
R, =|—¢2 4
el,2 2sing, ®

Mean cone distance, Ry,

. 2
Rm1,2 - ReZ - 7 (5)

Spiral angle| fin1, pinion

'Bml = ﬁmZ (6)

Face width flactor, che2

Chez = (5 (7)

6.2.2 Method 1

Gear ratio,

u=-2 (8)

Desired pinion spiral angle, fa1, pinion
BAl = ﬂml 9

Shaft angle departure from 90°, AX
AY =3 -90° (10)
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Approximate wheel pitch angle, Sint2

ucosAX

0 1,2 (1 - usinAZ)

= arctan

int2
Wheel mean pitch radius, rmpt2

dez - bzsin5

_ int2
r mpt2 — 2

ISO 23509:2016(E)

(11)

(12)

. . . .
Approximate pimomroffsetangle i pitchprane; =5

asind,
4" = arcsin int2
rmptZ

Apprjoximate hypoid dimension factor, K1

4 _ : ' '
K, =tanf, sing’ + cose;

Appioximate pinion mean radius, rmn1

_ rmptZK 1
mnl U

Star{ of iteration

WhekEl offset angle in axial plane, n

a
COSAX ™= sinAE) I nt

-~

= arctan

tanod,

rmpt2 ( int2

Intejmediate pinion offset angle.inaxial plane, &3

a-r_..siny

g, = arcsin
r
mpt2

Interjmediate pinion pitch angle, dint1

sinn
tane2 COSAXY

=.aretan

[y

intl + tanAX cosn

Intermédiate pinion offset angle in pitch plane, €',

(13)

(14)

(15)

(16)

(17)

(18)

sing2 COSAXY
8'2 = arcsin| ————

coso intl

© ISO 2016 - All rights reserved
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Intermediate pinion mean spiral angle, fm,int1

ﬁm intl

’

1('1 — cosg,

= arctan| ———
sine;,

Increment in hypoid dimension factor, AK

AK = sing, (tanﬁAl —tanf intlj

Pinion mean radius increment Armpm

Armptl

Pinion offse

&, = arg

1

Pinion pitch

0

1=ar

Pinion offse
g =ar

Spiral angle
'Bml -

Spiral angle

Wheel pitch|

AK

— rmptZ U

L angle in axial plane, &1

. . Armptl .
sin SlI‘lE,‘2 — —— SInn
rmptZ

angle, 61

tan| — > 4 tanAy cosn
tane; cosAX

L angle in pitch plane, €'1
sing; cosAX
sin| —
cosé,
Bm1, pinion

Kl
hrctan

+ AK — cosgi ]
. /
sing |
Bm2, wheel

!
Pt €1

angle, 62

52 = ary

( sins1 )
tan| ————— + cosg., tanAJXY
ktann COSAY -

Mean cone distance, Rp,1, pinion

r 1+Ar

R . =

m1l

mn mpt1l

sm51

Mean cone distance, Ry2, wheel

_ rmptZ

m2

24

sm52

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)
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Mean pinion radius, rmpt1

Fmptl = R sind,;
Limit pressure angle, a1im

tand, tané, (R_; sinB_, —R_, sinf .,
R, tané; + R , tand,

O = arctan| —

!
COSS1

Limit radius of curvature, pim

ISO 23509:2016(E)

secory; (tanﬂm1 - tan,Bmz)

RPlim =
tanf tanf 1 1
tano, mi_ m2__ | -
R, tané; R , tand, R, cosB ; R, cosBis

For lEce hobbed gears:
Number of crown gear teeth, zp

} __ %2

4 p — N

sind,

Lead|angle of cutter, v

zZ

y = arcsin cosf .,

reo Zp

First{auxiliary angle, A

[ =90°— B _, +v

Crown gear to cutter centre distarnce, ppo

_ |p2 2
Ppo = \/RmZ +reg =2R 5 e COSA

Second auxiliary angle, 11

~

~ R _, cosf_,
| = arecos EE— Z,+ 2
Ppo p

Lengthwise tooth mean radius of curvature, Pmp

tann,

Pmp = Ry 0SB, | tanf ., +
mp " " " 1+ tanv (tanﬁm2 + tannl)

© ISO 2016 - All rights reserved

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)
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For face milled gears:

Lengthwise

tooth mean radius of curvature, pmg

pmﬁ =T

Change n an

pmﬂ
Plim

d recalculate from Formula (17) to Formula (33) until

End of iteration

Face width f

Che2 = 7

actor, Cpe2

6.2.3 Method 2

Lead angle

V = arcs

f cutter, v (see Figure 13)

in{zo dm2 cos/S'mz J

22,1

First auxiliary angle, A

A =90°

Gear ratio, U

First approx

51app =

First approx

52app =

_ﬂmz +v

imate pinion pitch angle, #1app

sinX
arctan| ————=
U+ cosy

imate whegl pitch angle, 62app

2 = 51app

First approximate pinion offset angle in axial plane, {

Cmapp

26

= arcsin

mapp

2a

d

m2

cos52 app

U cosd 1app

1+

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)
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Approximate hypoid dimension factor, Fapp

_ cosf ., (48)

cos(ﬁmz + Qmapp)

Approximate pinion mean pitch diameter, dm1app

app

F_d

_ “app "m2
dmlapp - T (49)

Intermmediateangle >

ucosé
¢, = arctan PP (50)
u
—— +(Fypp —1)sinZ
pp
tané, app

Approximate mean radius of crown gear, Rmapp

d
R _ m2 51
AP 2sing, (1)

Secopd auxiliary angle, n1 (see Figure 13)
I'egCOSV — RmappSianz

1, = arctan - (52)
reoSinv + R]mppcosﬂmz

Intejmediate angle, @3

tam(ﬂm2 +n1)

¢p; = arctan : (53)
sing,
Secopd approximate pinion pitch angle, 61"

" d sinX

¢, = arctan miapp > (54)
a
d ., cosg“mapp + dmlapp cosY —
tan ((p3 + gmapp )

Apprfoximate wheel pitch angle, 62", projected into pinion axial plane along the common pit¢h plane (see
Figuré-14)

Jox s, (55)
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Start of iteration

Improved wheel pitch angle, 62imp
52imp = arctan (tan62”cos§mappj (56)

Auxiliary angle, np

smg”mapp C0852imp 57)

/[ AN
L Ccos (L - OZimp} J
Approximate wheel offset angle, napp

= arctan
TIP

Napp = 4rctan 2a _ (58)
cosnpsm([}m2 + ’71)
dmZtan52imp + dmlapp
cos (2 - 621mp)
Improved pinion offset angle in axial plane, ¢ imp

24 Fapptannappmnézimpcosnp

€ mimp T aresin (59)
p
dm2 ucos (Z _521mp)
Improved pinion offset angle in pitch plane, {mp imp
tand . sin¥
p
¢ mp imp| = arctan (60)
cos (2 - 62imp )
Hypoid dimension factor, F
. cosp o (61)
cos (ﬁmZ + Cmp imp)
Pinion mean pitch diameterydmn1
Kd
d = 1" m2 (62)
u
Intermediate-ahigle, ¢+
sinA sinX
¢, = arctan (63)
ma2 :
—= — cosA sind.,.
2 ro 2imp
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Improved pinion pitch angle, §1"imp

14

o

dmlsinZ

1 imp = arctan

dmzcosgmimp +d ,cosXcosn -

2a

tan(q)4 +§mimp)

ISO 23509:2016(E)

(64)

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

" "

@2 imp ~ 2 -0 imp (65)
WhekEl pitch angle, 67
¢, = arctan (tan52"impcos¢’ mp imp ) (66)
Interjmediate angle, s
tand,
¢ =arctan| ———=— (67)
COsgm imp
Imprjoved auxiliary angle, npimp
tann___sing
4. =arctan| — PP "3 (68)
pimp
cos (Z — s )
WhetEl offset angle in axial plane, n
i = arctan <8 : (69)
cosn ;o Singc
pimp
d ., tand, +d_,
cos (2 — s )
Pinign offset angle jin-axial plane, £
d. = arcsin(tan52tann) (70)
Pinign offset angle in pitch plane, §mp
tand _sinX
¢ = arctan tans p,Sin>. (71)
P cos (Z -6, )
Pinion spiral angle, fin1
ﬁml - ﬁmZ + é/mp (72)
Pinion mean pitch diameter, dp1
- d ,cosf . (73)
ucosf 4
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Aucxiliary angle, &
If ¥ #90°:

& = arctan (taanosCm ) -6, (74)
If ¥ =90°:
§=90°-9, (75)
Pinion pitch[angle, 01
6, =ar tan(tanécosg’mp) (76)
Mean cone distance, Ry 1, pinion
d
R =} ml 77
m1 2sing (77)
Mean cone distance, Rpy2, wheel
d
R .- m2 78
m2 2siné, (78)
Crown gearflto cutter centre distance, ppg
2 2
Ppo =4 Teo +R°, —2r R, cosA (79)
Intermediate angle, ¢
| reSind
¢, = argsin| ——— (80)
Ppo
Complementary angle, @comp
Pcomp T 180° — é’/mp e (81)
Checking valriable, Rfieteck
R \Zsing
_ /Am2 6
Rmcheck C Sin(pwmn (82)
R 1
Change &2imp [Formula (56)] and recalculate to Formula (82) until | —%*— —1|<0,01, increase
mcheck

62imps iIf Rm1 < Rmcheck and vice versa.

30
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End of iteration

Face width factor, che2

Cpey = 0,5 (83)

6.2.4 Method 3

Gear ratio, u

== (84)

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

F=1 (85)

Wh

[¢°)

el pitch angle, 67

¢, = arctan _sin> (86)

F

— + cosX
u

Pinign pitch angle, 61

c'1 =2 —52 (87)

Start of iteration
Whekpl mean pitch diameter, dp2

i —b,siné, (88)

{mZ = deZ

Pinign offset angle in axiatplane, {

¢, = arcsin (89)

Pinidan pitch angle, 61

6, = arcsin (coscjm sin¥ cosé, — cosX sin62) (90)

Pinion offset angle in pitch plane, gmp

sind _ sinX J

91
cosé1 (1)

Cmp = arcsin{
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Mean normal module, mpyp

cosf_, d
mmn _ m2 “m2 (92)
Z
Spiral angle, f1, pinion
Hypoid dimension factor, F
cosf
F=—1mZ (94)
cosf 1
Pinion mean pitch diameter, dpn1
dmZ
dq,=1-F (95)
u
Mean cone distance, Ry, 1, pinion
d
R =4 ml 96
™l Psing, 0)
Mean cone distance, Ry, wheel
d
R .= m2 97
m?2 2sind, (7]
Lead angle of cutter, v
Z,m
v = arcgin| —>— M0 (98)
2rcO
Auxiliary angle, 9
8, = arctan (sin(S2 tanCm) (99)
Intermediatie variable; 43
2
Ay =r_jcos (ﬂmZ —v) 100)
Intermediate variable, A4
Ay = Rmzcos(ﬂm2 +9m)cos,8m2 (101)
Intermediate variable, 4sg
Ag = SinCmpCOSSmCOSV (102)
Intermediate variable, 4g
Ag =R_,cosB ., +r sinv (103)
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Intermediate variable, A7

sin(ﬁm2 +9, — v)sinCmp

A, = cosﬂmlcos(ﬁm2 + Sm) - (104)
cos ( By~ v)
Intermediate variable, Ry, int
A A
R . - 34 (105)
mint
AcAg +AjA,
Checfk
‘Rmint -R_;1<00001R_, (106)
Pinign pitch angle, 61
d
¢, = arcsin ml (107)
2Rmint
Wheel pitch angle, 62
sind, cos{__ sinX + cosd, cos{  cosX
¢, = arccos ! = ! P (108)
1 - sin?z sinzé’m
Repdat calculation from Formula (88) to Formula{108) until Formula (106) is true.
End ¢f iteration
Face[width factor, cpe2
4y, =05 (109)
7 Gear dimensions
7.1 | Initial datadfor'tooth profile parameters
For the calculation of the gear dimensions, initial data for tooth profile parameters shown in Table 3 are
requjred 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 tiwe coemmonly 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—tmean addendum factor of wheel
khap  |basic crown gear addendum factor ka depth factor
knfp basic crown gear dedendum factor ke clearance factor
Xsmn |thlickness modification coefficient ke 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 desigi. However, some applications mpay be
optimized with unbalanced pressure angles; see Annex C for guidance.

