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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out th

rough 1SO

technlcal commlttees Each member body interested in a subject for WhICh a technlcal committee has been

in liaison with I1SO, also take part in the work. I1SO collaborates closely
Intgrnational Electrotechnlcal Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintefiance areg
in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for, the differe
ISO documents should be noted. This document was drafted in accordance with'the editorial r
ISQ/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subjed
rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
rights identified during the development of the document will be in thé_ Introduction and/or on the
palent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given_for the convenience of users and
constitute an endorsement.

For an explanation on the meaning of ISO specific termsyand expressions related to conformity ag
as|well as information about ISO's adherence to the WTO principles in the Technical Barriers to T
se¢ the following URL: Foreword - Supplementaryinformation

Th|
an

e committee responsible for this document is ISO/TC 60, Gears, Subcommittee SC 1, No
i wormgearing.

Th
rey

s second edition cancels and replaces the first edition (ISO/TR 10828:1997), which has been
ised.

This edition includes the formulation for the geometrical dimensions of the worm and worm wheel,
thg determination of gearsmesh geometry (path of contact, zone and lines of contact) with the
defermine the non-dimensional parameters used to apply load capacity calculations (radius of
sliging velocities).
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ht types of
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t of patent
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Introduction

Thread forms of the worms of worm gear pairs are commonly related to the following machining processes:

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

—

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

—

He tool position relative to an axial plane of the worm;

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

|
s

This Techpical Report introduces all the aspects concerning the gear mesh geometryto define conjugpte
worm wheel, path of contact, lines of contact and other associated geometrical characteristics.

vi © 1SO 2015 — All rights reserved
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Worm gears — Worm profiles and gear mesh geometry

1 Sanng
1 oCOpPe

In this Technical Report, thread profiles of the five most common types of worms at the dateof gublication
are described and formulae of their axial profiles are given.

he five worm types covered in this technical report are designated by the letters A-C,l, K and N.
he formulae to calculate the path of contact, the conjugate profile of the worm*wheel, the lines ¢f contact,

the radius of curvature and the velocities at points of contact are provided. ‘At the end the application of
those formulae to calculate parameters used in load capacity calculations are provided.

2 Normative references

—

he following documents, in whole or in part, are normatively referenced in this documen{ and are
ndispensable for its application. For dated referencésy only the edition cited applies. Fof undated
references, the latest edition of the referenced documeft (including any amendments) applies.

I$O 1122-2, Vocabulary — Worm gears
I$O 701, International gear notations — Symbols for geometrical data

I$O/TR 14521, Worm gears — Load capacity of worm gears

3 Symbols and abbreviated terms

-

or the purposes of thisdocument, Tables 1 to 3 give the symbols the indices and the description.

Table 1 — Symbols for worm gears from Clause 4 of this document

Symbols Description Units Figure$ | Formula
number
A distance from the worm axis to virtual point of the cutter mm Fig. A4
(see ref.[1])
a centre distance T FIg- 3 41/42
ao refers to the worm/tool centre distance (length of the mm Fig. 18 54
common perpendicular to the worm/tool axes)
a1 to a4 coefficient for A, | and N profile
b1 facewidth of worm mm 24
ban effective wheel facewidth mm Fig. 4 39
bar wheel rim width mm Fig. 4
c1,c2 tip clearance mm 46/47

