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Foreword

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

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

This document includes the formulation for the geometrical dimensions of the worm and worm wheel, and
that for the determination of gear mesh geometry (path of contact, zone and lines of contact) with the details
to determine the non-dimensional parameters used to apply load capacity calculations (radius of curvature,
sliding velocities). Thread forms of the worms of worm gear pairs are commonly related to the following
machining processes:

the tog

the type of machining process (turning, milling, grinding, metal forming);

the shapes of edges or surfaces of the cutting tools used;

where

The calculd

lnosition relative toan axialnlane of the waorm-
r r 7

relevant, the diameters of disc type tools (grinding wheel diameter).

itions developed in this document are relatively complex as they involved primary and|

derivativeg of mathematical expression. In order to facilitate the writing of equations; the nun
the left part of formulae are often omitted; this is why several formulae have spgeial symbols 4
written in p mathematical way:
. d . .

Example irff Formula (B.12) =79 (yg) is written dog (yg)

¢

dZ
Example in Formula (B.14) —-ag (yg) is written d2ag (yg)

dyg

In this dodument, the figures show a generic representation of worm profile types A, I, N, K,
influence df different worm profile types, see Annex E.
This docurht‘lent introduces all the aspects concerningcthe gear mesh geometry to define conjuy
wheel, path of contact, lines of contact and other assetiated geometrical characteristics.

secondary
herators in
nd are not

C. For the

gate worm
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Worm gears — Worm profiles and gear mesh geometry

1 Scope

This document describes the thread profiles of the five most common worm profile types and provides

formulae o

f their axial profiles.

The five wrm profile types covered in this document are designated by the letters A, C, T, Kand

This documment provides the formulae to calculate the path of contact, the conjugate profile”of
wheel, the [lines of contact, the radius of curvature and the velocities at points of contact.'The ap

those for

2 Norm

The follow
requireme
the latest ¢

[SO 701, In
[SO 1122-2

3 Term

lae to calculate parameters used in load capacity calculations are provided}in'11.11.

ative references

ng documents are referred to in the text in such a way that somesor-all of their content
hts of this document. For dated references, only the edition eited applies. For undated
dition of the referenced document (including any amendments) applies.

ternational gear notation — Symbols for geometrical data

Vocabulary of gear terms — Part 2: Definitions reldted to worm gear geometry

s and definitions

For the purposes of this document, the terms dand definitions given in ISO 701 and ISO 1122

following 3
[SO and IE
ISO On

IEC El4

31
mid plane
plane perp

Note 1 to en

pply.

[ maintain terminology databases’for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

of worm wheel
bndicular toitsdatum axis containing the centre of virtual major torus radius generating t

try: See Kigure 26.

Note2toe

try: it can be axially located by measuring the position of inflection point along the helix of th

N.

the worm
blication of

ronstitutes
references,

-2 and the

2]

poth flanks

b cylinder of

the worm wheéel defined by the measurement diameter for worm wheel. In hobbed worm wheel, the num

ber of flutes

can influence the tooth flank surface and consequently the mid plane detection.

3.2

axial plane of worm
plane containing the line of axis of the worm defined by its datum axis

Note 1 to entry: Diameters can be measured in this plane, but thread surfaces would require a theoretical sharpened
edge measurement probe or correction in order to keep the contact point between the probe and the flank in this plane.

© IS0 2024 - All rights reserved
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4 Symbols and abbreviated terms

Table 1 to Table 3 provide the symbols, the indices and the descriptions used in this document.

NOTE First and second derivatives symbols are not listed in Table 1 and Table 2.
Table 1 — Symbols for worm gears

Symbols Description Units Figure Formula

numbers | numbers
A distance from the worm axis to virtual point of the cutter (see mm A4 —

Reference [4])

a centre distance mm 5 ﬁ and_g

ag refersto _the worm/tool centre distance (length of the common mm 22 q/t 55
perpendicular to the worm/tool axes) nQ

a;toa, | |coefficients for A, I and N profile — X v bee Table 5
by facewidth of worm mm AQ-‘) v 24
by effective wheel facewidth mm '\\) 5 40
byr wheel rim width ny;LO 5 —
b¢2 face end chamfer depth kﬁ;ﬂ{ 5 —

€1,Cy tip clearance . ~mm — 47 and 48
d,q worm tip diameter P, >\ mm 1 14
d,, worm wheel tip diameter \\\< mm 4 36
dy1 base diameter of involute helicoid (for profile type I) \\y mm — 22
dgy worm wheel outside diameter s(\(\‘0 mm — 38
depmax maximum worm wheel outside diameter R\Y N mm — 39
dermin minimum worm wheel outside diameter \’\\@ mm — 38
dgy worm root diameter \O mm 1 15
de, worm wheel root diameter . (.\,17 mm 4 35
dpaq worm tip form diameter C)\v mm 3 —
dpao worm wheel tip form diame\qr’ . mm 6 —
dppy worm root form diamet‘e(‘j\\ mm 3 —
dgso worm wheel root fo;m(d.iévmeter mm 6 —
dn worm reference g@iﬁéter mm 1 10
dyo worm wheel;\dfg\e-r'lce diameter mm 4 25
dna1 active WOI@M form diameter mm 6 —
dnaz activey&fr\l wheel tip form diameter mm 6 —
dns1 acti@{)rm root form diameter mm 6 —
dysa ’.aﬁt\gl\e worm wheel root form diameter mm 6 —
dy Tworm pitch diameter mm — 45
dy» worm wheel pitch diameter mm 7 44
€mx1 worm reference tooth space width in axial section mm 1 17
en worm normal tooth space width in normal section mm — 19
€m2 worm wheel tooth space width in mid plane section mm — 28
hy worm tooth depth mm 1 11
h, worm wheel tooth depth mm — 33
hym1 worm tooth reference addendum in axial section mm 1 12
hamz worm wheel tooth reference addendum in mid plane section mm 5 31
h':ml worm tooth reference addendum coefficient in axial section — — 31

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbols Description Units Figure Formula
numbers | numbers
h; worm wheel tooth reference addendum coefficient in mid plane — — 32
mz2 section
hg, worm wheel tooth external addendum mm — 34
hem1 worm tooth reference dedendum in axial section mm 1 13
hemo worm wheel tooth reference dedendum in mid plane section mm — 32
h; ) worm tooth reference dedendum coefficient in axial section — 1 13
m
h worm wheel tooth reference dedendum coefficient in mid plane — — 32
fm?2 Section N
hyq radial height of chamfer (of worm) mm 3 r\q/\“ —
hyo radial height of chamfer (of worm wheel) mm A,ﬂ>) —
Jx axial backlash mm q;o— 28
m, normal module mm — 9
myq axial module mm—, — 2and G.1
ny rotational speed of the worm y " — 144
Pbni normal pitch on base cylinder (for profile type I) /o) m — 23
P normal pitch /.S( mm — 8
Pi2 transverse pitch . Q\’ mm — 27
Px1 axial pitch Q\\}\ mm 1 1
P lead (of worm) ‘Q)\ mm — 3
Poul unit lead (lead of worm per radian) \\,\ mm/rd — 4
Q1 diameter quotient \@Q‘ mm — 5
Re., outside radius of the grinding wheel (forfRFéflle type C and K) mm 22 —
Rem nominal or mean radius of the grlnd],gé%ﬁeel (for profile type mm 22 56
CandK)
I'g2 worm wheel throat form radius C) mm 5 41
b1 base radius for involute pr@e (for profile type I) mm A4 and A.5 22
'y base radius of a notiong.l@e circle (for profile type N) mm A4 and A.5 —
1 tip radius (of wormhy mm 3 —
o tip radius (of WO(@\\Tﬁeel) mm 7 —
ro radius at cusga\(O\ mm 34 —
Sm2 tooth thicKness at the reference diameter of the worm wheel mm 4 28
Sk rim tb@\‘gss mm 16 —
Smx1 V\{@}‘{read thickness in axial section mm 1 16
5 C'%}m thread thickness in axial section coefficient — — —
mx1 )
Sn1 normal worm thread thickness in normal section mm — 18
u gear ratio — — 46
Xy worm wheel profile shift coefficient — — 30
XGm thickness of grinding wheel at nominal radius mm 22 and B.2 B9
Zq number of threads in worm — — —
z, number of teeth in worm wheel — — —
Aoy tool normal pressure angle ° 20
Qot tool transverse pressure angle for profile types A and I ° 20
a, normal pressure angle ° — 20
Bm1 reference helix angle of worm ° — 7

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbols Description Units Figure Formula
numbers | numbers

Ym1 reference lead angle of worm ° — 6
Vb1 base lead angle of worm thread (for profile type I) ° Al 21
Y'b1 base lead angle of the notional base helix (for profile type N) ° A4 and A.5 —

o, face end chamfer angle ° 5 —
PGm radius of curvature of grinding wheel (for profile type C) — — —
W1 angular velocity of the worm rad/s — 144
W2 angular velocity of the worm wheel rad/s — 146

In calculat

Table 2 — Subscripts for worm gears

on, when a radius is derived, the symbol d for diameter shall be replaced by r for radiu

v

Symbols Description
0 cutting tool
1 worm
2 wheel
G grinding wheel
Table[3 — Coordinate of remarkable points (units are mmfor length and degrees for angles)
Symbols Description Figure Formula
numbers humbers
b‘D“(y D) normal vector to an offsgtplane — 140
p )
c1, & (Yol es(yg), €(yg) parameters to detésmine generated point by the — 59 to 62
grinding wheel
xq(¥g), Y&, oG (yg) coordinates,ofapoint on the tool flank when the origin 22 Table 8
is at the point'of intersection of the tool axis and the
tool medjan plane, with the x-axis as the tool spindle
axisandthe abscissa on the trace of the median plane
forprofile C and K
x(ve), yl(»v), ag () Coordinates of axial profile and axial pressure angle 25 19, 50, 54
for A, I, N worm profiles
. (Vg) vy (yg), o (¥Vg) coordinates of axial profile and axial pressure angle 25 b7, 68, 78
for K and C worm profiles
Xp (y D), VD (y D), e (y D), coordinates of worm profile and pressure angle of 27 8(,81,82,86
P P P worm profile in an offset plane, projection angle from
3p (¥p,D) axial profile
X'D (J’p D), Vs (J’p ,D) coordinates of worm profile with origin at pitch point 27 D0, 81, 82
Xp (y ,D), Vi (y ,D) coordinates of path of contact in an offset plane with 27 91,92
P P origin on pitch axis
xRD(y ,D), yRD(y ,D) coordinates of conjugate worm wheel profile of the 29 96,97
P P worm in an offset plane with origin on worm wheel
rMZD(yp 'D) ’ ﬁD(yp :D) axis and polar coordinates
xTp(rop.D), yTp(hop,D) coordinates of trochoid profile of the worm wheel pro- 30 101,102
file in an offset plane with origin on worm wheel axis
xp (yeusp,D) , yp(ycusp,D) coordinates of cusp pointin an offset plane with origin — —
on pitch axis
CeqiD (}’p ,D) curvature for the worm at a point in an offset plane — 103,110

© IS0 2024 - All rights reserved
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Table 3 (continued)

Symbols Description Figure Formula
numbers numbers
CquD (yp ,D) curvature for the worm wheel at a point in an offset 31 111
plane
Rqu (J’p ,D) equivalent radius of curvature in an offset plane — 113
Tyap (D) radius of worm wheel conjugate to point B, tip of the| 28 and 34 10.6.2
worm profile in the offset plane D
Toop (D) outside radius of the worm wheel in the offset plane D — 98
It2p (D) root radius of the worm wheel in the offset plane D — 99
rwp (D) radius of cylinder crossing the pitch point of in an — 87
offset plane D
coordinate of a point of contact for the worm — 126
My (y pD) P o
coordinate of a point of contact for the worm wheel — 127,149
My (yp.D) P T
) tangent unit vector to conjugate profile in the offset — 134
TN cont (yl 'D) plane D
n—(y D) normal vector to the worm and worm wheel profile — 139
DA\7pe in an offset plane
NormalNx) (yp ,D) normal unit vector to the lines of contact at common — 124
point of contact
NORMAL(yp ,D) normal unit vector to the lines of‘cantact — 122
Req(yp ,D), Req, (J’p ,D) radius of curvature along thelihe the contact — 143, 141
normalized unit vectors 6fithe common tangent plane — 117,121
TDl(yp D). TDZ(yp 'D) at point of contact between the tooth flanks
¢ (y D) tangent vector to the' worm and worm wheel profile — 138
b\ p- in an offset plane
velocity of a point of the thread of the worm — 146
v (J’p ,D) y p 146
velocity-of a point of the tooth flank of the worm wheel — 15
Va(y p.D ) oo P T
Vebn (}’p D velecity at the contact point along the path of contact — 160
V. D sum of velocities at the point of contact for method B — 163
Suntn (- P) in 1SO/TS 14521:2020
op (D) angle of the projection of the pitch point of the offset ° 88
plane D in the axial plane
Axp (D) axial translation for the projection of the pitch point — 89
of the offset plane D in the axial plane
a angular velocity vector of the worm — 145
@ angular velocity vector of the worm wheel — 148

© IS0 2024 - All rights reserved
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ulae for calculation of dimensions

5.1 Parameters for a cylindrical worm

5.1.1 Axial pitch

Axial pitch

is given by Formula (1), (see Figure 1):

Px1 =7 -Myq

5.1.2 Axial module

Axial modlllle is given by Formula (2):

myq

5.1.3 Le
Lead is giv

Pz1 7

5.1.4 Un

Unit lead i{

Pzu1 =

Px1
T

hd

bn by Formula (3), (see Figure 1):

Z1-DPx1

it lead

given by Formula (4):

P71
2.1

5.1.5 Diameter quotient

Diameter g

q1 =1

5.1.6 Re

Reference

tany]

uotient is given by Formula (5):

dml

My 1
ference lead angle

hngle is given'by Formula (6):

...
m
dm1 a1

5.1.7 Re

ference helix angle

Reference helix angle is given by Formula (7):

ﬂml

=90°=¥m1

5.1.8 Normal pitch on reference cylinder

Normal pit

ch on reference cylinder is given by Formula (8):

Pn1 =Px1-€0S¥m1

© IS0 2024 - All rights reserved
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5.1.9 Normal module
Normal module is given by Formula (9):

my =Mmyq -COS Y1 )

5.1.10 Reference diameter

Reference diameter given by Formula (10):

A1 =41 "My (10)
P
Smx1 | Emx1
E
/ / £
LN LA S|
% | ®
£
‘DE =
<
Figure 1 — Axial parameters for worm
5.1.11 Reference tooth depth
Reference footh depth is given by Formula (31);/(see Figure 1):
1
hy =ham1 +hfn1 ZE'(dal —dpy ) (11)
5.1.12 Reference addendum
Reference addendum is given’by Formula (12), (see Figure 1):
* 1
haml =haml RES =E'(da1 _dml) (12)
where h*, |, is‘the addendum coefficient; normally h*,; = 1.
5.1.13 Reference dedendum
Reference dedendum is given by Formula (13), (see Figure 1):
* 1
Pnt =m1 My =2 (dm1 —df1) (13)

where h;ml = dedendum coefficient; generally, 1,1 < h;ml < 1,3, the recommended value is 1,2.

