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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-gaovernmental, in liaison with ISO_ also take part in the wark [SO collaborates closely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draftyinternationpl Standards
adopied by the technical committees are circulated to the member bodies for -voting. Publigation as an
Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.

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

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

© I1SO 2006 — All rights reserved \4
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Introduction

For many decades, information on bevel, and especially hypoid, gear geometry has been developed and
published by the gear machine manufacturers. It is clear that the specific formulas for their respective
geometries were developed for the mechanical generation methods of their particular machines and tools. In
many cases, these formulas could not be used in general for aII beveI gear types This situation changed with

of gearing. The manufacturers were, therefore, asked to provide CNC programs for the geometrres of d|f erent
bevel gear géneration methods on their machines.

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

The formulag of the three methods are developed for the general case of hypoid gears and calculate the
specific casg¢ of spiral bevel gears by entering zero for the hypoid offset.CAdditionally, the geomgtries
correspond $uch that each gear set consists of a generated or non-generated wheel without offset gnd a
pinion whichlis generated and provided with the total hypoid offset.

An additiond|l objective of this International Standard is that on‘the basis of the combined bevel|gear
geometries gn ISO hypoid gear rating system can be established in‘the future.

Vi © I1SO 2006 — All rights reserved
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Bevel and hypoid gear geometry

1 Scope

This

The 1
toon

nternational Standard specifies the geometry of bevel gears.

erm bevel gears is used to mean straight, spiral, zerol bevel and hypoid gear designs¥If the
e or more, but not all, of these, the specific forms are identified.

The mhanufacturing process of forming the desired tooth form is not intended to imply any specific

rathe
The ¢
This

reasd

engin

Anne

I to be general in nature and applicable to all methods of manufacture.
eometry for the calculation of factors used in bevel gear rating, suchias ISO 10300, is also i
International Standard is intended for use by an experiefced gear designer capable

nable values for the factors based on his knowledge and, background. It is not intended f¢
eering public at large.

text pertains

process, but

hcluded.

of selecting
r use by the

X A provides a structure for the calculation of the méthods provided in this International Stan@lard.

2 Normative references

The

following referenced documents are(indispensable for the application of this documen

refergnces, only the edition cited applies. For undated references, the latest edition of th

docu
ISO 1

ISO 1
facto

ISO 1
(pittin

ISO 1

ment (including any amendments) applies.
122-1:1998, Vocabulary of.gear terms — Part 1: Definitions related to geometry

0300-1:2001, Calculation of load capacity of bevel gears — Part 1: Introduction and geng
(S

0300-2:200% 2 Calculation of load capacity of bevel gears — Part 2: Calculation of surfa
9)

0300=3:2001, Calculation of load capacity of bevel gears — Part 3: Calculation of tooth root

t. For dated

b referenced

bral influence

ce durability

strength

3 Terms, definitions and symbols

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

NOTE 1

The symbols, terms and definitions used in this International Standard are, wherever possible, consistent with

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

NOTE 2

of a bevel gear, and in Figure 2, the mean transverse section. Hypoid nomenclature is illustrated in Figure 3.

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

©I1SO

2006 — All rights reserved

Bevel gear nomenclature used throughout this International Standard is illustrated in Figure 1, the axial section


https://standardsiso.com/api/?name=fb11205c340a1d3fa36bcfc4a7908786

ISO 23509:2006(E)

Figure 1 — Bevel gear nomenclature — Axial plane
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Key

1 back angle 10 front angle 19 outer pitch diameter, dg1, deo
2 back cone angle 11 mean cone distance, Ry, 20 root angle, 54, g

3 back cone distance 12 mean point 21 shaftangle, ~

4  clearance, ¢ 13 mounting distance 22 equivalent pitch radius

5  crown point 14 outer cone distance, R, 23 mean pitch diameter, dm1, dm2
6  crown to back 15 outside diameter, dae1, dae2 24  pinion

7  dedendum angle, 6y, 65 16 pitch angle, &4, & 25 wheel

8 face angle 1, da 17 pitch cone apex

9 face width, » 18 crown to crossing point, tyo1, txo2

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

Figure 1 — Bevel gear nomenclature — Axial plane (continyed.)

© I1SO 2006 — All rights reserved 3
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Key

A WODN -

NG
whole depth, A, 5  circular pitch 9  working depth, &
pitch poirjt 6  chordal addendum 10 addendum, hgpn,
clearancg, ¢ 7 chordal thickness 11 dedendum, Ay,
circular thickness 8  backlash 12 equivalent pitch radius

Figure 2 — Bevel gear nomenclature — Mean transverse section (A-A in Figure 1)

© I1SO 2006 — All rights reserved
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Key
1  fhce apexbeyond crossing point, #,1 7 outer pitch diameter, doq, dgp 13 mounting disfance
2  rpot'apex beyond crossing point, t,r4 8 shaftangle, ~ 14 pitch angle, &
3 FMWQing pninf} Lrs 9 root smgln, f?lul’ sz 15 outer cone distance, Re
4 crown to crossing point, 51, fxo2 10 face angle of blank, 31, 542 16 pinion face width, b4
5  front crown to crossing point, # 11 wheel face width, b,
6 outside diameter, dag1, dae2 12 hypoid offset, a
NOTE 1  Apex beyond centreline of mate (positive values).
NOTE 2  Apex before centreline of mate (negative values).

© I1SO 2006 — All rights reserved

Figure 3 — Hypoid nomenclature


https://standardsiso.com/api/?name=fb11205c340a1d3fa36bcfc4a7908786

ISO 23509:2006(E)

3.1 Terms and definitions

3141
pinion [wheel] mean normal chordal addendum
h h

amc1: “amc2

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

31.2
pinion [wheel] mean addendum
h h

am1> "am2

height by wh[chthe gear tooth projects above the pitch cone at the mean cone distance

3.1.3
outer normdl backlash allowance

Jen

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

NOTE It {s specified at the outer cone distance.

3.14
coast side

by normal canvention, convex pinion flank in mesh with the concave wheelflank

3.1.5
cutter radiu$

’co

nominal radilis of the face type cutter or cup-shaped grinding wheel that is used to cut or grind the spiral pevel

teeth

3.1.6
sum of ded¢ndum angles
L6
sum of the pinion and wheel dedendum angles

3.1.7
sum of consgtant slot width dedendum angles
sum of dedepdum angles for constant slot width

3.1.8
sum of modjffied slot width dedendum angles
20w
sum of dedendumsangles for modified slot width taper

3.1.9

sum of standard depth dedendum angles
sum of dedendum angles for standard depth taper

3.1.10

sum of uniform depth dedendum angles
0y

sum of dedendum angles for uniform depth

3.1.11
pinion [wheel] mean dedendum

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

© I1SO 2006 — All rights reserved
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3.1.12

mean whole depth

hm

tooth depth at mean cone distance

3.1.13
mean working depth

th
depth of engagement of two gears at mean cone distance

3.1.14
diregtiomof Totation
direction determined by an observer viewing the gear from the back looking toward the pitch apéx

3.1.1p
drive side
by ngrmal convention, concave pinion flank in mesh with the convex wheel flank

3.1.1p
face width
b
length of the teeth measured along a pitch cone element

3.1.17
mean addendum factor

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

NOTH The gear mean addendum is equal to char times'the mean working depth.

3.1.1B

mean radius of curvature

pmﬁ

radiup of curvature of the tooth surface in-the lengthwise direction at the mean cone distance
3.1.1p

number of blade groups

20

number of blade groups.¢entained in the circumference of the cutting tool

3.1.2p
number of teeth-in. pinion [wheel]
2 22
number of t€€th contained in the whole circumference of the pitch cone

3.1.2
number of crown gear teeth
V4
p
number of teeth in the whole circumference of the crown gear

NOTE The number may not be an integer.

3.1.22
mean normal chordal pinion [wheel] tooth thickness

Smnc1: Smnc2
chordal thickness of the gear tooth at the mean cone distance in a plane normal to the tooth trace

© I1SO 2006 — All rights reserved 7
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3.1.23
mean normal circular pinion [wheel] tooth thickness

Smn1: Smn2

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

normal to the tooth trace

3.1.24
tooth trace
curve of the tooth on the pitch surface

3.2 Symb
Table 1 — Symbols used in ISO 23509
Symliol Description Unit

a hypoid offset mm
b4, by face width mm
be1, be face width from calculation point to outside mm
bi1, bip face width from calculation point to inside mm
c clearance mm
Che2 face width factor —
Cham mean addendum factor of wheel —
daet, dae2 outside diameter mm
deq, dep outer pitch diameter mm
dm1s dm2 mean pitch diameter mm
Fax axial force

Frt1s Fmt2 tangential force at mean diameter

Frag radial force

folim influence factor of Jimit‘pressure angle —
Naets Nae2 outer addendum mm
Nam1s Fam2 mean addendum mm
Namets Pame2 mean.chordal addendum mm
het, heo outer-whole depth mm
hie1, hep outer dedendum mm
hsi1, hsio inner dedendum mm
htm1, Mfm2 mean dedendum mm
hm mean whole depth mm
Nenw mean working depth mm
hiq pinion whole depth mm
Jen outer normal backlash mm
Jet outer transverse backlash mm
Jmn mean normal backlash mm
Jmt mean transverse backlash mm
ke clearance factor —
8 © I1SO 2006 — All rights reserved
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Symbol Description Unit
kqg depth factor —
khap basic crown gear addendum factor (related to my) —
khfp basic crown gear deddendum factor (related to my,) —
ky circular thickness factor —
Met outer transverse module mm
Mmn mean harmal module mm
Re1, Re2 outer cone distance mm
Rj1, Rio inner cone distance mm
Rm1, Rm2 mean cone distance mm
rco cutter radius mm
Smnt:lSmn2 mean normal circular tooth thickness mm
Smnctlh Smnc2 mean normal chordal tooth thickness mm
tyi1s thio front crown to crossing point mm
Ixo1s {xo02 pitch cone apex to crown (crown to crossing peintyhypoid) mm
t71, t pitch apex beyond crossing point mm
751 f2F2 face apex beyond crossing point mm
t7i1, thio crossing point to inside point along\axis mm
tzm1s [tzm2 crossing point to mean point alofg axis mm
7R1» [zR2 root apex beyond crossing(point mm
u gear ratio —
Uy equivalent ratio —
Wma wheel mean:slot width mm
Xhm1 profile shift-Coefficient —
Xsm1:|Xsm2 thickness modification coefficient (backlash included) —
Xsmn thickness modification coefficient (theoretical) —
z0 number of blade groups —
z4, 2| number of teeth —
Zp number of crown gear teeth —
aq4c nominal design pressure angle on coast side °
4D nominal design pressure angle on drive side °
dec effective pressure angle on coast side °
eD effective pressure angle on drive side °
0D generated pressure angle on drive side °
nc generated pressure angle on coast side °
Alim limit pressure angle °
Pets Pe2 outer spiral angle °
Bi1, Bio inner spiral angle °
Bnts B2 mean spiral angle °

© I1SO 2006 — All rights reserved
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Table 1 — Symbols used in ISO 23509 (continued)

Symbol Description Unit
Aby pinion face width increment mm
Agyi increment along pinion axis from calculation point to inside mm
Agye increment along pinion axis from calculation point to outside mm
AY shaft angle departure from 90° °
a1, a2 face angle o
o1, Op2 root angle °
61, 02 pitch angle °
n wheel offset angle in axial plane 1
621, a2 addendum angle °
611, 65 dedendum angle °
Vo lead angle of cutter °
Pb epicycloid base circle radius mm
Plim limit curvature radius mm
PPO crown gear to cutter centre distance mm
X shaft angle °
26 sum of dedendum angles °
b6 sum of dedendum angles for constant slot width taper °
bss sum of dedendum angles for standard taper °
26w sum of dedendum angles for modified slot width taper °
6 sum of dedendum angles for. uniform depth taper °
% pinion offset angle in face ‘plane °
Sm pinion offset angle in.axial plane °
Smp pinion offset angle,in pitch plane °
R pinion offset‘angle in root plane °
4 Design considerations
41 Geneyal
Loading, spged, accuracy requirements, space limitations and special operating conditions influencge the

design. For details see ISO 10300 (all parts), Annex B, and handbooks of gear manufacturing companies.

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

Users should determine the cutting methods available from their gear manufacturer prior to proceeding.

Cutting systems used by bevel gear manufacturers are heavily dependent upon the type of machine tool that
will be used.

10 © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=fb11205c340a1d3fa36bcfc4a7908786

ISO 23509:2006(E)

4.2 Types of bevel gears

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

421 Straight bevels

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

Figure 4 — Straight bevel

4.2.2| Spiral bevels

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

Figure 5 — Spiral bevel

4.2.3 Zerol bevels

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

© IS0 2006 — Al rights reserved 1
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Figure 6 — Zerol bevel

4.2.4 Hypdids

Hypoid gear$ (see Figure 7) are similar to spiral bevel gears except that the pinion aXis-is offset aboyve or
below the wheel axis, see B.3. If there is sufficient offset, the shafts may pass one (@another, and a compact
straddle moynting can be used on the wheel and pinion. Hypoid gears can alsQ“hiave their tooth surfaces
precision-finished.

Figure 7 — Hypoid

4.3 Ratios

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

4.4 Hand|of -spiral

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

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

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

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

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

12 © ISO 2006 — All rights reserved
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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 h

4.5

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

Preliminary gear size

Once the preliminary gear size is determined (see B.4.3), the tooth proportions of the gears should be
established and the resulting design should be checked for bending strength and pitting resistance. See
ISO 10300.

5

5.1

This

mill ¢
the ¢
by th

5.2

Beve
final 1

Tooth geometry and cutting considerations

Manufacturing considerations

Clause presents tooth dimensions for bevel and hypoid gears in which the teeth are machir
utter, face hob cutter, a planning tool, or a cup-shaped grinding wheel. The gear geometry is

ed by a face
a function of

Litting method used. For this reason, it is important that the user is familiar with the cutting mpethods used

b gear manufacturer. The following section is provided to familiarize the user with this interde

Tooth taper

gear tooth design involves some consideration of tooth taper because the amount of tap
ooth proportions and the size and shape of the blank.

It is

dvisable to define the following interrelated basic types of tapers (these are illustrated in

which straight bevel teeth are shown for simplicity);

epth taper refers to the change in tooth depth along the face measured perpendicular to the

pendence.

br affects the

Figure 8, in

pitch cone.

lot width taper refers to the change'in the point width formed by a V-shaped cutting togl of nominal

ressure angle, whose sides are tangent to the two sides of the tooth space and whose top
e root cone, along the face.

pace width taper refers te-the change in the space width along the face. It is generally me
itch plane.

is tangent to

asured in the

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

©I1SO

2006 — All rights reserved
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Key

1 depth

2 slot width
3 thickness
4  space wid

The taper of
point determ
blade.

The taper wh
used in the ¢

The slot widt
varying the ¢
illustrating st
further deper

This relationg

Figure 8 — Bevel gear tooth tapers

nes the point width of the cutting tool and limits the edge radius that can be placed on the

ich directly affects the/blank is the depth taper through its effect on the dedendum angle, wh
plculation of the facé-angle of the mating member.

h taper depends upon the lengthwise curvature and the dedendum angle. It can be chang
epth taper,.g. by tilting the root line as shown in Figure 9, in which the concept is simplifi
raight bevel teeth. In spiral bevel and hypoid gears, the amount by which the root line is til
dent upen’a number of geometric characteristics including the cutter radius.

primary consideration for production’ is the slot width taper. The width of the slot at its narrpwest

cutter

ich is

bd by
bd by
ed is

Hipyis discussed more thoroughly in 5.3.