Annex C giv

Data type I
formulae.

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

bs suggestions for the data in Table 3.

can be directly transformed into data type [ andwice versa. Table 4 shows the appropriate

Conversion |of data type II to data type I gg:‘:i’;;i:ﬁ of data type¢ I to
khap Z%d kq =2khap
kg = kg kc+%) c=% :hi_
hap
Xemn = k7t = % m:j + kg (kc + %j (tananD + tananc) - g | ke =2x,
34
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Basic rack tooth profile
ooth profile with profile shift and thickness modification

3  1qeference line

Figure 16 — Basic rack-tooth profile of wheel at calculation point

© ISO 2016 - All rights reserved

35


https://standardsiso.com/api/?name=cd3bd303896bb46d0d0d4a67d352b2ab

ISO 23509:2016(E)

7.2 Determination of basic data

Pinion mean pitch diameter, dpn1

d., =2R_,sind; (110)
Wheel mean pitch diameter, dy2

d ,=2R_,sind, (111)
Shaft angle fleparture from 90°, A2

AX =2X]-90° 112)
Offset angle|in the pinion axial plane, £

2a
= alfcsin 113
Sm J J cosd, )
J’_
m2 ml COS51
Offset angle|in the pitch plane, Cmp
sing , sinX
= gresin| —— (114

gmp cosd, (114)
Offset in pitth plane, ap,

a, =R, sinéjmp 115)
Mean normal module, mpyn

PR ___sind.,cos
mmn — m2 2 ﬁmz 116)
z
2
Limit pressure angle, ajim
tand, tand, (R, sinf _, —R_, sinf _,
Qy, = Tarctan 117)
cosCmlD R, tandé; +R_, tand,

Generated normal pressure angle, ayp, drive side

%np = %4p + alim X lim (118)
Generated normal pressure angle, ayc, coast side

%ne = %ac ~ fotim %im (119)
Effective pressure angle, aep, drive side

%ep = %np T Xlim (120)
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Effective pressure angle, aec, coast side

Gec = Xpnc + Xlim (121)

Outer pitch cone distance, Re2, wheel

R, =R _,+Cy by (122)
Inner pitch cone distance, Rj2, wheel

R, =R, b, (123)
Outef pitch diameter, de2, wheel

d,, = 2R ,sing, (124)

d., = 2R;,siné, (125)
Outef transverse module, met2

Mgy = C:ezz (126)
WhekEl face width from calculation point to outside, by}

hep =Rey —Rpp (127)
WhekEl face width from calculation pointte-inside, bi

by =Rmz —Rip (128)
Crosping point to calculationpoint along wheel axis, t;m?

4,2 = % —075cosg  tanAX {dmz + %J (129)
Crossing point to~calculation point along pinion axis, t;m1

d .

4, L 5 cos¢  CosAY —t .SinAY (130)
Pitch apex beyond crossing point along axis, t12

t1 = le‘ZCOS(gLZ —t,mi2 (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

h,,=m__ (khap - thl) (133)
Mean dedendum, hfy2, wheel

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

[ (khap + thl) 135)
Mean dedenldum, hgpy1, pinion

he = (khfp - thl) 136)
Clearance, ¢

¢ = Mf (Kntp = K | 137)
Mean whole|depth, hy

hoy = hami2 + P2 138)

Py = Mo (K + i) 139)
7.4 Determination of root-angles and face angles
Face angle, ¢42, wheel

6,,=0y+0,, [140)
Root angle, iz, wheel

Oy =0, — 0, (141)
Auxiliary angle for calculating pinion offset angle in root plane, ¢r

a tanAX cosé,
pg = arctan (142)
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atanAXcosé ,
¢, = arctan (143)
R_,c0s0 , —t ,C0S5 ,
Pinion offset angle in root plane, {p r
) acosgpsindy,
gr = arcsin - 0r (144)
R_,cosO;, —t ,c0S6,
Pinidn offsetangle InTace plane, ¢ |
j ) acose sind
d = arcsin —Q (145)
© R __cosf_, —t ,cosd °
m2 a2 72 a2
Facelangle, ,1, pinion
¢, = arcsin (sinAEsinSf2 + cosAZcosszcong) (146)
Root|angle, 6¢1, pinion
¢¢ = arcsin (sinAZsinéaz + cosAZcoséazcosgo) (147)
Addgndum angle, 6,1, pinion
8., =90, 64 (148)
Ded¢ndum angle, 6¢1, pinion
ey =8, -84 (149)
Wheel face apex beyond crossing point along wheel axis, t;f2
R . sin€ 3 —h, . coso_,
e e (150)
sind,
WhekEl root apex beyond crossing point along wheel axis, t;r2
R, sin@, — hg , cosO,
oo + : (151)
siné,,
Pinion face apex beyond crossing point along pinion axis, t;r1
a sin{, cosd., —t_,, sind., — ¢
¢ _ R f2 zR2 2 (152)
zFl sind
al
Pinion root apex beyond crossing point along pinion axis, t;r1
asin{_ cosod, ., —t ., sind_, — ¢
tzR1 _ 0 a2. zF2 a2 (153)
sind,
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7.5 Determination of pinion face width, b

Pinion face width in pitch plane, bp1

2 2 2 2

bpl =\/Rez—ap _\/RiZ_ap (154)

Pinion face width from calculation point to front crown, b1
_ 2 2 2 2

blA_\/RmZ_ap —\/Riz—ap (155)
Method 0:
Pinion face width, b1

b, =b, 156)
Pinion face width from calculation point to outside, be1

b, =c}., by 157)
Pinion face width from calculation point to inside, bj1

biy =b{ by 158)
Method 1:
Auxiliary angle, A’

sin{ ___cosd
A" = arctan P 2 159)
ucosd, + cosézcosgmp

Pinion face width, breri1

b b,cosA’ 160)

reril — COS(Cmp _ ﬂ,')
Pinion face width increngent along pinion axis, Abx1
— h 3 1 r

Ab, =h . SINCE |1 - . (161)

Increment alengpinionaxisfrom-caleulation pointto-outside Agr
¢, b
be2 “reril .
Agye =————— €086, +Ab 4 - (hfmZ - c) sind, (162)

40
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Ag,; = cost 058,y + Abyy + (hgyy — €] sing, (163)

Pinion face width from calculation point to outside, be1
A +h__.sind
b, = Ixe ™ Ram1 L cos6; (164)
cosd
Pinign face width from calculation point to inside, i1
Ag.. —h__.sind
h. = Ixi aml 1 (165)
i1 coss, — tan._ sins
1 al 1

Piniqn face width along pitch cone, bq

by =b, +by, (166)
Method 2:
Pinign face width along pitch cone, b1

2

h, =b, (1 + tan §mp) (167)
Pinidn face width from calculation point to outside; beq

bey = Chez by (168)
Pinidn face width from calculation peint'to inside, bj1

by =b;—b, (169)
Method 3:
Pinign face width alofig'pitch cone, bq

b, :int(bp1 +3m tan‘cjmp‘+1) (170)
Addifionalipinion face width, by

bl b 1
p
b, = —— (171)
2

Pinion face width from calculation point to inside, bj1

b,y =bj,+b, (172)
Pinion face width from calculation point to outside, be1

b, =by—by (173)
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7.6.1 Pinion

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

2 2
R 1 =\/Rmz+bel+2Rmz belcosg”mp (174)
Wheel cone distance of inner pinion boundary point, Rj21 (may be smaller than Rj3)
2 2
Riz1 =\ Rz +biy = 2Ry byycosCyy, 175)
Face hobbing:
Lead angle gf cutter, v
Z,m
v = arcgin| -2 (176)
2r,
Crown gearflto cutter centre distance, ppg
2 2 .
Ppo = \ R, + rio = 2R, rcosm(ﬁm2 - v) 177)
Epicycloid base circle radius, pp
py = ——R0 178)
z
12 siné,
Z
Auxiliary angle, pe21
R2 42 _p2
@,p1 = grecos e21  PPo e 179)
ZR 51 Ppg
Auxiliary angle, @i21
2 2 2
R 5+ -r
@51 = 4reccos 21" Ppo ~ e 180)
ZRi21 Ppo
Wheel spiraIl angle at outer boundary point, fe21
Rea1 = PLCOSPeyy
Bepp = arctan . (181)
PpSMPerq
Wheel spiral angle at inner boundary point, fi21
Riz1 = PpCos@ip,
B,, = arctan (182)
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Face milling:

Wheel spiral angle at outer boundary point, fe21

: 2 2
2R\ 5 TeoSINB o —Rio + Ry

Beyq = arcsin (183)
ZR 21 Teo
Wheel spiral angle at inner boundary point, 21
2Ry TeoSINBry — Ry + Ry
Bipy = arcsin (184)
ZRip1 T
Face|/hobbing and face milling:
Pinidn offset angle in pitch plane at outer boundary point, Cep21
a
C’ep21 = arcsin P (185)
Re21
Pinign offset angle in pitch plane at inner boundary point, g“ipm
5 . ap
d ip21 = aresin 7 (186)
i21
Outef pinion spiral angle, fe1
Be1 = Bear + Sepat (187)
Innef pinion spiral angle, fi1
Bi1 = Biz1 + Sip21 (188)
7.6.1 Wheel
Face|hobbing:
Auxiliary angle) @e2
2 2 2
R, + -r
PS5 arccos( eZ"inO c0 W (189)
. “Te2Fpr0 )
Auxiliary angle, @i
R +p2 —r?
(@;, = arccos i2 " PPo " Tco (190)
ZRy; Ppo
Outer wheel spiral angle, Se2
R ., — p,cos
B, = arctan ez p.b P2 (191)
PLSINg,,
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Inner wheel spiral angle, Si2

R., — p,coso;
B, = arctan i2 p_b Piz (192)
PpSIM@;,

Face milling:

Outer wheel spiral angle, fe2

. 2 2
(ZRmZ rcOSIHﬂmZ - RmZ + Re2 )

B,, = arcsin o J 193)

Inner wheel|spiral angle, Si2
2R, rsinB,_, —RZ, +R% _
B;, = afcsin R [194)
i2 "co