© IS0 2024 - All rights reserved
7


https://standardsiso.com/api/?name=52c5ed6f4c7119800ec0ba08938d3695

ISO 10828:2024(en)

5.1.14 Tip diameter

Tip diamet

er is given by Formula (14), (see Figure 1):

dal =dml +2- haml

5.1.15 Ro

ot diameter

Root diameter is given by Formula (15), (see Figure 1):

dey =dpmq =2 hgyq

*

5.1.16 Thrread thickness coefficient s 4

A recommd

In general
wheel thre

5.1.17 Re|

Reference

Smx1 =

5.1.18 Re
Reference

€mx1

*

bnded value is 5,1 =0,5

practice, this coefficient is very often less than 0,5 when there is a wish’ to increase
ad thickness to extend durability against wear of worm wheel.

ference thread thickness in the axial section

hread thickness in the axial section is given by Formula (16),*(see Figure 1):

*
Smx1 "Px1

ference space width in the axial section

bpace width in the axial section is given by-formula (17), (see Figure 1):

=Px1 ~Smx1

5.1.19 Normal thread thickness

Normal thi

Sn1 7

ead thickness is given by Formula (18):

Smx1 "€0S¥Ym1

5.1.20 Ngrmal space width

Normal sp

€n1 7

nce widthyis given by Formula (19):

€mxt " €0S¥m1

5.1.21 Profile flank form

It is specifi

ed by a letter:

© IS0 2024 - All rights reserved
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is the envelope of straight line in the axial section;

is the envelope of straight line in the normal section of the space width;

is a milled helicoid by double cone form;

is a milled helicoid by circular convex form.

rmal pressure angle

n profile type:

is the involute helicoid (the envelope of straight line in a plane tangent to the base cylinder);

Normal pr{

tan o,

For other v
profile typ

pssure angle is given by Formula (20):

=tan OtOt ‘COSYm1

yorm profile types, o, =, where a, is defined in 7.3 for I worm profiletype, in 7.4 1
b, in 7.6 for K worm profile type and 7.7 for C worm profile type.

5.1.23 Bagse lead angle for profile type I

Base lead 4

cosYj

ngle for profile type is given by Formula (21):

b1 =CO0S 'yml . COSO!On

5.1.24 Base diameter for profile type I

Base diamf

dbl =5

For profile]
profile (SA|

eter for profile type is given by Formula (22):

anymg My 2g

tanyy;  tanyy

ml

type I, when the root diameter is lower than the base diameter, the diameter of sta
P) shall be greater than df;.

5.1.25 Ngrmal pitch on base eylinder

Normal pit]

Pbn1

5.1.26 W

ch on base cylindet is given by Formula (23):
=DPx1COSYp1
rm‘face width

(20)

or N worm

(21)

(22)

It of active

(23)

Worm face

width is given by Formula (24):

by 2\(dy)? ~(2-a—dyy )P

5.1.27 Right-hand helix and left-hand helix

(24)

The flank direction is right-handed if the flank line describes a right-hand helix and left-handed if the flank
line describes a left-hand helix. See Figure 2.

© IS0 2024 - All rights reserved
9


https://standardsiso.com/api/?name=52c5ed6f4c7119800ec0ba08938d3695

ISO 10828:2024(en)

Key
selecte

right fl
selecte

BwWw N R

5.1.28 Rig

The right f
when view
both worn

Right flanK

5.1.29 FIg
The flank

a) Left-hand worm gear set

1 reference face of worm

left flanjk (LF) of worm

hink (RF) of worm
 reference face of worm wheel

pht flank and left flank

s and worm wheels, see Figure 2.

Ink definition

X N o v

5.1.30 Root form and-tip/form diameter for worm

The root fqrm diangeter, dgy;, is the start of the portion of the worm profile (A, I, N, K, or C). For a
the diameter of the intersection of the flank with the root fillet or root radius (taking into accouy

if necessarly).See Figure 3.

b) Right-hand worm @ear set

left flank (LF) of worm wheel
right flank (RF) of wérniwheel
rotating direction-6f worm wheel
rotating direction of worm

Figure 2 — Direction of helix and flank conventions

lank (or left flank) is the tooth flank that@n observer sees on the right-hand (or left
ing the selected reference face of a togth when it is pointing upwards. This definitior

irection is right-handed’if the flank line describes a right-hand helix and left-handed
line describes a left-hand heli%-Sée Figure 9.

hand) side
| applies to

parameters are indicated by the subscript R and left flank parameters by the subscript L.

if the flank

worm, it is
it undercut

The tip form diameter 15 dp,;, 15 the end of the portion of the worm protile (A, I, N, K, or CJ. For a worm, it is
the diameter of the intersection of the flank with the tip chamfer or tip radius when existing.

With direct transition between the nominal helicoid profile and the top land of the tooth, the tip form
diameter is equal to the tip diameter (dg,;=d,;). In the case of tip rounding or tip chamfering, tip form
diameter and tip diameter differ by double the height of chamfer or rounding h,; then to study gear mesh
geometry in Clauses 10 and 11, tip diameter d,; shall be replaced by form diameter dp,;.

© IS0 2024 - All rights reserved
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3| <€

Fignrn 3 — Rootformand fip form diameter for worm

5.2 Parameters for a worm wheel

5.2.1 Gepneral

Figure 4 shows parameters for worm wheel and Figure 7 shows pitch and réference diameters for worm
gear set.

1Ym2
a2

!dfz

\

Figure 4 — Parameters for worm wheel

5.2.2 Reference diameter

Reference diameter is given by Formulae (25) and (26), (see Figures 4 and 5):

or

dmp =2-a—dp (26)

© IS0 2024 - All rights reserved
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5.2.3 Transverse pitch
Transverse pitch is given by Formula (27):

Pt2 =Px1 (27)

5.2.4 Transverse tooth thickness at reference diameter

This value can be calculated only for a worm wheel without profile shift from Formula (28),
(see Figure 4):

Sm2 =emx1 ~Jx (28)

where j, = axial backlash.

5.2.5 Sppce width at reference diameter

This value|can be calculated only for a worm wheel without profile shift from Formula (29),
(see Figurg 4):

€m2 = Px1 ~Smz2 (29)

5.2.6 Profile shift coefficient

Profile shift coefficient is given by Formula (30), (see Figure 6)¢

Xz:Za—dml _mxlzz (30)
2-myq

5.2.7 Topth reference addendum

Tooth reference addendum is given by Formula{31):
* 1

ham2|=My1 - Pam2 :E'(daZ —dp9 (31)

where h;:mz is the tooth refererice addendum coefficient; h;mZ =1 (normally).

5.2.8 Topth referencededendum

Tooth reference dedendum is given by Formula (32):

* 1
hgm 2 [F M5 1 Mgy o =E'(dm2 —df;) (32)

where h;mZ is the tooth reference dedendum coefficient; generally 1,1 < h;mz < 1,3, the recommended
value is 1,2.

5.2.9 Tooth depth

Tooth depth is given by Formula (33):
hy = hymz + gy (33)

© IS0 2024 - All rights reserved
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5.2.10 Outside addendum

Outside addendum is given by Formula (34), (see Figure 4):

1
he; :E'(dez _daZ)

Generally:

5.2.11 Ro

h
0,4<—2 <1,5 Normally h,, /m,; = 0,5
My1

ot diameter

Root diameter is given by Formula (35), (see Figure 4):

dfy 3

5.2.12 Tij
Tip diamet

dy7 3

5.2.13 Ou

Outside did

de2 I

NOTE )i

dmZ _Z'hfmZ

h diameter

er is given by Formula (36), (see Figure 4):

dm2 +2'ham2

tside diameter

pmeter is given by Formula (37), (see Figure 4):

dyp+2-hyy

or min/max values see 5.2.14.

5.2.14 Minimum and maximum outside diameter

Generally, 1

d

e2min

eZ2max

minimum and maximum outside’diameters are given by Formulae (38) and (39):

:daz +0,8'mX1

:daz +3mX1

5.2.15 Worm wheeliface width

Worm whe

el face'width is given by Formula (40), (see Figures 4 and 6):

byy

<12 a-dg)? —(2-a-d,, )2

© IS0 2024 - All rights reserved
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bay=bg bR bag
b
b bay i
02 ry2 D bgr=0
= B b¢>2 /‘gz r 2
\e e
o

_ /

Y 124
- | |
I T — |-
- S

a) Worm wheel with full face b) Worm wheel with full face c) Worm wheel with fu]l face
width limjted by face/lateral larger than tooth face width witheut face/lateral chamfer
chamfers

NOTE d) represents the geometrical conditions where b,}; reaches its maximum value.

Figure 5 — Worm wheel face width

5.2.16 Thiroat form radius

Throat form radius is given by Formula (41), (see Figure 4):

daZ

5 (41)

Ig2 Ja-

5.2.17 Root form and tip diametek for worm wheel

The root form diameter, dg,, is.the start of the portion of the worm wheel conjugate to worm grofile type
(A, [, N, K ¢or C). For a worm'wheel, it is the diameter of the intersection of the flank with the r¢ot fillet or
trochoid (considering undereut if necessary). See Figure 5.

The tip formn diameteris'dp,,, is the end of the portion of the worm wheel conjugate to worm profjile type (A,
I, N, K or C). For a wworm wheel, it is the diameter of the intersection of the flank with the tip chamfer or tip
radius when existing.

With diredt ¢ransition between the worm wheel conjugate flank to worm profile type and the fop land of
the tooth, the tip form diameter is equal to the tip diameter (dy,,=d,,). In the case of tip rounding or tip
chamfering, tip form diameter and tip diameter differ by double the height of chamfer or rounding; hy,, then
to study gear mesh geometry in Clauses 10 and 11, tip diameter d,, shall be replaced by form diameter dg,,.

© IS0 2024 - All rights reserved
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5.3.1 Ce
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=drat

Ayat

contact
bint

nt of meshing

Figure 6 — Root form and tip form diameter for worm wheel

hing parameters

htre distance

ance is given by Formulae (42) or (43), (see Figure 7):
5'(dm1 +dm2 ) =0'5'(dwl +dw2 )

[n case of crossed axis gear composed of two involute cylindrical helical gears with parame
IS0 21771-1:—1), Annex H providés an interface to convert those parameters with the conven
nt.

«1°[0,5-(q1 +229%, |

(42)

ers defined
tion used in

(43)

1) Under preparation. Stage at the time of publication: ISO/DIS 21771-1.2:2024.
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Key

1 symme

NOTE1

NOTE 2
on partb) (i

5.3.2 Pitch diameter of worin wheel

Pitch diam

d

w2

5.3.3 Pi

trical axis of the thread

'he profile shift coefficient x, is negative.

ight) the profile shift coefficient is negative.

eter of worm wheel is given by Formula (44), (see Figure 7):

=Zp Myq

ch-diameter of worm

n both parts a) and b), the worm is the same. On part a) (left), the profile shift coefficient eqlial zero and

Figure 7 — Pitch'and reference diameters for worm gear set

(44)

Pitch diaméter of worm is given by Formula [45], (S€€ Figure 7J:

dy1=2-a—d,;

5.3.4 Worm gear ratio

ration is given by Formula (46):

Worm gear
z

u=-%

1

© IS0 2024 - All rights reserved
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5.3.5 Contact ratio

The calculation of the contact ratio is defined in 11.6.

5.3.6 Tip clearance

Tip clearances are given by Formulae (47) and (48):

Cl =a_0,5'(da2 +df]_)

Cy =a—0,5'(dal +df2)

(47)

(48)

5.3.7 Stg

In a define
dp, orbyt
governed €
form diam

irt of active profile (SAP) and end of active profile (EAP) diameters for worm and w

he start of conjugate profile of its mate (i.e. dy or dgg). The SAP, (active root)diameter,

ither by the diameter of start of the portion of the worm profile type (ALN, Kor C) o
bter of its mate. The active area of the flank extends from the active tip diameter to the

diameter a
NOTE

E in Figure
worm and t

Key

(L) path of]

C
E

pitch p

!

B). In such case, the active lengths of profile are shortened; the EAP is below the tip form dia
he SAP on the worm wheel is above the usual one (see Figure 8 and*10.6.3).

contact
bint.

end po

ntof meshing

 gear pair, the active tip diameter, dy,, of a gear can be governed either by its.tip forn

d so is dependent on the characteristics of both gears and the centre distance. See Fig

some cases (e.g. low-pressure angle) the conjugate action of profilesican be limited by a cug

prm wheel

h diameter,
dyp can be
r by the tip
active root
fure 8.

p (see point
meter of the

Figure 8 — Diameters and worm wheel evaluation height for profile in mid plane
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6 Generalities on worm profile types

6.1 Wor

m profile types, see Table 4

Table 4 — Worm profile types

Profile type Description

A Profile ty

pe straight sided axial profile

C Profile ty

pe

concave axial profile formed by machining with a convex
circular profile disc type cutter or grinding wheel

I Profile type

involute helicoid, straight generatrix in base tangent planes

N Profile tyjpe straight profiles in normal plane of thread spacewidth helix

K Profile tyjpe milled helicoid generated by biconical grinding wheel or
milling cutter, convex profiles in axial planes

6.2 Conyentions relative to the formulae of this document

6.2.1 The¢ worm threads are right-handed.

The formulae in this document define the coordinates of the flank of the axial profile of worm, lochted on the

left when lpoking in the plane XOY of Figure 9. This is the right flank of‘the worm according to Figure 2.

A symmetric profile to the right flank relative to a perpendicular axis to the worm axis shall be drawn to

obtain the |eft flank.