The root line is generally rotated about the mid-section at the pitch line in order to maintain the desired

working dept

14

h at the mean section of the tooth.
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Key

1 p|tch cone apex

5.3

5.3.1

5.3.1

Stang

any particular section of the tooth. If thé_root line of such a tooth is extended, it intersects the axi

cone

pinionp and wheel for standard depth*taper, 268;5, does not depend on cutter radius. Most straigh
are designed with standard depth-taper.

5.3.1

This faper represents a tilt of the root line such that the slot width is constant while maintainin
spac¢ width taper., The slot width taper is zero on both members.

The

Equatiom(C.4), for the sum of the dedendum angles, indicates that the cutter radius, r.y, has

Figure 9 — Root line tilt

Tooth depth configurations
Taper depth

1 Standard depth
ard depth pertains to the configuration where the depth changes in proportion to the con

apex, as illustrated in Figure 10, but the face cone apex does not. The sum of the dedend

2 Constant slot‘width

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

e distance at
5 at the pitch
Um angles of
bevel gears

g the proper

a significant

effecton the amount Dy which the root line Is tlilted. For a given design, the 1ollowing tendencl

noted.

es should be

— 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 ., approximately equal to R, is
suggested.

©I1SO

2006 — All rights reserved
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A small cutter radius decreases the sum of the dedendum angles. In fact, if 7

equals R,5 sin B2, the

sum of the dedendum angles becomes zero, which results in uniform depth teeth. If . is less than R,
sin B0, reverse depthwise taper would exist and the teeth would be deeper at the inner end than at the
outer. In order to avoid excessive depth (undercut and narrow toplands) at the inner end, a minimum
value of 7, equal to 1,1 R, sin ., is suggested.

NOTE

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

5.3.1.3

Modified slot width

This taper is|
width of the ¢

For the cass
somewhat ar

the sum
1,3 time
of the dd

in practi

5.3.2 Unifg

Uniform depf
cutter radius
The sum of t

For the unifd
1,5 times thig
holds the var

If narrow inn

bitrary, but should fall within the following guidelines, see Table C.4:

5 the sum of the dedendum angles for standard depth taper, X685, nor should it exceed the

ce, the smaller of the values, 1,3 Z6g or X6y, is used.

ne dedendum angles of pinion and wheel for uniferm depth, X6y, equals zero.

D
-

dall illtUllllCdidtU Ul ;II Vvh;bh thc IUUt “IIC ;b tlitcd dqut thU mredri pUillt. III thlb Ldo’, th
ear member is constant along the tooth length and any slot width taper is on the pinion men;

where the root line is tilted to permit finishing the gear in one operation, the amount of

of the pinion and wheel dedendum angles for modified slot width taper, 85, should not e

dendum angles for constant slot width taper, X 6c;

rm depth
h is the configuration where the tooth depth remains gonstant along the face width regardig

In this case, the root line is parallel to an element(of the face cone, as illustrated in Figu

rm depth tooth, the cutter radius, r,y, should be greater than R, sin f,,, but not more

value. This approximation of lengthwise‘involute curvature, in conjunction with the uniform ¢

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

16

iation along the face width in normal cireular thickness on the pinion and wheel to a minimun.

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

slot

ber.

tilt is

ceed

sum

ss of
e 10.

than
epth,
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Key

1 nmean whole depth
2 mean addendum
3 mean dedendum

¢) Uniform depth

Figure 10 — Bevel gear depthwise tapers

)Y
a) Standard depth taper
= N
b) Constant and modified slot width
_//./-4%-\,\\
- N

Key

1 face width, b4

2 length of chamfer
3 angle of chamfer

© I1SO 2006 — All rights reserved

Figure 11 — Tooth tip chamfering on the pinion
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5.4 Dedendum angle modifications

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

-5° and +5°.

dedendun
mean pitc|
mean pitc
pitch ang|
pitch ang|

a b WON -

5.5 Cutte

Most spiral b
cutting syste

5.6 Mean

Two types of
milling proce]
will be referr

 J

A

angle modification

h diameter of pinion, dq1
h diameter of wheel, d,o
b of pinion, J4

b of wheel, &,

F radius

m used. A list of nominal cutter radii is contained in Annex E.

radius of curvature

timed relatiopship.

With the face

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

evel gears are manufacturedwwith face cutters. The selection of the cutter radius depends dn the

cutting processes are used in the industry. In the process which will be referred to as the|“face
5s”, the cradle axis and the work axis roll together in a timed relationship. In the process ywhich
bd to as the(“face hobbing process”, the cradle axis, work axis and cutter axis roll togethef in a

milling process, the mean radius of tooth curvature is equal to the cutter radius [see Figure 13{a)].

With the face hobbing process, the curve in the lengthwise direction of the tooth is an extended epicycloid and
is a function of the relative roll between the workpiece and the cutter. The radius of curvature is somewhat

smaller than

18

the cutter radius.
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Key

1 ¢
2 m
3 s
4 in
5 ¢

5.7

An in
Tablg
be re

In Mg¢thod 1 and Method 3 the pitch surfaces are selected such that the hypoid radius of curva

the c
such
proce

Meth
apex

N4 9,10

9 10
a) Face milling b) Face hobbing

own gear centre 6 cutter radius, rqg 10 cutter centre

ean cone distance, R 7  lengthwise tooth mean radius of 11 second auxiliary apgle, 74

biral angle, fmo curvature, pmp 12 lead angle of cuttg, v

termediate angle 8 first auxiliary angle, 7 13 epicycloid base cifcle radius, py,

own gear to cutter centre, ppg 9  centre of curvature
Figure 13 — Geometry of face milling and face hobbing processes

Hypoid design

finite number of pitch surfaces exists for any hypoid pair. However starting with the initial fata given in

2, the result is only one pitch ‘surface for each method. The design procedures used in the
ferred to as Method 1, Method*2 and Method 3, and, for bevel gears, as Method 0.

Litter radius of curvature at the mean point for gears to be manufactured by the face milling
that it matches_the ‘'mean epicycloidal curvature at the mean point for gears cut by the
SS.

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

industry will

ure matches
process and
ace hobbing

b wheel pitch

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

©I1SO

curvature.

2006 — All rights reserved
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5.9 Hypoid geometry

5.9.1 Basics

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

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

Figure 14 — Hypoid geometry

20 © 1SO 2006 — All rights reserved
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e) f)

Key
1 irftersection of contact normal 11 pitch plane 21 sliding velocity vectdr

through mean point at wheel axis 12 wheel pitch angle, &, 22 tangent to tooth tracg at mean
2 wheel offset angle in axial plane, 7 13 intersection point of contaét point
3 wheel axis normal through mean point at 23 wheel mean cone distance, Ry
4 wheel pitch apex pinion axis 24 shaft angle, >
5 mean point, P 14 offset, a 25 common normal to dinion and
6 p|nion pitch apex 15 crossing pointat pinion axis wheel axis through grossing point
7  cfossing point at wheel axis 16 pinion offsefiangle in axial 26 pinion pitch apex beyond crossing
8 wheel pitch apex beyond crossing p!a.ne, Cm. pomt,' 21 ) )

ppint, £, 17 pinign,axis 27 crossing point to mepn point along
9 distance along wheel axis between 18 pinion spiral angle, /i pinion axis, fzmy

cfossing point and contact normal 19:.wheel spiral angle, £ 28 pinion pitch angle, |

intersection 20 pinion offset angle in pitch 29 pinion mean cone digtance, R4
10 cfossing point to mean point along plane, ¢mp

wheel axis, ;m1

Figure 14 — Hypoid geometry (continued)
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5.9.2 Crossing point

Crossing point O is the point of intersection of bevel gear axes; it is also the apparent point of intersection of

axes in hypoid gears, when projected to a plane parallel to both axes (see Figure 15).

6 Pitch g

6.1 Initial

The recomm
pitch cone p
necessary, a

data

5 given in Table 2.

|~

Figure 15 — Crossing point for hypoid gears

tfone parameters

ended procedure in this International Standard is-{o0 begin each method with the calculation
brameters, see Annex A. For the calculation_of the pitch cone parameters, a set of initial d

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

bf the
hta is

Symbol Description Method 0 Method 1 Method 2 Method 3
) shaft angle X X X X
hypoid offsét 0,0 X X X
12 number-ofiteeth X X X X
mean-pitch diameter - . .
2 of wheel X
dls outer g:cts:hceilea:meter X X - X
i s wheel face width X X X X
mean spiral angle . . -
Bm1 of pinion X
mean spiral angle .
Pm2 of wheel X X X
rc0 cutter radius X X X X
number of blade
zp groups X X X X
(only face hobbing)

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

22
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6.2 Determination of pitch cone parameters for bevel and hypoid gears

6.2.1 Method 0
Gear ratio, u
_Z2
Z4

Pinion pitch angle, ¢4

ISO 23509:2006(E)

(1)

sinX
by = arctan| ————
cosX +u

Whegel pitch angle, &,

5, = X — 5,

Outef cone distance, R,

Mear) cone distance, R,

by
Rm1,2 = Re2 — 3

Spira] angle, S,4, pinion

Bm1 ::BmZ

Face|width factor, cpgo

be2 = 0,5

6.2.2] Method™

Gear|ratio, @

(4)

(®)

Desired pinion spiral angle, 5,4, pinion

Ba1=Pm1

Shaft angle departure from 90°, AY

AY =2 -90°

© I1SO 2006 — All rights reserved

(8)

)

(10)
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Approximate

Oint2 = arctan[

Wheel mean

wheel pitch angle, ;o
__ucosAy
1,2(1-usinAX)

pitch radius, rppe0

dep —bo SN0

’mpt2 =

2

Approximate

g =arc

Approximate

K4 =tan

Approximate

1
"mn1 = ]

Start of iteraf

Wheel offset

n = arct

Intermediate

£o = arg

Intermediate

pinion offset angle in pitch plane, ¢’;
;in aSin 5int2
Tmpt2

hypoid dimension factor, K,

Paqsing’ + cose)

pinion mean radius, 7,41
mpt2K1

u

jon

angle in axial plane, 7

a

AN
[rmptZ(ta”5int2 COSAZY — sinAZ) + o

pinion offset angleincaxial plane, &,

la-r sin
sin| &~ mng 37
Itnpt2

pibion pitch angle, i1

Oint1 = arctan (

Intermediate

& = arcsin[

24

sinng

———— +tanAX cosp
tane, cosAY

pinion offset angle in pitch plane, ¢’y

singy COSAY
COS Sint

(11

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)
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Intermediate pinion mean spiral angle, S, int1

K4, —cosé
Bmint1 = arctan[—1 2]

H !
sing’

Increment in hypoid dimension factor, AK

AK = sing’z(tanﬁM - tanﬂminﬂ)

ISO 23509:2006(E)

(20)

(21)

Piniop mean radius increment, Arp, 4

AK
A mpt1 = 'mpt2 y

Piniop offset angle in axial plane, &,

. . Armpt1
£4 = arcsin| sine, — siny
Tmpt2

Piniop pitch angle, J;,

siny

by = arctan| ———
tangq cosAY

+tanAXY cosn]

Piniop offset angle in pitch plane, ¢’y

, . [ singq cosAX
£’y = arcsin| ———

COS J4

Spirgl angle, B4, pinion

Ky +AK —cosé!
51 :arctan( 1 81]

H ’
sing

Spirgl angle, £;,3, Wheel

Bns ="Pm1— &

(22)

(23)

(24)

(25)

(26)

(27)

Wheel pitch angle, 6,

Sin€1

09 = arctan| ———
tann cosAXY

+ COS g4 tanAEj

Mean cone distance, R, pinion

"mn1 + Armpt1
sin gy

Ry =

© I1SO 2006 — All rights reserved

(28)

(29)
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Mean cone distance, R,,, wheel

_ Tmpt2 (30)

M2~ sing,

Mean pinion radius, r,

mpt1
"mpt1 =Rm1 Sin51 (31)
Limit pressure-argtesogm
Qi = arctan| — tan51 ta:’]é‘z Rm1 Sinﬂm1 —Rm2 Sinﬂmz (32)
cos &Y R tanoy + Ry tano,
Limit radius ¢f curvature, pj,
secajm (tanBmy — tan ) 33
Plim = tanpg tang 1 1 (59)
Htana;m mi_ m2__ |\, -
Rpitano; Ry tandy | Ry COSPBrq Rpo COSLin
For face hobbed gears:
Number of cfown gear teeth, z,
Zp
Zn, = —F— 34
P sing, (34)
Lead angle df cutter, v
R
v = arcsjn| ~M220. COS B2 (35)
o Zp
First auxiliary angle, 4
A=90°F B +V (36)
Crown gear fo cutter centre distance, ppq
PPo =Rz + 750 — 2Rz o COS A (37)
Second auxiliary angle, 7
R
174 = arccos Rz ©0S fima (zp + zo) (38)

PPO Zp

26 © 1SO 2006 — All rights reserved
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Lengthwise tooth mean radius of curvature, pp, 4

tan?]»]

ISO 23509:2006(E)

= R.,» COS tan + 39
Pmp =Rz €08 Pmz | tanfimz + 47 tanv (tan B, + tanzy) (39)
For face milled gears:
Lengthwise tooth mean radius of curvature, pp, 4
P = oo (40)
Change 7 and recalculate from Equation (17) to Equation (33) until Lmp _ 1<0,01
Plim
End ¢f iteration
Face|width factor, cpgo
de2 _ 5
2sing. m
Fbe2 = —2 (41)
2
6.2.3] Method 2
Lead|angle of cutter, v (see Figure 13)
- amsin{Mj (42)
Z27c0
First puxiliary angle, 1
1 =90°— S +V (43)
Gearjratio, u
=22 (44)
Z4
First pppreximate pinion pitch angle, 51app
sinY
1) =arctan| ——— 45
1app [u+cos£] *3)
First approximate wheel pitch angle, 523pp
52000 = % ~ S1app (46)
© I1SO 2006 — All rights reserved 27
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First approximate pinion offset angle in axial plane, Crmapp

2a
. dmo
¢mapp = arcsin 505 Spapp (47)
+ L N n—
U COSS4pp
Approximate hypoid dimension factor, Fapp
Fapp = =/ m2 (48)
‘Os(ﬂmZ + gmapp)
Approximate|pinion mean pitch diameter, dm1app
Fapo dma
dm1app = PP T (49)
u
Intermediate(angle, ¢,
u COS
@, = argtan » Emapp (50)
—— 4+ (Fypp — 1) SINY
tan gy 150 )
Approximate|mean radius of crown gear, R0,
d
R i m2 51
MaPP 1 2sin g, (1)
Second auxiliary angle, 7 (see Figure 13)
Fog COSV —R sin
1y = arctan| ~2— apg SN 2 (52)
rco SINV + Riyagp COS o
Intermediate|angle, 3
tan +
05 = arc il (B2 1) | (53)
L Sing» J
Second approximate pinion pitch angle, J,"
y d sin%
61 =arctan m1app (54)

28

2a
tan (¢’3 + gmapp)

d2 COS Cmapp + dm1app COS 2 —
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Approximate wheel pitch angle, 65", projected into pinion axial plane along the common pitch plane
(see Figure 13)

Sy =3-5 (55)