7.7 Determination of tooth depth
Outer adderldum, hae

hae1,2 =|Mam12 * Per2tan0yq 195)
Outer dedenidum, hse

hte1,2 =|Pm12  Per 2tan0yy 5 196)
Outer wholg depth, he

he12 = flae1,2 + fer2 197)
Inner addendum, h,i

hair2 ={ham1,2 ~ Dizatantyq 198)
Inner dedendum, hy;

hg12 = im12 —Ei32ta00¢ [199)
Inner whole|depth, h;

hi12 = hainz TR (200)
7.8 Determination of tooth thickness
Mean normal pressure angle, ap

a, = Znp T Fne ;anc (201)
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_ 1 R - cosf 2
Xsm1 = Xsmn ~ Jen 4 Rm - (202)
m_ . cosa R, cosf,
with outer transverse backlash, jet2
R_. cosf
. m2 m2
Xsm1 = Xsmn ~ Jet2 N (203)
'l‘lllmn l\ez
yvith mean normal backlash, jjn
X =X j ! (204)
sml ~ “smn =~ /mn
4m mn €0Sa
yvith mean transverse backlash, jyt2
cosf
, = _j . m2
¥ sml — Xsmn ]mt2 4m (205)
mn
Mean normal circular tooth thickness, spmn1, pinion
1 =0.5m_ mT+2m_ (xsml + thltanan) (206)
Thickness modification coefficient, xsm2, wheel
yith outer normal backlash, jen
_ 1 R . cosf
Fsm2 = " Xsmn ~ Jen 4 Rmz m (207)
m__ cosa  R,, cosf,,
yith outer transverse backlash, jet2
R . cosf
m2 m2
Fsm2 = " Xsmn ~ Jee2 4m R (208)
mn " e2
yith mean notmal backlash, jyn
X S X j ! (209)
sm2 V" “smn = /mn
4mmrl cosa |
WIth mean transverse backlasn, jme2
cosf
- _ _ Tm2
Xsm2 = " Xsmn Jmt2 4m (210)
mn
Mean normal circular tooth thickness, sin2, wheel
Sz =0.5m mw+2m_ (Xst — Xpmi tanan) (211)
© IS0 2016 - All rights reserved 45


https://standardsiso.com/api/?name=cd3bd303896bb46d0d0d4a67d352b2ab

ISO 23509

:2016(E)

Mean transverse circular thickness, smt

Smtl2 = smnl‘z/cosﬂml‘2 (212)
Mean normal diameter, dyn

otz = Ttz (213)

(1 — sinzﬂmllzcoszan \ coséL2

Mean normal \chordal tooth thickne;s, Smnc

Smnc1,2 [F 9mn1,2 Sin(smm,z / dmnl,Z) 214)
Mean chordpl addendum, hamc

s
hamCL2 = hamL2 +0,5 dmnl‘2 cosr‘)‘l'2 1- cos[ mnl,2 ] 215)
mn1,2

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

Rep =Rbyy + by 216)
Inner pitch ¢one distance, Rj1, pinion

Riy =Rl —byy 217)
Outer pitch fdiameter, de1, pinion

d, = 2R, sind; 218)
Inner pitch diameter, dj1, pinion

d;; =2R, sind; 219)
Outside diameter;ye

dae1,2 et 2l s COSO 4y 220)
Diameter, dfe

Afe12 =de1 = 2Ngeq 5 €OSSy (221)
Diameter, daj

daig,z = dig + 2Ny, COSO (222)
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Diameter, dfj

df1 =djgp — 2hg, €SO (223)
Crossing point to crown along axis, txo1,2
teo12 = tam1,z + De COSO1 5 = hyeqp SINGy (224)
Crossing point to front crown along axis, txi1,2
Bi1,2 = tam1,2 ~ Di1,2 €0SO15 — Nyjpp SN0y, (225)
Pinidn whole depth, h¢1, perpendicular to the root cone
t +t
zF1 xol . .
hyy=——""sin (931 + 0f1) - (tle - tzFl) siné ¢ (226)
cosd
8 Undercut check
8.1 | Pinion
Con€| distance of the point to be checked, Ry1, pinion
Ri1 <Rx1<Re (227)
WhekEl cone distance of the appropriate pinion'boundary point, Ry,
(may] be smaller than Rjp and larger than 'Re3)
) 2
R, =R, + (le - Rxl) _2R_, (Rrr11 - Rxl) oS (228)
Face|hobbing:
Auxiliary angle, @x2
2 2 2
Rzt Ppo ~Teo
¢, = arccos (229)
2Ry, Ppo
WhekEl spiral angle at checkpoint, fx2
R — p,.COSQ
B, = arctan Xz .b x2 (230)
PpSing,,
Face milling:
Wheel spiral angle at checkpoint, fx2
2R 5 Teg SINPryy = Riny + Ry
B, = arcsin (231)

2RXZ rcO
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Face hobbing and face milling:

Pinion offset angle in pitch plane at checkpoint, &

xp2
ap
C_,’sz = arcsin| —— (232)
X2
Pinion spiral angle at checkpoint, x1
Bxl = ﬂXZ + Z—’/po (233)
Pinion pitch|diameter at checkpoint, dy1
d, =2R ,sind; 234)
Wheel pitch|diameter at checkpoint, dx2
d,, = 2R ,sind, 235)
Normal module at checkpoint, my,
dx2
m, = T cosf, 236)
2
Effective digmeter at checkpoint, dgx1, pinion
z, cosf
1 x2
de . =l , — 7% 237
Ex1 X2 Zz Cosﬁxl )
Appropriatg cone distance, Rgx1
d
R. -l Ex1 238
Ex1 ™ bsins 1 )
Intermediate value, zpx1
“1
Z = = . 239)
1 — sin“p s~cos“a | ) cosfi,, cosd,
Limit pressure angle*at checkpoint, ajimx
[tan61 tand,, (le sinf_, —R_, sinf3_, ﬂ
Ay = —arctan (240)
cosg“mp Rg,q tané; + R, tand,
Effective pressure angle at checkpoint, aepy, drive side
%eDx = %np ~ % limx (241)
Effective pressure angle at checkpoint, aecx, coast side
Pecx = %nc + X limx (242)
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For further calculations, choose the smaller effective pressure angle.

If « =a (243)

eCx < aer: aeminx eCx

o =a (244)

eminx eDx

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

Working tool addendum at checkpoint, khapx

(sz — Rmz ) tanHaz

[ =k, + (245)
hapx hap
mmn

Minimum profile shift coefficient at checkpoint, xpx1, pinion

.2
VA m Sin o :
nxl "'xn eminx
T = 1,1 khapx - (246)

2m
mn

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

d —d_, ) coso
Ex1 1 1
hmminxl — thl + ( - - ) (247)

men

Unddrcut at checkpoint is avoided, if Xhm1 > Xhm min xi

8.2 | Wheel
Cong distance of the point to be checked, Ryx2; wheel

Face|hobbing:

Auxiliary angle, @x2

2 2 2
B3+ Ppo —Teo

2R

¢, = arccos (249)

x2 Ppo
WhetEl spiral\angle at checkpoint, Sx2

R _, — p, coso )
= arctan( Xz b xz (250)
L Pysing, )
Face milling:

Wheel spiral angle at checkpoint, Sx2

2R r.sinf_, —R% +R?
ﬂxz — arcsin m2 'c0 m2 m2 X2 (251)
2RX2 rcO
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Face hobbing and face milling:

Wheel pitch diameter at checkpoint, dy2

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

Normal module at checkpoint, myy

d
_ X2 0
mxn = COSP,, 253)
-2

Intermediate value, zyx2

Z
zZ = 2 254)

nx2 .2 2
1 —sin“B ,cos’a ) cosf3,,cosd,,

For further galculations, choose the smaller effective pressure angle.

If e 4% %emink = %nc 255)

If %nc 4%p* %eminx ~ %nD 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 xhm2 = —Xhm1
Working toql addendum at checkpoint, khapx

koo =l o+ (Riz = Rg ) @06, 257)

hapx | hap m
mn
Maximum profile shift coefficient at-calculation point, Xhm max x1, pinion
7 m._ sin‘a
nx2 " 'xn eminx
Xhm maqx1 = ~ 11 khapx 9) om 258)
mn

Wheel undefcut at che¢kpoint 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

A1l

This
in th
two
data
of th

Unlil
drivd
Each|
para

A.2

The

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

bevel and hypoid gears

Purpose

annex gives the structure of the formulae for the calculation of bevel and hypoid ge
s document. In this structure, the common formulae are put together. However, it is e
hlternative sets of input data, those used by American Gear Manufactufers Associa
type II) and those used in European Standards (data type I), be available-to calculate
e four design methods shown.

e bevel gears, a simple determination of the pitch surface paranieters is impossible for
s. Therefore, the solution shall be found in a procedure of suceessive approximation
method needs a set of initial data to start the calculation“procedure. However, th
meters for bevel gears can also be calculated with differéntinitial data as given in Tab|

Structure of the formula set

hr geometry
sential that
fion (AGMA;
one or more

hypoid gear
or iteration.
e pitch cone
e 3.

Initial data

2, Q, Z1, Zy, dmz OF dez and by, Pm1 g

I Zp, I'o

Results - Pitch cone

™~
Calculatien * Pitch
cone’parameters
Method 0 || Method 1 || Method 2 || Method 3 |
|

Initial.data parameters

| 4D Xgc2r Xhms - | | R Rinz: 61, 831 Bin1s B2

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

Results - Gear dimensions b,d R, 6, 6¢hy,h,

© ISO

Figure A.1 — Calculation of bevel and hypoid gears

2016 - All rights reserved

51


https://standardsiso.com/api/?name=cd3bd303896bb46d0d0d4a67d352b2ab

ISO 23509:2016(E)

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, kq,
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, dErlved from data type I, can also be described with data type II. ANNex C gives suggeskions
for the cominonly used values for each data type.

A.3 Pitch cone parameters

As can be sgen in Figure A.1, there are currently four different methods for the calculation of the pitch
cone paramgters. 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, Bin1, Bm2 and cpez. With
these paranjeters, a schematic of a hypoid (or bevel) gear can be drawn; see-Eigure A.2.

Based on the pitch cones, with the additional set of data from Table &)\it is possible to determing the
hypoid and pevel 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, cpez = 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 calculatedyThere is only one set of formulae for
beve] and hypoid gears. All formulae for hypoid gears also apply to bevel gears, if the hypoid offset is set
toaF 0.

Determination of basic data

In 7.4, general values, which are partially used in further calculations, are determined. For hlypoid gears,
the dffective pressure angles are established inn6tder to describe the mesh conditions. These become
equall if the effective pressure angle, aep, on the drive side has the same value as the effect]ve pressure
angle, aec, on the coast side. This is the case, for instance, if the design pressure angles afe equal and
the tptal limit pressure angle (fa1im = 1).iS)considered in the calculation. However, it is not necessary for
a prdper hypoid gear set to have equal mesh conditions.

Determination of tooth depthatcalculation point

As Table 4 shows how data\type Il can be transformed into data type I, only one set of| formulae is
necegsary to determine the tooth depth. In this document, it is the formulae for data type [ that are given.

Detegrmination of root and face angles

For the determination of the root and face angles of pinion and wheel, the addendum angl dedendum
anglé¢s of thedwheel are needed. In this context, the distances, t;1, t;2, tzF1, tzF2, tzr1 and |tzr2, can be
calcylated. These are defined as positive, if the crossing point lies inside the respective cong.

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 (bi1, 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 bi1 and be.