6.2.2 The worm and wheel pairs operate as speed reducing gears with directions of rotation as shown in

Figure 9, thus the worm thread right flanks contact the wheel tooth left flanks. These are the flanks studied

in this repgrt.

6.2.3 The worm wheel is above the worm.

6.2.4 With the origin O, the reference axes’X Y Z, are mutually perpendicular (see Figure 9):

— OX thelworm axis coincides witli the X axis;

— OY thecommon perpendicular-to the worm and wheel axes coincides with the Y axis;

— OZ to ¢omplete the direct\Coordinate system.

A point is defined by itsx;-V, z coordinates. The following subscripts are used:

— x refers to the XY axial plane;

D ref

ers/to an offset plane;

t

n refersto the normal plane;

refers to a transverse plane.

© IS0 2024 - All rights reserved
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set is an increaser.

Key
1
2

directi
directi

(A) pitcha
worm g

NOTE )

7 Defin|

7.1 Gen

There are 1

Profilg
the ax
offset
offset

n of rotation of the worm (C) pitch cylinder of the worm wheel - diametq

n of rotation of the worm wheel P pitch plane of the worm - distance from th

wormequal to d,,,;/2

kis - common tangent between pitch surfaces of
nd worm wheel

or the clarity of drawing, only one thread for-worm is represented.

Figure 9 — Conhventions used in formulae

ition of profile types

eral
wo kinds of worm profile types:
al profile.are a direct function according to the radius of the worm. In that case, gear

planetuses two parameters: y. which is the radius of the worm and D which is the dis]
blahe

If the worm is driving, the worm gear set is a reducer. If the worm wheel is driving, the worm gear

rd,,
e axis of the

types A, I, \N-are generated by a helical movement of a straight line in the space. The formulae of

mesh in an
ance of the

Profile types K and C are generated by a helical movement of a grinding wheel with a certain profile (see

Figure 22) in the space. The generated flanks on the worm are the envelope of the grinding wheel. Each
point of the worm profile is generated by a point of the grinding wheel. The formulae of the axial profile
are not a direct function according to the radius of the grinding wheel profile. In that case, gear mesh
in an offset plane uses two parameters: y. which is the radius of the grinding wheel and D which is the
distance of the offset plane. In those cases, the calculations are more complex.

The differences between these five profile types are shown in Annex D. In complement, Annex G provides
an informative calculation method to link the main geometric parameters of the gear set with the tooling
parameters.
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rm profile type

7.2.1 Geometrical definition

The worm flanks with A profile type are generated as envelopes of straight lines in axial planes which are

inclined at a constant angle: B}

-, to the axis (see Figure 10). This line as it is moved with simultaneous

rotation about and translation along the axis X, defines the worm thread flank (see Figure 10). The form of
which is commonly described as an Archimedean helix.

g

Y .
) |

7.2.2 M4

The straigl]
straight lin

The thread
plane of th

Both flank

Another m

1t generatrix is always)crossing the worm axis; the flank of thread in an axial plane

Figure 10 — A Profile type - Theoretical generation

chining methods

e; so machining methods should ensure to generate this straight axial flank.

s can be cut pn@lathe with a tool having straight edges, the cutting plane of which lieg
e worm [see,Rigure 11 a)].

5 of a thread space can be machined simultaneously by using a tool of trapezoidal form.

s always a

in an axial

hvolves the

ethod, which is an inversion of the process of cutting a helical gear with a rack cutter, i

bhualata chanar o e diion dtbhn daciend vactilinaas pacly s il 100 o agial nlapn Afeh o
TV Tt S Tatcproreih—=h pPrahpe-or—+nc

worm. The

use of an i

T tC ST p tT tU pTrotaoattTnc Ot o CO T COTITTTLT TXTOT

cutting face shall lie in that axial plane [see Figure 11 b)].

The pitch circle of the shaper shall roll without slip on the datum line of the rack profile. This coincides with

a straight1

ine generatrix of the worm pitch cylinder.

© IS0 2024 - All rights reserved
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b) Partial projection view in axial plane of the c) Partial projection view in axial plane
worm of tgol of trapezoidal form worm of involute shaper

Figure 11 — A Profile type*=*Machining methods

An A Profillz type is equivalent to a straight line intan axial plane.

The develo

7.3 1worm profile type

7.3.1 Gejometrical definition

The worm flank with I profile\type is an involute helicoidal surface. The form of which can be gen
line (A) which is tangent tothe base helix (H) lying on the base cylinder of the worm, and is mc

(H). (H) is

roncentric with the worm axis (see Figure 12).

A transverge profile'(in a normal plane to the worm axis) of a flank is an involute to a circle.

ment of the formulae for the axialiprofile of A worm profile type is shown in Annex A

of the

A2

erated by a
ving along
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linder of the worm

Figure 12 — I Profile type - Theoretical generation

chining methods

ht generatrix is always tangential to the-base helix in a plane which is tangential {
the flank of the worm is a straight line il an offset plane which is tangential to the ba
methods should ensure this straight offset profile.

edge aligned with the base tangent generatrix in a plane tangential to the base cylind

machine both flanks of a-thread simultaneously, one left hand tool in one plane an
h another plane as deseribed in Figure 13 shall be set.

o the base
be cylinder.

Le helicoidal flanks of the threads’/can be generated by turning on a lathe using a knife tool with

I

H one right

© IS0 2024 - All rights reserved
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Key

1 base [cylinder
2 cutting tool

3 generatrix

NOTE ®ot = Vb1
Figure 13 — I Profile type - Machining method with a lathe
The worm|flanks can be machined by milling or grindingas$ing the plane side face of a disc type milling

cutter or grinding wheel. The cutting face shall be aligned either

— with itls axis parallel to the X-Z plane and the base tangent generatrix of the flank in the cutting face (see
Figure|14), or

— with the reference helix of the worm and.inia'plane perpendicular to the reference helix set to the normal
pressure angle o, (see Figure 15).
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Key

1  base cylinder

2 grindinlg wheel (with flat active face)

3 action plane of the grinding wheel

4  generafrix

P plane tangent to the base circle containing the generatrix

Figure 14 — I Profile type - Machining method by grinding (solution 1)

In the set-yp of alignment in Figure 15, the cutting face has the advantage to extend near the thrgad root.

In the set-fip of method of Figlire 14, the cutter/grinding-wheel spindle shall be raised so that the cutter/

wheel periphery is tangentto the point of intersection of the base tangent generatrix with the root cylinder
of the worin.

Both methpds require‘that the mounting of the worm in the milling/grinding machine be revers¢d between
machining|right and left flanks.

© IS0 2024 - All rights reserved
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Figure 15 — I Profile type - Machining method by grinding (solution 2)

[ profile typeds slightly convex in an axial plane

The development of the formulae for the axial profile of [ worm profile type is shown in Annex A, A.3.
7.4 N worm profile type

7.4.1 Geometrical definition

The worm flank with N profile type is formed by a straight line generatrix (A) which lies in a plane normal

to the reference helix (H;); crossing (M) which is a common point of intersection of a vector radius, the
generatrix (A) and the reference helix H. The angle a between (A) and the radius vector at M point is

constant.
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The flank envelope is formed by the generatrix (A), due to the helicoidal movement of the vector radius
carrying the point M which describes the reference helix (see Figure 12).

Figure 16 — N Profile type - Theoretical generation

7.4.2 M3chining methods

The threads can be cut in a lathe-with a tool having trapezoidal form having edges in the cutting plane which
match the profile of the thread.space in a plane normal to the reference helix of the thread space.

This is equivalent to placing the tool as for threads with A profile type, then to rotate it aroynd an axis
matching ifs symmetri€al-axis up to an angle equal to the reference lead angle y,,; (see Figure 17).
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Figure 17 — N Profile type - Machining methods

Type N prdfiles are slightly concave in an axial plane.

The development of the formulae for the'axial profile of N worm profile type is shown in Annex A} A.4.

7.5 General formulae for A, I'and N profile types

Formulae (49) to (54) shall be.used to obtain the axial profile for A, I, N profile types.

The general formula of the axial profile of the worm for A, I, N profiles can be given by Formula (49) and
Formula (§0) with x, @s'the axial abscissa of the axial profile point function of the radius of the|circle y, at
this point:

2_ 2
X, (yr)1=4d, -arctan(MLaq -/ V?—ag +ay (49)
Ce )
Yx ()= (50)

The values for the coefficients are given in Table 5.
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Table 5 — Coefficients a; to a, for A, I and N profile types

. Profile types
Coefficients ) ) .
A Profile [ Profile N Profile
ay a;p =0 a11 = ~Pau1 AN = Pau1
a, ap =0 a1 =Tpy _ Assin(¥y ) tan(agy)
&N : >
\/1 +(Sln(Ym1 ) ’ tz’H‘I(O‘On ))
A=r - Smx1 'COS()/ml )
2-tan(ogy, )
as . tan(ay) a3y =tan(Ypy ) L G
" c05(¥m1) T A-tan(Yp)
a, 0 0 0
In Formulg (49), a, coefficient allows to translate the axial profile and to set it up atthé correct position
needed in the calculation.
To set up pxial profile at the pitch point in the mid plane the a, coefficient,shall be determiped by the
application] of the general Formula (51) for the pitch radius r,;.
22
rw1” —a
a, =—x, (ry1) = —aq -arctan wi_ 2 —ag \[Iy1’ — a5 (51)
a
In complerpent to the coordinate of the axial point, it is possible'to define at this point the axial pressure
angle at the y,_ circle which is defined by the derivate of x, function according to y,, as given by Forjmulae (52)
to (54):
a; -a, 1
dx, (y})= +az-y, | — (52)
Ir Yr —ap
dyg (§)=1 (53)
dx
tana, yr):ﬂ (54)
dyy (¥r)

7.6 K worm profile type

7.6.1 Ge
Unlike tho

ometrical definition and method

ke of Axland N profile types, the worm flanks with K profile type do not have st

generatrix

raight line

bs. Thethread spaces of K worm profile type are generated with a biconical grinding wheel or

disc type nllilling cutter having straight cone generatrixes (see Figure 18).

The common perpendicular to the tool spindle and worm axes lies in the line (A) of intersection of the
median plane (M) of the tool and a transverse plane of the worm (R). The angle between the two planes is
equal to the worm reference lead angle of the worm y,,;.The straight generatrix of each tool cone and the
median plane of the tool forms an angle equal to the normal pressure angle o, of the tool.

The worm is turned uniformly with simultaneous axial translation of threads so that a point on the common
perpendicular, distantr ; (r,,;: reference radius of worm) from the worm axis, describes the reference helix.

© IS0 2024 - All rights reserved
28


https://standardsiso.com/api/?name=52c5ed6f4c7119800ec0ba08938d3695

ISO 10828:2024(en)

Figure.18 — Profile K - Machining method

The helicojdal flanks of the wgrm are generated by the conical sides of the tool and the profile form is
influenced|by the change of helix angle with change of thread height and points on the tool flanks which
contact thg worm threads lie)on a curve and not on any one cone generatrix (see Figure 19).
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Key
1  grinding wheel

Figure 19 — Profile K - System of coordinates

Like I profile type, K profile type is convex in axial planes.

The development of the formulae for the axial profile of grinding wheel for K worm profile type is shown in
Annex B, B.1.

7.7 Cworm profile type

7.7.1 Geometrical definition

Unlike those of A, I and N profile types, the worm flanks with C profile type do not have straight line
generatrixes.
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Like worms with K profile type, the thread spaces of worms with C profile type are generated with a grinding
wheel or disc type milling cutter. In order to produce the concave thread C worm profile type, the tool has
a cutting profile consisting of convex circular arcs. Figure 20 shows a tool and worm with the system of
coordinates for the worm (x, y, z) and for the tool (x¢, ¥, Z¢)-

The length of the line of centres a, (the common perpendicular to the worm and tool axes x and x) varies
with the tool diameter. The angle between the projections of these axes (x, x;) onto a plane perpendicular to
the line of centres is usually equal to the reference lead angle of worm y,,;. Figure 21 shows partially the
tool. The four-tool dimensions which determine the thread form of the worm are: the profile radius pg,,, the
mean radius R, of the tool profile, the tool pressure angle ¢, and the tool thickness (equal to 2 times x¢,,).

The process of generating the worm C profiles is the same as for K profile type (see 7.6).

The threadftamk profite formrvartes o hittle withachange of tootdiametet:

However, ih contrast to thread with K profile type, thread with C profile type can be adjusted\té compensate
change of tool diameter by modifying the radius p,,, and the angle o, of the tool.