Start of iteration

Improved wheel pitch angle, Jpim,

gzlmp = arf‘tan(tan 54” r\nsé’mapp) (56)
Auxilfary angle, Mo
sin COSJy;
7p = arctan Emapp 2imp (57)
COS(2_52imp)
Approximate wheel offset angle, Mapp
2a
= arctan 58
app cosn, sin( Byg ) (58)
dmo tan Simp + d P
m2 2imp miapp
cos(Z < 52imp)
Improved pinion offset angle in axial plane, Cminip
F,,,tan $iNJ5i, COS
 mimp = arcsin| =2 _ Zapp = Tapp > T02imp 2 p (59)
dm2 uCOS(Z - 52imp)
Improved pinion offset angle_in pitch plane, Cmpimp
tan ¢ mimp SINZ
[ mpimp = arctan {,n* (60)
cos(Z - 52imp)
Hypoid dimension factor,
F= COSﬂmZ (61)
Cos(ﬁmZ + gmpimp)
Pinion mean pitch diameter, d,,
F
gy = T2 (62)
u
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Intermediate angle, ¢,

sinA sin2

@4 = arctan (63)
m2 i
—1£ — cos A sindy;
2”c0 2imp
Improved pinion pitch angle, 61"y,
[
4 d i 2
51"imp = arctan m1 SIN (64)
2a
dm2 COS S mimp + dm1 COS2 COS7y, —
tan((f’4 + gmimp)
Improved whieel pitch angle, projected into pinion axial plane along the common pitch plane, 55" imp
52”imp T2 - 51”imp (65)
Wheel pitch angle, &,
5y = arctan(tan 52" imp cos(mpimp) (66)
Intermediate|angle, ¢g
tand.
¢ = ardtan| — o102 (67)
COS ¢'mimp
Improved auxiliary angle, 7,
tan sin
Mpimp = arctan| —— 220 2175, (68)
cos (X - ¢5)
Wheel offset|angle in axial-plane, 7,
n= arctan{ 2a,\ - sin (69)
\/UOI/pImp £l I(’U5
dpwtand, +dpyq——————
L m2 2 m1 COS(Z—¢5) J
Pinion offset angle in axial plane, ¢,
¢ =arcsin(tan s, tany) (70)

30
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Pinio

Pinio

Pinio

Auxil

Pinio

n offset angle in pitch plane, Cmp

tand, sinz}

= arct
Cmp = arc an{cos(f—éz)

n spiral angle, S,

Pm1=Pm2+Cmp

ISO 23509:2006(E)

(71)

(72)

i mean pitch diameter, d,4

d 2 COS Brmo

L=
Ml ucos By

ary angle, &£

If > +90°:

If ~=90°:

E=90°-5,

h pitch angle, &4

D = arctan(tan $CoSlmp )

Mear) cone distance, R4, pinion

- dm1
M= 2sing,

Mear) cone distance, R3, wheel

Crow

_ dm2
M2~ 2605,

& =arctan(tanX cos ¢, ) — 55

n‘gear to cutter centre distance, ppg

(73)

(74)

(75)

(76)

(77)

(78)

2 2
Ppo = \/’”cO +Rm2 —2}"00 Rm2 cosA

Intermediate angle, ¢g

. [ regSIinA
96 = arcsm[ c0 ]
PPO
© I1SO 2006 — All rights reserved

(79)

(80)
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Complementary angle, @comp

32

Peomp =180°=Cmp — 96 (81)
Checking variable, R ,check
Ro SIN
Rmcheck = mZ_‘/’G (82)
SiN Peomp
Change O [Equation (56)] and recalculate to Equation (82) until | Rm1 — 1| 001 _increase 0
ZIr p L h \ 73 - \ 4 T T |mp’
| Rmcheck
if Ryyq < RmcHeck @Nd vice versa.
End of iteratipn
Face width factor, cpgo
cpe2 = .5 (83)
6.2.4 Methpd 3
Gear ratio, u
u=z2 (84)
Z1
For the iteratjon that follows, start with hypoid dimension factor, F
F=1 (85)
Wheel pitch angle, o,
Jo = ardtan _sin> (86)
F
— 4+ cos X
u
Pinion pitch angle, &4
01=2dy (87)
Start of iteration
Wheel mean pitch diameter, d,,»
dmz = dez —b2 sin 52 (88)
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Pinion offset angle in axial plane, ¢,

¢ = arcsin 2a (89)
( Fcos52J
dpo | 1+ —=
1 COS O
Pinion pitch angle, J,
T=aresir{ees<sinteosd—eesEsindyy (90)
Pinioh offset angle in pitch plane, ;mp
[ singy,sinX
(' p = arcsinf ————— 91
mp [ 0S5 ] ®1)
Mear) normal module, m,,
d
i = €08 fm2 dm2. (92)
Z2
Spiral angle, £,,4, pinion
1 :ﬂm2+§mp (93)
Hypoid dimension factor, F
I — % (94)
COS B
Piniop mean pitch diameter,d,,;
;= m2 (95)
u
Mear) cone distance, R4, pinion
dm1
R = 2°ir.:.§, (96)
Mean cone distance, R,,», wheel
dm2
=Mz 97
M2~ 2sins, @)
Lead angle of cutter, v
V= arcsin[zom—m”] (98)
Tco
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Auxiliary angle, 9,

Iy = arctan(sins, tand )

Intermediate variable, 43

A3 =710 COSz(ﬂmz —V)

Intermediate variable, 44

(99)

(100)

Ay = Ry} COS(Bma + 9 )COS Bino

Intermediate|variable, Ag

A = sin

Intermediate

Ag = Ry|

Intermediate

A7 =CO

Cmp COS Iy, cOSV

variable, Ag

2 COS f2 + Feg SINV

variable, 47

sin(Bma + Im — v)singmp

5ﬂm1cos(ﬂm2+9m)_ COS(ﬂmz _V)

Intermediate(variable, R, int

A3 Ay

Ry = —2374
mint A5A6 +A3A7

Check:

| Renint R | < 0,000 1R gy
Pinion pitch angle, &,

-n[ dm1 }
2Rmint

04 = arcp

101)

102)

103)

104)

105)

106)

107)

Wheel pitch angle, o,

singy cos(, Sin' + €0S 5y COS 'y, COS Y

025 a2
1-sin“X sin“g,

0y = arccos{

34

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

End of iteration

Face width factor, cyqo

cpe2 =0,5

7 Gear dimensions

7.1 | Additional data

(109)

Knowing the desired pitch cone parameters, a set of additional data is necessary for-the calcllation of the
0 commonly

gear [dimensions, see Table 3. Bevel and hypoid gear data may be supplied in either of the ty

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

Table 3 — Additional data for calculation of gear dimensions

Data type | Data type Il
Symbol Description Symbol Description
adp nominal design pressure.angle — drive side 2
adc nominal design pressure angle — coast side 2
Salim influence factor of limit pressure angle 2
Xpm1 | profile shift coefficient Cham | mMean addendum factor of wheel
knap  |basic crown gear addendum factor kg depth factor
khip basic crown gear dedendum factor ke clearance factor
xsmn | thickness modification coefficient ky thickness factor or
W2 | wheel mean slot width
mns Jmt2s backlash (choice of four)
ens Jet2
O addendum angle of wheel
O dedendum angle of wheel
9  Generally, dfive and coast side pressure angles are balanced in initial design. However, some applicatios may be
gptimized with unbalanced pressure angles, see Annex C for guidance.

Annex £ gives suggestions for the data in Table 3.

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

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

1 1 X
Xhm1 _kd(E_chamJ Cham ‘5[1—$J
ap
k
khap =7d kq = 2khap
1 1| knip
khfp_kd(kc +5J kC :E[K_’l
ap
k 1| W, 1 T
X <mn :?t ——{mmz + kg (kc +EJ(tananD +tananc) —E} ki =2xgmn
mn
B My, N
0.5mm, 0.5k-m,
B o B €
Xsmn',7 mn - - - Xsmn'mmn - - O'Skf'mmn Et,
T T - x
e
-

kha Man
~

g —_—
thﬂ mmn

o

0,5/’\’.:|-I71|.m.L
~.

I

\><
. — -
~
-

K

a7

E ’ \ - T c
S / \ ) /a \ EEA &
X / 3 1 / K Q’ 4:
L B \L/__/ k i
(2 \ \
7] D )
/% - Waa -
XD
—
Key

1 basic racK tooth profile
2 tooth profile with profile shift and thickness modification

3 reference line

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

Pinion mean pitch diameter, d,, 4

d i1 = 2Ry SINSy (110)

Wheel mean pitch diameter, d,,,

dip = 2R 15 SINS, (111)

Shaff angle departure from 90°, AY

Y = 3 —90° (112)

Offsgt angle in the pinion axial plane, ¢,

- . 2a
L' = arcsin cos 5, (113)

COS J4

dm2 +dm1

Offsgt angle in the pitch plane, $mp

sincjmsinfj (114)

", = arcsin
pmP [ COS I

Offsdt in pitch plane, a,

1y = Rma SINCyp (115)

Mear) normal module, m,,

_ 2Ry SINd5 c0S Bho

(116)

" mn
¥

Limit[pressure angle, o,

A —arctan{tan& tano, [R,m SiNBm1 — Rma2 SinBma H (117)

COSCmp Ry tandy + R tand,

Generated normal pressure angle, a,p, drive side

anp = Agp + flim Xlim (118)

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

anc = adc — Solim Xlim (119)
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Effective pressure angle, agp, drive side

QgD = Anp — Aim (120)

Effective pressure angle, agc, coast side

OeC = Apc + Aim (121)

Outer pitch cone distance, Ry,, wheel

Rep = Rlnp +Cpe2 b2 122)

Inner pitch cone distance, R;,, wheel

Rip =R{d5 — b, 123)
Outer pitch diameter, dg,, wheel
dep = 2Rep SING, 124)
di» = 2K;jp Sindy 125)
Outer transverse module, mgyo

/
Moy = _‘f 126)

Wheel face width from calculation point to outside, bg»

bep = Rgo =~ Rmp 127)

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

bip = Rpfp —Rjp 128)

Crossing poift to calculation point along wheel axis, 1,5

dm1Sindxs" atanAX

¢ = 129
zm2 = 12cess,  tand )
Crossing point to calculation point along pinion axis, t,,1
Ao :
[ == COS{  COSAX — 1,0 SINAY (130)
Pitch apex beyond crossing point along axis, 7,1 »
17212 = Rm12C€0891 2 —17m12 (131)
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7.3 Determination of tooth depth at calculation point

Mean working depth, £,

hw = 2Mmmn khap (132)

Mean addendum, /,,», wheel

ham2 = mmn(khap_th1) (133)

Mear) dedendum, Ay,5, Wheel

! fm2 :mmn(khfp+th1) (134)

Mear) addendum, %4, pinion

fam1 = Mmn (khap + th1) (135)

Mear) dedendum, /4,4, pinion

'fm1 = "Mmn (khfp_th1) (136)
Cleatance, ¢
= Mmn (khfp_khap) (137)

Mear) whole depth, 4,

'm = am1,2 + Am1,2 (138)

1m = Mmn (Khap + nfp) (139)

7.4 | Determination of root angles and face angles

Face|angle, d;5/wheel

5‘62 = 52 + 932 (140)

Root angle, &;,, wheel

Op = 63 = bpp (141)

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

a tanAX cos sy ] (142)

@R = arctan
Rino COS 6y — t,5 COS 05y
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Auxiliary angle for calculating pinion offset angle in face plane, ¢,

tanAX cos o,
Po = arctan[ - a2 J (143)
Riyp COSO,0 — t,0 COSO40
Pinion offset angle in root plane, {g
. ino.
(R = arcsm( 4 COSPR SINOf2 ] - PR (144)
Rm2 COngz = tZZ 0055f2
Pinion offset|angle in face plane, ¢,
. COoS @, Sind
o = arg sm[ 222% a2 ] — ¥ 145)
Riyp COS0,o — t,0 COSO4o
Face angle, ¢,4, pinion
541 = arpsin(sinAX sinds, + COSAX COS ¢y COS(R) 146)
Root angle, ¢4, pinion
S5¢q = argsin(sinA sind,y + COSAL COSS,, COSCY, ) 147)
Addendum angle, 6,4, pinion
Oa1 = gt = 01 148)
Dedendum angle, &, pinion
Of1 = 01| O 149)
Wheel face gpex beyond crossing point-along wheel axis, g
Ro SiNO,5 —h cosé
typo =t — m2 aZl am2 a2 150)
sind,,
Wheel root apex beyond crossing point along wheel axis, ¢,ro
R0 SiNOsp — h cosé
tsz — l“ J pE m2 ffin = fm2 f2 151)
STeTZ
Pinion face apex beyond crossing point along pinion axis, ¢,¢4
SindR COS sy — t,Ro SINJty —
tq= ¢rR 12~ zR2 SINOpp — ¢ (152)
sindgq
Pinion root apex beyond crossing point along pinion axis, ,g4
Sind’, COSO40 — t,pp SINOLy —
fry =2 o a2 ~lzF2 SiNdgp — ¢ (153)

sin§f1
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7.5 Determination of pinion face width, b,

Pinion face width in pitch plane, bp1

bot = | RS — a2 —|RE ~ a2 (154)

Pinion face width from calculation point to front crown, b4

b1A:\/Rr$12_ap2 _\/Ri22_ap2 (155)

Methiod 0:

Piniop face width, b4

D1 =b2 (156)

Pinion face width from calculation point to outside, by
bet = Che2 D1 (157)
Piniop face width from calculation point to inside, b;4

Di1 =b1—be1 (158)

Methiod 1:

Auxilfary angle, A’

sin Coso
' = arctan Smp 2 (159)
1 COS J1 + COS 5 COS¢
Piniop face width, b4
by cos X
Preri1 = 2—, (160)
cos(p4)
Piniop face width increment along pinion axis, Ab,4
b=y SIRSR (1 - 1} (161)
u
Increment along pinion axis from calculation point to outside, Ag,,
breri :
Agye = DE27MM 065 5.+ Abyq — (himp — ¢) SINSy (162)
S04
Increment along pinion axis from calculation point to inside, Ag,;
1-¢ breri
Agyi = (1= ¢bez) brent COS a1 + Abyq + (hgma — ¢) SiNS; (163)

COS 6,1
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Pinion face width from calculation point to outside, by,

b — Agye +hgmq8iNdy
et COS B a1

0S 041 (164)

Pinion face width from calculation point to inside, b

Agyi— ham1 Sir151

biq = _ (165)
cos o, —tand,4 sino;

Pinion face width along pitch cone, b,

b1 :bi1 )'be»] 166)
Method 2:
Pinion face width along pitch cone, b,

by = by 1+tan2§mp) 167)
Pinion face width from calculation point to outside, by,

bgq = cppp b1 168)
Pinion face width from calculation point to inside, b

by = by 1 Det 169)
Method 3:
Pinion face width along pitch cone, b,

by =int ({1 + 3rimp tan| mpt49) 170)
Additional pimion face width;-5,

b1 1 Dp1
be=—1 171
x=—h )

Pinion face width from calculation point to inside, b

bi'] :b1A+bX (172)
Pinion face width from calculation point to outside, by,

bgq = by~ bis (173)
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7.6 Determination of inner and the outer spiral angles

7.6.1 Pinion

Wheel cone distance of outer pinion boundary point, Rg54 (may be larger than Ry,)

2 2
Rgpq = \/Rm2 +begr + 2Rm2 bet COngp

Wheel cone distance of inner pinion boundary point, R;54 (may be smaller than R,)

ISO 23509:2006(E)

(174)

2 .2
Riog = \/Rm2 +bi7 = 2Ry bj1 COS iy,

Face|{hobbing:

Lead|angle of cutter, v

. Znm
= arcsm{wj
0

Crown gear to cutter centre distance, ppq

2 . 2 :
Opo = \/Rm2 + 180 = 2Rma 70 SIN( Bz~ v)

Epicycloid base circle radius, p|,

= PP

z .
1+ Y sins,
Z3

Auxillary angle, ¢go4

2 2 2
Rep1PP0 _rcO]

Depq = Arccos
[ 2Re21 Ppo

Aucxillary angle;gis1

2 2 2
Ri21+ ppo — 10 }

iy arccos(
' 2Ri54 Ppq

(175)

(176)

(177)

(178)

(179)

(180)

Wheel spiral angle at outer boundary point, 54

Bopi = arctan[Rem - Pp COS¢e21]
21 =

Pp SiNPeo1

Wheel spiral angle at inner boundary point, 554

1~ Pp COS P21 J

R
Bing = arctan[ i2 .
Pp SINPj24
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Face milling:

Wheel spiral angle at outer boundary point, So4

: 2 2
By = arcsin 2Rm 70 SiNfmz = Rma + Reo1 (183)
2Re217c0
Wheel spiral angle at inner boundary point, 554
2R r - sSinA. D2 -+ D2 \\
ﬂi21 — arCSin mz " CU Lad 1174 mz IZ1 184)
2Ri21 760
Face hobbing and face milling:
Pinion offset|angle in pitch plane at outer boundary point, gep21
. ap
Cep21 =frcsin 185)
Rep1
Pinion offsetjangle in pitch plane at inner boundary point, Cip21
.| 49p
Cip21 = @resin 186)
Rip1
Outer pinion piral angle, fg4
Pe1 = Bho1+ Cep2t 187)
Inner pinion $piral angle, S
Bin = Bip1+ Cip21 188)
7.6.2 Whegl
Face hobbing:
Auxiliary angle, g5
(p2 2 _ 2\
2Re2 Ppo
Auxiliary angle, ¢;,
2 2 2
R -
¢ip = arccos| 2 PP0"c0 (190)
2Riz ppo
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Outer wheel spiral angle, S,

R —
Beo = arctan[ e2 'D,b COS%Z] (191)
Pp SINPe2

Inner wheel spiral angle, g,

Rin— .
:Bi2 = arctan[w] (192)
Pp SIN@jp
Face| milling:
Outef wheel spiral angle, S,
. 2R zrosinﬂ 2—R22+R22
B, = arcsin| —M=-C m m E (193)
2Rep 70
Innerjwheel spiral angle, 5,
2R 27 OSinﬂ 2 —R22 +R22
3> = arcsin| —M<-C m m ! (194)
2R3 re0

7.7 | Determination of tooth depth
Outef addendum, /.

lae1,2 = ham1,2 + et 2 taN0aq o (195)
Outef dedendum, i,

1fe1,2 = Nm1,2 +be1,2 t@NEg) 5 (196)
Outef whole depth, 4,

1e1,2 = Maeti2F fe1,2 (197)
Innerjaddendum, #;

raT e tam Tz Pz R aTy (198)
Inner dedendum, A

hfi1,2 = hm1,2 = bi1 2 t@nbg o (199)
Inner whole depth, 4;

hi12 = hair 2 + hii1,2 (200)
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7.8 Determination of tooth thickness

Mean normal pressure angle, «,

a +a
N= nD nC (201)
2
Thickness modification coefficient, x4, pinion
with outer normal backlash, jg,
) 1 R.» COSS
Xsn{1 = Xsmn ~ Jen 2 m2 m2 202)
Mpp COSa Rgo COS feo
with outgr transverse backlash, jg
. Rmp COSfimp
Xsn1 = Xsmn ~ Jet2 H 203)
Mmn Re2
with mean normal backlash, j,,
1
X =X — 7 _— 204
sn|1 smn ~ Jmn 4m, cosa, )
with mean transverse backlash, j o
. COSBmo
Xsn1 = X¥smn ~ Jmt2 4—m 209)
mn
Mean norma| circular tooth thickness, s;,,1,Pinion
Smn1 = $5mmn 0+ 2mp (Xgmy +#h tanay) 206)
Thickness mpdification coefficient;«,,, wheel
with outgr normal backlash, /g,
. 1 R.o COSp
Xsm2 = ~Xsmn ~ Jen 4 M2 m2 207)
Mpp COSa, Rgp COS Ben
with outer transverse backlash, jg,
. Rmp €OSfmy
Xsm2 = ~Xsmn ~ Jet2 ;n R m (208)
Mmn fe2
with mean normal backlash, j,,
_ 1
Xsm2 = ~Xsmn ~ Jmn (209)

4mpy, COSa,

46
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with mean transverse backlash, j i,

. cosf
Xsm2 = ~Xsmn ~ /mt2 A m2 (210)
mn

Mean normal circular tooth thickness, s.,,2, Wwheel

Smn2 =0,5mpn T+ 2mpyy (xsmz — Xhm1 tanan) (211)

Mean-ransverse circular thickness, St
Fmt1,2 = Smn1,2/C08Bm1 2 (212)
Mear normal diameter, d,,,

d
: 2m1,2 (213)
1-sin“fBnq 2 cOS an)cosﬂmu COSJq 2

21mn1,2 :(

Mear) normal chordal tooth thickness, s,c

mnc1,2 :dmn1,2 Sin(Smn1,2/dmn1,2) (214)

Mear) chordal addendum, /.

S
lamc1,2 = ham']’z + O,Sdmn»]‘z 00851‘2 [1 — COS[M]] (215)

mn1,2

7.9 | Determination of remaining dimensions

Outef pitch cone distance, R4 pinion

Re1 = Rm1 + Det (216)

Inner pitch cone distarice, R4, pinion

Ri1 = Ryqsig (217)

Outef piteh diameter, dg4, pinion

de»] = 2Re1 Sin51 (218)

Inner pitch diameter, d;4, pinion

diy =2R;4 SinG; (219)

Outside diameter, d ¢

dae1,2 =de12 +2hgae1 2 COSO o (220)
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Diameter, df,

dfg12 =

Diameter, d;

dain2 =

Diameter, dj;

dfi10 =

Crossing poi

Ix01,2 =

Crossing poi

Ixi1,2 =1

Pinion whole

dg1,2 — 2hteq2 COSIy o

di12 + 2hai1 2 COSSy 5

(221)

(222)

i1,2 — €hf1,2 COSOq 5

nt to crown along axis, 7,41 2

f2m1,2 + De1,2 COSOq 2 — hgeq 2 SINGY 5

nt to front crown along axis, Ixi1,2

zm1,2 — bi1,2 COSS4 2 — hyiq 2 SINSY o

depth, &4, perpendicular to the root cone

i
g = 2B X0 Sin (0 L 4 0er) — (tomq — 1 sing
t1 doso, 1 (a1 f1) (zR1 zF1) f1
8 Underg¢ut check
8.1 Pinion

Cone distand

Rip <R

Wheel cone

(may be smg

e of the point to be checked, R}, pinion

1< Req

Histance of the appropriate pinion boundary point, R,»

ller than R;, aad larger than Ry,)

Ryo :\/

2
Rf%l2 A (Rm1 - Rx1) —2Rmp (Rm1 - Rx1) COSCmp

223)

224)

225)

226)

227)

228)

Face hobbing:

Auxiliary ang

Py = arccos(

Wheel spiral

|e, (DXZ

2 2 2
Rio + pPpo — 10
2Ry2 ppo

angle at checkpoint, S,

ﬂ 2 _ arCtan[sz _pb COS¢X2]
2 =

48

Pp SiNgyo

(229)

(230)
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Face milling:

Wheel spiral angle at checkpoint, S,

. 2 2
IB = arcsin 2Rm2 c0 SmﬂmZ - Rm2 + RX2 (231)
X2 2Ryo 1e0

Face hobbing and face milling:

Pinion offset angle in pitch plane at checkpoint, {0

.| 4p
[ xp2 = arcsin (232)
X2

Pinion spiral angle at checkpoint, g, 4

Ox1 = Px2 + $xp2 (233)

Piniop pitch diameter at checkpoint, d,

1,1 = 2R,1 SiN5; (234)

Whegl pitch diameter at checkpoint, d,,

)’XZ = 2RX2 sin 52 (235)

Normal module at checkpoint, m,,,

b = 2 cos (236)

_Zz

Effective diameter at checkpoint, dg,, pinion

Z1 COSﬂxz (237)

i =d
Ex1 x2 Zp COSﬂX1

Appropriate ‘cone distance, Rg,4

- ded (238)

Intermediate value, z;,4

21

(239)

Znx1 = 5 2
(1 —sin“f,4 cos“a, ) COS 41 COS I
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Limit pressure angle at checkpoint, o«

o = —arctan[tan51 tano, [REX1 sinfByq — Ryp sinByo j] (240)

COS Cmp Reyq tandy + Ryp tand,

Effective pressure angle at checkpoint, agp,, drive side

QeDx = %nD ~ limx (241)

Effective prefsure angle at CheCcKpoInt, dgc,, coast side

%eCx = PnC T Xlimx 242)
For further calculations choose the smaller effective pressure angle.
If @eck <@eDx : @eminx = XeCx 243)
If aeck > @epx: eminx = XeDx 244)

Determinatipn of minimum profile shift coefficient at calculation point, X, i, x1. Pinion

Working tooljaddendum at checkpoint, kp4px

(RX2 —Rmz)taneaz

Mmn

khapx = fchap + 245)

Minimum prdfile shift coefficient at checkpoint, x,,¢,"pinion

2
z m SIN" & ami
nx1 ""*xn eminx 246)

Xpxt =1 1khapx - om
mn

Minimum prdfile shift coefficient at €alculation point, x4 min x1, PiNioON

(dexy=~t1) COS 4

2mpn

247)

Xhmminyt = Xhx1

Undercut at ¢heckpoint is avoided, if xp11 > Xhm min x1-

8.2 Whee

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

Rjp < Ryp < Rgp (248)

Face hobbing:

Auxiliary angle, ¢,

2 2 2

Ry + -

@y = arccos w (249)
2Ryx2 PRO
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Wheel spiral angle at checkpoint, g,,

Ryo — pp COS 9y ]
P SiNQyo

Pyo = arctan[

Face milling:

Wheel spiral angle at checkpoint, g,,

(2Rm7 req SinfBmo — R2, +R39\

P55 = arcsim
L 2Rx2 7co

Face|hobbing and face milling:
Whegel pitch diameter at checkpoint, d,,

1X2 = 2RX2 Sin52

Normal module at checkpoint, m,,,

dx2
Z2

Myn CoS By

Intermediate value, z,,,»

Z2
1- sinzﬁ’xz coszozn ) cos fB,o COS o

Enx2 = (

For flirther calculations choose the smaller effective pressure angle.

f anc <anp: eminx T %nc

f anc>anp: Pemibx = %nD

Detefmination of maximum profile shift coefficient at calculation point, x;,;, 1,5 x1, Pinion

This theck is-hecessary to avoid undercut on the wheel, since x5 = —Xm1

Workiing tool addendum at checkpoint, &y,

(RX2 - Rm2 )taanz

Mmn

khapx = khap +

Maximum profile shift coefficient at calculation point, X1, max x1, Rinion

.2
Znx2 Mxn SN~ Xeminx
2mmn

Xhm maxx1 = _(1’1 khapx -

Wheel undercut at checkpoint is avoided, if X1 > Xm max x1-
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A.1 Purpgse

Annex A
(informative)

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

This annex gives the structure of the formulas for the calculation of bevel and hypoid gear geometry ip this
International|Standard. In this structure, the common formulas are put together. However, it isyessentigl that

two alternati
(data type I),|be available to calculate one or more of the four design methods shown.

e sets of input data, those used by AGMA (data type Il) and those used in European stanglards

Unlike bevel| gears, a simple determination of the pitch surface parameters is impossible for hypoid|gear
drives. Thergfore, the solution must be found in a procedure of successive approXimation or iteration. [Each
method needs a set of initial data to start the calculation procedure. However, the pitch cone parameters for

bevel gears also can be calculated with different initial data as given in Table.

A.2 Structure of the formula set

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

52

Initial data

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

cone parameters

Calculation — Pitch l

[ Method 0 | [ Method 1 || Method2 || Methodq |

Results — Pitch cone

Additiongl data parameters

| A4p, Xgc: Xhm1s - | | Rt Rma: 61, 62, Bt Bz |
Calculation - Gear dimensions | | f (data type |); f (data type II) |
Results - Gear dimensions | | b,d. ., R, 6,0 h, h, |

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

There are commonly two “data types” in use that describe the gear dimensions: data type |, as used in
European standards, describes, for example, the proportions of the gear teeth with an addendum factor, k5,
a dedendum factor, kyq,, a thickness modification coefficient, xgr,, and a profile shift coefficient, x,,,. Data
type Il, as used in the AGMA standards, describes these proportions with a depth factor, kg, a clearance factor,
k., a thickness factor, k;, and a mean addendum factor, c,,,,- Both means will lead to the same result of tooth
geometry: the factors above are related to each other, so that the same gear geometry, derived from data
type -ean-alse-be-described-with-data—type-H—-Anrnex-C-gives-suggestionsforthe-commenlyused values for

each|data type.

A.3 |Pitch cone parameters

As ci]n be seen in Figure A.1, there are currently four different methods for the' ¢alculation of the pitch cone
pararmneters. For each method it has to be ensured that all initial data listed in Table 2 are| known. The
approgpriate equations lead to the pitch cone parameters, R4, Ryo, 01, 82+/Bm1, Pmz and cpep. With these
parameters, a schematic of a hypoid (or bevel) gear can be drawn, see Figure A.2.

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

Xp
Figure A.2 — Schematic of hypoid gear

The parameter c,.,, named “face width factor”, describes the ratio (R, — R,,0)/b,. This is because the
calculation point is not necessarily in the middle of the wheel face width for method 1. For methods 2 and 3,
where the calculation point is in the middle of the wheel face width, ¢,o5 = 0,5.

© 1SO 2006 — Al rights reserved 53


https://standardsiso.com/api/?name=fb11205c340a1d3fa36bcfc4a7908786

ISO 23509:2006(E)

Method 0

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

Method 1
Method 1 is used by Gleason, the pitch cone parameters have similar values compared to method 3 which is

used by Klingelnberg. For method 1 it is necessary to determinate the face width factor c,,, because the
calculation point is not in the middle of the wheel face width.

Method 2
Method 2 is Yised by Oerlikon.
Method 3

Method 3 is Yisually used by Klingelnberg.

A.4 Gear gdimensions of bevel and hypoid gears
With the adg
formulas for
offset is set {

itional data shown in Table 3 the gear dimensions can be_calculated. There is only one set of
bevel and hypoid gears. All formulas for hypoid gears also“apply to bevel gears, if the hlypoid
D a = 0.
Determinatipn of basic data
In Clause 7.4
the effective
the effective
on the coast

pressure ang
gearsettoh

general values, which are partially used in further calculations, are determined. For hypoid
pressure angles are established in order to.describe the mesh conditions. These become eq
pressure angle, o,p, on the drive side has-the same value as the effective pressure angle
side. This is the case, for instance, if;the design pressure angles are equal and the tota
le (f,im = 1) is considered in the calculation. However, it is not necessary for a proper h
bve equal mesh conditions.

jears,
ual if
Qe
limit
ypoid

Determinatipn of tooth depth at calculation point

As Table 4 s
to determine

Determinati

For the detern
the wheel ar

hows how data type Il(can be transformed into data type I, only one set of formulas is nece

the tooth depth. Inthis International Standard, it is the formulas for data type | that are given]

bn of root and face angles

Mmination ef/the root and face angles of pinion and wheel, the addendum and dedendum ang
e needed. In this context, the distances, t,4, t,9, t,F1, tF2, t,r1 @Nd 1,ro, Can be calculated. T

Ssary

es of
hese

are defined gs positive, if the crossing point lies inside the respective cone.

Determination of pinion face width

Each method used for the calculation of the pitch cone parameters has its specific formulas to determine the
pinion face width. For bevel gears, the pinion face width is equal to the wheel face width. Hypoid gears,
calculated with method 2, have the calculation point in the middle of the pinion face width. For this reason, the
inner and the outer face width (b;4, b¢¢) at the pitch cone are equal. However, methods 1 and 3 have different
values for b;y and bg,. Figure A.3 illustrates the way to obtain by and bg4.