The pinion values, be1 and bj1, represent the real distances from calculation point to inside and outside.
To be consistent, bep 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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Figure A.3 — Pinion face width and inner and outer diameter
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Figure A.4 — Determination of pinion spiral angle in pitch plane

Determination of tooth depth

The dlefinition of the inner and outer tooth depth is illustrated in Figure A.5. The tooth depths hai1, hfi1,
ham1} hfm1, hae1 and hge1 are perpendictlar to the pinion pitch cone and hy1 is perpendiculaf to the root
cone| The same applies to the wheel todth depths.

With| the implementation of an.ihner and outer pinion face width at the pitch cone, the inngr and outer
addepdum and dedendum can ‘easily be determined.

b

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, jp, the

transverse backlash at calculation point, ji2, and the outer transverse backlash, jet.

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 xsm1 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

7.9 determines the remaining dimensions of bevel and hypoid gears.

A.5 Undercut check

The underciit check is provided for generated gears with non-constant and constahttooth depth.

With

the set of formulae in Clause 8, it is possible to choose any point on the pinion (o) wheel face width to

check if undrcut occurs or not.
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For differen|
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Annex B
(informative)

Pitch cone parameters

Purpose
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B.2
The 1

B.3

In m
posit

If the
oppg

Figu

Itis |
high

purpose of Annex B is to give proposals for the values that might be used ashinit

derations should be taken into account.

Shaft angle

haft angle is determined by the application.

Hypoid offset

Dst cases, the hypoid offset is determined by the application. Pinion offset is designa
ive or negative. This is determined by looking at the’hand of spiral of the wheel.

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

e B.1 illustrates positive and negative pinion offsets as seen from the wheel apex.

ecommended that positive pinion. offset be used because of the increasing diameter g
b1 face contact ratio, pitting and bending load capacity. Special consideration should

scuffing resistance because of additional lengthwise sliding.

In ge|
and,

neral, due to lengthwise sliding, the offset should not exceed 25 % of the wheel outer pit
for heavy-duty applications, it should be limited to 12,5 % of the wheel pitch diameter

ial data for

letermination of the pitch cone parameters. If the approach of Annex B is used, netallurgical

ted as being

1ion offset is

f the pinion,

be given to

ch diameter
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B.4.1 Estimated load
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In the case Y
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When peak

B.4.2 Tor

erating cycle

Jue

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

Figure B.1 — Hypoid offset

r

of the driven apparatus will perform.

oads arg(involved, a more detailed analysis is usually required to complete the design

applications, the load is not constant. Therefore, the torque load will vary. To obtain values
ting torque load, the designer. should use the value of the power and speed at which the

vhere peak loads are present, the total duration of the peak loads is important. If the|total
reeds 10 million cyclés)during the total expected life of the gear, use the value of this|peak
mating the gear size. If the total duration of the peak loads is less than 10 million cycles,
ne half the value-of this peak load or the value of the highest sustained load, whicheyer is

Pinion torque1s a convenient criterion for approximate rating of bevel gears, requiring conversion from
power to torque by the relation:

Ty

where

9550°P

ny

T1 is the 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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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
and

pinidn outer pitch diameter.

B.4.

Straight bevel and zerol bevel gears will be somewhat larger than spirdl bevels. The valy
outer pitch diameter obtained from Figures B.2 and B.3 are to be multiplied by 1,3 for zero

and

limitption.
B.4.3.4 Hypoids

B.4.

In the hypoid case, the pinion outer pitch diameterjas selected from the chart, is the equiy

outer pitch diameter. A preliminary hypoid piniofrpitch diameter, de pim1, is given using Foy
a
de plml ~ del -
where

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

Approximate pinion pitch angle

3.3 Straight and zerol bevels

3.4.1 General

dpiral bevel gears of case-hardened steel, the pinion outer pitch diameter is given by
B.3. Follow vertically from pinion torque value to desired gear ratio, then follow, hoj

by 1,2 for straight bevel gears. The larger diameter for the zergl‘bevel gears is due to

de1 is pinion outer pitch{diameter, from Figure B.2 or Figure B.3, whichever is larger, i
millimetres (mmj;

¢ isthe hypoid-effset, in millimetres (mm);

4 isthe geatratio.

Figures B.2
rizontally to

es of pinion
bevel gears
h face width

alent pinion

mula (B.2):

(B.2)

sinX
5int1 =arctan| —
cosX +u

where

2 isthe shaft angle.
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Approximate wheel pitch angle

51nt2 =2 - 51nt1 (B4)
Approximate wheel outer cone distance
R deplml (B 5)
eint2 — : '
2sind; 4
Wheel outer pitch diameter
oy = 2R ine2SiN0 ey (B.6)
de;, mm A
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Figure B.2 — Pinien\outer pitch diameter versus pinion torque — Pitting resistance
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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 Figlire 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
Geal material and hardness Pinion material and hardness Material fadtor,
Km
Material Hardness Material Hardness
Case-hardenled steel 58 HRC min Case-hardened steel 60 HRC min 0,85
Case-hardenfed steel 55 HRC min Case-hardened steel 55 HRC min 1,00
Flame-hardgned steel 50 HRC min Case-hardened steél 55 HRC min 1,05
Flame-hardgned steel 50 HRC min Flame-hardenedsteel 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 clarificationef all'types of heat treatments noted in Table B.1, see ISO 6336-5.

B.4.3.7 Statically loaded gears

Statically loaded—gears—shouldbedesignedfor bendingstrengthratherthanpittingreststance. 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.

Z4 A
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10
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10 ///////
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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;
1,00su<1,50 13
+50~<u=<+75 +2
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 S

B.6 Face width

For shaft anfgles 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. GeneJrally,
the face width is 30 % of the cone distance or 10 mietz, whichever is less. However, design paramgters
may requirg values to be larger or smaller. Figure-B.6 face widths are based on 30 % of the outer|cone
distance. Fgr zerol bevel gears, the face width-given by Figure B.6 should be multiplied by 0,83 and
should not ¢xceed 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 excesgive.

In the case pf a hypoid, follow the @bove 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 conf
apprpximately 2,0. For high-speed applications and maximum smoothness and quietness,
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).fer face contact ratio, £g, may be used to select the spiral angle:

ol
K, = =

act ratio of
face contact

(B.7)

DN Te)

Z R
e21—i
Re

where

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

Pm 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——
Z dey

where

Pm1 is the pinion mean spiral angle;
z7 is the number of wheel teeth;
z1 is the number of pinion teeth;

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

The wheel spiral angle depends on the hypoid geometry and is calculated using the hypoid formul
Clause 6.
b/meth A
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Figure B.7 — Face contact ratio for spiral bevel gears

(B.9)

ae in
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B.8 Outer transverse module

The outer transverse module, met2, 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 purpos¢ of Annex C is to give suggestions for the values of the additional data (see Clause 7} that

are necessafy to determine the gear dimensions.

C.2 Normal pressure angle

C.2.1 Gerneral

There are three normal pressure angles that are to be considered.

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

— Generatled 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 cdmmonly used design pressure angle for-bevel gears is 20°. This pressure angle affectis the

gear design|in a number of ways. Lower generated pressure angles increase the transverse coptact

ratio, reduc¢ the axial and separating forces and.increase the toplands and slot widths. The converse is

true for higtller pressure angles. Based on thee 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 foast

and drive sjdes, in order to halance the mesh conditions. If full balance of the mesh conditions is

recommend
angle, ajim, 1
in order to d

Reducing th
stress and
approximat

ed, the influence-factor of limit pressure angle, fylim, is set to “1”. Then the limit pre
s added to the{design pressure angle, g4, on the drive side and subtracted on the coasf
btain the generated normal pressure angle, a,, [see Formula (118) and Formula (119)].

e generated pressure angles on the drive side may be beneficial for contact ratio, co
axialyand radial forces. However, the minimum generated pressure angle shoul
1y 9°...10° due to limits of tooling and undercut.

sure
side

ntact
d be

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.]

To b
shou
nom
such

C3

C.3.]

NOTH

C.3.1

In cgmmon cases, the addendum factor, knap, is setto khap = 1 and the dedendum factor, A

knfp
C.3.1
To pr
C.3.7

NOTH

C.3.2

Norn
to sy
tootH

b Hypoids
hlance the mesh conditions on coast and drive side, the influence factor of limib prg
Id be f41im = 1. For the use of standard cutting tools, the value of fy1im may be diffefent f|

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

Tooth depth components
| Data type ]

Data types are described in 7.1.

.1 Addendum factor and dedendum factor

= 1,25.

.2 Profile shift coefficient
event undercut, the profile shift coefficient shall be in the range given in Clause 8.

. Data type Il

Data types are described in 7.1.

.1 Depth factor

hally, a depth<dactor, kg, of 2,000 is used to calculate mean working depth, hpyw, butitc
it design ahd other requirements. Table C.1 gives the suggested depth factors base
I numbers.

ssure angle
rom “1”. The
sure angles

hfp, is set to

hn be varied
d on pinion
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c.3.2.2

While the ¢
point. Norm
design and ¢

During the
the clearand
should not b

C3.2.3 My

This factor
addendum i
Longer addd
for cham are
matching st
factor to pre

Wheel offse

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

parance factor

ally, the value of 0,125 is used for the clearaice factor, k., but it can be varied to su
ther requirements.

manufacturing of fine pitch gearing,(met = 1,27 and finer, 0,051 mm should be add
e of the teeth which are to be finished in a secondary machining operation. This 0,051
e included in the calculations.

pan addendum factor

apportions the working depth between the pinion and wheel addendums. The p
s usually longer thidn the wheel addendum, except when the numbers of teeth are ¢
ndums are used-0on the pinion to avoid undercut. Suggested values for shaft angles X

found in Table'€.2. Other values based on sliding velocity, topland or point width limi
Fength betWeen two members, can be used. Clause 8 gives the limits for the mean adder
vent undercut on pinion and wheel. For Table C.2, the equivalent ratio u shall be calcul

[ apglé in axial plane, n

earance is constant along the entire length of the tooth, the calculation is made at mean

t the

bd to
mm

nion
qual.
= 90°
Ls, or
dum
ated.

n = asin (singmcosé2 )

Equivalent ratio, u,

cosé, tand, cosn

!

70

cos52

(€.1)

(€.2)
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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/u,2 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/u,42 7
0,100 + 0,115/u,2 6
Zerol bevel 0,210 + 0,290/u,2 13 or more

s for the thickness modification coefficient, xsmn, can be found, regarding the bending strength

balance between pinion and wheel. After the thickness modification, a successful cutting grocess shall

C.4 | Tooth thickness components

C4.1 Data type ]

c4.1.1 Thickness modification coefficient
Valug

be ensured.

C.4.2 Data type II

C.4.2.1 Thickness factor

The

bend

strength balance is desired.

C4.2.2

Sugg
allo

to 7,

© ISO

Outer normal backlash

mean normal circular thickness is.calculated at the mean point. Values of k¢ based pn balanced
ing stress are found by using the graph in Figure C.1. Other values of kt may be used |f a different

ested minimum values of the outer backlash are given in Table C.3. It will be noted that the backlash
fance is proportional to the module. Two ranges of values are given: one for ISO accuracy grades 4
Lhe other forASQ/accuracy grades 8 to 12, according to ISO 1328-1.

2016 - All rights reserved
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ke = 0,088 + 0,092u - 0,002u2 + 0,001 6(z1 - 30)(u - 1).