Ly

Figure 20 — K and C Profile types - System of coordinates
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b) Axial section of the worm

=l

X

Key

Y Vmi

1  worm axis
Figure 21 — C Profile type

C profile type is concave in an axial plane.
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of the formulae for the axial profile of grinding wheel for C worm profile type is shown in

7.7.2 General formulae for C and K profiles

For C and K profiles, the parameter of the profile is the Y-circle radius y; at a point on the profile of the
grinding wheel which generates a point of the profile of the worm which shall be projected along its own
helix in the axial plane of worm to obtain the axial profile point. Table 6 gives the parameters to establish

common formulae for both profile types.

| Xs | o
i &) &)
| | E | > £
i S J by | &
| o 91 A
y i G o
T 7 Pom )
. G
* K W,
0 |Xem Q / Xon)
XG — — XG HSE
< =
1 0 1 0
\ YG \ YG
a) K Profile type b) C Profile type
Key
1  worm gxis
Figure 22 — Parameter of grinding wheel
Table 6 — Parameters for profile grinding wheel
K Profile type C Profile type
Pressure anglé \" | o (y5 ) =0 . ( : Rem — ¥
ata point OIFaxial ; o (yg) =aresin| sin (o ) - e
profile of the P6m
grinding wheel
Abscissaata point|  xg (¥g)=Xem —tan (o, ) (V6 —Rom ) X6 (Y6 ) = Xom + Pam - (cos(ag (¥ ) —cos(agp )

of axial profile
of the grinding
wheel

Radius at a point
of axial profile
of the grinding
wheel

Ya Ye

Pcm: Radius of curvature of the grinding wheel
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Centre distance for grinding is given by Formula (55):

aop =Rga +

2

with R, as the outside radius of the grinding wheel

Nominal radius of the grinding wheel is given by Formulae (56) and (57):

T-My1 —Smx1 )'COS(le)

7.7.2.1 K
Formula (5

¢q -sin
where & (
€1 =0qy

2 (Vg

c3(yg

NOTE

From thesd

&6 (Vg

Then the p

XCyy (]

2

ormula for the point generated on the worm

8) shows the mesh condition of point G on the tool with a worm surface:

&6 (¥g))+ca (yg ) cos(eg (yg))—c3(vg))=0

V¢ ) is the rotation angle of the tool and c;, given by Formulaé (59) to (61):

-c0S(¥Ym1)+Pzu1 -SIN(¥Yn1)
:sin(yml).(xG(yG)—m]

- _; -(ap -sin — -COS
_[ tan(aG(yG))j( 0 SN (Ym1) 2Pzt 1€0S(¥m1))

By default, the inclination of the grinding wheel is equal to the lead angle.

formulae &g () is calculated as in Formula (62):

c3 (X&) —arctan[CZ(yG)J

2 2
c1Fes (¥6)
pint on theqworm surface generated by the point G is shown by Formulae (63) to (68):

=arcsin
€1

VG ) =XV ) €os(Ym1)— g sin(eg (¥ ))-sin(Yim1)

Yeuw (

VeY=ag — e -cos(eg (ve))

ZCyw (yG):_XG (J’G)'Sin(le )_YG 'COS(le)'Sin(EG (yG ))

7.7.2.2 Point of the worm thread flank surface in the axial plane

Point of the worm thread flank surface in the axial plane is defined by Formulae (66) to (68):

oy (Vg

):arctan[zcuw—(yc))
YCuw (J’G )
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XX(YG)ZXCuw (yG)_pzul'(px(YG) (67)
Ve (g ) =—2ouw V6) (68)
i cos(¢y (VG ))
7.7.2.3 Pressure angle of the C/K profiles
7.7.2.3.1 First derivatives of c,(y;) and c3(y¢)
First derivative of c¢; (yg) and c, (yg ) are given by Formulae (69) and (70):
d - 1 Yg .
c2 (V) =| dxg (¥6 )+ - 5 +d2x6 (yg) [sin(Ym1) (69)
—ag -sin(Ym1 )+ Pru1 - €0S(Ym1)
deg (yg)=| — i L. d2x6 (¥6) (70)
dxg (Vo)
7.7.2.3.2 | First derivative of £¢(y;)
First derivative of &; () is given by Formula (71):
desy(y c3(ye) ¢ (ye)dey (y dey, (yd)-c
deg ()= 3(J6) —- 3(Vg) 2 () ez (ve) _ 22( ¢) )12 (71)
2 2 2\y (.2 2\ (.2 2 2\, €1t (Ve
(C1 +¢2(¥6)" —¢3 (V) )2 (C1 +¢2(¥6) )'(Cl ¥z (¥6)" —¢3(¥6) )2
7.7.2.3.3 | First derivative of point generated by the grinding wheel
First derivitive of point generated by the grinding wheél is given by Formulae (72) to (74):
dxcyw|(¥g)=dxg (Vg ) cos(Ym1)—(sin(€g (Ve + yg -cos(€g (¥g ) deg (¥g))-sin(¥m1) (72)
dycuw|(Vg)=—cos(eg (¥6))+ Vg -sin(86Ayc ) dég (Vg ) (73)
dzeyw|(ye)=—(dxg (¥g) sin(¥pe))) —[sin(&c (¥ )+ v cos(eg (v6 ) (deg (vg))]-cos(vm1)| (74)
7.7.2.3.4 | First derivative-of point generated by the grinding wheel projected in the axial plane of
the worm
First derivative of point'generated by the grinding wheel projected in the axial plane of the worml|is given by
Formulae (|75) to [%%):
dzcyy (V) Yeuw (Vo) —2Cuw (Vg ) dyeuw (¥
d¢x(yG)= uw G) uw( G7 uw G)7 uw G) (75)
Yeuw (Vg ) T2Cuw (Vi)
dxy (yG):dXCuw (yG)_pzul'd(px (yG) (76)
dycuw (V) | Yeuw (V6) .
dyy (yG): uw -G uw G 2 'Sln((ox (_VG))'d(PX(_VG) (77)
cos(¢y (¥g)) cos(oy (¥g))
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Pressure angle of the C and K profile types in axial plane

Pressure angle in the axial plane of the worm for a point generated by the grinding wheel, for C and K profile
types is given by Formula (78):

tano, (

dXx (.yG)

Ye)= 4y (o)

7.8 General formula of the axial profile

7.8.1 General

In this docfiment the axial profile of the worm 1s considered with general formulae x,(V,J, Vxg)

as a functi
— YVp=r
— Yp=JYqg
7.8.2 D¢

Derivative
dtano

For the cal
profiles.

NOTE )i

7.9 Algd
The first st

of the
type R

of the 1

for radius of the worm for C and K profiles.
rivative of pressure angle for all profile types

of pressure angle for all profile types is given by Formula (79):

K

ormula (79) applies to any profile of disc type-tgol.

ep is to initialize the calculation/bythe input of geometric parameters:

Wworm: zq, Yo,1, My, @y, profiletype, deq, dy, c;, S:nxl and only for K profile type R, ar

Gar PGy

vorm wheel: z,,byX5,¢1,C5,d,5 .

n of a parameter y,, with

radius of the worm for A, I, N profiles, and

(yg) dxx (¥g)-d2x4 (¥g)
(v6) dyy (¥6)*

ulation of second derivative of x,, y,, see Annex A fer ‘A, I, N profile types and Annex B

d2x
(yg)= d =
Yx

rithm to initialize the calculation
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8 Usefy

8.1 Gen
The useful

8.2 Axiag

The axial j
plane X in |
plane X.
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Input data:
Parameters of worm
Parameters of worm wheel

Calculation of dimensions
(Clause 5)

For A, 1, N profile types
Coefiicients for profiie
Axial profile of worm

(subclause 7.5.1)

For K, C profile types
Parameters for grinding wneei
Axial profile of worm
(subclause 7.7.2)

Definition of the distances D
of offset planes between
-b,./2and +b,, /2

Definition of the distances D
of offset planes between
-b,./2and +b,, /2

)
Figure 23 — Algorithm to initialize the s{culation

'he worm gear mesh is split in an odd number of offé\e\g lanes, Npjane equally spaced by
1). The offset planes are noted D;. o
hm is continued in 11.4. $\\'Q

¥

I section planes Mo
O
N

@)

sections to study worm gea&éometry are defined by planes shown in Figure 24.

bral

1 plane and axial secﬁbn

lane is the plan taining the worm axis and the X and Y axes of the coordinate g
Figure 24). It p es an axial section of the worm used to define the axial profile of t

Q~

r pa
mid-

r a value of

ystem (see
e worm in

ir, i K;ides a transverse section of the worm wheel in the mid-plane of the wori wheel, to
profile of the worm wheel.

8.3 Offs

%lanp and offset section

An offset plane of the worm is a plane parallel to the X-Y plane at an offset distance D (Z axis) (see plane D in
Figure 24). It provides an offset section of the worm used to define the offset profile of the worm in plane D.

A point in the offset plane is determined by the point of intersection between this offset plane and the helix
through a referenced point x, y, in the axial X-Y plane.

For the gear pair, it provides a transverse section of the worm wheel in the offset plane of the worm wheel,
to define the offset profile of the worm wheel in plane D.

Offset planes are very important to study worm gear mesh.
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8.4 Transverse plane and transverse section

A transverse plane of the worm is a plane which is perpendicular to the axis of the worm (see

plane R in

Figure 24). It provides a transverse section of the worm used to define the transverse profile of the worm in

plane R.

8.5 Normal plane and normal section

A normal plane of the worm is defined as a plane which is perpendicular to the reference helix (on the
reference diameter) crossing the axis of symmetry of the complete axial profile of the concerned thread
(left and right flank) (see plane N in Figure 24). It provides a normal section of the worm used to define the

normal profile of the worm in plane N.

axis of syminetry of the complete axial space-width profile of the worm thread is not equivalent to the noj
of the wornj. It is called normal space width section and is used as a basis to define the profile ofthe cu
generate the¢ teeth of the conjugate worm wheel.

NOTE ';{nhe section of the worm by a plane normal to the reference helix (on the reference diameter)

Crossing the
mal section
tting tool to

Figure 24 — Section planes
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8.6 Point of the worm surface in an offset plane: offset profile of worm

By definition, the worm wheel is conjugate to the worm. The profile of the worm is defined in an axial plane,
and it is projected in offset planes (see Figure 25) in order to study the gear mesh of the worm gear set.

The distance between the axial plane of the worm and an offset plane is defined by distance D. D can be

positive or

negative along the Z axis.

The coordinates of point (Mp) in an offset plane and on the helix curve, which pass the point (M,) in the
plane, are shown as follows:

Key
1
2

axial p]
offset g

For a giver
plane D, is
the definit

ane (0, X, Y)
lane

Figure 25 — Relationship hetween axial profile and the profile in an offset plang

| axial point of worm surface, the corresponding point x and yp, on the same helix i
pbtained with the arigle’s}, in the transverse plane (Y,Z), with Formulae (80) to (82). §

n an offset
ee 7.8.1 for

on of y,,.

D) = arcsin( ) (yp)

D)=XX <Yp)+pzu1 '5D (.yp,D)

(80)

(81)

yo(vp

D)=y, (yp)-cos(dp (¥p.,D))=yx (¥p)-

First derivatives of rack profile Formulae (83) to (86):
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With the derivatives according to y,:

-D dyx(yp) -D dyy ()’ ) -D
ds (y D)= : = : Pl = -dy, (v,)(83)
D\“p 2 2 _ x \Up
B A Y TR A D A AR D)
2
yX(yp)
pzul'D
dxp(y,,D)=dx, (Y, )+ P -d0p(V,,D)=|tano, (y, )— dy,(y (84)
0O )5, (1) 0 (.0) s ()P0l ()
dYD(' D)= d (,l\/ (v \2_n2 \— _yx<_yp) dv (v )= yx(yp> du (v )= dyx(yp)
A7) T X\ w4 4 X\ P/
P d)’pkv =TT } \/yx(yp)z—Dz P J’D(}’p'D) P C0>(5D(yp,D))
d Yx\y Yx\y
dyn()p,D)=d—( () - D? J= : ;’) -dyx(yp)=?(—‘%-dyx(yp) (85)
yp yx(yp) _Dz b yp’
And it results that the pressure angle of the axial projected point is given by Formuila (86):
pzul'D
tano, (y, ) - -dy Ay
_dXD(yp;D)_[ <L) yx(yp)-yn(yp'D)} )
tanop |y, ,D)= -
dJ’D(yp'D) yx(yp) dy, (vp)
Vo (yp.D) x\/P (86)
,D : .
[ 2o00:0) i ()Pt 2 |=cos(8p (. D)) tancy, (7, ) -FL2
() Yx(¥p) yx(7p)
9 Pitch|surfaces
When studying worm gear geometry, the firsf step is to define the main parameters of the worm gear set
(see Clausdg 5), and to select the profile typé of the worm:
— For th¢ worm:
— number of threads on wormj
— diameter quotient;
— axjial module;

normal presstire angle;

th

read thickness;

ro

Lational speed of the worm (rpm):;

worm profile;

outside diameter of the grinding wheel for K and C profile;

radius of curvature of the grinding wheel for C profile.

For the worm wheel:

number of teeth on worm wheel;

— profile shift coefficient;

face width of worm wheel;
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— outside addendum coefficient;

— bottom clearance coefficient;

— Incomplementaddendum and dedendum, coefficients can be defined if they are not equal to the proposed

values

of Clause 5.

1  mid pl3

2 pitch circle in the offset plane

3  pitchp
4  worm

NOTE |

The axis to
centre line
according {

ne of worm wheel

ane

o the\mid plane.

Right flan

efinition of axes (by default, a right-hand driving worm is considered).

Figure 26 — Definition of pitch surfaces

study the.gear mesh (see Figure 26) are (0, X, Y, Z), with OX as the axis of the worm, O
in theanid plane of worm wheel. The Z axis is used to define the distance D of each ¢

ks-Of righf-h;\nd helix worm threads are considered,as the worm is driving’ and

Y along the
ffset plane

the worm

wheel driven.

The pitch surface of the worm is a plane parallel to the axis of the worm and the axis of the wheel with a

distance to the axis of the worm equal to the half of pitch diameter d,,/2 (see 5.3.3).
The pitch cylinder of the worm wheel is defined with the pitch diameter d,, (see 5.3.2).

The pitch cylinder of the wheel is rolling without sliding on the pitch plane of the worm.

The common tangent between the two-pitch surfaces is called pitch axis; it is also the instantaneous axis of

rotation.
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10 Conjugate worm wheel profile

10.1 General

For all the calculations in Clauses 10 to 12, the origin of the abscissa of the profile in an offset plane D shall
be defined on the pitch line PL which is the intersection of pitch plan and offset plane (see Figure 27) with
transformation Formulae (87) to (89):

2
rup (D)= D" +(%j (87)

[ D )
On (D=0 wD D)= —_— 88
pi ( p ("wp D) arcsmb’x(er(D))J (88)
AXD (D)=XX (rWD (D))+pzu1 '6DI (D) (89)

As the projection of the axial plane in an offset plane is done along the helix, conseqtiéntly each offset profile,
obtained with Formulae (71) to (82), shall be translated by a value Axp (D) in prder that each offset profile

crosses the pitch axis (see the last paragraph of Clause 9). For the following ¢alculations, the vallies defined
in Clauses |10 and 11 shall be determined.

This translation is given by Formula (90):

x'p (yg,D)=xp (yp,D)—Axp (D) (90)

10.2 Path of contact

The path of contact in an offset plane is the line along which the contact point between the flank of the worm
and the conjugate flank of the worm wheel is moving during the gear mesh. The coordinates of the path of
contact arg defined in Figure 27 and Formulae (91} and (92):
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(P2) (P2) (P2)
Mip [ /_ 5 My o—
= M'p A
>
(PL) S i @/
YA
- — (L)
a
, >
(P1) (P1) | X'p (P1)
AXp
Xip Xp
Key
(P1) prdfile of worm
(P2) prdfile of worm wheel
(L) path of contact
(PL) pit¢h line of worm
I pit¢h point
Figure 27 — Path of contact in offset plane D
dwl
v (¥ 'D)ZyD(.yp!D)_T (91)
Yo (¥p.D)
xip (3, D)=——2p ) (92)
tanoy, ( Yp ,D)

Key
1 point of contact 1 (d.) external diameter
2  point of contact 2 (PL)  pitchline

I pitch point

Figure 28 — Path of contact
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When there is no singularity (see 10.6) in the gear mesh, the active path of contact is limited:

— on one side by the outside diameter of the worm wheel to define the start of active profile (SAP) in the

concer

ned offset plane, point A on Figure 28;

— on the other side by the active tip diameter of the worm (often equal to the outside diameter of the worm
except if there is chamfering), point B on Figure 28. Point B corresponds to the end of active profile of
the worm (EAP) in the concerned offset plane except if there is cusp when the worm is meshing with the
worm wheel (see 10.6.2).