The pinion values, bg4 and b;4, represent the real distances from calculation point to inside and outside. To be
consistent, b, and b;, are also established for the wheel. With bg4, b4, by and by, it is possible to determine

the inner and outer pinion and wheel diameters (d o1, daen, dai1, daio) fOr all methods with the same equations.
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Determination of inner and outer spiral angles

Pinion

The s

the spiral angles of the pinion, it is first necessaryto determine the spiral angles of the wheel at {
bounfdary point (Figure A.4). Because of the ‘averlap of the pinion face over the wheel face, t

cone

Figure A.4 these cone distances are illustrated by the dashed line. With the according pinion ¢

Cip21

and Equation (188). A different set.of\formulas is used for face milling and face hobbing.

Whe

¢dai1
Pdy

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

piral angles of the pinion are calculated at thefront crown (R;;) and crown (R,¢). To obtain

distances of the wheel (Rgy¢/Rj24)-may be larger/smaller than the outer/inner cone

and (-4, at the boundary points, the spiral angles of the pinion can be determined with E

b/

the values of
he pertaining
ne according
distance. In
ffset angles,
uation (187)

For the determination of-the spiral angles of the wheel at the outer and inner cone distancgs, there are

differ|

ent formulas for face milling and face hobbing.
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Figure A.4 — Determination of pinion spiral'angle in pitch plane

Determinatipn of tooth depth

The definitiop of the inner and outer tooth depth is-jllustrated in Figure A.5. The tooth depths /4, A1, Pram1
him1» haeq ar|d heeq are perpendicular to the pipion pitch cone and /4y, is perpendicular to the root cone The
same applieg to the wheel tooth depths.

With the implementation of an inner _and*outer pinion face width at the pitch cone, the inner and |outer
addendum apd dedendum can easily be)determined.
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Figure A.5 — Tooth depth at pifiion

Determination of tooth thickness

The tooth thickness is calculated from the outer normal backlash, j,,, the normal backlash at caldulation point,
Jn» the transverse backlash at calculation point, j,, andthe outer transverse backlash, j,.

For data type |, the thickness modification coefficient, x4, is a theoretical value and does nqt include the
backlash, see Figure 16. To consider the backlash, the modification coefficients x4,4 and x4, ar¢ calculated.

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

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

A.5 |Undercut check

The dindercut check is provided for generated gears with non-constant and constant tooth depth{ With the set
of fofmulas_in~Clause 8, it is possible to choose any point on the pinion or wheel face width to check if
undefcut occurs or not.

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

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

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

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

Pitch cone parameters

B.1 Purpose

The purposs
determinatio
B.2 Shaft

The shaft an

B.3 Hypo

In most case
or negative. |

If the pinion

opposite to the hand of spiral of the wheel, it is negative.

Figure B.1 ill

It is recomm
face contact

resistance bgcause of additional lengthwise_ sliding.

In general, d
for heavy-du

n of the pitch cone parameters.

jle is determined by the application.

of Annex B is to give proposals for the values that might be used as initial data'dfg

angle

d offset

s, the hypoid offset is determined by the application. Pinionh.offset is designated as being po
['his is determined by looking at the hand of spiral of thetwheel.

offset follows the hand of spiral of the wheel, it“is defined as positive. If the pinion off

strates positive and negative pinion offsets\as seen from the wheel apex.
pnded that positive pinion offset be uséd because of the increasing diameter of the pinion, h

ratio, pitting and bending load (capacity. Special consideration should be given to sc

e to lengthwise sliding, the.offset should not exceed 25 % of the wheel outer pitch diamete
y applications, it should be“limited to 12,5 % of the wheel pitch diameter.

r the

sitive

set is

igher

iffing

and,
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B.4.

In Mg
oper
oper

In thd
exce
estim
half t

a=0 ax<o

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

Figure B.1 — Hypoid offset

Pinion diameter

Estimated load

st gear applications, the load is nat ¢onstant. Therefore, the torque load will vary. To obtain
ting torque load, the designer,_should use the value of the power and speed at which
ting cycle of the driven apparatus will perform.

case where peak loads, are present, the total duration of the peak loads is important. If the
pds ten million cycles;-during the total expected life of the gear, use the value of this
ating the gear size.\If the total duration of the peak loads is less than ten million cycles, {
ne value of this¢peak load or the value of the highest sustained load, whichever is greater.

Whe

B.4.2 Torque

peak loads(are involved, a more detailed analysis is usually required to complete the desig

values of the
he expected

fotal duration
eak load for
tart with one

=}

Pinionforque 1s a convenient criterion for approximate rating of bevel gears, requiring conversion from power
to torque by the relation

Ty

9550P

4

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

P is the power, in kilowatts (kW);

nq is the pinion speed, in revolutions per minute (r/min).
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B.4.3 Estimated pinion size

The charts shown in Figures B.2 and B.3 relate the size of commercial quality spiral bevel pinions to pinion
torque. The charts are for 90° shaft angle design. For other than 90° shaft angle designs, the preliminary
estimate is less accurate and could require additional adjustments based on the rating calculations.

B.4.3.1 Spiral bevels

For spiral bevel gears of case-hardened steel, the pinion outer pitch diameter is given by Figures B.2 and B.3.
Follow vertically from pinion torque value to desired gear ratio, then follow horizontally to pinion outer pitch
diameter.

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

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

B.4.3.3 Hypoids

In the hypoid case, the pinion outer pitch diameter, as selected from the chart,\is the equivalent pinion jouter
pitch diametgr. A preliminary hypoid pinion pitch diameter, d, plm1» is given by

a
depim1 T det = u (B.2)

where
dg4 is p|nion outer pitch diameter, from Figure B.2 or.Kigure B.3, whichever is larger, in millimetres (mm);
a s the hypoid offset, in millimetres (mm);
u is the gear ratio.

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

Approximate|pinion pitch angle
Oint1 = arctan(ﬁj (B.3)

where

2 is the shaft angle

Approximate wheer piich angle
Sint2 = 2 = Oint1 (B.4)

Approximate wheel outer cone distance

de pim1
Roigto =————— B.5
eint2 23in5int1 ( )
Wheel outer pitch diameter
deg = Reint2 SiNdints (B.6)
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Figure B.3 — Pinion outer pitch diameter versus pinion torque — Bending strength
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B.4.3.4 Precision-finished gears

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

B.4.3.5 Material factor, K,

For materials other than case-hardened steel at 55 minimum HRC, the pinion outer pitch diameter, as given

by Figure B.2oras catcutated by Equation (B-2); 15 to be muitiptied by the materiat factor given im Tapte §.1.

Table B.1 — Material factors

Gear set materials

Gee]r material and hardness Pinion material and hardness Material factof, Ky,

MatLriaI Hardness Material Hardness
Case-hardeng¢d steel 58 HRC min. Case-hardened steel 60 HRE min. 0,85
Case-hardengd steel 55 HRC min. Case-hardened steel 55HRC min. 1,00
Flame—harder'ed steel 50 HRC min. Case-hardened steel 55 HRC min. 1,05
Flame-harderled steel 50 HRC min. Flame-hardened steel 50 HRC min. 1,05
Oil-hardened|steel 375 HB to 425 HB | Oil-hardened steel 375 HB to 425 HB 1,20
Heat-treated $teel 250 HB to 300 HB | Case-hardened steel 55 HRC min. 1,45
Heat-treated $teel 210 HB to 245 HB | Case-hardened steel 55 HRC min. 1,45
Cast iron — Case-hardened steel 55 HRC min. 1,95
Cast iron — Flame-hardened steel 50 HRC min. 2,00
Cast iron — Annealed steel 160 HB to 200 HB 2,10
Cast iron — Cast iron — 3,10

B.4.3.6 Statically loaded gears

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

B.5 Numbers of teeth

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

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

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

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

Approximate ratio, u Minimum number of pinion teeth, z,
1,00 <u <150 13
1,50 <u < 1,75 12
1,75 <u < 2,00 11
2,00 <u <250 10
2,50 <u < 3,00 9

3,00 <u < 3,50
3,60 <u < 4,00
4,00 <u < 4,50
4,50 <u < 5,00
5,00 <u < 6,00
6,00 <u <7,50
750 <u < 10,0

a O o/ o © ©

B.6 Face width

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

In the case qf a hypoid, follow the above face width guidelines for the wheel. The hypoid pinion face wiflth 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

Spiral angle

mon design practice suggests that the(spiral angle be selected to give a face con
ximately 2,0. For high-speed applicatiohs and maximum smoothness and quietness, face

greater than 2,0 are suggested, but face.contact ratios less than 2,0 are allowed.

B.7.

The f

Spiral bevels

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

K :i Be

tact ratio of
ontact ratios

! (B.7)
R
° 12 (1 - b]
Re
3
K
e ! (1@ tan .., ——ZtanSBmWRQ (B.8)
Tillgt | 3 )
where
R¢ s the outer cone distance, in millimetres (mm);
mgy is the outer transverse module, in millimetres (mm);

b s the net face width, in millimetres (mm);

By is the mean spiral angle at pitch surface.

Figure B.7 may be used to assist in the selection of spiral angle when the face width is 30 % of the outer cone
distance.
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B.7.2 Hypoids

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

By =25+5. |2 + 90—
= dep

where

Bm4 is the pinion mean spiral angle;

z5  is the number of wheel teeth;
zy  is the number of pinion teeth;
dg, is the wheel outer pitch diameter, in millimetres (mm).
The wheel dpiral angle depends on the hypoid geometry and is calculated using the/ hypoid formulas in
Clause 6.
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Figure B.7 — Face contact ratio for spiral bevel gears
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B.8 Outer transverse module

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

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

Gear dimensions

C.1 Purpose

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

C.2 Normpl pressure angle

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

— Nominal| design pressure angle, oy, is the start value for the calculation. Ats\may be half of the sym of
pressurg angles or different on drive and coast side.

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

— Effectivg pressure angle, «,, is a calculated value, see below,

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

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

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

Nevertheles
Equation (12

, incall cases, the effective pressure angle ¢, is calculated according to Equation (120) and

y.

As for bevel (non-hypoid) gears the limit pressure always is equal to zero, the nominal design pressure angles
have the same values as the generated pressure angles. If the effective pressure angles have the same
values, the mesh conditions on coast and drive side are equal.

C.2.1 Straight bevels

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

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

C.2.3 Spiral bevels

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

c.2.

Jeim

press

= 1. For the use of standard cutting tools, the value of f,;;,, may be different from “1”. The ng
ure angles 18° or 20° may be used for light-duty drives; higher pressure angles-such as 2

for hg¢avy-duty drives.

C3

C.3.

C.3.1.

In cd
khfp 3

C.31

Tooth depth components

Data type |

1 Addendum factor and dedendum factor

mmon cases, the addendum factor kp,, is set to-kf,, =1 and the dedendum factor
1,25.

.2 Profile shift coefficient

To prievent undercut, the profile shift coefficient has to be in the range given in Clause 8.

C.3.

C.3.2.

Norm
desig

? Data type Il 1

1 Depth factor

ally, a depth factor, &y, of 2,000 is used to calculate mean working depth, #,,,, but it can be
n and other requirements. Table C.1 gives suggested depth factors based on pinion tooth nu

To bIIance the mesh conditions on coast and drive side, the influence factor of limit pressure-angle should be

minal design
2,5° and 25°

hip IS set to

varied to suit
mbers.

1) Data types described in 7.1.

©1S0

2006 — All rights reserved

69


https://standardsiso.com/api/?name=fb11205c340a1d3fa36bcfc4a7908786

ISO 23509:2006(E)

C.3.2.2 Clearance factor

While the clg¢arance is constant along the entire length of\the tooth, the calculation is made at mean
Normally the

other require

During the rpanufacturing of fine pitch gearing, mg, = 1,27 and finer, 0,051 mm should be added t

clearance of
be included i

C.3.2.3 Mdan addendum factor

This factor a
usually longg
are used on
Table C.2. O
two member
pinion and w|

Table C.1 — Suggested depth factor, iy

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

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

ments.

the teeth which are to be finished .in a secondary machining operation. This 0,051 mm shou
h the calculations.

bportions the working depth between the pinion and wheel addendums. The pinion addend
r than the whéel)addendum, except when the numbers of teeth are equal. Longer adden
the pinion to<avoid undercut. Suggested values for shaft angles 2= 90° for ¢ 5, are fou
her valuesybased on sliding velocity, topland or point width limits, or matching strength bet
5, can besUsed. Clause 8 gives the limits for the mean addendum factor to prevent underg
heel. For Table C.2, the equivalent ratio u has to be calculated.

Wheel offset

boint.

value of 0,125 is used for the clearancecfactor, k;, but it can be varied to suit the design and

b the
d not

m is
Hums
nd in
ween
ut on

dllgiG ill d)\idi pidllU, Y

n = asin(sin¢,, cosd,)

Equivalent ratio, u,

\/00551 tand, cosn
Ug =

70

C0sJy

(C.1)
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C4

Cc.4.

C.4.1,.

Valu

betwgen pinion and wheel. After the thickness modification,“a successful cutting process has to b
C.4.2 Data type ll

C.4.21

The
stres
balan

C.4.2

Sugg
allow

the o

ISO 23509:2006(E)

Table C.2 — Mean addendum factor for shaft angles >'= 90°, ¢,

Type of gear

Mean addendum factor

Number of pinion teeth

Straight bevel

0,210 + 0,290/u42

12 or more

Spiral bevel and hypoid

0,210 + 0,290/u42

12 or more

0,210 + 0,280/u,42 11

0,175 + 0,260/u 42 10
0,145 + 0,235/u 2 9
0,130 + 0,195/u,? 8
0,110 + 0,160/u 42 7
0,100 + 0,115/u 42 6
Zerol bevel 0,210 + 0,290/u 2 13 ormere

Tooth thickness components

Data type |

1 Thickness modification coefficient

s for the thickness modification coefficient, xg,,, can_be found, regarding the bending stre

Thickness factor

ean normal circular thickness is Calculated at the mean point. Values of k; based on balar
5 are found by using the graph'in Figure C.1. Other values of k, may be used if a diffe
ce is desired.

.2 Outer normal backlash

ested minimum values of the outer backlash are given in Table C.3. It will be noted that
ance is proportional to the module. Two ranges of values are given: one for ISO accuracy g
her for ISO_accuracy grades 8 to 12, according to ISO 1328-1.

hgth balance
b ensured.

ced bending
rent strength

the backlash
rades 4 to 7,

©1S0
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ki A 50 45 40 35 30

) VP
T
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N\

0,2

N\

/
[ LSS S P ~ 10

 Z
_

\

N

0,1 //

0,05 7

1 2 3 4 5 6 7
ki = —0,088 + 0,092u — 0,004 + 0,0016(z; —30)(u —1)

Figure C.1-— Thickness factor, ;
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Table C.3 — Typical minimum normal backlash measured at outer cone

Minimum normal backlash
mm
Outer transverse module SO accuracy grades
4t07 8to12
25,00 to 20,00 0,61 0,81
20,00 to 16,00 0,51 0,69
16,00 to 12,00 0,38 0,51
12,00 to 10,00 0,30 0,41
10,00 to 8,00 0,25 0,33
8,00 to 6,00 0,20 0,25
6,00 to 5,00 0,15 0,20
5,00 to 4,00 0,13 0,15
4,00 to 3,00 0,10 0,13
3,00 to 2,50 0,08 0,10
2,50 to 2,00 0,05 0,08
2,00 to 1,50 0,05 0,08
1,50 to 1,25 0,03 0,05
1,25 to 1,00 0,03 0,05

C.5 |Addendum angle and dedendum angle of wheel

C.5.1 Sum of dedendum angles, &

The pum of the dedendum angles of pinion and wheel is a calculated value that is establ{shed by the
depthwise taper which is chosen«in~accordance with the cutting method. The formulas for cglculating this
valuq are listed in Table C.4.