© ISO 2015 — Al rights reserved 1
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Symbols Description Units Figures| Formula
number
da1 worm tip diameter mm 14
da2 worm wheel throat diameter mm 35
db1 base diameter of involute helicoid (for | profile) mm 22
de2 worm wheel outside diameter mm 36
dr1 worm root diameter mm 15
di2 worm wheel root diameter mm 34
dm worm reference diameter mm Fig. 1/3 1
dm worm wheel reference diameter mm Fig 2/3 25
dw worm pitch diameter mm 4]
dw3 worm wheel pitch diameter mm Fig)5 44
emx worm reference tooth space width in axial section mm Fig. 1 17
ent worm normal tooth space width in normal section mm 19
ems worm wheel tooth space width in mid-plane section mm 28
h1 worm tooth depth mm 11
h2 worm wheel tooth depth mm 32
hamht worm tooth reference addendum in axial section mm Fig. 3 2
hamp worm wheel tooth reference addendum in  mid-plane mm Fig. 3 3(
section
h;m worm tooth reference addendum coefficient in axial -
section
b worm wheel tooth reference addendum coefficient in mid- -
plane section
he3 worm wheel tooth external addendum mm 3]
hm worm tooth reference dedéndum in axial section mm 13
him worm wheel tooth reference dedendum in mid-plane mm 31
section
B worm - tooth reference dedendum coefficient in axial -
section
he worm wheehtooth reference dedendum coefficient in mid- -
plane séction
Jx axialbacklash mm
mn normal module mm 9
mx axial module mm 2/31
Pbn normal pitch on base cylinder mm 2]
Pnt normal pitch mm 8
pr2 transverse pitch mm 26
Dpxi axial pitch mm Fig. 1
Pz lead (of worm) mm 3
Pz unit lead (lead of worm per radian) mm/rd 4
q1 diameter quotient mm 5
rg2 worm wheel throat form radius mm 40

© 1SO 2015 — All rights reserved
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Symbols Description Units Figures| Formula
number
b1 base radius for involute profile mm Fig. A.4
and A.5
b1 base radius of a notional base circle mm Fig. A4
and A.5
It radius at cusp mm Fig. 29
Sm2 tooth thickness at the reference diameter of the worm mm Fig. 2 27
wheel
SK rim thickness mm Fig. M2
Smx1 worm thread thickness in axial section mm Fig. 1 16
sr*m worm thread thickness in axial section coefficient -
Sn1 normal worm thread thickness in normal section mm 18
u gear ratio 45
X2 worm wheel profile shift coefficient - 29
z1 number of threads in worm -
z2 number of teeth in worm wheel -
Qon tool normal pressure angle °
ot tool transverse pressure angle for A and | profiles ° Fig. 7
o normal pressure angle ° 20
Pt reference helix angle of worm °
i1 reference lead angle of worm °
1 base lead angle of worm thread (for | profile) ° Fig. A.1 21
b1 base lead angle of the notional base helix ° Fig. A.4
and A.§
PGm Radius of curvature/of grinding wheel (C profile)
Im calculation, when a radiusis derived, the symbol d for diameter shall be replaced by r for radius
Table 2 — Subscripts for worm gears
Symbols Description
0 cutting tool
1 worm
2 Wheel
G grinding wheel
Table 3 — Coordinate of remarkable points
Symbols Description

xG(yG)’ Yo aG(yG)

Coordinates of a point on the tool flank when the origin is at
the point of intersection of the tool axis and the tool median
plane, with the x-axis as the tool spindle axis and the

© 1SO 2015 — All rights reserved
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abscissa on the trace of the median plane;
x (y ) y (y ) (y ) Coordinates of axial profile and axial pressure angle for A, |,
e et ' N worm profiles
X (J’G)’ y (yG) ( G) Coordinates of axial profile and axial pressure angle for K and
* * C worm profiles
X D), . D Coordinates of worm profile and pressure angle of worm
D(y" ) D (yp ) P (yp’ ) profile in an offset plane
X D), D D Coordinates of worm profile and pressure angle of worm
D(yp ) Yo y" ) b (yp’ ) profile in an offset plane with origin on pitch axis
X (y L0 ) Vi (y ,D) Coordinates of path of contact in an offset plane with origin on
P P pitch axis
XRD(y ’ D), yRD(y ,D) Coordinates of conjugate worm wheel profile of the worm in
P P an offset plane with origin on worm wheel axis
XTD( Fopb D) yT ( t2D’D) Coordinates of trochoid profile of the worm wheel profite in an
offset plane with origin on worm wheel axis
xp(yeusp|D) , yp (yeusp, D) Coordinates of cusp point in an offset plané.with origin on
pitch axis
Ceq1D (yp,D) Curvature for the worm at a point in an offset plane
CquD (yp,D) Curvature for the worm wheel at a{point in an offset plane
R (yp’ D) Equivalent radius of curvature if an offset plane
Fop (D) outside radius of the worm 'wheel in the offset plane D
Yo root radius of the worm wheel in the offset plane D
M‘(T E) Coordinate of a‘point of contact for the worm (Eq 118)
1\Vp>?
M, (yp’[)) Coordinate-of a point of contact for the worm wheel (Eq 119)
TN (3 D) Tangent unit vector to a line of contact (Eq 128)
cont p?
Normaley(y D) Normal unit vector to the lines of contact (Eq 114)
pJ
NORMA L(y D) Normal unit vector to the lines of contact (Eq 116)
b p’
Re q(yp, D) Radius of curvature along the line the contact (Eq 135)
V(y D Velocity of a point of the thread of the worm (Eq 138)
p)
V(y D Velocity of a point of the tooth flank of the worm (Eq 140)
p9
Vo (yp’ D) Velocity at the contact point along the path of contact (Eq
o 150)
Veor (y ,D) Sum of velocities at the point of contact (Eq 153) for method
nep B in ISO/TR 14521
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4 Formulae for calculation of dimensions
4.1 Parameters for a cylindrical worm
4.1.1 Axial pitch