For the calculation of points A and B, see 11.4.

10.3 Wor

m wheel profile conjugate with worm profile

The worm
Formulae

93) to (97). Each point of the worm wheel profile is obtained from a point of the\path

The kinem|
coordinate

Polar coordlinates:

rMZD(J

Cartesian (

XRD(y

YRp(y

The anguls

s of the wheel defined according to the centreline crossing the pitch pointef the offset

D)= (w2 =1 (7p:D))” +x1p (75.D)’

(x'p (¥p,D)=x"p (rwp,D))—xip (¥p,D)

w2

D)=

Tw2 _le(prD>

oordinates with origin at the pitch point:

D) =rzp (¥, D)-sin(6) (D))

D)=£D (yp ,D)+arctan[

X1D<yp'D) J

p,D)=r‘W2 —rMZD (yp,D)COS(QD (yp,D))

r origin of the conjugate profile with worm is on axis O,; crossing the pitch point (see |

wheel profile conjugate with the worm profile in an offset plane D is obtained in"Figure 29 and

of contact.

atic conditions of rolling without sliding of pitch surfaces allow projecting thosé points in polar

plane.

(93)

(94)

(95)

(96)

(97)

Figure 29).
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Key
(PC)
(PL)
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The outside radius of the worm wheel in the offset plane D is given by Formula (98):

d 2
roop (D)=min a—\/(%+c1 ) -D?,0,5-d,, (98)

In certain cases, it is interesting to determine the point of the worm (for A, I, N profiles) or of the grinding
wheel (for C and K profile) which has generated the point of the worm wheel in an offset plane ryy ... The
algorithm is given in Annex C.

10.4 Trochoid (or fillet) at root of the worm wheel

The tip corner of the cutting tool, which generates the worm wheel, generates a fillet or trochoid at the
root of thelworm wheel tooth. The tip corner is defined in each offset plane by the coordinates |(x,op, Va0p)
obtained by increasing the outside diameter of the worm by the value of the clearance at.the froot of the
worm whegl teeth; this corresponds to the outside radius of the cutting tool r,, (see Figure)39).

The kinematic conditions of rolling without sliding of pitch surfaces allow for the projection of those points in
polar coordlinates of the wheel defined according to the centreline crossing the tip cosner of the offset plane.
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Key
(PO pitch circle ofithe' worm wheel
(PL) (P'1) |offset prafile'of equivalent cutting tool
(TR) trochoid generated by tip corner of cutting tool
I pitCh.point

Figure 30 — Trochoid (or fillet) of the worm wheel teeth

Polar coordinates (r,p, 6;,p): in Formulae (99) to (100), the radius circle of the point of the fillet r ,, is the
parameter.
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reop shall be greater than the root radius of the worm wheel r¢, given by:

Ieop (D

and:

O¢2p (re2p, D)=

(100)

Cartesian

xTp (ry

YTy (ry

The relatidg
In Formulg

2 2
):aw —\ro" —D

(99)

1] 1 2 2
x'p (ry0,D)—x"p (ryp, D) \/rtZD_(rWZ_le(raOJD))

—arctan

\/ :
¢ —\ I -
+ t2D ( w2

2
Yip (fa0,D))

w2 T

w w2 = Y1p (Tao,D)

w

2

oordinates:

op D) =rizp -sin(O;p (riop , D))
op D) =ry2 —Tiap €08 (6eap (Niz2p » D))

ns are obtained directly as a function of a radius of the circle crossing the point of th
e (101) and (102), 6., is determined with the same origin axis Q,lds the conjugate pr

worm whe

This allow
the inters¢
[see Formy

el (see 10.3).

b to calculate, for each offset plane, the form radius of the-worm wheel r¢,, which corr
ction of the trochoid and conjugate profile. This value:is‘obtained when 6, = 6|, for
lae (93), (95) and (102)].

10.5 Equ

To determine the equivalent radius of curvature the following process is used:

1) calculd
basis g
2) calculd
Savary
3) fromt

valent radius of curvature in an offset plane

f analytical formula of the worm profile in each offset plane;

tion of the radius of curvature of the conjugate profile of the worm wheel by usin
method;

hose two values, it is possible to calculate an equivalent radius of curvature.

(101)

(102)

e trochoid.
ofile of the

lesponds to
""t2D = "'M2D

tion of the radius of curvature of the worm at the point of contact. This calculation is npade on the

b the Euler
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10.5.1 Curvature for the worm at a point in an offset plane

It is given by Formula (103) resulting in general mathematical formulae for a curve in two dimensions:

d* xp (yp,D)

1 dyj(yy.D
Cequp (Vp.D)= = 5(J5-P) (103)

p1(¥p.D) 2
dxp (yp,D)
1+ ——=
dyp (yp,D)
From Formula (86), the denominator can be replaced with Formula (104):
2
dx ,D
1+ 4o (7p:D) =1+tan’ ap (y,,D)=— (104)
d yp (yp,D) cos aD(yp,D)
From Formula (86), the numerator can be replaced with Formula (105):

N w

1

d®xp(¥,.0) d (dxp(¥,.D)) d d dy, (y,.D)
= = tanop ( y,, D))= tanap (¥, D)) ———— (105)
dyp (yp.0) 4Vp dyp (D) dyD( o :P) dyp( AL ))dYD(yp’D)
From Formula (82), Formulae (106) and (107) can be determined:
d ,D d ,D
yD(yp )= ! and yp(yp )=cos(6D(yp,D)) (106)
dyp(J'p'D) C05(5D(yp'D)) d}’D(yp'D)
dixp (¥p.D) d
And |——~= 1) ,D))-——(t D 107
a2 oo (30 0y 2) (v 1) (107)
With Formpula (86), Formula (108) can be determinéd:
d 2 -D
d—(tanaD(yp,D)):—sin(éD(yp,D))-tan(xX(yp)~d6D(yp,D)+cos(6D(yp,D))~dtanaX(y,)+pL13
Ip yx(yp)
(108)
Then, Fornjulae (109) and (119)can be determined
dt ,D
CeqlD(yp,D)=COS3ocD(yp,D)~cos(6D(yp,D))~ anap (¥g.,D) (109)
dyx(.yG)
CeqlD(yp,D)=c053aD<yp,D)-cos(5D(yp,D))~
(110)

-]
=sin(8p (yp,D))-tanay (v )-d8p (v, D) +cos(8p (. D))-dtanay (v, ) ~ UgJ
Yx(¥p)
For dtano, (yp) see 7.8.2.

10.5.2 Curvature for the worm wheel at a point in an offset plane

To determine the radius of curvature of the worm wheel, the Euler-Savary geometric construction is used
(see Figure 31).

© IS0 2024 - All rights reserved
49


https://standardsiso.com/api/?name=52c5ed6f4c7119800ec0ba08938d3695

Key
(P1)
(P2)
(PC)
(PL)

ISO 10828:2024(en)

offset profile of worm

worm wheel profile conjugate to the offset profile of worm

pitchfcircle.of.the worm wheel

pitch{line‘ef worm
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Figure 31 — Radius of curvature in an offset plane
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In an offset plane, at a point M of path of contact, the centre of curvature of the worm wheel profile resulting
from the enveloping curve (envelope) of the worm profile, is the same as the centre of curvature 0, of the
trajectory of the centre of curvature 0, of the worm profile as shown in Formulae (111) and (112).

Yip (Vp, D :
1—Ceq1D(yp,D)- .ID(—p)+rw2-sm(xD(yp,D)
c ZD(}/ D): sm(xD(yp,D) _ 1 (111
* P . yio (¥p.D) Yo (¥p:D)-Ceqin (¥p,D) ) P2(¥p.D)
rW2~smaD(yp,D)— - 1= -
sinay, (yp ,D) sinay, (yp ,D)
With:
sinap (v, D)zsin(arctan(tanaD(vy D))) (112)
10.5.3 Equivalent radius of curvature in an offset plane
[tis given i[\ Formula (113):
1
Reqp (¥ D)= (113)

Ceqip (Vp+D)+Ceqzp (¥p.D)
10.6 Singularities of worm gear mesh

10.6.1 Pojnt of zero pressure angle

(PL)

Key

(PL) pitch|line of worm

I pitch|point

(L)  pathjof contact

1 point of zero pressure angle
2 asymptote

Figure 32 — Point of zero pressure angle

The presenceof a point of an offset profile with zero pressure angle gives a very flat path of|contact as
shown in Figure 32. There is an asymptotic direction above the point of zero pressure angle.

The calculation of the point of the worm in the offset plane with pressure angle equal to zero is only valid if D > 0.
It is based on the calculation of the point where tanop (ynul,D)=0 in each offset plane.

The algorithm is given in Table 7.
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Table 7 — Algorithm for A, I, N and C and K profiles

26R0( ) -

A, 1, N profiles Cand K profiles
Dppin =0 Dpin =0
Dmax = JYx Dmax = Vx
Dpui =0'5'(Dmin +Dmax) Dnui =0'5'(Dmin +Dmax)

DO WHILE |tanapy (yy , Dy )|>0,0000001
IF tan oy (y , Dpyy )>0 THEN Dppin =Dy
IF tanap (yx Dyt )<0 THEN Doy = Dpyi

Dyui = min(O,S ’ (Dmin +Diax )'yx

ZERO_KC(y, )=

DO WHILE [tanotpy (v, , Dyt )|>0,0000001
IF tan ap (yy ,Dpyy )>0 THEN Dypin =Dy
IF tanap (yy , Dpyy )<O THEN Dy =Dy

Dyt = min(0,5 ) (Dmin +Dpax )’yx

END DO
RETURN D1

END DO
RETURN D,

The coordinate of the point of zera pressure angle is obtained by calculation Y'D ( yaul l)) and Y0 (ynu[’D)
[see Formulae (90) and (82]].

For the different offset planes (with D > 0), the points of zero pressure angle give the line of zero pregsure angle.

For profile|l the line of zero pressure angle is a horizontal line tangent to the cylinderbase.

10.6.2 Lops of contact

The zero-pressure angle gives a very flat path of contact which can give d:limitation of the gear mesh (see

Figure 33)

This phengmenon can only appear for offset planes with D > 0. This*can be a limitation of the
width of wprm wheel.

active face

(PL) —I» I -
T 1 ______ i ,7|L'_'§'_'_'_'_'_'_/Z / (L)
Key
(PL) pitch line of the worm 3  tipcircle
(L) path of contact 1  point of zero pressure angle
I pitch point 2 asymptote to the path of contact
(P) offset profile-ofworm

This phenomenon can appear for offset planes with D > 0 and close to the border of face width of the worm wheel.

The process to detect such case is as follows:

Determine the point of path of contact for y, = r,; (point B on Figure 28) with Formula (92),
Xjap =Xip (7a1,D);

Calculate the radius of worm wheel conjugate to point B, tip of the worm profile in the offset

2 2
plane rygp (D)= (xip (11 D)) +(rz =i (1 D))’
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If ryop >repp there is no point of contact with the worm in the offset plane as in Figure 33, otherwise the

starto

factive profile (point A) exists as in Figure 28.

10.6.3 Cusp

In certain circumstances, a limitation of conjugate action can appear due to the fact that the path of contact

presents a

cusp as shown in Figure 34.

Key

1 point
2 worn
(PL) pitch
(L) path
I pitch
(P) offse

This effect
profile typ
between A

Calculatior
wheel. It is

(PL)

of tangency: cusp

L wheel profile

line of worm

of contact

point

F profile of worm (rack profile)

Figure 34 — Cusp effect

can appear when/the path of contact is flat; C profile is more sensitive to this effect
es. It producésa’limitation of the contact ratio because the path of contact is limited td
and T. The potential of contact between T and B is lost.

basSed on the calculation of the minimum value of the radius of the conjugate worm wk

offset plang.

h
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To obtain this minimum value, it should be determined when the derivative of ry,p (yp ,D) (see Formula (93))

according to y, is equal to zero as shown in Formula (114).

driap (D) =——— L0 =0 (5p.0))- 40 (3.0)]

"™M2D (yp D
] tanoyp

1

Yo (¥p,D)=rw1 1

7 [dyp (yp.D) tanery (5,0)=(yp (7, D) =1 )-(1+tanayp (v, D)

tano ,D
(114)
The algorithm is given in Table 8:
Table 8 — Algorithm for A, I, N and C and K profiles
A,LN profile types C and K profile types
Ymin =Tw1 Ymin = Rerinak (Regty1.w1)
Ymax =671 Ymax = Rgm =~ 1Mx1
Yeusp =0,5'(Ymin + Ymax) Yeusp =0,5(Vmin + Ymax )
DO WHILE |d 1y ( Veusp »D)|>0,000 000 1 DO WHILE |d 1y (Veusp »2)|>0,0p0 000 1
CUSP(D)=| 1Fd tyyp (Veusp P)<O THEN ypin = Yeusp | CUSP_K (D) =|<IPd 1ty ( Veusp - 0)>0 THEN ypuby = Yeusp
IFdry,p (ycusp 'D)>0 THEN ypax = Yeusp IFdry,p (ycusp 'D)<O THEN yyhy = Yeusp
Yeusp =0,5'(Ymin + Ymax ) Yeusp =0,5(Vmin + Ymax )
END DO END DO
RETURN y,,, RETURN y,,,
Ymin = Rerindc (Rgm »My1,1w1)
Ymax = Rem —p -sineg,
Yeusp =0,5(Vmin + Ymax )
DO WHILE |d 1y ( Veusp »2)|>0,000 000 1
CUSP_C(D)=| 1Fd1yzp (Veusp P)>0 THEN yuik = Veusp
IFdry,p (ycusp 'D)<O THEN yy4x = Yeusp
Yeusp =0,5'(Vmin + Ymax)
ENDDO
RETURN y,5,
The coordinate-ef-theeuspis-ebtained-byecalenlation—wg{reusp;D)and—yytreusp;B{see Ferimulae (90
and (82)].