Figure C.1-— Thickness factor, k¢
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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
1,25to0 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 yalue are listed in Table C.4:

Table C.4 — Sum of dedendum angles, X6

Depthwise-taper Sum of dedendum angles (degrees)
hfml hfmZ

Standaxd 20, =arctan| —— |+ arctan| —— (c.3)
RmZ Rm2

Uniform depth 204 =0
90m R_, sinf

Constant slot width| 260 . = et 1 _mz~ Tm2 (C4)

R,, tana  cosf T'o
Modified slot width | X0, = X0 or 20 = 1,3 6, whichever is smaller (C.5)

C.5.2 Angles, 0,2 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, 0,7 and 6r,, wheels

Depthwise taper Angles (degrees)
h
0,, = arctan Lﬁ} (C.6)
Standard Rmz
Op, =205 -0, €7
Uniform depth 0, =0 =0
=0, —am2 (C.8)
Constant slot width mw
O¢, =Z0¢ —0,, (C9
am?2
2 = 0y o0
Modified slot width mw
Oy =20py — 0,5 (C.11)
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Annex D
(informative)

Analysis of forces

D.1 Purpose

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

D.2 | Analysis of forces

The gear tooth forces result in tangential, axial and radial components, for)the purpose of fletermining
the fprces and moments which act on shafts and bearings. The axial and’¥adial forces are dependent on
the durvature of the loaded tooth flank. Use Table D.1 to determine-the loaded flank. The|formulae to

calcylate 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 {angential force onna-wheel is

2 0007,
Foo = d— (D.1)
m2
where
mt2 1S the tangential force at the mean diameter on the wheel, in newtons (N);
T2  isthe torque transmitted by the wheel, in newton metres (N-m).
The tangential force on the mating pinion is given by Formula (D.2):
— FthCOSﬂml _ 2 000 Tl (D 2)
mtl — - d '
Cosﬂmz m1l
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, Fyx, 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 si

Pinion axial

de flank loading

force, Fax1,p

F (t S0 | vangp 5 WF D.3)
=|tana_,. + tanf3 . coso, » :
axl,D o COSﬁml T T TIICT
Wheel axial|force, Fax2,p
sin52
FaxZ,D 4| tana - tanﬁmZ cos§2 F o (D.4)
cosf, -
For coast side flank loading
Pinion axiallforce, Fax1,c
sin51
Faxl,C =|| tana - tan,Bml cos§1 Fmt1 (D.5)
cosf 1
Wheel axial|force, Fax2,c
sin52
FaxZ,C =|| tana + tanﬂmz c0562 F o (D.6)
cosf .,

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

A negative s

D.5 Radi

The values
the formuls
correspondi

ign (-) indicates that the directiow/of thrust is towards pitch apex.

]l force

of radial force, Fygq;-on bevel gears are given in the following formulae. When tising
e the tangential-force, spiral angle, pitch angle and generated pressure angle of the

ng member shall be used.

For drive side flankloading

Pinion radig

1 foree,"Frad1,b

f C0SO, i
Fradl,D = LtananD cosh__ —tanf_, smé‘lJ Foa (D.7)
Wheel radial force, Frad2,p
cosd, _
Fiag2p =| tana +tanf_, siné, | F ., (D.8)
cosf .,
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For coast side flank loading

Pinion radial force, Frad1,c

COS51 .
Fraqrc =| tano,c ————+tanf,, sino, | Fyy (D)
cosf 4
Wheel radial force, Frad2,c
cos52 .
Fragzc =| tana o —— —tanf,, sing, | F, (0-10)
N Pm2 J

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

A negative sign (-) indicates that the direction of force is towards the mating member. This {s commonly
called the attracting force.
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Annex E
(informative)

Machine tool data

E.1 Purpose

Annex E prqvides 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, zo
Face hobbing Face milling
Two-part cutter Two-blade cutter Three-blade cutter
(two divix{ed cutter parts | (outer and inner blade per | (rougher, outer and inner
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, diametet,
reo g r'co 20 rco g 2rco
mm mm mm in
25 1 30 7 39 5 2,5
25 2 51 7 49 7 3,25
30 3 64 11 62 5 3,5
40 3 64 13 74 11 3,75
55 5 76 7 88 7 4,375
75 5 76 13 88 13 5
100 5 76 17 110 9 6
135 5 88 11 140 11 7,5
170 5 88 17 150 12 9
210 5 88 19 160 13 10,5
260 5 100 5 181 13 12
270 3 105 13 — — 14
350 3 105 19 — — 16
450 3 125 13 — — 18
— — 150 17 — — —
— — 175 19 — — —
— — — — — — mm
— — — — — — 500
— — — — — — 640
— — — — — — 800
— — — — — — 1000
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Annex F
(informative)

Sample calculations

Purpose

ISO 23509:2016(E)

Annd

F2

EF2.1
This
Seel

Sample spiral bevel gear set

Initial data

example uses Method 0 — Face milling tooth form.

ables F.1 to E.3.

x F demonstrates in four examples how to handle the formula set for bevel and hypoid

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

gears.

Symbol Description Method 0 Method 1 Method 2 Methdd 3
2 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 . . -
dm2 of wheel X
outer pitch diametér
de2 of wheel 176,893 mm X — X
bo wheel face-width 25,4 mm X X X
mean spiralangle of . . .
P pinion X
mean-spiral angle of o .
Bm2 wheel 35 X X
reo cutter radius 114,3 mm X X X
number of blade
Z0 groups — — X X
(only face hobbing)
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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 — k4 2,000
*RTp v 8125
Xsmn — ke 0,091 5

W2 -

Jen 0,127

Ba2 2,134 2°

Of2 6,493 4°

Table F.3 — Transformation of data type Il into datdtype I

1

Xpm1 = kd [E ~ Cham

J =0,505

k hap

k
—_d_q
2

k hfp

1
=kd(kc +E]:1’25

X smn

kt
- £ —0,046
2
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F.2.2 Determination of pitch cone parameters

Gear ratio, u

ISO 23509:2016(E)

2
u=-—==2,786 (F.1)
2

Pinion pitch angle, 61

5, = arctan| —S2 | _ 19,747° (F.2)

1 cosy Ly

WhekEl pitch angle, 67

¢, =% -6, =70,253° (F.3)
Outefr cone distance, Re

R., = e _ 93,973 mm (F.4)

el,2 2sind, '
Mean cone distance, Ry,
b2

le,z =R, — > = 81,273 mm (E.5)
Spirdl angle, fm1, pinion

Bn1 = By =35,000° (F.6)
Face[width factor, cpe2

Gpez = 0,5
F.2.3 Determination 'of basic data
Pinidn mean pitch diatieter, dm1

4,1 = 2R jsind; = 54,918 mm (F.7)
WhekEl mean pitch diameter, dpy»

d 5 =2R_Sind, = 152,987 mm (F.8)
Shaft angle departure from 90°, AX

AXY =X -90°=0° (F9)
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Offset angle in the pinion axial plane, £

¢ = arcsin 2a = 0,000° (F.10)
m
cos62

ml cosd,

Offset angle in the pitch plane, cjmp

/ciné’mciny\

€ = gresing ————— | =0,000° F.11)
p

c0551

Offset in pitth plane, ap,

a, = Rmzsingmp = 0,000 mm (F12)

Mean normal module, mpyp

PR _sind.cos
m__=fmz& 2 Pmz =3,213 mm (F.13)
Z
2

Limit pressyre angle, ajim

tanod, tand, ( R_, sinf_. — R_ sinf
= tarctan L 2 | mi m1 mZ L F.14)
coscjmp R _, tané; + R_, &and,

alim
Generated rformal pressure angle, ayp, drive side

% = %dp T Jalim %lim = 20° (F.15)

Generated normal pressure angle, anc, €0ast side

o = 20° (F.16)

nc = qdc ~ Salim %lim
Effective pressure angle, ae,drive side

%ep = %Anp ~ %lim T 20° (F.17)

Effective pressure-angle, aqc, coast side

a

—a A, =20° (F.18)

eC e T

Outer pitch cone distance, Re2, wheel

R, =R, +Cpo b, =93,973 mm (F.19)

Inner pitch cone distance, Rjz, wheel

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

d,, =2R,,siné, =176,893 mm (F.21)

Inner pitch diameter, dj, wheel

d., = 2R;,siné, = 129,080 mm (F.22)

Outer transverse module, met2

d
Moy = —€2 _ 4536 mm (F.23)
z
2

WhekEl face width from calculation point to outside, be)

b, =R,, —R_,=12700 mm (F.24)

Whetel face width from calculation point to inside, bj

o =R_,-R,, =12,700 mm (F.25)

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

d_.sind
—_ml”~ 2 0,5cos§mtanAZ d
2cos61

dm1c0552

tzm2 m2 +

= 27,459 mm (F.26)
c0551

Crossing point to calculation point along pinionraxis, t;m1

d
= %2 cos¢  COSAY —t . SinAY = 76,493 mm (F.27)

zm1

PitcH apex beyond crossing pointalong axis, t;1,2

4,0 =Rq €0sé; —t, . =0 mm (F.28)

z1 ml Zm

4., =RmZ cos52 =t

, =0 mm (F.29)

zm

F.2.4 Determination of tooth depth at calculation point

Mearll working depth, hpwy
h

=2m__k, =6,427 mm (F.30)

mw mn  hap

Mean addendum, hym2, wheel

Pamz = Moun (Knap = ¥pmp ) = 1591 mm (F.31)
Mean dedendum, hfy2, wheel
Pz = Moo (Kigp * Xy | = 5,639 mm (F.32)
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Mean addendum, h,m1, pinion

Pam1 = Monn (Knap * X1 | = 4836 mm

Mean dedendum, hgpy1, pinion

h

Clearance, ¢

F.2.5 Det

Face angle, ¢

0,9=0
Root angle,
Oy =03

Auxiliary an

PR = ar

Auxiliary an

¢, =arf

fm1 — Mmn (khfp - Xhml)

=2,394 mm

(F.33)

(F.34)

(Kngp ~ Kpap ) = 0,803 mm

depth, hyy

127t h =7,230 mm

m fm1,2

+k )zZBOmm

mn (khap hfp

ermination of root angles and face angles

b2, Wheel

, +0,, =72,387°

br2, wheel

~0,, = 63,760°

gle for calculating pinion(offset angle in root plane, ¢r

a tanAXY coso £

ctan =0°
RmZ cosG'f2 ~t, coséf2

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

a tanAY coso a2

tan =0°
RmZ Cosl9a12 —t, cos5a12

(F.35)

(F.36)

(F.37)

(F.38)

(F.39)

(F.40)

F.41)

Pinion offset angle in root plane, £y

G =ar

a cosgp sind,
csin —pgp =0°
R _, cosO, —t , cOS6y,

Pinion offset angle in face plane, ¢ |

¢, = arcsin [

84

acosg, sing_,

— (po — 00
Rmz cos@az -t coséazJ

(F.42)

(F.43)
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Face

o

Root

6f1 = arcsin(sinAE sin5az + CoSAXY cos§a12 cosé’o) =17,613°

angle, 8,1, pinion
al

angle, 81, pinion

= arcsin (sinAZ sind, + cosAY cosdy, cong) =26,240°

ISO 23509:2016(E)

(F.44)

(F.45)

Addd

é

Dedse

Whe

Whe

Pinid

o

Pinid

F.2.6

Pinid

ndum angle, 0,1, pinion

1 =6,, 8, =6,493°

ndum angle, 1, pinion

o =8, — 8y =2,134°

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

R sin@_, — h cosf
_ tzz _ m2 a2- am2 a2 —_ 1,508 mm
smSa12

zZF2

bl root apex beyond crossing point along wheel axis; t;r2
R _, sinf., — h cosf
n m2 f2- fm2 f2 = 3999 mm
sind .,

=t

zZR2 z2

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

a sin{y cosd., —t
zF1 ~

JR2 sm5f2 -c

: =-9,931 mm
sm(‘ial

n root apex beyond ¢rossing point along pinion axis, t;r1

a sing | €osg,, —t,py SN, — C

R = = 2,094 mm

sind f1

Determination of pinion face width, b

nface with in pitch plane, bpy

(F.46)

(F.47)

(F.48)

(F.49)

(F.50)

(F.51)

2 2 2 2
bpl = \/Rez —ay” - \/RiZ —a,; = 25,400 mm

Pinion face width from calculation point to front crown, b1

2 2 2 2
blA =\/Rm2 —ap —\/Ri2 —ap =12,700 mm
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Pinion face width, bq

by =b,

= 25,400 mm

Pinion face width from calculation point to outside, be1

b.,=c

el

or by =12,700 mm

(F.54)

(F.55)

Pinion face width from calculation point to inside, bi1

bi1 = bl —bel =12,700 mm

F2.7 Det

F2.7.1 Pi

Wheel cone

Rep1 =

Wheel cone

Riz1 =4

Face millin

ermination of inner and outer spiral angles

hion

distance of outer pinion boundary point, Re21 (may be largen than Re?)