Px1 =7 myq

4.1.2 Axial module

ISO/TR 10828:2015(E)

Myq = Px1
41.3 Lead
Pz1= 21" Px1

41.4 Unitlead

P
2.7

Pzt =

4(1.5 Diameter quotient

dm1
1 — -mi
x4

4(1.6 Reference lead angle

Mtz _ =1

m1 91

tanym =

41.7 Reference helix angle
Bt =90° = ¥mq
4(1.8 Normal-pitch on reference cylinder

Pn1S Px1°COS ym1

411.9 Normal module

()

®)

(4)

(6)

(7)

(8)

Mp = Myq - COS Y1
4.1.10 Reference diameter

dm1 = q1-myq

© 1SO 2015 — All rights reserved
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A
\i

Smx1 €mx1

dm1

Figure 1 — Axial parameters for worm

4.1.11 Reference tooth depth
1
M F hamt + bt = 5 (da1 —dgy)

4.1.12 Reference addendum

* 1
hanp1 = ham1 - mxq :E'(da1 —dm1)

where /a1 is the addendum coefficient; normally #am1 = 1

4.1.13 Reference dedendum

* 1
bt = P - myq = 5 (dm1 —dg1)

where hf*n 41 = dedendum coefficient; generally 1,1< h]:m1 <1,3, the recommended value is 1,2

4.1.14 Tip diameter
dal=dm +2- hypd
4.1.15 Root diameter

dp|=dmt =2 by

11)

12)

13)

14)

15)

4.1.16 Thread thickness coefficient Sr*nx1

A recommended value is spxq = 0,5

In general practice, this coefficient is very often less than 0,5 when there is a wish to increase the worm

wheel thread thickness to extend durability against wear of worm wheel.

See Figure 1.
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4.1.17 Reference thread thickness in the axial section

*

Smx1 = Smx1 " Px1
4.1.18 Reference space width in the axial section
€mx1 = Px1~ Smx1

4.1.19 Normal thread thickness

ISO/TR 10828:2015(E)

(16)

(17)

Sn1 = Smx1 €08 Ym1
41.20 Normal space width
€n1 = €mx1 - COS ’m1

41.21 Profile flank form

flis specified by a letter:

A is the envelope of straight line in the axial section;

K is a milled helicoid by double cone form;

g is a milled helicoid by circular convex form.
41.22 Normal pressure angle

Hor type-A

tan o, =tanag -0,

-

or other type

Oh = 00n

411.23 Base lead angle for | profile

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

I| is the involute helicoid (the envelope of straight lingsin a plane tangent to the base cylinder);

where aon iS'defined in 6.3, 6.4 and 6.5 for | and N and in 6.6 and 6.7 for K and C.

(18)

(19)

(20)

COS Jp; = COS ¥y - COS g,
4.1.24 Base diameter for | profile

tanymg _ myq-z4
tanyp  tanyp

dpt = dm1

(21)

(22)

NOTE For | profile if the root diameter is less than the base diameter attention should be taken in order that the

diameter of start of active profile (SAP) is greater than db.