For the different offset planes, the cusps give the line of cusp points (see Figure 35). This line shall be outside
of the zone of contact otherwise it limits the maximum potential contact and reduces the load capacity.

At each point of cusp, the equivalent radius of curvature is equal to zero the other reason to avoid this line in

the zone of contact.
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The changg

11 Geon

11.1 Gen
In fact, the

With the p
vector of a

line of cusp points

line of start of active profile points or start of zone of contact
line of zero pressure angle points

it is the root cylinder of the worm.

it is the outside cylinder of the worm.

(dashed line key 1) it is the limit given by the cusp. If this linelis crossing the outside cylinder
there is a limitation of gear mesh. For the point of contact\closed to the cusp line, the radius
is closed to zero.

bf the worm,
of curvature

(continuous line key 2) it is the limit given by thé(root active radii on the worm. Normally] the lines of

contact are between that line and the outside circle of the worm in BLUE.

(dashed dot line key 3) it is the limit given by<the zero-pressure angle. When this line is nea
lines, there is a limitation of gear mesh.

Figure 35 — Cusp line, zeropressure angle line, active root line for worm

jetry of contact

eral
developmeiit of the formulae for the profile of the worm is a function of two paramete

artialyderivative according to these two parameters of the vector which define the
peint of the worm, given in Formula (115), two vectors of the tangential plane to the w

Ir root active

s of line zero pressure angle-and of cusp line according to profile types are shown in Annex E.

sy, and D.

coordinate
prm can be

obtained.

XD(yp'D)

P(yp.D)=| yp(¥p.D)

D
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11.2 Tangent plane at point of contact

With the derivation according to y, as shown in Formula (116):

dxp (D)
T1(y,,D)=| dyp(y,.D) (116)
0
And TD1 the normalised vector is obtained from Formula (117):

_T1{3,.0)
TD1(y,,D)= = (117)
" *\WprT)
With the derivation according to D given by Formulae (118) to (120):
Pzu1
dDxp (ly,,D)= (118)
o) o (D1 02 )
dDyp (v, ,D)=—tan(p (y,,D)) (119)
| dDxp, (yp,D)
T2(y,}D)=| dDyp (y,.D) (120)
1
And TD2, the normalised vector is obtained from Formula (121):
—— T2(y,,D
TD2(y), ,D):g (121)
720, 0]

11.3 Normal plane at point of contact

The unit nprmal vector to the point of contdct: (orientation from the inside to the outside of the worm) is
given by Formulae (122) to (124):

~ TD2(y, D)*TD1(y,,D)

NORMAL(y,,D)= (122)
[TD2(3/57D)xTD1(y, D))

nNxy(p, ,D):\/(NORMAL(yp D), )2 +(NORMAL(y,,D), )2 (123)

NORMAL(y, D),

nNxy(yy.D)

NORMAL(y, ,D)2
N IN: ,D)= 124
orma xy(yp ) any(yp ,D) (124)

0
NOTE Normaley(yp ,D) is the common normal vector to conjugate profiles in the offset plane at the point of

contact.
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11.4 Zone of contact

The zone of contact is limited in each offset plane by the active radius at the root of the worm and the tip
radius of the worm or the cusp radius when there is limited conjugate contact.

In the longitudinal direction (along the face width of the worm wheel), the limitation is the face width of
the worm wheel, or the tip radius of the worm (see Figures 36, 38 and 39). In case of important value of face
width, the cusp line or/and the line of zero pressure angle, can be in the gear mesh area and then there is
limited conjugate contact area (see Figure 40).

The zone of contact is the surface defined by all the path of contact in the different offset planes. It is limited
by the tip cylinder of the worm and the external surface of the worm wheel defined by the external cylinder
and external throat surface.

In the casg of chamfering, those limits are respectively the addendum active cylinder of thesxorm and the
active tip line at the tip of the worm wheel teeth.

In case of dusp in the gear mesh, the zone of contact is limited by the cusp.
In each offget plane, it can be defined as follows:

— The stprt of active profile for the worm by the intersection of the path of contact with the external
diametfer of the worm wheel in this plane (either defined by the external eylinder or the throat diameter
of the worm wheel). The result is that the radius of SAP of the worm isidefined by the closest point to the
axis of{the worm of all offset planes. See Figure 35.

— The start of active profile for the worm wheel (SAP worm wheel) by either the intersection offthe path of
contacft with the external diameter of the worm in this planejor by the point of tangency cusp if there is
a cusp|(see Figure 34). The result is that for the worm wheel there is a distinct SAP in each offfset plane.
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Figure 36 — Zone of contact

2

The lines off contact a@mving on the surface limited by the zone of contact.

In each offset pl@he zone of contact (see Figures 36 and 40) is limited by the start of act

(point A in
Figure 34)

) and the end of active profile (point B in Figure 28) except if there is a cusp

Fig%% 8
Igg e last case, the zone of contact is truncated as in Figure 40.

ive profile
(point T of

This calculation shall be done for all offset planes. It is recommended to use between 30 and 80 offset planes
uniformly distributed along the worm wheel face width.

In continuation of the algorithm in 7.9, the following algorithm in Figure 37 can be executed in each offset

plane D;:
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'he zone of contact in an offset plane is delimited by the limit poir% &9indicated in 11.4.

Figure 37 — Algorithm for the calculati% f zone of contact
QO
s of zone of contact according to profile types %s\g@’hown in Annex F.

N

s of contact A\Q
ntact is composed of all the conjugaté\@)ints between the flank of the worm and th{
e worm wheel for a relative positio; he worm gear set.

oy
eads of the worm can be simultaneously in contact.

OQ.

b conjugate
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flcontact

NOTE1 A, B,C;and C, are instantaneous linfes/of contact.

NOTE 2  Three threads are in contact fer this relative position.

Figure 38 — Zone of contactandlines of contact for one relative position of worm and wo

'm wheel

© IS0 2024 - All rights reserved
60


https://standardsiso.com/api/?name=52c5ed6f4c7119800ec0ba08938d3695

ISO 10828:2024(en)

Key
1  zone of contact with path of contact in different offset planes
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3 worm Wheel

NOTE A, B, C; and C, are instantaneous lines of contact.

Figure 39 — Path of contact, zone of contact and lines of contact for one relative position(of worm
and worm wheel
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5 path jof contact

6 line ¢f zero pressure angles

(PL) pitch|line

NOTE A, B, C; and C, are instantanéous lines of contact.

Figure 40 — Path of contact,Zone of contact and lines of contact for one relative position(of worm
and worm wheel

The formula of the lineS of contact Fcont (yp ,D) =0 is given by Formula (125):

Fcont()p,D)=xlD (yp,D)~tanocD (yp,D)+yD (yp,D)—rwl (125)

For the coordinates of a point of contact, only the point along the path of contact (in factfor a relative position
between the worm and the worm wheel, there are one or three points of contact) is considered.
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For the worm (OM) they are given by Formula (126):

Ml (.yp

XlD(yp'D)
’D): .yD(yp'D)
D

For the worm wheel (0,M) they are given by Formula (127):

MZ (yp

XlD(yp'D)
_aw+yD(yp'D)
D

D)=

The detern

First of all,
is set up in|
initial valu
To determi
zone of corn
the values
in Figure 2
To obtain {

points of ¢
worm flan

To study a4

by a porti
positions t

initial valug.

The variat
according {

11.6 Conf

In a worm
worm defi
tangent to

[)ns of instantaneous length of contact lines and the distribution of equivalent radius o

nination of lines of contact is done by the determination of points of contact.

the relative position of the worm is set up by the parameter Axp, (D) of Formula\(90).
order to obtain the first line of contact tangent to the zone of contact (see Figure 41)
e AXpjnit (D).

ne the first line of contact, the calculation is made in all the offset planés used to det
tact. In each offset plane, the initial value ofyp to calculate Fcont (yp ,D) =0 is initialize

pbtained for the start of active profile (point A in Figure 28) andthe end of active prof
8) or the cusp (point T of Figure 34). So, the point of contactds obtained easily.

he next line of contact, the value of Axp;,i; (D) is decreased by the axial pitch p,;,,

ontact are determined in each offset plane. Continue by decreasing axial position of
< by one axial pitch p,; no more contact points existin the zone of contact.

econd relative position of the worm and the worm wheel, the initial value Axp;,;; (D) is

n of the axial pitch p.4, py;/n where n is.@n integer corresponding to the number
b study (e.g. for 10 relative positions to study n=10). The process then starts again wit

o profile types are shown in Annex F.

fact ratio

gear, the contact ratio/is obtained by the ratio of the distance between the two posit
hed when the figstiline of contact is tangent to the zone of contact and the last line o
the zone of contaet (see Figure 41) divided by the axial pitch.

(126)

(127)

This value
this is the

ermine the
d between

le (point B

and all the
the active
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of relative
h this new

F curvature

ions of the
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e in contact
contact

e in contact

\, B, C; and C, are instantaneous lines of contact.

Figure 41 — Contactratio

ne the vector tangent to the line of-contact, the formula of the lines of contact Fcont
hsidered.

(

yp,D)=0

The partial derivatives of Fcont (yp ,D) shall be evaluated for the point the contact. It means [that in the
Formulae ([128) to (131), xp (yp ,D) shall be replaced with x;p (yp ,D) which satisfies the contac{ formula.
doFcont(y,.D)
& P :xlD(yp,D)-dtan(xD(yp,D)+de(yp,D)-tanocD (yp,D)+dyD(yp,D) (128)
p
dFcont(y,.D)
D P =X1p (yp ,D)-than(xD (yp ,D)+deD (yp ,D)-tanaD (yp ,D)+dDyD (yp ,D) (129)
With dxyp (yp,D), d yp (yp,D), dtanop (y_,,,D), d Dxp (yp,D), d Dyp (yp,D) respectively| given by
Formulae (84), (85), (108), (118), (119) and:
1
dDéy (y,,D)= (130)
P Yx(¥p)-cos(p (p.D))
then:
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dDtanoy (yp ,D) =—sin(5D (yp ,D))-tanocX (yp)~dD5D (J’p ,D>_L12
Yx(¥p)
This is obtained by considering the derivative of Fcont(yp ,D):O at the point of contact, and it gives the

(131)

relation between D and y|, along the line of contact as the relation of partial derivatives of Fcont(yp ,D) as

shown in Formula (132):
E)Fcont(yp ,D)

dD Wp d yFcont(y,,D)
dD ,D)= =— =— 132
ym(yp ) dyp aFcont(yp,D) dDFcont(yp,D) (132)
oD

To obtain the tangent vector to the lines of contact, the total derivative of P(yp,D) [see Eotrrula (115)]
according to parameter Yp shall be taken as shown in Formula (133):

dxp (yp,D) _ oxp (yp ,D) . oxp (yp,D) dD oxp (yp,D) . 0Xp (yp,D) dD

dy, Wp oD dyp, Wy oD dy,
d ,D) 9 ,D) 9 ,D 9 ,D) 9 ,D
Tcont(y,, D)= o (Vp ): Wp (Y )+ o (¥p-D) dD _ o (v )+ o (¥p,D) dD
dy, Wy oD dyp, Wy oD dyp,
dzp (-yp'D):aZD(yp'D)+aZD(Yp'D) dD dp (133)
dyy Wy oD dy, dyp

dxp (yp,D)+deD (yp,D)-dDym(yp,D>
=| dyq (yp,D)+dDyD (yp,D)-dDym(yp,D)

dDym( Yp ,D)
And the urfit vector is given by Formula (134);

T ,D
TNcont(y,,D) =% (134)
‘Tcont Yp ,D ‘

Or by Formula (135) with derivatives of P(yp ,D) [see Formula (115)] according to parameter D:

dDXD (yp,D)+

Tcont1

—

vy R)=| dDyp (y,.D)+ (135)

And the unit vector is given by Formula (136):

T 1 ,D
TNcont1(yp,D)— cont (yp )

- ‘Tcont1(yp,D)‘ (136)

NOTE TNcont (yp ,D) and TNcont1 (yp , D) are identical.
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11.8 Normal plane at point of contact

As the contact is linear along the lines of contact, according to Euler's theory on curvatures of surface, the
direction tangent to line of contact is one of the principal directions of curvature.

The second principal direction of curvature is normal to that one and can be obtain with the vector product
between the tangent vector to the line of contact and the normal to the tangent plane of contact. Those three

vectors [TNcont(yp ,D),NORMAL(yp ,D),B(yp,D)] defines the trihedral of Darboux Ribaucour given by
Formula (137):

B(y,,D)=TNcont(y,,D)xNORMAL(y,,D)

(137)

At contact

11.9 Prin

For a point
radii of cut

In a point g

the m4

point, B (yp,D) is normal to the line of contact in the common tangent plane to both'f]

cipal equivalent radius of curvature

of contact, the equivalent of curvature reaches minimum and maximumvalues calle
vature when its projection in the main planes is considered.

f contact, those main planes are defined as follows:

ximum equivalent of curvature is always in the plane defin€d by the normal at the su
hnd the vector tangent to the instantaneous line of contact;

himum equivalent of curvature is always in the plane-defined by the normal at the su
hnd the vector normal to the instantaneous line of contact.

hlent radius of curvature in an offset plane (see 10.5) shall be projected in the two mai
which are in this particular case

ine normal to the instantaneous line of~contact between the flanks of worm and w

crossing the studied point of contact,

ne tangent to the instantaneous Jine of contact between the flanks of worm and wi

crossing the studied point of contact,’and

worm
— the mi

worm
This equiv
curvature,
a) the pls
b) the pls
c) inthis

last plane, the curvature is zero because the contact is locally linear.

At each point of contact, three vectors can be defined in an offset plane as shown by Formulae (13

atang

tD(yp

lanks.

d principal

face of the

face of the

n planes of

rm wheel,

rm wheel,

B) to (140):

ent vector to the‘worm and worm wheel profile
sinap (y,,D)
,D)=|.cos(arctan(tanary, (y,,D)))

0

(138)

a nornmn

alCectorto the worm and worm wheel prnfi]o

cos(arctan(tanaoy, (yp »D)>)

nD(yp,D): —sinay (yp,D)
0
— avector normal to the offset plane
0
by (¥p.D)=|0
1
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The radius of curvature is projected along the normal to the point of contact contained in the offset plane.

First of all, the radius of curvature projected along the normal to the common tangent plane of conjugate
flanks at the contact point shall be determined.