2 2
/RmZ + be1 +2R_.b cosg"mp = 93,973 mm

m2 “el

distance of inner pinion boundary point, Rjz1 (inay be smaller than R;)

2 2
R.,+b -2R , bilcosgmp = 68,573-mm

k|

5.

Wheel spirall angle at outer boundary point, fe21

. 2 2
2R o ToSINB G R, + Royy

,8621 = arcsin =36,846°
ZR21 Teo
Wheel spiral angle at innef. boundary point, fi21
2R TSPy, — Riny + Ry,
By, = qresin =33,946°
ZRip1 e

(F.56)

(F.57)

(F.58)

(F.59)

(F.60)

Face hobblng and face millino:

Pinion offse

Cele =

Cile =

t angle in pitch plane at outer boundary point, {

ep21
a
arcsin| —— | = 0°
Re21
Pinion offset angle in pitch plane at inner boundary point, §1p21
ap
arcsin =0°
RiZl

86

(F.61)

(F.62)
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Outer pinion spiral angle, fe1

ISO 23509:2016(E)

Ber = Begy +Gepp1 = 36,846° (F.63)
Inner pinion spiral angle, Bi1

Bi1 = Big1 +Sippq =33,946° (F.64)
F.2.7.2 Wheel
Face|milling:
Outef wheel spiral angle, fe2

2Ry TooSiBy — Ry + RE,
B, = arcsin = 36,846° (F.65)
2Re2 eo
Inner wheel spiral angle, Si2
2Ry TooSINBmy — Ry + R},
B;, = arcsin = 33,946° (F.66)
ZRiy o

F.2.8§ Determination of tooth depth
Outef addendum, hge

Rieq = Nypq +beqtand,; = 6,281 mm (F.67)

ae2 = Ny + b tand , = 2,064 mnr (F.68)

Outef dedendum, hge

Rie1 = Nppp + beq tanlpg, =2,867 mm (F.69)

i fe2 = hfmz + beztané?f2 = 7,085 mm (F.70)
Outef whole. depth, he

Ry S haeq + gy = 9,149 mm (F.71)

hyy = hyey + hgp = 9,149 mm (F.72)
Inner addendum, h,j

hy, =h,,1 — b tand,; =3,391 mm (F.73)

h,, =h, ., —b;,tanf_, = 1,117 mm (F.74)
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Inner dedendum, hy;
hgy = hgnq — by tanfy =1,921 mm (E.75)
hg, = he o, — by,tand;, = 4,194 mm (F.76)
Inner whole depth, h;
hy =hyy +hg =5311 mm (F.77)
h,, =h}l, +hg, =5311 mm (F.78)
F.2.9 Determination of tooth thickness
Mean normal pressure angle, ap
_ o hD + anC _ o
a, =—t——-=20 (F.79)
Thickness modification coefficient, xsm1, pinion
with oufer normal backlash, jep
R_ . cos
Xsm1 = Ksmn ~ Jen . 2Pz = 0,037 (F.80)
4m_ cosa ~ R,,cosf,
Mean normal circular tooth thickness, spn1, pinion
St = P5m,, ©+2m (xsml + thltanan) = 6,465 mm (F.81)
Thickness modification coefficient, xsmz, Wheel
with oufer normal backlash, jer
R_ . cos
Xsm2 = [ Xsmn ~ Jen 4 ~ Rmz e =-0.055 (F.82)
my~ cosa R, ,cosf,,
Mean normal circular toeth thickness, s;n2, wheel
Smnz = POmggem +2m (Xst - thltanan) =3,511 mm (F.83)
Mean transverse circular thiCKNess, Smt
Smt1 = smnl/cosﬁm1 =7,892 mm (F.84)
Smtz = smnz/cosﬁm2 = 4,286 mm (F.85)
Mean normal diameter, dyn
d_. = 1 = 82,241 F.86
mnl — =04, mim (F.86)

88

2 2
(1—sm B ,1€08 an)c0551
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d
d ., = m2 = 638,207 mm

mn2 .2 2
(1 —sin“fB_,cos an)cos52

Mean normal chordal tooth thickness, smnc

Smnc1 = dmn1Sin (Smnl / dmnl) = 6,458 mm

S mnc2 = dmnzsin(smnz/dmnz) =3,511 mm

ISO 23509:2016(E)

(F.87)

(F.88)

(F.89)

Meaih chordal addendum, hamc

} = h 0,5d 5, |1 cos| mnl || _ 4955
amcl ~ Mam1 1 Y2014, €0S04 cos d— =4, mm
mnl / |
Smn2
Iach = hamZ + O’Sdmn2C0552 1-cos [d& =1,592 mm
mn2

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

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

Innef pitch cone distance, Rj1, pinion
R =R, — bi1 = 68,573 mm
Outef pitch diameter, de1, pinion

de1 = 2Relsin61 = 63,500 mm
Innef pitch diameter, dj1, pinion

dil = 2Rilsin51 £46,337 mm

Outsjde diameter;dae

dael R del + 2hae1c0551 =75,324 mm

(F.90)

(F91)

(F92)

(F93)

(F94)

(F.95)

(F.96)

daez = de2 + 2hae2C0562 =178,288 mm

Diameter, dfe

d.. = de1 - 2hfe1C0551 =58,102 mm

fel
der = dez - thezcos62 =172,106 mm
Diameter, daj

dail = di1 + 2hail c0551 =52,719 mm

© ISO 2016 - All rights reserved
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(F.100)
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daiZ = di2 + Zhaizc0352 =129,835 mm

Diameter, dfj

dfi1 = di1 — Zhﬁ1c0551 =42,721 mm

d., = di2 - 2hﬁ2c0552 =126,246 mm

fi2

Crossing point to crown along axis, txe1.2

(F.101)

(F.102)

(F.103)

=t} 1 T De1C0S6; —h_ sind; = 86,324 mm
=t} o+ by,c088, —h, ,sind, =29,808 mm

Crossing pojnt to front crown along axis, txi1,2

=t} 4~ bilcos51 - hailsin(S1 = 63,395 mm
=t} 0 bi2c0552 — haizsiné2 =22,117 mm

Pinion wholg depth, h¢1, perpendicular to the root cone
P i Exot

coso al

E3 Sample hypoid gear set — Method'1

F.3.1 Initjal data
This example uses Method 1 — Facemilling tooth form.

See Tables H4 to E.6.

sin (Qal + 9f1) - (tle - tzFl) sin6fl =9,137 mm

Table E.4.= Initial data for calculation of pitch cone parameters

(1104)

(F105)

(F106)

(Fl107)

(Fl108)

Symbol Description Method 0 Method 1 Method 2 Method 3

D shaft angle X 90° X X
n hypoid offset 0,0 15 mm X X
VA numbeor oftaoth X 123/4.2 X X
>— 1 pumb rofteeth X 13/4.2 X X
mean pitch diameter o . .

2 of wheel X

outer pitch diameter .
de2 of wheel X 170 mm X
b2 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
B2 mean ssvl}l;ile?ngle of X . X X
reo cutter radius X 63,5 mm X X
number of blade
Z0 groups X — X X
(only face hobbing)
Table E-5—Additional- datafor-ealculation-efgear dimensions
Data type Data type II
Symbol Description Symbol Description
adp 20°
adc 20°
f alim 1
Xhm1 — Cham 0,35
khap — kd 2,000
knfp — ke 0,125
Xsmn — k 0,1
Wriz —
Jet2 0,24nm
022 1°
] 4°

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

1
Xhml:kd[E_Cham):O'3
k
o _d
khap_7_1
k =k, | k Ll 5
hfp — "d C+E =12
kt
Xsmn=7=0,05

© ISO 2016 - All rights reserved
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F.3.2 Determination of pitch cone parameters

Gear ratio, u

2
u=—==3,231 (F.109)
2

Desired pinion spiral angle, Sa1, pinion

Baq = By =50° (F.110)
Shaft angle departure from 90° AY

AXY = X[-90° =0° (H111)
Approximate wheel pitch angle, Sint2

5., = grctan| — 10| _ 69 6240 (R112)

12(1 - usinAY)
Wheel mear) pitch radius, rmpt2
d ., —b,sind,
2 2 2

Fopt2 = . Nt = 70,939 mm (F113)

Approximate pinion offset angle in pitch plane, ';
asing.
g = ardsin| ——™% | =11,433° (R114)
r
mpt2

Approximate hypoid dimension factor, K1

K, =tapf, sing’ +cose’, = 1,216 (A115)
Approximate pinion mean radiusy#mn1

8 K
ro =122 L 26,708 mm H116)
u

Start of iterdtion
*EEEE First fnia] *+++*
Wheel offset angle in axial plane, n

n = arctan R = 3,942° (F.117)

" mpt2 (tanéintzcosAZ - smAZ) +
Intermediate pinion offset angle in axial plane, €2
a—r__.sin
g, = arcsin [m—“l”J =10,694° (F.118)

92

rmpt2
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Intermediate pinion pitch angle, 6int1

sinn o
Oine = arctan[ + tanAX cosn] = 20,001 (F.119)

tang2 COSAY

Intermediate pinion offset angle in pitch plane, £'»

sing2 COSAY

Coso .

8’2 = arcsin
intl

] = 11,390° (F.120)

Interfmediate pinfon mean spiral angie, Bm intl

]

=

m intl

K, — cosg;
= arctan| ——— | = 50,087° (F.121)
sing),

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

Pinign mean radius increment, Armpt1

AK

-2
mpt1 = mpt2 — =-1,605x10  mm (F.123)

A

Piniqn offset angle in axial plane, €1

Ar

g, =arcsin| sing, — mptl sinn | = 10/695° (F.124)
rmptZ
Piniqn pitch angle, 61
¢, = arctan S (Btanas cosn | = 20,000° (F.125)
tane; cosAZ
Pinidn offset angle in pifch plane, £'1
sing) CosAY
g] = arcsing;~——— | = 11,391° (F.126)
cosd,
Spirdl angle;fm1, pinion
(K +AK —cossp)
B, = arctan — = 49,998° (F.127)
sing;
Spiral angle, fin2, wheel
By =By — €1 =38608° (F.128)
Wheel pitch angle, 67
sing
6, =arctan| —————— + cos¢; tanAX | = 69,631° (F.129)
tann cosAY
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Mean cone distance, Ry 1, pinion

Fonl Ar

R

ml ~

mptl _ 78 045 mm
sin51

Mean cone distance, Ry2, wheel

r

m2

mpt2 _ 75 670 mm

sind 2

(F

130)

(F.131)

Mean pinior

rmptl =

T adiua, mptl

le sin51 = 26,692 mm

Limit pressyre angle, ajim

X im = 9

Limit radiug

Airctan | —

cose!