Table C.4 — Sum of dedendum angles, Z¢;

Depthwise taper Sum of dedendum angles (degrees)
Standard 30 = arctan[hf—””] + arctan[hfﬂ] (C.3)
m2 m2
Uniform depth 20y =0
[ Q0 N p_cing )
Constant slot width Y0ic = et 1 — —mZ > mZ (C4)
Rgo tana, cospy, )

Modified slot width XOpg =X bsc Or Ty = 1,3 b5, Whichever is smaller (C.5)
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C.5.2 Angles, 65, and 6,

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

Table C.5 — Angles, 6., and ¢;,, wheels

Depthwise taper Angles (degrees)
F)d‘ —:\rr‘fgn(hfm‘]\ ((‘ R)
Standard (Rm2)
Orp =205 — O (C.7)
Uniform depth 00 =0s =0
ham2
Oa2 =20ic (C.8)
Constant slot width mw
Orp = X 05c — O (C.9)
ham2
O =2 65 P (C.10)
Modified slot width mw
O0r2 = Z 0t~ Oa2 (C.11)

74 © 1SO 2006 — Al rights reserved


https://standardsiso.com/api/?name=fb11205c340a1d3fa36bcfc4a7908786

D.1

ISO 23509:2006(E)

Annex D
(informative)

Analysis of forces

Purpose

The
trans
D.2

The
force

purpose of Annex D is to estimate the forces at the mesh that result from the gear geon
formed torque.

Analysis of forces

5 and moments which act on shafts and bearings. The axial and radial forces are depe

etry and the

jear tooth forces result in tangential, axial and radial components, for'the purpose of defermining the

hdent on the

curvgture of the loaded tooth flank. Use Table D.1 to determine the loaded flank. The equationg to calculate
the fqrces are presented as follows.
Table D.1 — Loaded flahk
Driver hand Rotation of driver Loaded flank
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 fangential force on-a wheel is
2 000#
Fint2 = —< 7= (D.1)
dm2
wherg
Fnto is the tangential force at the mean diameter on the wheel, in newtons (N);
T, is the torque transmitted by the wheel, in newton metres (N-m).
The tangential force on the mating pinion is given by
F .15 COS [, 2000T
Fit1 = mt2 mi1 _ 1 (D.2)
COS fm2 dm1
where
Fntq is the tangential force at the mean diameter on the pinion, in newtons (N).
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D.4 Axial

The values of axial force, F.

force

ax?

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

represent the values (e.g. tangential force, spiral angle, pitch angle, generated pressure angle) for the wheel
or pinion member under consideration:

For drive side flank loading:

Pinion axial force, F,4 p:
F G SRS n 5T (D.3)
4| tana,p ——— + tan cos .
ax1,D L " Cos frry m1 1J mt1
Wheel axial force, F,,5 p
F 3| tana sindz__ tan S5 COSd5 | F| (D.4)
ax2,D nD COS,Bmz m2 2 mt2 .
For coast sifle flank loading:
Pinion axial fprce, Fay4 ¢!
F 3| tana sindy tan S,,1 cosdq | F, (D.5)
ax1,C nC COS,Bm1 m1 1 mt1 :
Wheel axial force, Fyy ¢
F 3| tana Sind, + tan S0 COS I \F: (D.6)
ax2,C nC COS,Bmz m2 2 mt2 :
A positive sign (+) indicates direction of thrust is away from pitch apex.
A negative sign (-) indicates direction of thrust is toward pitch apex.
D.5 Radial force
The values df radial force, F,,q, On bevel gears are given in the following formulas. When using the fornulas
the tangentigl force, spiral angle, pitch angle, and generated pressure angle of the corresponding mgmber
must be useT.

For drive side flank loading:

Pinion radial

Frad1p = (tananD o8

76

force, Frag1 p:

CoSsJ. .
1 tan S S|n51j Fot1

m1
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Wheel radial force, F 45 p:

ISO 23509:2006(E)

COS o .
Frad2p = (tananD =% tan S0 smézj Finto (D.8)
m2
For coast side flank loading:
Pinion radial force, Fraq1 ¢
COS J4 .
radT,C :(ta'"'wnb 08 By | tanfm 5""'51} T (D.9)
m
Whegl radial force, Fygp ¢
COS o .
FradZC :{tananc 2 —tanﬂmz Slnészmtz (D10)
S,BmZ

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

sepafating force.

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

attragting force.

© 1SO 2006 — All rights reserved
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Annex E
(informative)

Machine tool data

E.1 Purpose

Annex E proyides 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 qf blade groups, Table E.1 provides a list of standard cutters.

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

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

Cutter radius, Number of | Cutter radius, Number of [Cutter radius, Number of | Cutter diampter,
0 blade groups, 0 blade groups; 0 blade groups, 2re
mm % mm 0 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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F.1

Purpose

Sample calculations

Annex F
(informative)

ISO 23509:2006(E)

Anne

F.2

F.2.1
This

See

Initial data

Sample spiral bevel gear set

Tables F.1 to F.3.

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

example uses Method 0 — Face milling tooth form.

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

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

Z12 number of teeth 14739 X X X
d mean pitch diameter . . X .
m2 of wheel
de outer pitch diameter 176,893 mm X . X
of wheel
by wheelface width 25,4 mm X X X
mean spiral angle . _
Bm1 of pinion X
mean spiral angle o -
Pm2 of wheel 35 X X
%S0 cutter radius 114,3 mm X X X
number of blade
Zg groups — — X X
(only face hobbing)

© 1SO 2006 — All rights reserved
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Table F.2 — Additional data for calculation of gear dimensions

Data type | Data type Il
Symbol Description Symbol Description
a4p 20°
aq4c 20°
Salim 0
Xhm1 | — Cham |0,247 37
l'll'a'p J— bu ’),ﬁﬁﬁ
knfp | — ke 0,125
Xsmn | — ky 0,091 5
W2 | —
Jen 0,127
Oa 2,134 2°
| 6%, 6,493 4°

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

1
Xhm1 = kg (E - Chamj =0,505

k
khap:?d:1

khfp :kd [kc +%] :1,25

Xemn =% =0,046

F.2.2 Determination of pitch cone parameters

Gear ratio, u
u=212786 (F.1)
Z4

Pinion pitch angle, o,

5 = arctan[&j —19,747° (F2)
cos2 +u
Wheel pitch angle, J,
09 =2 —-0,=70,253° (F.3)
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Outer cone distance, R,

d
Rgqp = —22—=93,973 mm
© 2sind,
Mean cone distance, R,

b
Rm12 = Rep —72 = 81,273 mm

ISO 23509:2006(E)

(F.4)

(F.5)

Spira

Face

F.2.3

angle, £,1, pinion

Bt = Bz = 35,000°

width factor, cpgo

be2 = 0,5

Determination of basic data

Pinion mean pitch diameter, d,,

1 =2R18iN01 =54,918 mm

Wheel mean pitch diameter, d,;,,

Shaft

Offse

o = 2R 2 SiNdy =152,987 mm

angle departure from 90°, AY

N =23 -90°=0°

t angle in the pinion axial plane, ¢,

- = arcsin 2a - 0,000°
C0S oy

COS Iy

dm2 + dm1

(F.6)

(F.7)

(F.8)

(F.9)

(F.10)

Offsdt angle in the pitch plane, ...,
. [ sind, sinX
= arcsin| ————— | =0,000°
€mp [ COS J4 j

Offset in pitch plane, a

p

ap = Rmp Singy, = 0,000 mm

©1S0
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Mean normal module, m,

_ 2R 8IN65COS By

Mmn =3,213 mm (F.13)
z2
Limit pressure angle, oy,
oy = —arctan tanoy tandy [ Rypq SiNBr1 — Rpo SINBmo 0o (F.14)
COS {imp R tandy + Ry, tang,

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

anp =A4p + Sylim Xim = 20° F.15)

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

anc = d4c — Solim %jim = 20° F.16)

Effective pressure angle, ap, drive side

dep = Ynp — Ajim = 20° F.17)

Effective pregsure angle, oy, coast side

deC = Onc + Ajim = 20° F.18)

Outer pitch cpne distance, Ry,, wheel

Rez IRTQ +Cbe2 b2 293,973 mm F19)

Inner pitch cone distance, R;,, wheel

Ri2 = REZ —b2 = 68,573 mm F20)

Outer pitch diameter, dg,, Wheel

dgy = 2Rop SiN5» 176,893 mm F.21)

Inner pitch dianteter, d;,, wheel

di2 = 2Ri2 Sin52 = 129,080 mm (F22)

Outer transverse module, mg-

d
Metp = ZL; =4,536 mm (F.23)

Wheel face width from calculation point to outside, b,

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

biy = Ry — Rip =12,700 mm (F.25)

Crossing point to calculation point along wheel axis, 7,,»

; dy18indy  atanAx
2= -
Me 2c0s8;  tand,

— 27,459 mm (F.26)

Crossing point to calculation point along pinion axis, 7.+

d
] = %2 COS¢\y COSAL — ty0 SINAY = 76,493 mm (F.27)

Pitch|apex beyond crossing point along axis, 7,1 ,

71 =Rp1 COSIy —tymq =0mm (F.28)

22 =R €089y —t,mp =0 mm (F.29)

F.2.4 Determination of tooth depth at calculation point

Mean working depth, 7,

mw = 2 knap = 6,427 mm (F.30)

Mear) addendum, 5, wheel

tam2 = Mmn (knap = *hm+) = 1,691 mm (F.31)

Mear) dedendum, Ay,,,, wheel

im2 = Mmn (knfp + Xt ) = 5,639 mm (F.32)

Mear) addendum, %44, pinion

tam1 =#imn (Fhap + *hm1) = 4,836 mm (F.33)
Mean-dedendumsmrpinton

him1 = Mion (Fnfp — Xhm1 ) = 2,394 mm (F.34)
Clearance, ¢

¢ = M (knfp — khap ) = 0,803 mm (F.35)
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Mean whole depth, 7,

hm = ham»]’z + hfm1,2 = 7,230 mm (F36)
hm = M (Khap + khtp ) = 7,230 mm (F.37)
F.2.5 Determination of root angles and face angles
Face angle, J,,, wheel
Ogqp =094 +06, =72,387° F.38)
Root angle, ¢;,, wheel
O = 09| — O59 = 63,760° F.39)
Auxiliary angle for calculating pinion offset angle in root plane, g
PR = argtan atanA> cosdr =0° F.40)
Rm2 Cos Hfz — 122 0055f2
Auxiliary angle for calculating pinion offset angle in face plane, ¢,
tanAX
@, = argtan atanAZ cosdgp =0° F.41)
Ry COSO,5 — 1,5 COSO4o
Pinion offsetlangle in root plane, ¢g
a Cos @R SiNdsy
= arg¢si - =0° F.42
é’R (Rmz COngz - 122 COSéfzJ 7R )
Pinion offset|angle in face plane, &,
¢ = arg sin[ @ 089 SN 952 ] - o =0° F.43)
Rpno €0SU40 — 1,0 COSO4)
Face angle, ¢,4,4inion
§a1 = aruoin(oinﬁ\ X oinUfz +COSAE uu05f2 €08% R) —26:240° { 44)
Root angle, ¢4, pinion
S5¢q = arcsin(sinAY sindgy + COSAL COS gy COSS, ) =17,613° (F.45)
Addendum angle, 6,4, pinion
Oq1 = Oq1 — 4 = 6,493° (F.46)

84
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Dedendum angle, &, pinion

Oy = 51— 5¢1 = 2,134° (F.47)

Wheel face apex beyond crossing point along wheel axis, ,¢5

Rm2 SingaZI_ ham2 COS 07 =—-1,508 mm (F.48)
sind o

lzpp =170 —

Wheel root apex beyond crossing point along wheel axis. ¢,

Rm2 Sinﬁfz — hfm2 COSHfZ
Sin5f2

ZR2 =1lz2 + =3,999 mm (F.49)

Pinion face apex beyond crossing point along pinion axis, ¢,

a sind'g C0Sdy — t,Ro SiNJfy —

_ =-9,931mm (F.50)
sind 4

zF1 =

Pinion root apex beyond crossing point along pinion axis, ¢,

a Singy COS,0 — tyFp SiNd4 — ¢

_ =2,094 mm (F.51)
SiNd

zR1 =

F.2.¢ Determination of pinion face width, b4

Pinioh face with in pitch plane, bp1

b 1 =+ RZ) — a2 —\|R3 — a? = 25400 mm (F.52)
p1 e2 p i2 p

Pinion face width from calculation-point to front crown, b5

bin = R2 — a2 <JRE — a? =12,700mm (F.53)

Method 0:

Pinion face.width, b4

h{=by = 25,400 mm (F.54)

Pinion face width from calculation point to outside, bg4

be1 = Cpe2 b1 =12,700 mm (F55)

Pinion face width from calculation point to inside, b,

bi1 = b1 —be1 =12,700 mm (F56)
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F.2.7 Determination of inner and outer spiral angles

F.2.7.1 Pinion

Wheel cone distance of outer pinion boundary point, Rg,4 (may be larger than Ry,)

Regt =y R2p + b2+ 2Ry by Oy = 93,973 mm (F.57)
Wheel cone distance of inner pinion boundary point, R;,4 (may be smaller than R,,)

Rig =[R2 +bf —2Rmp b1 COS S = 68,573 mm (IF.58)
Face milling:
Wheel spiraljangle at outer boundary point, B4

2R 27 Sinﬂ 2—R22+R221
Bepq = dresin| =—m2 0> Tm2 _ "m2 ” "e21 | _ 36 846° F.59)
2Re21 7co
Wheel spiraljangle at inner boundary point, 554
. 2R zrosinﬂ 2—R22+R'221
Bipq = afcsin| —Me_¢ m m 1€ |=33,946° F.60)
2Riz1 reo
Face hobbing and face milling:
Pinion offset(angle in pitch plane at outer boundary-point, oo
. ap
Cep21 =frcsin =0° F.61)
Rep1
Pinion offset|angle in pitch plané\at inner boundary point, Cip21
.| 9p
Cip21 = gresin| ——1=0° F.62)
Ri21

Outer pinion spiral angle, fg4

Be1 = Be21+ Cep21 = 36,846° (F.63)
Inner pinion spiral angle, S

Bi1 = Piz1+ Cip21 = 33,946° (F.64)

86
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F.2.7.2 Wheel
Face milling:

Outer wheel spiral angle, S,

2R i - R2, + R2
foz = arcsin| 2Rm2 70 SNfma = Ring * Rez | _ 36 ggq- (F.65)
2Re 1co
Inner wheel spiral angle. S;,
2R zrosinﬂ 2—R22+R%
3, = arcsin| —M< ¢ m m s | = 33,946° (F.66)
2Rip e

F.2.8§ Determination of tooth depth

Outef addendum, /¢

haet = ham1 + Deq tanf,q = 6,281 mm (F.67)
262 = Mama +bep tandyp = 2,064 mm (F.68)
Outef dedendum, /g,
161 = Nim1 + beq tandyy = 2,867 mm (F.69)
[l fe2 = hfm2 +b82 taanz = 7,085 mm (F70)
Outef whole depth, i,
a1 :hae1+hfe1 29,149 mm (F71)
heo = lgen + ligep = 9,149mm (F.72)
Innerjaddendum, hy;
L’ai1 = ham1 —bn tan931 = 3,391 mm (F73)

50 = ham2 _bi2 tanﬁaz =1 ,1 17 mm (F74)