The angle of projection is obtained by the scalar product between the two normal vectors as shown in

Formula (141):

Req'l(yp,D):

Requ(yp ,D)
NORMAL(y,,D)-NormalNxy(y,,D)

(141)

Euler's formula on the radius of curvature of a surface is applicable. It gives the curvature C, as a function of
the 2 principal curvatures C' and C" and the angle { to direction of the curvature C' and the curvature C. The

relation wrch classifies C'and C"is: C" < C".

Euler's for

c=C

ula is Formula (142):

tos? (&)+C" -sin? (&)

In this dociment, because the profiles are conjugate, there is always C"=0. The contact is linear ang

of curvatul

Req(y]

11.10 Cal

The follow

‘e along the line the contact is infinite or the curvature equal to zero’as shown in Formnj

2
p'D):Reql(yp'D)"tD(yp’D>'B(yp'D)”
culation of the path of contact and zone of contact

ng procedure shall be applied in each offset plahe D.

SAP form worm wheel
Calculation of path of (11.3) is either Point B
contact (10.1 and 10@\,}\ (Figure 28) or Point T
@Q ‘ (Figure 34)
@)

~

(142)

| the radius

ula (143).

(143)

o If D> 0 Calculation of
> 0 Calculation o
Calcgiion of SAP for oint of zero pressure
w@r Point A Figure 28 > anele (10p6 1)
<and Formula (102) ngie L25.0-
v forr_ ) Verification of loss of
» e2D contact (10.6.2)

SAP points

Figure 42 — Algorithm for the calculation of the path and zone of contact

are the limit of the zone of contact.

For the worm, it is possible to determine the minimum diameter for all SAP points (see 11.4).

11.11 Calculation of line of contact

For a given relative position of the worm and the worm wheel, it is possible to determine the lines of contact
between the flanks of threads and worm wheel teeth.
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The relative positions are initialised by the parameter ” xp;,;: (D) (see 11.5).

For the value Axp (D) equal to ” Xpj;pi (D) in Formula (90), the contact is just beginning in one point of SAP

points of worm (see Figure 41). Then the first line of contact is obtained for the next thread. This means that
” Xpinit (D) shall be increased by a value of axial pitch.

To determine the next line of contact ” xp;,;: (D) shall be again increased by a value of axial pitch py4.This

process is carried out until the highest point of contact on a line of contact has reached the border of the
zone of contact.

Then it is possible to re-initialise Axp (D) to ” Xpipic (D), increased by a 0,1-p,q to set up a new relative
initial position of the worm and the worm wheel and to restart the process.

In each poilnt of contact, the followings value shall be determined:
— tangerlt vector to the line of contact (see 11.7);
— principal equivalent of radius of curvature (see 11.9);

— velocitjies at contact point (see Clause 12).

12 Velogities at contact point

12.1 Velgcity of a point of worm

The anguldr velocity of the worm (rad/s) is given by Formula (144):

nl
,1 = — 144
w1l 30 ( )

The anguldr velocity vector of the worm (rad/s) is given by Formula (145):

a)Wl

o, =| [0 (145)
0
Velocity off a point of the thread ‘ofithe worm (in m/s) is given by Formula (146), with M, (yp,D) from
Formula (1126):

Vi (y,|D)=107 o, x#1y(y,.D) (146)
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(147)

(148)

12.2 Velocity of a point of worm wheel
The angular velocity of the worm wheel (rad/s) is given by Formula (147):
h Z
I0) =T — . —
W2 T30 2,
The angular velocity vector of the worm wheel (rad/s) is given by (Formula (148):
0
@=| 0
_a)‘”,)
The point ¢f the worm wheel flank is given by (Formula 149):
| X1p (¥p.D)
My (y4,D)=|-a,, +yp (p.D)
D
Velocity offa point of the tooth flank of the worm wheel (in m/s) is given by Formula (150):
Vy (v, |D)=107 w, xM; (y,,,D)
12.3 Reldtive velocity between two conjugate flanks
The relative velocity between the two flanks (in m/s) (this is¢ithe sliding velocity) is given by For
a (154):
Vs (9p|P)=V1 (¥p.D)=V2 (¥p.D)

This relati
directions

— one normal to the line of contact, ditection according to B(yp ,D) ;

the seq

Vln (.y

VZn (y

It results i

Ve sliding velocity can be projected-iinthe common tangent plane to the point of con
[Formulae (152) and (153)]:

ond tangent to the line 0f contact, direction according to TNcont (yp ,D) .

b, D)=V1(yp.DLB(¥, D)

b, D)=Va(yy.D) B(yp.D)

h the projection of these velocities on the normal to the common tangent plane at t

(149)

(150)

mula (151)

(151)

tact in two

(152)

(153)

he point of

contact ar

equal, as shown in Formula (154):

V

N

n(yp

,D)=V1n (YP’D)_VZn (yp’D)=V5 (yp‘D)'B(yp’D)

12.4 Tangent to the path of contact

(154)

The direction of the velocity of points of contact is obtained with the determination of the tangent vector to
the path of contact in an offset plane as shown in Formulae (155) and (156), with Formula (85):

dyp (vp,D)=dyp (¥,.D)
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-1

5 -(dle (yp ,D)-tanaD (yp ,D)—le (yp ,D)-dtan(xD (yp,D))
tanog, (yp ,D

(156)

Ifyp (yp ,D) is the angle between the direction of pitch line of worm and the tangent to the path of contact,

Formulae (

157) and (158) are applied:

tany/p

dedyD(yp,D):

d.le(ypiD)
XmD(yp'D)
1
tany/, (yp D)

(¥p.D)=

(157)

(158)

12.5 Vel(Jcity of the contact point along the path of contact

Velocity of

the contact point along the path of contact in an offset plane is given by Formulaé (159):

dedyD(yp,D)

-3
— 107w
VCD (yl: ,D>: W1~p22 . 1
tanor, (y,,D)-dxDd yD(y,,D) . (159)
This velocity projected along the normal to the line of contact in the.gommon tangent plane to flajks is given
by Formulg (160).

Vepn (Yp-D)=Vep (¥p.D)-B(¥p.D) (160)
12.6 Velgcity of the point of contact
Velocity of|the contact point on the worm is given by Formula (161):

Vcln (J’p'D):Vln (yp'D)_Vch<yp'D) (161)
Velocity of|the contact point on the worm wheel is given by Formula (162):

VCZn (-yp'D):VZn (yp'D)_Vch (yp'D) (162)
where V pf (yp ,D) is the\projection along the normal to the line of contact in the common tanggnt plane at
the contact point.

The sum of velociti€s at contact point (in the direction normal to the line of contact in the tangent plane to
tooth flanks) is.given by Formula (163):
Vsumn (Vp D) =|Vein (¥p D) +Vean (Vp . D) (163)
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Annex A
(informative)

Parameters and derivatives of formulae for A, I, N profile types

A.1 General
This annex contains details for the formula of profile in the axial plane of the worm ox X-Y plane according to
the conventions of Figure 9.

A.2 Formulae of the profile in the X-Y plane for worms with A profile type

See Figurep 10 to 11 and A.1 for the setting for worms with A profile type, where:
0t is the tool transverse pressure angle for A;

n is the normal pressure angle [see Formula (19)];

Ym1 is the reference lead angle of worm.

Y
X
Z
0
Key
1  generatrix
Figure A.1 — Generation of A profile type

For a point (x,, y,) at a distance y, from the worm axis use Formula (A.1) and (A.2):

Xx = JVx 'tan(aOt)zyx 'tan(an)/cos(')/ml) (A-l)
and

Oy = ot (A.2)
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A.3 Formulae of the profile in the X-Y plane for worms with I profile type

See Figures 13 to 15 and A.2 for the setting for worms with I profile type, where:

P is the lead;

bl is the base radius of involute profile [see Formula (22)];
Yo1 is the base lead angle of worm thread [see Formula (21)].
Y
e |
Y, I
| X
| 2
|
| >
| AS
&
—_ v )V
| 3
I N
|
- |
o |
XX
0 Z
1
Key
1  base cylinder
2 generafrix
nnnnnn A D Conavatiomn of 1 s 310 £y o
p s lsul \"e YY~] JelIividauivili vl 1 l)l UIIICT I.‘y PC
For a point (x,, y,) at a distance y, from the worm axis, use Formulae (A.3) and (A.4):
Y2 _r2
X, =P,y arctanY=XbL 4 )2 12 tan(y,,) (A3)
b1
2 2
\ys-n
tan (o )= Yx b1 Pl (A4)
b1 Yx
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A.4 Formulae of the profiles in the X-Y plane for worms with N profile type

See Figures 16 and 17 and A.3 to A.5 for the setting for worms with N profile type, where:

Px1 is the axial pitch;

P is the lead (of worm);

r'v is the base radius of a notional base circle;

Y'b1 is the base lead angle of the notional base helix;

A is the distance from the worm axis to virtual point of the cutter (0O, on Figure A.4) (see Refer-
ence [4]);

Ym1 is the reference lead angle of worm;
O is the normal pressure angle;

m1 | isthe worm reference diameter.

| Y
2——{ =
YX
YL T 3 X
T N
| U
| N\ 4
XS
| \\
o | \ ' 41
| \ \ A B'/ Q
| oA Y
0 e Z

A

|

Key

1  axis of worm

2 axis of Symmetry of tie tootiTspace
3 reference helix

4 generatrix

Figure A.3 — Generation of N profile type
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% 0,0,=A4

Figure A.4 — N Profile type: Convention for formulae

For a point|(x,, y,) at radial distance y, from the worm axis is givendy Formulae (A.5) and (A.6):

[ 2 2
y _r T T
=p,,1 -Jarctan —X' bl | ¢ +\/y)2( -r 12)1 -tan (¥ 'y0) (A.5)

XX
b1
‘r'yy+2-m-y, -tan(y'
tan(ax):pzl bl yX (y bl) (A.6)
[ 2 2
2-m YxNVx Tk
NOTE ’l')l is a pseudo base radius. The profileiin the plane tangent to the cylinder of radius rl;l is a sfraight line.
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generafrix

Eigure A.5 — N profile type: Generatrix with pseudo base radius

hla A% ):

0= arctan[ \/

A —r'ﬁl
r'p1

where, as in Formulae (A.8) to (A.10):

Y'p = arctan(

'b1
A'tan(le )

A-sin(ypmq)-tan(aop)

r'p1 =
J1=(51n (¥n1 )-tan (crgn ))?
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_ Smx1 'COS(le )
2-tan(otgy, )

A=r

ml

(A.10)

A.5 Second derivative of axial profile formula

From Formula (49), Formulae (A.11) and (A.12) are given:

2
d2x, (yp): —aj-ay- 2—[a—2] —a3-a22 ;3 (A.11)
Yp ( >

4,2
}’pz ap )
d2yy (lyp)=0 (A.12)
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Annex B
(informative)

Parameters and derivatives of formulae for K and C profile types

B.1 Formulae for worms with K profile type

Where
a, is the cutter spindle/worm centre distance;
Ym1 is the reference lead angle of worm;
P is the lead;

(Ve Xxq(yg)) arethe coordinates of a point on the tool flank when the origin+s at the point of intersection
of the tool axis and the tool median plane, with the x-axis‘as the tool spindle ajxis and the
abscissa on the trace of the median plane;

worm reference diameter;

ml
Ps1 axial pitch;
Oon normal pressure angle of the tool.

The profild of a bi-conical grinding wheel is shown in-Figure B.1, is given by Formulae (B.1) to (B.p).

Like I profile type, K profile type is convex in axialplanes.

Y

Figure B.1 — K profile type - Grinding wheel profile

One of the advantages of this profile type is that the two flanks of a thread space can be machined
simultaneously.

A disadvantage is that the form of the thread flanks varies with the tool diameter, so the reproducibility is
approximated.

NOTE1 The smaller the diameter of the tool, the more nearly the normal profiles of the thread spaces approach
those of worms with N profile type, and the larger the tool diameter, the more nearly the forms of the thread flanks
approach those of worms with I profile type.
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NOTE 2 It is possible to machine worms with K profile type with conical milling cutter. The flank surfaces have
facets resulting of the cutting discontinuity caused by cutting tooth pitch.

Xw (yG):Xms _tan(QOn)'(.VG _RGa)

oG (Vg )=0%n

where

(B.1)

(B.2)

Y is the radius of grinding wheel which generates the point on the worm as shown in Formulae (B.3) to (B.5):

d
d 1
Rw =ap _%

T-Myq —SX1)~COS(}/m1)

2

B.2 Formulae for worms with C profile type

With the bpsic data of the tool indicated in Figure B.2, the paramefers y;, x; and «a can be deri

point G of the tool profile.