© 1SO 2015 — All rights reserved
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4.1.25 Normal pitch on base cylinder
Pont = Px1* COS}p1 (23)

4.1.26 Worm face width

by 2\/(de2)2 ~(2-a-dyf (24)

4.2 Parameters for a worm wheel

a2

NOTE On Figure 2 the profile shift coefficient-x2\is negative.

Figure'2 — Parameters for worm wheel
4.2.1 Reference diameter

dmp =dwao +2- x5 mgy)Or dmo =2-a—dy 25)
4.2.2 Trpnsverse-pifch

Pt = Pxd 26)

4.2.3 Transverse tooth thickness at reference diameter
This value can be calculated only for a worm wheel without profile shift as follows:
Sm2 = emx1 ~ Jx (27)
where jx = axial backlash.

See Figure 2.
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4.2.4 Space width at reference diameter
This value can be calculated only for a worm wheel without profile shift as follows:

€m2 = Px1 = Sm2 (28)
4.2.5 Profile shift coefficient

_2-a—dy—myq-z

2 2. (29)
42.6 Addendum
* 1
hamz = Myq - hama = E'(da2 —dm2) (30)

where h;mz is the addendum coefficient; h;m2 =1 (normally).

On 1= Gr. My

OTE On both parts a) and b), the worm is the same. On part a) (left), the profile shift coefficient equal zero and
on part b) (right) the profile shift coefficient is negative.

Key
1 symmetrical axis of the thread

Figure 3 — Pitch and reference diameters for worm gear set

© 1SO 2015 — All rights reserved 9


https://standardsiso.com/api/?name=968b29a82f3410a966c2ff7c3405649d

ISO/TR 10828:2015(E)

4.2.7 Dedendum
* 1
hima = myq - hfmp = E'(dm2 —df2) (31)

where hyg,, is the dedendum coefficient; generally 1,1 < /¢, < 1,3, the recommended value is 1,2.

4.2.8 Tooth depth

ho =hamo—FHm 32)

4.2.9 Oltside addendum

1
hed = E : (de2 - da2) 33)

Generally: 04 < hep <15 Normally fez2 /mx1= 0,5

nyq
4.2.10 Root diameter
dig| = dmp — 2hg 34)
4.2.11 Throat diameter
dad =dma +2h,o 35)
4.2.12 Outside diameter
ded =dap +2-hyy 36)
NOTE For min/max values see 4.2.9:

4.2.13 Minimum and maximum outside diameter

Generally,
degnjin = daz 708" m,, 37)
de2rrlax =g +3-myy 38)

4.2.14 Worm wheel face width

by <2 a—dp)l? (2 a-de)? (39)

See Figure 4.
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by bar
‘bZH = bZRV - bay - by
by r by r D=0

SIS N
NI\

a) 0)
NOTE Case c) represents the geometrical conditions where bzn reachescits\maximum value.

Figure 4 — Worm wheel face width

42.15 Throat form radius

d
I”gz >a __62

2

B

.3 Meshing parameters
43.1 Centre distance
a=05- (dm1 + dm2): 05 (dw1 + dw2)

or

a=myy -[0,5-(q1 +22)+ x2]

See Figure™3,.

413.2 Pitch diameter of worm wheel

dwo = zp - myq
4.3.3 Pitch diameter of worm

dwy1=2-a—dy;z

© 1SO 2015 — All rights reserved
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4.3.4 Worm gear ratio

u=-2 (45)

Z1
4.3.5 Contact ratio
The calculation of the contact ratio is defined in 10.6.

4.3.6 Tip-elearanee

c1+a-05-(dyp +dpy)) 46)

Cco :a—0,5-(da1 +df2)) 47)

5 Generalities on worm profiles

5.1 Definitions
Type A straight sided axial profile;

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

Type | involute helicoid, straight generatrix in base tangent planes;

Type N straight profiles in normal plane of thread 'space helix;

Type K milled helicoid generated by biconical’ grinding wheel or milling cutter, convex profiles in
axial planes.