Inner dedendum, i

hﬁ»] = hfm1 _bi'] tanﬁﬂ =1 ,921 mm (F75)

hfi2 = hfm2 _bi2 tan9f2 =4,194 mm (F76)
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Inner whole depth, 4,

hi1 = hai1 + ]’lf” = 5,311 mm (F77)
hi2 :hai2+hfi2 25,311 mm (F78)
F.2.9 Determination of tooth thickness
Mean normal pressure angle, o,
o, = 2P T 500 F.79)
Thickness mpdification coefficient, xgp,4, pinion
with outer normal backlash, /g,
. 1 Rm2 COS fm2
= - =0,037 F.80
Fomt = Fsmn " Jen L cosay, Rep COS fBep )
Mean norma| circular tooth thickness, s,,,1, pinion
St = 0.5mmn T+ 2mp (xmq + Xpm1 tanay, ) = 6,465 mm F.81)
Thickness mpdification coefficient, xg,,, wheel
with outer normal backlash, jg,
. 1 Rz COSfim2
=- - =-0,055 F.82
Fom2 T emn T en g Gosan R,4008 B,y )
Mean norma| circular tooth thickness, s;,0, Wheel
smn2 = 0.5mpn T+ 2mp (xgmz='xhm1 tana, ) = 3,511 mm F.83)
Mean transverse circular thickness, s,
Smt1 = Sthn1/C0S P} = 7,892 mm F.84)
Smt2 = Shi2/€0S Bmo = 4,286 mm F.85)
Mean normal diameter, d,,,,
dm1
dmnt = =100,398 mm (F.86)
(1 —sinzﬁ’rm coszan)cosﬂm COS Iy
dm2
dmn2 = = 779,107 mm (F.87)

88

(1 - sinzﬂmz coszozn )cosﬂmz COsdp
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Mean normal chordal tooth thickness, s.,,c

Smncl = dmn1 Sin(Smn1/dmn1) = 6,460 mm (F88)

Smnc2 = dmn2 Sin(sng /dmn2) =3,5611mm (F.89)

Mean chordal addendum, /4.

hamet = hami + 0,5d 01 COS 5 [1 - cos( flmm ﬂ = 4,934 mm (F.90)
L l||||1 /J
Smn2
fame2 = hamz +0,5d 02 COS 5 {1 - COS[—zﬂ =1,592 mm (F.91)
mn

F.2.10 Determination of remaining gear dimensions

Outef pitch cone distance, Rg4, pinion

Re1 = R +beq = 93,973 mm (F.92)

Inner pitch cone distance, R;4, pinion

Ri1 = Rm1 _bi'] = 68,573 mm (ng)

Outef pitch diameter, dg4, pinion

o1 = 2Rgq SiNSy = 63,500 mm (F.94)

Inner pitch diameter, d,;4, pinion

in = 2Ri1 Sin51 =46,337 mm (ng)

Outside diameter, d,¢

{61 = doq + 2laeq COSF; = 75,324 mm (F.96)

e = daps 2ha6) COSS, = 178,288 mm (F.97)
Diameter. d;

dfe1 = de»] —2hfe1 00551 = 58,102 mm (F98)

digp = dgp — 2hsep COSSy = 172,106 mm (F.99)
Diameter, d;

dai1 :di1+2hai1 COS51 :52,719 mm (F100)

dai2 = di2 + 2hai2 00552 = 129,835 mm (F101)
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Diameter, df;

dﬁ1 = di1 —2hﬁ1 COS51 =42,721mm

dﬁ2 = diz —2hﬁ2 00852 = 126,246 mm

Crossing point to crown along axis, 7,41 »

xo1 = tzm1 +beq COSO — hgeq8iNdy = 86,324 mm

(F.102)

(F.103)

(F.104)

ty02 =!4dm2 T Dgp COS0Op — higqp SN0y = £29,6U6 mMm

Crossing poift to front crown along axis, 7,4 o

tyi1 = Lz —bn COS51 —han Sin51 = 63,395 mm

tXi2 = tZ 2 _bi2 00852 _hai2 Sin52 = 22,117 mm

Pinion whole|depth, 44, perpendicular to the root cone

hy =5
f qoS 044

Iz281 t Ixo1

Sin(€a1 + 6’f1) — (tZR'] - tZF']) Sin§f1 = 9,137 mm

F.3 Samplle hypoid gear set — Method 1

F.3.1 Initigl data

This examplg uses Method 1 — Face milling toothxform.

See Tables .4 to F.6.

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

(R.105)

(H.106)

(A.107)

(4.108)

Symbol Description Method 0 Method 1 Method 2 Method 3
) shaff-angle X 90° X X
hypoid offset 0,0 15 mm X X
12 number of teeth X 13/42 X X
d mean pitch diameter . . X .
M2 of wheel
dep outer g:cts\llnhg::meter X 170 mm — X
by wheel face width X 30 mm X X
B mear;fsgiir:?cl)r?ngle . 50° o .
o | TemgrEEGe | - x .
7c0 cutter radius X 63,5 mm X X
number of blade
zp groups X — X X
(only face hobbing)

90
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Table F.5 — Additional data for calculation of gear dimensions

ISO 23509:2006(E)

Data type | Data type Il
Symbol Description Symbol Description

a4p 20°

aq4c 20°
Jalim 1
Xhm1 — Cham 0,35

et — ke 2.000

knfp | — ke 0,125
Ysn | — ky 0,1

W2 | —

Jet2 0,2 mm

Oa2 1°

r2 4°

Table F.6 — Transformation of data type IVinto data type |

1
Xhm1 = kg [5 - chamJ =03

k
khap:?d:1

1

khfp = kd [kc + E] = 1 ,25

bl

xmn:§=aw

F.3.2 Determination of(pitch cone parameters

Gear|ratio, u

=22 _ 3931

21

Desited pinion spiral angle, £, 4, pinion

(F.109)

Ba1 = Bm1="50°

Shaft angle departure from 90°, AY

AY =23-90°=0°

Approximate wheel pitch angle, &y,

u COSAY

5 =arctan| ————
int2 {LZ“—uSMAZ)

} = 69,624°
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91


https://standardsiso.com/api/?name=fb11205c340a1d3fa36bcfc4a7908786

ISO 23509:2006(E)

Wheel mean pitch radius, 7m0

dep by sing
mptp = 222002 - 70,939 mm (F.113)

Approximate pinion offset angle in pitch plane, &’;

¢ = arcsin[mj ~11,433° (F.114)

"mpt2

Approximate|hypoid dimension factor, K

K, =tanp,qsingi +cose’=1,216 (H-115)

Approximate|pinion mean radius, 7y,

I K
P :_%:26,708 mm (H.116)

Start of iteration

**** First tripl *****

Wheel offset|angle in axial plane, 7

5 = arctan A = 3,942° (H117)
Fmpt2 (18N Sinpp COS AL —SINAY) + gy
Intermediate|pinion offset angle in axial plane, &,
¢, = ardsin| £ /mn18N7 | _ 165940 (R.118)
"mpt2
Intermediate|pinion pitch-angle, &,
sinny o
Ointq = arctan|>=————— + tanA2X cosz |= 20,001 (R-119)
tang, cosAX
Intermediate pinion offset angle in pitch plane, &',
¢ = arcsin| 2N¥2 COSAZ | _ 44 3900 (F.120)
COS Sint1
Intermediate pinion mean spiral angle, £, int1
Benint1 = arctan(mj — 50,087° (F.121)
sings
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Increment in hypoid dimension factor, AK

ISO 23509:2006(E)

AK =sinz (tan fy — tan By iyt ) = 7,309 10~ (F.122)
Pinion mean radius increment, Ary, ¢4
Aot = Fmptz - = ~1,60510"2 mm (F.123)
u
Piniop-offsetangte-inraxiat-ptane;—=;
Ar,
. = arcsin| singy - —2 sing | = 10,695° (F.124)
"mpt2
Piniop pitch angle, J,
siny R
b, = arctan| —————— + tanAX cosn | = 20,000 (F.125)
tangy cosAY
Pinion offset angle in pitch plane, ¢’
r — arcsin(w] ~ 11,397 (F.126)
COSJ4
Spird angle, 5,1, pinion
s :arctan[K1 T AK ‘,COS“”j: 49,998° (F.127)
sing;
Spirg angle, 5o, wheel
B = Bm1— €1 = 38,608° (F.128)
Whegl pitch angle; &5
b, = arctan _Sne cosegy tanAY | = 69,631° (F.129)
tanny cosAY
Mean cone distance, R4, pinion
7 + Ar,
Ry =l ~ —mpt _ 78,045 mm (F.130)
sin oy
Mean cone distance, R,5, wheel
"mpt2
=——=75670mm F.131
M2 " sing, ( )
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radius, rmptq

Fmpt1 = Rm1 SiNSy = 26,692 mm

Limit pressure angle, o,

Xjim =4

rctan| — tan51 tan52 Rm1 Sinﬂm»] —Rm2 Sinﬂmz
Rm1 tan51 +Rm2 tan52

Cos &1

(F.132)

(F.133)

Limit radius d

T curvature, p“m

secay, (tanBm1 —tan )

Plim =

Face milling:

Lengthwise t

Pmp =1

Pmp _
Plim

wxkxx Last Tr
Wheel offset

7= 4,14

Intermediate

£o =arg

Intermediate

=71,539 mm

tana. tan B4 N tan S N 1
fim Rm1 tan51 Rm2 tan52 R

poth mean radius of curvature pp, 5

.o = 63,5 mm

1/ =0,112 > 0,01 failed, next trial

al kkkkk

angle in axial plane,

30
pinion offset angle in axial plane, &,

sin| £ /mn1SN7 £ 70 6020
"mpt2

pinion pitch angle, .4

Oint1 =

ctan( sin7

m1C0Sfm1  Rmo COS fyo

(F.134)

(H.135)

(F.136)

(H.137)

(H.138)

Intermediate

£y = arcsin{

94

— t+tanAyY cosnw =21,290°
( tane; cosAY )

pinion offset angle in pitch plane, &'y

sing, COSAY

j =11,389°
COS Sint1

(F.139)
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Intermediate pinion mean spiral angle, By, int1

K4 —cosegh

Bint1 = arctan( j = 50,089°

H !
siney

Increment in hypoid dimension factor, AK

AK =sinz (tanfyq - tan Bryiny ) = = 7,477 107

ISO 23509:2006(E)

(F.140)

(F.141)

Piniop mean radius increment, Arp, ¢4

A "mpt1 = "mpt2 % =-1,642-10"% mm

Pinion offset angle in axial plane, &,

Ar,
£, = arcsin| sing, — mptt sinn | =10,603°
"mpt2
Piniop pitch angle, J,
sinn

D = arctan[ + tanAY cosry] = 21,2882

tangy cosAY

Pinion offset angle in pitch plane, ¢’

. [ AY
£ = arcsm[w] =11,390°
COS J4
Spird angle, 5,1, pinion
Ky +A&K — y
s | = arctan[ 12X ,003‘91]: 49,998°
sing}

Spirgl angle, 5,2, wheel

Bmz = ﬂm»] - 8{1 = 38,609O

(F.142)

(F.143)

(F.144)

(F.145)

(F.146)

(F.147)

Wheel pitch angle, &,

Siné‘»]

0y =arctan| ———
tann cosAXY

+ COS &4 tanAEj = 68,323°

Mean cone distance, R4, pinion

_ Tmn1 + AZmpt

Roq=
m’ sing,

=73,519 mm
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Mean cone distance, R

m2

Mean pinion

Tmpt2
Sin52

m2: Wheel

=76,337 mm

radius, rmptq

Fmpt1 = Rm1 Sindq = 26,692 mm

(F.150)

(F.151)

Limit pressur

Xjim =3

ancH
arryic, Mllm

cos¢)

Number of cfown gear teeth, Zp

Lead angle g

Vv =arcs

First auxiliary

A=90°

Crown gear {

L _ 45196
5

2

f cutter, v

R
n[—mz %0 cosﬂmzj =0°

rco Zp

angle, 1

L B + v = 51,391°

O cutter centre distance, ppg

Pro =1
Second auxi

171 = arg

R25+ 12 — 2Ry reo COS A= 61,726 mm
iary angle, 7,

R
COS M(Zp +ZO) = 14,8950
PPO Zp

ctan| — tan51 tan52 Rm1 Sinﬁm1 - Rm2 Sinﬂmz
Rm1 tan51 + Rm2 tan52

o

(R

(R

(R

(R

(R

Lengthwise tooth mean radius of curvature o, 5

Face milling

pmﬁ =re0 = 63,5 mm

96

152)

153)

154)

155)

156)

157)

(F.158)
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Limit radius of curvature, pj,

secayy, (tan By — tan B )

Plim =
~ tanay, tan g1 N tan g2 . 1 B
Rpitandy Ry tands | Ry COSBq Rpo COSfSmo
PmB 4~ 4,836-1075 < 0,01, passed
Plim

ISO 23509:2006(E)

=63,497 mm

End efiteratfor

F.3.3 Determination of basic data

Piniop mean pitch diameter, d,,4

1 = 2R 8indy = 53,383 mm

Whegl mean pitch diameter, d,,»

12 = 2Ry SINSy = 141,877 mm

Shaff angle departure from 90°, AY

N =2 —-90°=0°

Offsgt angle in the pinion axial plane, ¢,

= arcsin 2a =10,603°
COS5

c0s)01

dm2 + dm1

Offsdt angle in the pitch-plane, Cmp

sind, sinX’

J =11,390°
COS 04

Cmp = arcsm[

Offsgt impitch plane, a

p

ap =Rmp SiN¢mp =15,075mm

Mean normal module, m,,

_ 2Rqp 8INdp cos B

=2,640 mm

Mmn
Z2
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(F.162)
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(F.164)
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97


https://standardsiso.com/api/?name=fb11205c340a1d3fa36bcfc4a7908786

ISO 23509:2006(E)

Limit pressur

Alim =~

e angle, o),

Generated n

anC =

Effective pre

aeD =

Effective pre

doc = A

Outer pitch ¢

Rep =R

Rip = Rg

Outer pitch d

deo =2

Inner pitch d

dip = 2K

Outer transv

Metp =

arctan tand tandy, [ Rm1Sinfm1 —Rma Sinfmy || _ 22530 (F167)
COSCmp Rpqtanoy + Ryptand,
Generated normal pressure angle, «,,p, drive side
D = Ad4p +f0(|im 2lim =17,747° (F168)
prmal pressure angle, o,,c, coast side
aC — S alim @jim = 22,253° (H.169)
Bsure angle, ogp, drive side
nD ~ Xjim = 20° (H.170)
ssure angle, a,c, coast side
nC + Xjim = 20° (H171)
pne distance, Rg,, wheel
2 +cb62b2 291,468 mm (F172)
Inner pitch cone distance, R;,, wheel
2 —by =61,468 mm (R-173)
iameter, dg,, wheel
Reo SING, =170 mm (R-174)
ameter, d,,, wheel
io 8indy = 144,243 mm (R-175)
brse;module, mgyo
~82 _ 4,047 mm (F.176)
22
Wheel face width from calculation point to outside, b,
bep = Rep —Rpp =15,1314 mm (F.177)
Wheel face width from calculation point to inside, b,
bip =R — Rip =14,869 mm (F.178)

98

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=fb11205c340a1d3fa36bcfc4a7908786

Crossing point to calculation point along wheel axis, #,,,,

dm18indy  atanAX
2c0s 04 tand,

=26,621mm

Izm2 =

Crossing point to calculation point along pinion axis, 7,4

d ;
Lzt = %cosg’m COSAY —t,mo SINAY = 69,727 mm

Pitch|apex beyond crossing point along axis, 7,1 ,

21 =Rp1C0SO —t,mq =—1,225 mm

722 = Rm2 00352 —lym2 = 1 ,576 mm

F.3.4 Determination of tooth depth at calculation point

Mean working depth, 7,

fmw = 2Mmp kpap = 5,280 mm

Mean addendum, 4 wheel

am2»

am2 = Mmn (khap =~ *hmt) = 1,848 mm

Mear) dedendum, Ay,,,, wheel

1im2 = Mmn (Kntp + Xhm1) = 4,092 M

Mear) addendum, A4, pinion

1amit = Mmn (Knap +&am1 ) = 3,432 mm

Mear) dedendum;./iy, ¢, pinion

fm1, Tmn (khfp —th1) =2,508 mm

Clearance, ¢

¢ = M (kntp — Fhap ) = 0,660 mm

Mean whole depth, 7,

hm = ham1’2 +hfm1,2 = 5,939 mm

I = M (khap + knfp ) = 5,939 mm
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(F.179)