On the baj
grinding w
any point H

Where:

ay

Pz1
7m1

Rgm X

oG (¥

[p)]

xg (g

Gme @on

):arcsin[sin((x()n )—

is the worm/tool centre distance (length of the common perpendicular to the

axes);

is of these three parameters and with the Formulae (B.6) to (B.11) giving the pr
heel, the coordinates x, r, of an axial profile and‘the angle « of the tangent can be dete
of the profile of a worm.

is the lead (of wor);

is the lead angle-of worm;

see Figure B.2;

Rom — Vg

PGm ]

) =Xawi+ Pem ~(cos(ag (¥ ) —cos(agp )

(B.3)

(B.4)

(B.5)

ed for any

bfile of the
rmined for

worm/tool

(B.6)

(B.7)
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10 .
. &}
| > £
3 (IR | o
&)
) |
A S
Q / Xon
XG "GE
5
1 0
\ YG
Key
1  axis of the grinding wheel
Figure B.2 — C profile type - Axial section of the tool
Yo (Ye)) =Y
with
_ T-Myq _Smxl)'COS(le)
XGm =
2
d
ag =Rdy +—L
d
R =d{ _Ll
Gm 0 2
B.3 Derjvatives for K profile type

(B.8)

(B.9)

(B.10)

(B.11)

B.3.1 First derivative of K profile type

First derivatives of K profile type are given by Formulae (B.12) and (B.13):

dog (yg)=0

dxg (yg)=—tan(agy )
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B.3.2 Second derivative of K profile type

Second derivatives of K profile type are given by Formulae (B.14) and (B.15):

B.3.3 Third derivative of K profile type
Third derivatives of K profile type are given by Formulae (B.16) and (B.17):
B.4 Derjvatives for C profile type

B.4.1 First derivative of C profile type

First deriv

htives of C profile type are given by Formulae (B.18) and (B:19):
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1

6)= (B.18)

N |-

Gm

2
ST

dxg (¥6)=—Pem sin(og (yg))-deg (yg) (B.19)
B.4.2 Second derivative of C profile type
Second derivatives of C profile type are given by Formulae (B.20) and (B.21):
1 [ _ Pum =Ye A
d205 (76)= | ) (B.20)
273 PGm
2 : Rem =Yg | |2
Pem” - 1= sin(op ) ——""———
PGm
2,
d2x6 (G ) ==Pom | c05(e (75 ))-dorg (v6)* +sin (e (15 ))- 4206 ()| (B.21)
B.4.3 Third derivative of C profile type
Third deriyatives of C profile type are given by Formulae (B.22) and (B$23):
3 Reom -6 |
d3og (g )= z '(Sin(%n)_w}
: Rem =Yg | |2
PGm 1—(511’1(06011 )_ ]
PGm
(B.22)
1
* 3
e 22
me3 '{1_[Sin(a0n )_M] ]
PGm
. 3
d3x6 (V6 )= Pem -sin(ag (vg ) dog (¥6)
—3pgm -cos (oG (Vg ))-dag (v )-d20g (¥6) (B.23)
—Pem s (yg))-d3ag (vg)
B.5 Second derivative for K/C profile types for c2(y;) and ¢3(y;)
Second derjivativesfor K/C profile types for c2(y;) and ¢3(y;) are given by Formulae (B.24) and (|B.25):
2-d2x¢ (y 2.y 2 y W .
d2c2(_VG):(d2xG (Vg)— c 2)“‘ - d2xg (yg)" ——%—-d3xg (¥g) |'s(Ym1)
dxg (yg)” dxg(¥g) dxg (V)
(B.24)
d2C3(yG ) =2{a0 Sln(J/l’:ll )_pzu13 COS(le) dZXG (yG )2
_ Ag -Sin(Ym1) = Pau1 “€0S(Ym1) d3xg (¥¢)

2
dxg (vg)
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B.6 Second derivative for K/C profile for ¢ (y;)

B.6.1 First derivation of the first term of deg ()

First derivation of the first term of de¢ () is given by Formula (B.26).

NOTE For €, (yg) and de, (Vg ), see 7.7.2.1 and 7.7.2.3.2.

dAeg (vg)= d2¢;3 (y6) : _dez (6)-(e2(yg)-dep (ya)=¢3(¥6)-des (Vg)) (B.26)

2 2\5 2 2
(e1® +e2 (v6)* 3 (76 )2 (e1? +e2 (y6)* —e3(¥6)?)
B.6.2 First derivation of the numerator of the 2nd term of de. ( y:)

3
2

First derivation of the numerator of the 2nd term of deg (y ) is given by Formulae (B.27) and (B.28):

BNeg (lvg)=—c3(yg) c2(yg)-dea (yg) [B.27)

and

dBNeq (g )=—dcz (¥6) ¢5 (¥6)-des (¥g)—c3(vg)-dey (v6)* —c3 (¥6)€(¥g)-d2c; (vg) [B.28)

B.6.3 Figst derivation of the 3rd term of deg; ()

First derivation of the 3rd term of deg (y¢ ) is given by Formula (B.29):

2
dCeq (pg)=| —d2cy (g )+ 20206) 2U6) | a1 (B.29)

2 2 2 2
c1”+ea(Vg) et ey (yg)

B.6.4 First derivation of the denominator ofthe 2nd term of deg; (y;)

First derivation of the denominator of the 2nd term of deg (v ) is given by Formulae (B.30) to (B.32):

1
BDeq ()’G):(C12 +¢2 (Y6 )2)'(012 ey (v6) —c3(vg)? )2 (B.30)

dBeg (|6 )=2¢3 (¥6)-deg e )-(e1® +ca (v6)? —¢3 (v6 )P )2 +
-1
(325 c2 (76)? ) (er2 +€2 (¥6)* —c3(76)?) 2 (e (¥6)-dea (6)—c3 (¥6)-dey (¥g))

(B.31)
dBNgc ( Vg )'BDSC ( Ve )—dBDEC ( Vg )'BNEC ( Vg )
ngG (yG): 5 B.32)
BDeg (yg)
B.6.5 Second derivative for K/C profile for ; (y;)
Second derivative for K/C profile for &¢ (y) is given by Formula (B.33):
d2eg (yg)=dAeg (yg)+dBeg (yg)+dCeg (yg) (B.33)
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B.7 Second derivative of point generated by the grinding wheel

Second derivatives of point generated by the grinding wheel are given by Formulae (B.34) to (B.36):

dzXCuw (yG):dZXCG (yG)'COS(yml)_

(2c0s(ey, (g ) dey (Vg )= Y6 -sin(ey (¥6))-dey, (y6)* +
Yi cos(&y (Vg )) d2ey (¥6)) sin(¥Ym1)

d2ycyy (Vg )=2sin(g,, (¥g)) dey (¥g)+

Y6 cos(ey (¥g))-dey (¥g )2 +y-sin(ey (yg))-d2ey, (vg))

deCuw(\IU)——H7YU(\/U).qin(v )

(B.34)

(B.35)

(B.36)

AR 0 B By

(2C05(8w (¥6))-dew (y6)= Yo -sin(gw (v6))-dey (v6)* + g -cos(ey (v6)) 428

G ))‘005(7m1 )

B.8 Second derivative of point generated by the grinding wheelprojected in the axial

plane of worm

Second detfivative of point generated by the grinding wheel projected in the axial plane of worm
Formulae (|B.37) to (B.40):

d2ey (46)=

(B.37)

d2xy ( yG):dzxcuw (yG )_pzul -d2ey (yG)

dzyx(YG)z

dtano) (yg)

o
J

dzZcuw (yG)'yCuw (yG)_ZCuw (yG)‘dZyCuw (yG)
2 2
YCuw (yG) +ZChw (yG)

2(dZCuw (YG)'yCuw (yG)_ZCuw (yG )'d.ycuw (J’G))'

is given by

YCuw (yG)'dyCuwyCuw (yG)+Zcuwy‘ uw (yG)'dZCuw

(-ycuw (yG )2 +2ZChw (yG)-

d2ycuy (¥) , 242¥cuy (V)
cos(9y (¥ )). “eos(o, (y5))*

-sin(@y (¥g))-doy (¥ )+

1
cos(¢x (¥g))

2-sin(@(¥g)
cos(¢x ()
YCuw (yG )

cos(¢, (¥g))*
dZXX (yG)_dXx (yG)'dzyX (J’G)

2
- Ve (V6) 00y (v6)2+

-sin(@y (¥g))-d20y (¥G)

(B.38)

(B.39)

B.40)

dyy (VG) dy, (yg )2
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B.9 Tangent vector to a helicoidal motion

Considering a point M in an helicoidal motion, the point located on cylinder of radius r, is defined in a
reference frame (0, X, Y, Z), OX on the axis of rotation, by Formulae (B.41) and (B.42):

Zg + P21 ¢
2r

X
oM=|y |= r-cos(w-t) (B.41)
z r-sin(m-t)

with

Pz1 lead of the helicoidal motion

w rotational speed in rad/s
Zg origin of point O
t time parameter

The speed vector at point M is obtained by the derivative %0—1\2 :

Pz1 Pz1
J 2r 2r
EO—M:W —-r-sin(o-t) |m0-| -z (B.42)
r-cos(w-t) y
Pz
27
Therefore,[the speed vector to helicoidal motien at point M is colinear to the tangent vector: | —%
Y

B.10 Development of formulae for the point generated on the worm

The followjing conventions are-used: the profile of the grinding wheel is defined in the right-handed frame
R:(0¢, X¢, Yo Z) with:

— 0O, origin crossing the axis of rotation and the mid plane of the grinding wheel;
— X, corresponding to axis of rotation of the grinding wheel;

— Y, in rjadial direction;

— Zg, complete the frame (see Figure B.3).

The outside radius of the grinding wheel is R,. The grinding wheel can have eventually a cylindrical external
surface on a length of 2E,p.

© IS0 2024 - All rights reserved
84


https://standardsiso.com/api/?name=52c5ed6f4c7119800ec0ba08938d3695

ISO 10828:2024(en)

The main q

X Yo, Z) by Formulae (B.43) to (B.61):

0,G

The pressy
tan (o
And

o6 (Vg

| 0g
i -t
|
|
) |
gl > |
= Ewi |,
A
! G =
i —
Y
Xa(Ye)
1
&
1 0
\
YG

Figure B.3 — Generic grinding wheel

arameter is the radius y;.A point G of theprofile of the grinding wheel is defined in f1

x (¥g)
YG

0
re angle at point G is;obtained by the derivate of x;(y):

(96))= - ()
Ve

ame R; (O,

(B.43)

(B.44)

(B.45)

)=tan ! (

J

ﬁ(x(; (%))

The normal vector to grinding wheel profile is:

. cos(og (vg )
N =| sin(ag (y¢))

0

The common centre distance normal to the worm axis and the grinding wheel axis is 00; =aq,
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do

NV

Figure B.4 — Definition of considered frames

The right-Handed frame reference to the.worm is R(0, X, Y, Z) is defined by:

— O on the axis of the worm crossing the axis of symmetry of the considered space-width;
— 0X, ax]s of rotation of the Worm;

— 0Y, radial axis crossing the centre of the grinding wheel O;

— 0Z, complete the\frame (see Figure B.4).

The axis offrotation of the grinding wheel is inclined according to the axis of the worm by an angl¢ y, A fixed
frame Rg; (0Xc1, Y1, Zg1) linked to the reference frame is defined axis Y, on axis OY. The grinfding wheel
is rotating around axis Xg. The frame R (O, X, Yg Zg) 15 linKed to this rotation, relative to axis OY and the
angle of rotation is &; (y; ) function of the radius y;.

The coordinates point G of the grinding wheel in the frame R (O, X1, Y1, Zgq) are:

1 0 0 xq(yg) xq(yg)
OgGp, =| 0 coseq(yg) —sineg(yg) | Vg [7| Y6 coseq(yg) (B.47)
0 sine;(yg) coseq(yg) 0 Y -singg (yg)

This point G in the reference frame R is:

O_G.R =@R +@R
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x) (0 cosyo 0 -—siny x6 (¥6) X6 (¥g)-cosyo =Yg -sineg (¥ )-sinyg
OGr=|y |=|ap [+| O -1 0 Yg-coseq (Vg) |= ag—ys -cose; (yg)
z) {0 ) (-sinyg 0 —cosyy | yg-singg(yg) ) (=X (¥g)-sinyy—yg-singg (yg)-cosyy

For a point of the flank of the worm, the speed vector to the helicoidal motion at the coincident point in
contact with the grinding wheel is:

Pz1 Pz1
2 2r
VrR=||-2z |F| Xc(yg) sinyg +yg -sinég (yg)-cosyy (B.49)
y ag — Y -cos€g (¥g)

The normall vector to grinding wheel profile is:

cosy, 0 —siny, |1 0 0 cos(og (yg))
Neg=| 0 -1 0 |0 coseg(ys) —sineg(yg) | sin(ag (¥) (B.50)
—-sinyy 0 —cosyy \0 sing;(ygs) coseq(yg) 0
cos (0 (yg))-cosyy —sin(og (¥g))-sinyg -sineg ()
Ngp = —sin(ag (yg))-coseg (¥ ) (B.51)

—cos (0 (yg))-sinyy —sin(ag (yg))-cosyp -singg(yg ),
In each point of worm profile generated by the point G of the'grinding wheel, the speed vector of the worm
shall be perpendicular to the coincident normal vector ofthe grinding wheel. So, the dot product V|g «Ng; , =0
shall be zero.

From Formula (4), the unitlead is p,,; =%, and it results in:

Pt [§0s(0 (¥ ))-cosyy —sin(ag (y5))-sinyg -singg (ve )]

=[x (Yg)-sinyy +y¢ -sineg (y507c0s o |- sin (e (¥ ))-coseg (v ) (B.52)

—(ap |y -coseg (yg))-[costag (v ) sinyg +sin(ag (g ))-cosyy -singg (v )] =0
Isolating t¢rms with &g (yg )

[=Pou1| sin¥o —ag - cdsyo ] sin(ag (vg)) singg (vg)

+=x¢|yg)-sink@g (¥ )+ g -cos(ag (vg ))]-sinyy -coseg (¥ ) (B.53)

+[py cosyg=ay -sinyy |- cos (g (y5))=0

> N\ . 1 :
After multjphication by ——————— it becomes:
SHRUeUYG))

e
tan (e (g )

Pzu1 0S¥y~ "SInYp _

]sin}/(ycossG (Ye)— wan(ag (Vo))

[Pzu1 -sinyg +ag -cosy, |-singg (v )+|:XG (Ye)-

(B.54)

Which can be written as: ¢y -singg (yg)+cy(yg) coseg (¥g)—c3(yg)=0 which corresponds to

Formula (58).
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C1 =Py SNy +ag -cosy,

YG

With: ¢, (yg) =|:XG (Ve )——}-sin Yo » Which correspond to Formulae (59) to (61). (B.55)
tan (o (g )
Pzu1 "€0SYp —dg *SinYy
c3(yg)="=
tan (o (vg))
To solve the equation in & () it can be written as:
c c
! -singg (yg )+ 2(J6) - -coseg (yg)— 3(Y6) - =0 (B.56)
2 2 2 2
¢ +ca () ¢1”+ca () ¢1”+c2(6)
And with
c
tanw(Jy; )= L then: cosw(yg)= it - sinw(yg)= 2(J6) - (B.57)
2
2 (¥e) ¢’ +¢3(¥g) ¢1” +¢2(yg)
. . . _ c3(yg)
So: cosw(yg )-singq (yg )+sinw(yg)-coseg (ye )= - (B.58)
2
¢1”+¢2(¥6)
c
Equivalent to: sin(w(yg;)+¢e; (yg))= 3(J6) - (B.59)
2
¢ +¢2(ye)
c
And g/ (yG)=sin_1 3 (V) -w(ys) (B.60)
2 2
¢1”+¢2(¥6)
e (yg)= sin”! c3 (V) —tan! G , which eorresponds to Formula (62). (B.61)
P +ep (v6)° <2 (¥c)

NOTE For standard worm grinding, the setting helix angle of grinding wheel ¥, is identical to the reference lead

angle of worm 7,1 .
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