5.2 Conventions relative to the formulae of this document
5.21 The worm threads are right-handed.

The formylae in this Technical ‘Report define the coordinates of the left flank of the axial profile of worm, i.¢.
in the plape XQOY of Figure-b:

To obtair] the right. flanks, it is necessary to draw a symmetric profile to the left flank relative to [a
perpendiqular axis.to’'the worm axis.

=

5.2.2 The-worm and wheel pairs operate as speed reducing gears with directions of rotation as shown
Figure 5,[thus the worm thread left flanks contact the wheel teeth. These are the flanks studied in th
report.

[

5.2.3 The worm wheel is above the worm.
5.2.4 With the origin O, the reference axes XY Z, are mutually perpendicular (see Figure 5):
— OX the worm axis coincides with the X axis;

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

12 © 1SO 2015 — Al rights reserved
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— OZ to complete the direct coordinate system.

A point is defined by its x, y, z coordinates. The following subscripts are used:
— x refers to the X-Y axial plane;
— D refers to an offset plane;

— n refers to the normal plane;

— 1 Tor any point reters 10 a transverse plane.

5/2.5 If the worm is driving, the worm gear set is a reducer. If the worm wheel is driving\the worm gear
set is an increaser.

Key

1| direction of rotation of the worm (C) pitch cylinder of the worm wheel — diameter dw2
2| direction of rotation of the worm wheel P  pitch plane of the worm — distance fron] the

(A) pitch line axis of the worm equal to dw1/2

NOTE Farsthe clarity of drawing only one thread for worm is represented.

Figure 5 — Conventions used in formulae

6 Definition of profiles

6.1 Introduction
There are 2 types of worm profiles:

— profiles A, I, N are generated by a helical movement of a straight line in the space. The formulae of the
axial profile are a direct function according to the radius of the worm. In that case gear mesh in an

© 1SO 2015 — Al rights reserved 13
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offset plane uses two parameters: yr which is the radius of the worm and D which is the distance of the
offset plane

— profiles K and C are generated by a helical movement of a grinding wheel with a certain profile (see
Figures 18) 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 IS 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: yr 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.

6.2 Type A

6.2.1 Geometrical definition

The threaf flanks of type A are generated as envelopes of straight lines in axial planes which@reinclined at
a constarft angle: %—am to the axis (see Figure 6). This line as it is moved with simultaneous rotatign

about and translation along the axis X, defines the worm thread flank (Figure 6).\ The form of which |s
commonly described as an Archimedean helix.

Y|

Figure 6 — Profile A: Theoretical Generation

6.2.2 Machining methods

The straight generatrix is always crossing the worm axis; the flank of thread in an axial plane is always a
straight line; so machining methods should ensure to generate this straight axial flank.

The threads may be cut on a lathe with a tool having straight edges, the cutting plane of which lies in an
axial plane of the worm (Figure 7 a)).

Both flanks of a thread space may be machined simultaneously by using a tool of trapezoidal form.
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Another method which is an inversion of the process of cutting a helical gear with a rack cutter, involves the
use of an involute shaper to produce the desired rectilinear rack profile in an axial plane of the worm. The
cutting face must lie in that axial plane (Figure 7 b)).

It is also necessary that the pitch circle of the shaper should roll without slip on the datum line of the rack
profile. This coincides with a straight line generatrix of the worm pitch cylinder.

<—(10/K'

Eigure 7 — Profile A - Machining Methods

—

ype A profile is a straight'line in an axial plane.

—

he development of the formulae for the axial profile of type A worm is in Annex A, A.2.

o)

.3 Typel

6l3.1 Geometrical definition

A flank of a type | worm is an involute helicoidal surface. The form of which may be generated py a base
tangent (2A) 1o a helix (H), which moves along this - the base heliX lying on the base cylinder of the worm,
which is concentric with the worm axis (Figure 8).

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

© 1SO 2015 — All rights reserved 15
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cylinder of the worm

Figure 8 — Profile | - Theoretical generation

Key
1 base
6.3.2 M

The straight generatrix is always tangential to the“base helix in a plane which is tangential to the bas
cylinder, go the flank of the worm is a straight linein an offset plane which is tangential to the base cylinde]

chining methods

Machining methods should ensure this straight offset profile.