(F.180)

(F.181)

(F.182)

(F.183)

(F.184)

(F.185)

(F.186)

(F.187)

(F.188)

(F.189)

(F.190)
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F.3.5 Determination of root angles and face angles

Face angle, J,,, wheel

5a2 = 52 + 982 = 69,3230

Root angle, 6;,, wheel

Ofp =0

— Oy = 64,324°

(F.191)

(F.192)

Auxiliary ang

PR =ar

Auxiliary ang

Py = arg

Pinion offset

{Rr =ar

Pinion offset

{o = argsi

Face angle,

0g1 = ar

Root angle, 4

§f1 =ar

le for calculating pinion offset angle in root plane, gpg

a tanAX cos oy
ctan
Rm2 COS@fz — 122 0085f2

j =0,000°

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

tan atanAX cosdyy
R COS8,5 — 1,5 COSO4o

J =0,000°

angle in root plane, ¢g

sin a COS@R Sindsy
Rm2 COngz - 122 0055f2

]—q)R =10,319°

angle in face plane, ¢,

a cos@, Sind.
sm[ Do a2
Ripo COS6O,5 —t,5 COSO40

]- (o) = 10,674°

D21, Pinion

Csin(SinAY sindgy 4 COSAZ COs 5pp COSCR ) = 25,232°

Dr1, Pinion

ESin(SIMAZ"siNS 45 + COSAY COSS,, COSE, ) = 20,303°

(F.193)

(F.194)

(F.195)

(H.196)

(F.197)

(F.198)

Addendum a

6’31 = 53

Dedendum a

01 = 04

100

1gte; #,7, piriomn

151 =3,943°

ngle, 6, pinion

— 8¢y =0,985°

(F.199)

(F.200)
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Wheel face apex beyond crossing point along wheel axis, ,¢5

Rpno SiNBa0 — hgmo COS6O,)
Sin5a2

typp = tyo — =2,126 mm (F.201)

Wheel root apex beyond crossing point along wheel axis, ¢,r,

Rm2 Sinﬁfz - hfm2 COSHfZ

, =2,955 mm (F.202)
sindsy

IzRr2 =172 +

Pinion face apex beyond crossing point along pinion axis, ¢,

a sindr €COS 5y —t,Ro SINdf — ¢

. =-5,064 mm (F.203)
sind 4

zF1 =

Pinion root apex beyond crossing point along pinion axis, ¢,

a Singy COSO4p — tyFp SiNdan — ¢

- =-4,808 mm (F.204)
sind

zR1~=

F.3.¢ Determination of pinion face width, b,

Pinioh face with in pitch plane, bp1

b= R% —a % —.|R3—a. 2 =30,626 mm F.205
p1 e2 p i2 p

Pinion face width from calculation point to front crown, by

bin =[R20 —ap? — R —a,% 215,243 mm (F.206)

Method 1:
Auxillary angle, A'

sing mp COSJ)

' = arctan[ ] =1,239° (F.207)

1 COSJq +C0SOp COS Ly,

Pinion‘face width, b1

bycos A’

broyig =—=———=230,470 mm F.208
reri1 COS(é’mp —ﬂ,') ( )

Pinion face width increment along pinion axis, Ab,4

Abyq = hpyy SINCR [1 - 1] =0,653 mm (F.209)

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

Agye =

b
= o2 Dreril 5o 5. 1 + Abyy — (hgma — ¢) SiNS; = 13,342 mm

0S 641

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

Agyi =

(1 - cbe2) brerit

COSO,1+ Abys +(h —c) sindy =15,592 mm
cosd, a1 x1 (fm2 c) 1

(F.210)

(F.211)

Pinion face W

Agye + Namq SiNdy

idth from calculation point to outside, b

be1 =
Pinion face W
A

biy =

cosfy4 = 16,089 mm
COS 044

idth from calculation point to inside, b4

gxi_ham1 Sin51 =15.822 mm

cop oy —tané,qsingy

Pinion face W

idth along pitch cone, b,

b1 :bi'] )'be»] :31,910 mm

F.3.7 Determination of inner and outer spiral angles

F.3.7.1

Wheel cone
Re21 = A

Wheel cone

Pinion

Histance of outer pinion boundary point, R, (may be larger than R,)

RZ2 +b%+ 2R b1 08 {lup = 92,163 mm

istance of inner pinion boundary point, R;»4 (Mmay be smaller than R;,)

Rig1 = |

Face milling:

REg + b - 2R3 biy coS ¢y, =60,907 mm

Wheel spiral

(H.212)

(H.213)

(H.214)

(H.215)

(H.216)

2
Peo1 = arcsin[

Wheel spiral

Bio1 = arcsin[

102

: 2 2
Rm3 7o SNBmz — Rmz + Rea1 | _ 40 4300
2Re21 Tco

angle at inner boundary point, Sis4

- 2 2
2Rm2 160 SiNBmz — Rmp + Ri21 | _ 54 5q0
2Rip1 70

(F.217)

(F.218)
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Face hobbing and face milling:

Pinion offset angle in pitch plane at outer boundary point, ¢ o1

— aresin| P | °
Cep21 —arcsm[ J_9,414
e21

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

(a

. o]
Cip21 = arcsmk ): 14,330

Rip1
Outef pinion spiral angle, f4

Be1 = Peo1 + Cepa1 = 07,544°

Innerpinion spiral angle, 54

i1 = i1+ {ip21 = 44,879°

F.3.712 Wheel
Face| milling:

Outef wheel spiral angle, S,

2R sin — R2, + R2
5., = arcsin m2 c0 Pm2 m2 e2 |_ 47,674°
2Rgp 1o

Innerfwheel spiral angle, S;,

; _p2 2
;2 = arcsin| 2Xm2 00 Sfmz ~ Rz * R2 | _ 30 g6
2Rip reo

F.3.§ Determination of tooth depth

Outef addépdum, 7,

.4 =h__.+h .tanf ., =4 541 mm
1 al

ac | altrl

hae2 =ham2 +bep tanbyp =2,112mm

Outer dedendum, /i,

hfe1 = hfm1 +be1 tan9f1 = 2,784 mm

hiep = himp + beg tanfs, = 5,150 mm

© 1SO 2006 — All rights reserved
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(F.219)

(F.220)

(F.221)

(F.222)

(F.223)

(F.224)

(F.225)

(F.226)

(F.227)

(F.228)
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Outer whole depth, i,
he1 = hae1+ e =7,325mm (F.229)
hez = han + her = 7,262 mm (F230)
Inner addendum, £;
hai1 = ham1 _bi'] tan@a1 = 2,341 mm (F231)
hai2 =h bm2 — Djp l@ntyo = 1,006 mMm U‘232)
Inner dedendum,
]’lﬁ1 = hfn1 _bi1 tan6’f1 =2,236 mm (F233)
hﬁ2 = hfn2 —bi2 taanz = 3,052 mm (F234)
Inner whole dlepth, 4,
hi1 = hai" + hﬁ»] = 4,577 mm (F235)
hip = hafp + hgp = 4,640 mm (H.236)
F.3.9 Detefmination of the tooth thickness
Mean normal| pressure angle, o
o, = S T%C _ 00 (H.237)
Thickness mpdification coefficient, xg, pinion
with outgr transverse backlagh.
. R o/Ccos
Xt = Xsmn — Jet Rw2'08fim2 _ 038 (H.238)
4mmn Rep
Mean norma| circular-tooth thickness, s,,,1, pinion
Stnt = Q8B T+ 2mp (g + Xppq tana, ) = 4,922 mm (H.239)
Thickness modification coefficient, x,,», wheel
with outer transverse backlash, j
. RyocCOSp
Xm2 = —Yemn — Jet2 M =-0,062 (F.240)
Mmn Ke2
Mean normal circular tooth thickness, s.,,2, wheel
Smn2 = 0,9mpp T+ 2 mpyp (xsmz — Xhm1 tanan) =3,241mm (F.241)
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Mean transverse circular thickness, s,

ISO 23509:2006(E)

Smt1 = Smn1/€0S B = 7,656 mm (F.242)

Smt2 = Smn2/C0S Bmo = 4,147 mm (F.243)
Mean normal diameter, d,,,,

dm1
dmnt = =184,973 mm (F.244)
(1 —sinzﬂm coszarn ) COS f,;1 COSIy
A2
 mn2 = =749,108 mm (F.245)
(1 - sinzﬂmz coszarn ) COS f2 COS o
Mear) normal chordal tooth thickness, s.,,c
mncl = dmn»] Sin(Smm /dmm) = 4,921 mm (F246)

Fmnc2 = Amn2 SIN(Smn2/dmn2 ) = 2.241mm (F.247)
Mear) chordal addendum, /4,

hamet = Ham1 + 0,5 d 1 COS S {1 - cos[sm—mﬂ —3,462 mm (F.248)

mn1
famos = ama +0,5d 1 COSS, {1 - cos[sm—”zﬂ =1,849 mm (F.249)
mn2

F.3.10 Determination of remaining gear dimensions
Outef pitch cone distance; Rg4, pinion

Re1 = Rm1 +be1 =89,608 mm (F250)
Inner pitch cone distance, R;4, pinion

RH =Rm1—bi1 257,697 mm (F251)
Outer pitch diameter, dg4, pinion

dgq = 2Rgq sindy = 65,065 mm (F.252)
Inner pitch diameter, d;4, pinion

dy1 = 2R;1sindy = 41,895 mm (F.253)
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Outside diameter, d,¢

dge1 =de1+2hae1COSSy = 73,528 mm

daer =dep +2hsepCOSSy =171,560 mm

Diameter, df,

die1 = dgq—2hse1 €085y = 59,877 mm

dig2 =d

Diameter, d,

dai1 =d

daip =d

Diameter, df;

dfiq = dj

o2 — 2litep COSO5 = 166,196 Mm

(F.254)

(F.255)

(F.256)

1 +2hai1 00351 =46,258 mm

2 +2hg4ip COS0y =115,416 mm

—2hgq1c0s64 = 37,730 mm

dﬁ2 = di2 —2]’lﬁ2 COS52 =111 ,989 mm

Crossing poi

nt to crown along axis, 7,41 2

tyo1 = tZAn1 +be1 00351 —hae1 Sin51 = 83,070 mm

~

Ixo2 =
Crossing poi
Lyi1 = Iz
Ixi2 =1z

Pinion wholg

tZF 1 +4
hﬂ =T 1<

xa1

4o0S0,4

Am2 +beo COSIy — higen SINO, = 30,247 MM

nt to front crown along axis, #y 5
¥ _bi1 00351 - hai1 Sin51 = 54,135 mm

2 _bi2 00352 — haiz Sin52 = 19,653 mm

depth, A perpendicular to the root cone

Sin(6’a1 + 9”) - (tZR'] - IZF']) Sin5f1 =7,320 mm

(R.257)

(H.258)

(H.259)

(H.260)

(F.261)

(H.262)

(H.263)

(H.264)

(H.265)

(H.266)
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F.4 Sample hypoid gear set — Method 2

F.4.1 Initial data

This example uses Method 2 — Face hobbing tooth form.

ISO 23509:2006(E)

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

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

Z42 number of teeth X X 9/34 X
o mean g}jt\(l:vns‘i:llmeter - . 146,7 mm .
dep outer g:ctc\j:h:lealmeter X X _ X
by wheel face width X X 26,0 mm X
Bt mearcl)fsgilr:?cl)r?ngle - X . .
P2 mean spiel angle X S 21,009° X
rc0 cutter radius X X 76,0 mm X
number of blade
zp groups X — 13 X
(only face hobbing)
Table F.8 — Additional data for calculation of gear dimensions
Data type | Data type Il
Symbol Description Symbol Description
4D 20°
aq4c 20°
Jatim 1
o — Cham | 0,275
khap |— ky 2,000
knio | — ke 0,125
Temn——— *t 674
Wm2 | —
Jet2 0,2 mm
Oa2 0°
O 0°

© 1SO 2006 — All rights reserved
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Table F.9 — Transformation of data type Il into data type |

1
Xhm1 = kg [5 - chamj =0,45

k
khap:?d:1

khfp = kd (kc + %j = 1 ,25

ky

F.4.2 Dete

Lead angle g

v =arlcCs

First auxiliary

A =90°

Gear ratio, u

_Z2 |
21

u

— —aa
Xsmn —7—U,U\)

rmination of pitch cone parameters

f cutter, v

| 209m2098fmz | _ 5 151
222 c0

angle, 4
- B + v =89,142°

= 3,778

First approximate pinion pitch angle, S1app

51app =

sinYy

arctan
u+Ccos

J =14,826f

First approximate wheel pitchrangle, 52app

52app =

S — O1app = 75,174°

First approxirlnate pinion offset angle in axial plane, Crmapp

(R

(R

(R

(R

2a

¢ mapp = arcsin —dm2___|_ 538610

Approximate

F,

COoSo
+ 2app
U COSS14pp

hypoid dimension factor, Fapp

€0S fimz ~1317

app

108

) COS(ﬂmZ + gmapp)

267)

268)

269)

270)

271)

(F.272)

(F.273)
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Approximate pinion mean pitch diameter, d

ISO 23509:2006(E)

m1app
Fond
dmtapp :%”“2:51,150 mm
Intermediate angle, ¢,
u COs
@, = arctan - omapp =69,130°
[ A s
+1F =1 Sm
ET

Apprpximate mean radius of crown gear, Ry,

d
R =_—"M2_ _78500mm
MaPP— 2sing,

Second auxiliary angle, 7

rc0 COSV — Rynapp SINPmo
re0 SINV + R app €OS Byo

71 = arctan[

Intermediate angle, @3

tan(Bma +11)

_ }: 46,431°
sing,

p3 = arctan{

Second approximate pinion pitch angle, 04"

dm1app SINZ

] =23,479°

5, = arctan

2a

d 2 €08 Cmapp + dm1app COS 2 —

tan((/’3 + gmapp)

= 24,660°

Apprpximate-wheel pitch angle, 65", projected into pinion axial plane along the common pitch plar

55°= 3 — 54 = 65,340°

Start of iteration

Improved wheel pitch angle, 5;m,

S2imp = arctan(tan&z” cos cjmapp) — 63,343°
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(F.274)

(F.275)

(F.276)

(F.277)

(F.278)

(F.279)

(F.280)

(F.281)
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Auxiliary angle, Mo
sin COSJy;
7, = arctan Smapp 90902imp | _ 14 47ge (F.282)
cos(2—52imp)
Approximate wheel offset angle, Mapp
rctan 24 10,843 [A.283)
Napp = § - =10,645° .
app cos 7, sin(Bma +11)
dm2 tané‘Zimp + dm1app
cos(Z—dzimp)
Improved pinlion offset angle in axial plane, g“mimp
Fpp tan SiNJ9imp COS
£ mimp 5 arcsin| 24— Z2pp ZMapp SO2imp O3p | _ 54 6560 (F.284)
m2 u COS(Z—éZimp)
Improved pinfion offset angle in pitch plane, Cmpimp
tan ¢ mimp SN2
¢ mpimp F arctan fanCmimp Sin> = 23,846° (H.285)
cos(Z—ézimp)
Hypoid dimepsion factor, F
F- C0S Smz ~1,317 (H.286)
Cos'(ﬂmZ + gmpimp)
Pinion mean|pitch diameter, d,,
Ao _Hdma _ 54 138 mem (H.287)
u
Intermediate(angle, ¢y
( sindsiny’
@4 =arctan =46,413° (F.288)
%2 — €08 4 SiNSimp
c0
Improved pinion pitch angle, 51" imp
" i 2
51 imp = arctan A1 SIN o — 24,786° (F.289)

110

dpm2 COSCmimp + dm1 COS 2 COS 7y, —
tan(¢4 + gmimp)
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