1 le tan61 + RmZ tan52

of curvature, p1im

secay. (tanf_, — tanf
lim ( m1l mZ) — 71,539 min

Plim =

le tan51 Rm2 tan62

tanf tanf
- tano { ml_ m2 J+

Face millin

Lengthwise

Plim
*¥%%% [act ]

Wheel offse

b

tooth mean radius of curvature pmg

[0 = 63,5 mm

1|=0,112 > 0,01-failed, next trial

rial skkkkok

I angle in axial plane, n

n = 4,1¢

30

tand, tans, [le sinf_, —R_, sinﬂsz _ _3,008°

(K

(K

(H

(F

132)

133)

134)

135)

(F

Intermediate pinion offset angle in axial plane, €2

&, = arcsin

94

a-r__.sin
4~ ng SN =10,602°

rmptZ

(F.

136)

137)
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Intermediate pinion pitch angle, 6int1

sinn o
Oine1 = arctan[ + tanAX cosn} = 21,290 (F.138)

tans2 COSAY

Intermediate pinion offset angle in pitch plane, £'»

sins2 COSAY

CoSso

8’2 = arcsin
intl

] = 11,389° (F.139)

Interfmediate pinfon mean spiral angie, Bm intl

]

=

m intl

K, — cosg,,
= arctan| ————— | = 50,089° (F.140)
sing’,

Incr¢ment in hypoid dimension factor, AK
o, -4
AK =sing, (tanﬁAl —tanf intl) =-7,477x10 (F.141)

Pinign mean radius increment, Armpt1

AK

rmptl = rmptZ U

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

Pinign offset angle in axial plane, €1

Ar
g, = arcsin| sing,, — mptl sinn | = 10;603° (F.143)
rmptZ
Pinign pitch angle, 61
¢, = arctan| — L) tanAS cosn | = 21,288° (F.144)
tane; cosAX
Piniqn offset angle in pitch plane, £'1
Sine; cosAX
4} = arcsin R — =11,390° (F.145)
cos
1

Spirdl angl€; fm1, pinion

1z AJZ L\
R AR = COSEy

By = arctanL — J = 49,998° (F.146)
sing}

Spiral angle, B2, wheel

By =By — €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, =2l ™ _ 73519 mm (F.149)
sind
Mean cone distance, Ry2, wheel
Tmpt2 _ 26 337 mm (F.150)
m2 sind, ' '
Mean pinim 1adiua, mptI
Fmptl = R, siné; =26,692 mm (H151)
Limit pressure angle, a1im
tand, tand, ( R_, sinf _. — R_, sinf
Ay = Arctan| — 1 2 ml ml m2 m2 (A152)
cose} R, tano; + R, tano,
Number of drown gear teeth, zp
z =12 - 45196 (A153)
P sips,
Lead angle of cutter, v
R Zg
v = arcsin cosB o [=0° (F{154)
Teo Zp
First auxiliary angle, A
A=90°-pB_,+v=51391° (F{155)
Crown gear to cutter centre distance; ppo
Ppo = \|Rimz + Ty ~2RE5FcosA = 61,726 mm (F156)
Second auxiliary angle, 1
R~ . cos
1, = ar¢cos ’sz—ﬂmz (zp +2, )—‘ = 14,895° (F|157)
Dpo Z
TU— p 7]
Lengthwise tooth mean radius of curvature, pmg
Face milling:
Pmp =Tco = 63,5 mm (F.158)

96
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Limit radius of curvature, plim

secay;, (tamﬁm1 - tanﬂmz)

ISO 23509:2016(E)

Plim = =63,497 mm (F.159)
tan tan
— tana ;- Pm + Pma +
R , tané; R, tand,
1 B 1
R _,cosB ., R, cosB ,
Pmg =5
— — 1[ = 4,050%x10U < U,Ul, passed
Plim ‘
deZ _
2sin 8, m2
Qpen = =0,504 (F.160)
b,
End ¢f iteration
F.3.3 Determination of basic data
Pinidn mean pitch diameter, dp1
4., =2R;5iné; =53,383 mm (F.161)
WheEl mean pitch diameter, dy»
4., = 2R ,siné, = 141,877 mm (F.162)
Shaft angle departure from 90°, AY
AX =X -90°=0° (F.163)
Offsg¢t angle in the pinion axial plane, £
2a
d = arcsin =10,603° F.164
m J cosd, ( )
+
m2 m1l COS51
Offsdt‘angle in the pitch plane, gmp
sin{ _sinX
¢ = arcsin| ——— | =11,390° (F.165)
p coss
Offset in pitch plane, ap,
a, = RmzsinCmp =15,075 mm (F.166)
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Mean normal module, mpyp

_ 2R _,sind,cosf

m2 _ 2640 mm

mmn

Z;

Limit pressure angle, aim

a lim

= —arctan

cos§mp R ,tané; +R ,tand,

tand, tand, (lesinﬁm1 -R_,sinf_,

=-2,253°

(F.167)

(F.168)

Generated

OLnD =0

Generated 1|

a =0
Effective pr
Ay =

Effective pr

Ay =X
Outer pitch
R, =R

Inner pitch

Ry, =R
Outer pitch
d,, =2

armaal mracciirea angla o Ao cida
O trar prossurCangrCanD;, arrveoSTac

b T folim % jim = 17,747°

ormal pressure angle, ayc, coast side

dc ™ falim % lim = 22,253°

bssure angle, aep, drive side
- — o

nD a lim 20

bssure angle, aec, coast side

— o
nC +alim =20

rone distance, Re2, wheel

12t Che2 b2 =91,468 mm

rone distance, Rj2, wheel

) — b2 = 61,468 mm

Hiameter, de2, wheel

R’ezsiné2 = ¥/0-°mm

Inner pitch diameter; djz, wheel

d., =24

i2

. 5Sind.,, = 114,243 mm

(H

(K

(H

(H

(H

(K

169)

170)

1171)

172)

173)

174)

175)

(H

176)

Outer transverse module, met2

metZ =

d
€2 _ 4,047 mm

Zy

Wheel face width from calculation point to outside, be?

b,, =R

98

e2 _RmZ

=15,1314 mm

(F.177)

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

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

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

d_.sind
—_ml” "2 0,5cos§mtanA2 d
2c0551

dmlcos62

tsz m2 +

cosé1

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

J =26,621 mm

ISO 23509:2016(E)

(F.179)

(F.180)

d
- —‘;2 cos{ cosAY —t__,sinAY = 69,727 mm

zm1

Pitch apex beyond crossing point along axis, t12

o

A= lecosé1 —t,n1 = —1,225 mm
4., = Rmzcosé2 —t, 0= 1,576 mm

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

i =2m__ k = 5,280 mm

mw mn " hap
Mean addendum, hymy2, wheel

i =1,848.mm

am2 — Mmn (khap - Xhml)
Mean dedendum, hfm2, wheel

l

fm2 = Mmn (khfp + Xhml) = 4,092 mm

Mean addendum, hap{r;pinion

Ram1 = M (khap + thl) = 3,432 mm

Mean dedéndum, hgp1, pinion

[

(F.181)

(F.182)

(F.183)

(F.184)

(F.185)

(F.186)

(F.187)

\
= 2,900 mm

! hfp ~ Xhm1 )

Ym1 = Mpyp kk

Clearance, ¢

¢ =My (K ~ Kpap | = 0,660 mm

© ISO 2016 - All rights reserved
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Mean whole

h =h

m ~ "aml,2

:2016(E)

depth, hy

+h =5,939 mm

fm1,2

Py = Mo (Ko + Ky ) = 5,939 mm

F.3.5 Determination of root angles and face angles

Face angle, 642, wheel

(F.

190)

(F.191)

0,,=0
Root angle,
Oy =04

Auxiliary an

pp =ay

Auxiliary arn

¢, =arf

Pinion offse

Cgr =ar

Pinion offse

¢, =argsi

Face angle, ¢

6., = al

al

, +0,, =69,323°
br2, wheel

-0, = 64,324°

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

a tanAY c055f2
ctan =0,000°
R cos@f2 —t, Cos5f2

gle for calculating pinion offset angle in face plane, ¢y

a tanAX coso a2

tan
Rmz Cos(9az —t, cos5az

J =0,000°

L angle in root plane, £

a cosgp sindg,

csin
Rm2 cos@f2 -t c055f2

J-—wR::10319°

L angle in face plane, C |

a cosg,'sing

sin -@, = 10,674°
R c059az -t cos§a12

a1, pinion

csin (sinAZ sin5f2 + CosAXY 0055f2 cosCR) =25,232°

(F

(H

(K

(H

(K

(H

Root angle, 61, pinion

0 = arcsin (sinAZ sind _, + cosAX cosé, cosgo) =20,303°

Addendum angle, 651, pinion

0, =05, —8, =3,943°

Dedendum angle, 6¢1, pinion

0 =8, — 5 =0,985°

100

192)

193)

194)

195)

196)

197)

198)

(F.199)

(F.

(F.

200)

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

_. Rmz sm932 — ham2 cos@az

— =2,126 mm
z2 : ’
sm5alz

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

ZR2 72

ISO 23509:2016(E)

(F.202)

(F.203)

P. . C 1 9 . s, s . "
1nigmrrace dpPpTA DTYUILIU LTUSSIITE PUILIU AdIULLg PIITITUITN dALS, T7E]

asinfp coséy, —t
ZF1 ~

ZR2 51n5f2 -C

sm5a11

=-5,064 mm

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

asing  cosé_, —t,p, Sind,, — ¢
81 = - =—4,808 mm
sindg;

F.3.4 Determination of pinion face width, b

Pinign face with in pitch plane, bp1

_ [p2 2 2 2
lpl—\/ReZ—ap —\/Riz—ap = 30,626 mm

Pinidn face width from calculation point to front crown, b1

=

2 2 2 2
A = \/RmZ —ap —\/Ri2 —ap =15;243 mm
Method 1:
Auxiliary angle, A’

| oreton 51n§mpc0552

=1,239°
ucoss; + cosézcosgmp

Pinidn face width; breri1

bzcosl'

S=—=>""——=30,470 mm
reril cos (Cm‘o B /V)

(F.204)

(F.205)

(F.206)

(F.207)

(F.208)

(F.209)

Pinion face width increment along pinion axis, Abx1

Ab =h_  sin{p [1 - %] = 0,653 mm

Increment along pinion axis from calculation point to outside, Agxe

Ag _ CbeZ breril
xe cos6,,

© ISO 2016 - All rights reserved
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Increment along pinion axis from calculation point to inside, Agxi

(1 - CbeZ) brerit

212)

213)

214)

215)

216)

217)

218)

219)

220)