The involyite helicoidal flanks of the threads can be generated by turning on a lathe using a knife tool with ifs
ge aligned with the base tangent generatrix in a plane tangential to the base cylinder.

straight e

In order t
plane and

one right hand toohin“another plane as described after (Figure 9).

b machine both flanks\of a thread simultaneously, it is necessary to set one left hand tool in one

. D

16
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base cylinder
cutting tool
generatrix

WN = =X

=

OTE 00t = Yb1

Figure 9 — Profile | - Machining'method with a lathe

—

he worm flanks can be machined by milling or grinding using the plane side face of a disc ty
Litter or grinding wheel. The cutting face has to be.aligned either

(@)

- with its axis parallel to the X-Z plane and the base tangent generatrix of the flank in the cu
Figure 10), or

—

- with the reference helix of the.werm and in a plane perpendicular to the reference helix
nprmal pressure angle «,, (Figure ).

:2015(E)

pe milling

tting face

et to the

© 1SO 2015 — All rights reserved
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Key

1 base|cylinder

2 grind|ng wheel (with flat active face)

3 action plane of the grinding wheel

4  genefatrix

P  plangltangent to the base circle containing the genheratrix

Figure 10 — Profile:l*- Machining method by grinding (solution 1)

The lattel method of alignment-has the advantage that the cutting face extends to near the thread ro
whereas |n order to do se-by the previous method it will be necessary raise the cutter/grinding-whe
spindle s¢ that the cutter/wheel periphery is tangential to the point of intersection of the base tange
generatri§ with the root.eylinder of the worm.

Both methods require that the mounting of the worm in the milling/grinding machine must be reversed

between machining right and left flanks.

Dt

ht
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Figure 11 — Profile | - Machining method by grinding (solution 2)

Type tprofite s stightty conveximan axiat ptane.

The development of the formulae for the axial profile of type | worm is in Annex A, A.3.

19
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6.4 TypeN

6.4.1 Geometrical definition

Each flank of a type N worm is formed by a straight line generatrix (A) which lies in a plane normal to the
reference helix (Hi); crossing (M) which is a common point of intersection of a vector radius, the
generatrix (A) and the reference helix H. The angle o between (A)and the radius vector at M point is
constant.

carrying the point M which describes the reference helix (Figure 12).

Figure 12 — Profile N - Theoretical generation

6.4.2 Mjbilillillg llleiiluulb

The threads may 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 A type threads, then to rotate it around an axis matching its
symmetrical axis up to an angle equal to the reference lead angle ym1 (Figure 13).
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—

—

= -

ppint;

Figure 13/— Profile N - Machining methods

ype N profiles are slightly concavetin an axial plane.

he development of the formulaé for the axial profile of type N worm is in Annex A, A.4.
6.5 General formulaefor A, |1 and N profiles

6/5.1 General formula of axial profile for A, I, N profiles

[

he general.formula of the axial profile of the worm for A, I, N profiles can be given by a single f
ollows, with’ xx as the axial abscissa of the axial profile point function of the radius of the circld

prmula as
yr at this

/
x,(y,)=a,- arctant

yx()’r): Yr

A
yL_aL
(LA +d;- yrz_a§+a4

a,

The values for the coefficients are given in Table 4.

© 1SO 2015 — All rights reserved
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Table 4 — Coefficients a1 to as for A, 1 and N profiles

Profile
Coefficient A Profile | Profile N Profile
a aip =0 a1 = =Pz AN = Pz
az agp =0 ag| = rp| o = A4-sin(ym1)- tan(agn)
Flsinfy)tanlgr )
Smxl i COS(]/ml)
A=ry —— ==
2‘tan(a0n)
as asn = tan(aon) ag) = tan(yp+) agy = —2N
Cos(7m1 ) A- tan(7m1 )
as 0 0 0
In Formula (48), a4 coefficient allows to translate the axial profile and to set up it at the correct positign

needed in

To set up
applicatio

as

In comple
at the yrc

dxx(

dyx(

tang

X

the calculation.