Agy = c0s8,y +Abyy +(hg o —c) sind; = 15,592 mm (F.
al
Pinion face width from calculation point to outside, be1
Ag,.+h__.sind
by = —2 2011 o0, , =16,089 mm (F.
cosd
Pinion face Width from calculation point to inside, bi1
Ag . —h__.sind
b, =X aml” 1 15822 mm (F
i1 ¢9ss, — tanb__ sind
1 al 1
Pinion face yidth along pitch cone, by
b, =by|+b,; =31,910 mm (F
F.3.7 Determination of inner and outer spiral angles
F3.7.1 Pipion
Wheel conel|distance of outer pinion boundary point, Re21 (may‘be larger than Re3)
2 2
R,y = /Rm2+be1 +2R_, belcos§mp =92,163 mm (F
Wheel cone|distance of inner pinion boundary peint, Rj21 (may be smaller than R;)
2 2
Ry =Ry + bi1 —2Rmz bilcosémp =60,907 mm (F
Face milling:
Wheel spirall angle at outer boundary point, fe21
2Ry feg S0Py — Ry + Reyy
Beopp = @resin =48,130° (F
ZR 21 e
Wheel spirall angle-at inner boundary point, fi21
2R T sinp =R2—FRZ
By, =arcsin| —m2 0 mz m2 T2l 305490 (F.
ZRi51 T
Face hobbing and face milling:
Pinion offset angle in pitch plane at outer boundary point, Cele
a
§ep21 = arcsin| —— | = 9,414° (F.
e2l
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Pinion offset angle in pitch plane at inner boundary point, Cipn

a
{ipa1 = arcsin| —— | =14,330° (F.221)
Ri21

Outer pinion spiral angle, Se1
Bei =Bep1 * Cele =57,544° (F.222)

Inner pinion spiral angle, Bij

Bi = Bigy +ippy = 44,879° (F.223)

F3.7.2 Wheel
Face|milling:

Outer wheel spiral angle, Se2

2R r.sinf_, —R%, +R?
B, =arcsin| —m2 O " m2 mZ €2 |_ 476740 (F.224)

2ReZ rcO

Innef wheel spiral angle, Si2

2

. 2
2R o T SiNB ., —Ro» + R

B, = arcsin T =30,826 (F.225)
F.3.8 Determination of tooth depth
Outel addendum, hze

Rae1 =Ny + Deqtand ; <4541 mm (F.226)

Raer = Pymy + by tdnt 5, =2,112 mm (F.227)
Outer dedendumihte

Ree1 = Bgpy + bgq tande, = 2,784 mm (F.228)

her/=he o +b ,tan0., = 5,150 mm (F.229)
Outer whole depth, he

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

h,, =h,., +he, =7,262 mm (F.231)

© IS0 2016 - All rights reserved 103


https://standardsiso.com/api/?name=cd3bd303896bb46d0d0d4a67d352b2ab

ISO 23509:2016(E)

Inner addendum, h,i

h,q =h,.4 —bjptand ; = 2,341 mm (F.232)

hyp = hyp» —bytand , = 1,588 mm (F.233)
Inner dedendum, hy;

hgy = hgoq — by tandg = 2,236 mm (F.234)

hg, = h} 5 —b.,tanf, = 3,052 mm (F]235)
Inner whole|depth, hj

hy, =hf, +hg =4,577 mm (F1236)

hyy =h}s +hg, = 4,640 mm (F|237)
F.3.9 Determination of the tooth thickness
Mean normal pressure angle, ap

_ o hD + anC _ o

a, = =20 (F|238)
Thickness modification coefficient, xsm1, pinion
with outer transverse backlash, jet2

R_cosf
_ . m2 m2 _
Xem1 = Kemn — Jet2 4m— =0,088 (F|239)
mn "e2

Mean normal circular tooth thickness, spn1, pinion

St = D5mpy T+ 2mEs (X + xy tana, ) = 4,922 mm (F[240)
Thickness modificatien(coefficient, xs;m2, wheel

with oufer transverse backlash, jet2

R_.,cosf . T F241)
X — _X _ ] TIT4 1114 —_ , .
sm2 smn et2
4 mmn ReZ

Mean normal circular tooth thickness, smn2, wheel

Sz = 05my w2my(xg o —xy o tana, ) = 3,241 mm (F.242)
Mean transverse circular thickness, syt

Sl = smnl/cosﬁm1 =7,656 mm (F.243)

Smt2 = Smn2/C0SByy = 4,147 mm (F.244)
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Mean normal diameter, dmn

d
d_, = ml =118,898 mm
(1 - sinzﬁmlcoszozn ) cosé,
dmZ
dmnz = = 585,370 mm

.2 2
(1—sm B 12€0S an)c0552

Mean normal chordal tooth thickness, smnc

ISO 23509:2016(E)

(F.245)

(F.246)

Imnct = dmn1 S0 (Smnl / dmnl) = 4,917 mm

Imnc2 = dngSin(smnz /dmnz) =3,241mm

Mean chordal addendum, hamc

~

= hymy +0,5d 5|1 “mnl ||~ 3432
amcl = Mam1 Y2011 €080 | L —COS d— =3, mm

mnl

—

Smn2
amc2 hamZ +0,5 dmn2C0552 [1 — Cos (dﬂ =1,849.mm

mn2
F.3.10 Determination of remaining gear dimensions

Outefr pitch cone distance, Re1, pinion

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

Innef pitch cone distance, Rj1, pinion
Ry =R ;- bil =57,697 mm
Outef pitch diameter, det, pinion

de1 =2R 4 sin51 ='65,065 mm

Inner pitch diameter, dj1, pinion

dil <9 2Rilsin61 =41,895 mm

(F.247)

(F.248)

(F.249)

(F.250)

(F.251)

(F.252)

(F.253)

(F.254)

Outside diameter, dae

dael = del +2hae1C°551 = 73,528 mm

dan = de2 + 2hae2C0562 =171,560 mm

© ISO 2016 - All rights reserved
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Diameter, dfe

deq =dg —2hg c086, =59,877 mm (F.257)

fel

dgy =dgy —2hg 5086, =166,196 mm (F.258)

Diameter, daj

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

=d., +2h_,c0s5, = 115,416 mm (F|260)

Diameter, dg

dgq =diy —2hg cos6; = 37,730 mm (R261)

fil

dg, =d}, —2hg,c086, =111,989 mm (Fj262)

fi2
Crossing pojnt to crown along axis, txo1,2
=t},q +beq€088; —h, 4siné; = 83,070 mm (F{263)
=t} + bep€0s6, —h, ,sind, =30,247 mm (Fl264)
Crossing pojnt to front crown along axis, txi1,2
=t} 4 —b; €086, —h; sind; =54,135mm (F{265)
=t} »—b,,c085, —h_;,sind, =19,653 mm (F|266)
Pinion wholg depth, h¢1, perpendicular to the root cone

+t
1F1 xol . )
e (03 + 05 ) - (tle - tzFl) sind; = 7,320 mm (F267)

al

F4 Sample hypoid gear set — Method 2

F.4.1 Initiakdata

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 L . .
dm2 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 o X
by wheel face width X X 26,0 mm X
mean spiral angle of . o o
Pm1 pinion X
mean spiral angle of - o
Bm2 wheel X 21,009 X
L) cutter radarus A A /0,U IMin A
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’ll
Symbol Description Symbol Description
adp 20°
adc 20°
falim 1
Xhm1 - Cham 0,275
Xsmn - ke 01
W2 —
Jet2 0,2 mm
0.2 0°
Os2 0°
Table F.9.— Transformation of data type Il into data type I
=k ! =0,45
Xhm1 = X4 E ~ Cham | =Y
k
—_d _
khap = 7 =1
[ )
kug, = kg ch T EJ =1,25
X, =— =005

© 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| M2 M2 | _ 90,151° (F.268)
2zyTy
First auxiliary angle, A
A=90°-B . +v=289,142° (F.269)
Gear ratio,
22
u=-—=%=¢3,778 (F270)
z
1
First approyimate pinion pitch angle, 61app
sinX
1) =|arctan =14,826° 271
lapp (u +cosX J ( )
First approyimate wheel pitch angle, 62app
O2app ~|% ~O1app = 72174 (F272)
First approyimate pinion offset angle in axial plane, é’mapp
2a
+ arcsin| —— M2 | = 23,8612 F|273
S mapp cosd,, ( )
1+ —pp
U cosd, app
Approximate hypoid dimension factoy, Fapp
cos
Fapp = Pma =1,317 (F274)
r0S (ﬂmz + émapp )
Approximate pinion mean pitch diameter, dm1app
F, \>d
 Aapp m2
dmlapp S, 51,150 mm (F1275)
Intermediate angle, @2
u cos§
¢, = arctan mepp =69,130° (F.276)
u
i (Fyyp — 1) sinT
pp
tang,, app
Approximate mean radius of crown gear, Rmapp
d
mZ _ _ 78,500 mm (F.277)

R =
mAPP 2sing,

108
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Second auxiliary angle, n1

r ,cosv —R sinf
n, = arctan| —<— mapp” T m2 | _ 93 4790 (F.278)
roSinv + Rmappcosﬁmz
Intermediate angle, @3
tan( B _, +n
(¢4 = arctan ( .m2 1) =46,431° (F.279)
sing,,
Secofid approximate pinion pitch angle, 01
" d sinX
¢, =arctan mlapp . = 24,6605 (F.280)
a
dmzcos§maplD + dmlappcosZ -
tan ((p3 + §mapp )
Apprjoximate wheel pitch angle, 62", projected into pinion axial plan€along the common pitgh plane
§, =X-5, =65340° (F.281)
Stary of iteration
Imprjoved wheel pitch angle, 62imp
(‘Zimp = arctan (tanézﬂcosgmapp) =63,343° (F.282)
Auxiliary angle, np
sind COS;
), = arctan| — PP~ ERP | _ 174790 (F.283)
cos (Z —52imp)
Approximate wheel offset angle, napp
2a
N appe ATCtan . =10,843° (F.284)
cosn_sin(fB _, +7n
d_,tand,. +d_, . P ( m2 1)
2imp— “milapp
] cos (Z 8yim p)
© IS0 2016 - All rights reserved 109



https://standardsiso.com/api/?name=cd3bd303896bb46d0d0d4a67d352b2ab

ISO 23509

Improved pinion offset angle in axial plane, &

:2016(E)

285)

286)

m imp
2 F___tann__ sind,. cosn
Cmimp = arcsin | =2 PP app 2imp P 1=21,556° (F.
m2 ucos (Z _521mp)
Improved pinion offset angle in pitch plane, Cmp imp
tand . sin¥
— p _ o
Cmp imp = arctan{mo{v . 1= 23,846 (F.
T CZimp ) |
Hypoid dimension factor, F
cos
F = Pinz =1,317 (F
cos (ﬁmZ + é/mp imp)
Pinion mean pitch diameter, dpn1
m2
dml = » =51,138 mm (F
Intermediate angle, @4
¢, = arftan sintsinX — 46,413° (F
m2 ;
—= — cosAsind,,
2imp
2r
Improved pinion pitch angle, 51"imp
" d_,sinX o
51 imp T arctan » = 24,786 (F
d o cosé’rrlimp +d,, cosX cosn  —
tan ((p4 + §mimp)

Improved wj

heel pitCi‘l angle, projected into pinion axial plane along the common pitch plane, 62"im

287)

288)

289)

290)

p

5, imp T 2 <0y imp = 65,214° (F291)
Wheel pitchamngte; 97

6, = arctan (tanS2 imp cosémpimpj =63,212° (F.292)
Intermediate angle, @5

tand,
¢ = arctan = 64,847° (F.293)
Cosgmimp
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