axial profile at the pitch point in the mid plane thel@s coefficient has to be determined by the
h of the general formula for the pitch radius 7w
2 2
w1 —4a
—X, (rw1) = — g4 -arctan yv -z —ay- rW12 —ag 50)
a

ment to the coordinate of the_axial point it possible to define at this point the axial pressure angle
rcle which is defined by the derivate of xx function according to yr:
aq-ay 1
r ) = + Cl3 ) )’r ) ﬁ 51 )
Ir Yr —ay
) =1 52)

S

53)

6.6 TypeK

6.6.1 Geometrical definition and method

Unlike those of types A, | and N, the thread flanks of type K worms do not have straight line generatrices.
The thread spaces of type K worms are generated with a biconical grinding wheel or disc type milling cutter
having straight cone generatrices (Figure 14).

22
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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 jm1.The straight generatrix of each tool cone and the
median plane of the tool forms an angle equal to the normal pressure angle ¢, of the tool.

The worm is turned uniformly with simultaneous axial translation of threads so that a point on the common
perpendicular, distant 1 (r1: reference radius of worm) from the worm axis, describes the reference helix.

Figure 14 — Profile K - Machining method

© 1SO 2015 — Al rights reserved 23
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The helicoidal flanks of the worm 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 the worm threads lie on a curve and not on any one cone generatrix (Figure 15).

Key

1 grinding wheel
Figure 15 — Profile K - System of coordinates

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

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

24
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6.7 TypeC

6.7.1 Geometrical definition

:2015(E)

Unlike those of types A, | and N, the thread flanks of type C worms do not have straight line genatrices.

Like type K worms, the thread spaces of type C worms are generated with a grinding wheel or
milling cutter. In order to produce the concave thread profiles of type C worms, the tool has a cutt

disc type
ing profile

consisting of convex circular arcs. Figure 16 shows a tool and worm with the system of coordinates for the

worm (x, y, z) and for the tool (xe, ys, za).

he length of the line of centres ao (the common perpendicular to the worm and tool axes xg ant
ith the tool diameter. The angle between the projections of these axes (x, xc) onto a plane-perpe
the line of centres is usually equal to the reference lead angle of worm jm1. Figure 17.shows p
tgol. The 4 tool dimensions which determine the thread form of the worm are: the-profile radic
npean radius Rem Of the tool profile, the tool pressure angle ¢, and the tool thickness (equal {

X Bm).
The process of generating the worm C profiles is the same as for type K (s€e'6.6).
The thread flank profile form varies a little with a change of tool diameéter:

However in contrast to type K thread profiles, type C thread profiles can be adjusted to compensa
f tool diameter by modifying the radius pem and the angle ¢gj0fthe tool.

(o]

f)’

x) varies
dicular to
rtially the
sSpem, the
0 2 times

te change

Figure 16 — Profile C - System of coordinate

© 1SO 2015 — All rights reserved
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Key
PG = Ym1
Figure 17 a) — System of coordinate
oy TY
|
|
|
Pl
|
% |
7 3
|
2
S
Key

1 worm axis
Figure 17 b) — Axial section of the worm
Figure 17 — Profile C
Type C profile is concave in an axial plane.

The development of the formulae for the axial profile of grinding wheel for type C worm is in Annex B, B.2.
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For C and K profiles the parameter of the profile is the Y-circle radius ys at a point on the profile of the
grinding wheel which generates a point of the profile of the worm which has to be projected along its own
helix in the axial plane of worm to obtain the axial profile point.

|0g 26
|
| = s Ss
Q %3 ¥ | 83
/ I G o
me - o
N
EE_G_/ XGm P XGm
|
i Xq © Xe _
) <
1 0 1 0
Yye Ve
a) C Profile b) K Profile
Key
1 worm axis
Figure 18 — Parameter of grinding wheel
Table 5 — Parameters for profile grinding wheel
K Profile C Profile
Hressure angle ag(ys) = agn R, -y
at a point of (v, )=arcsin| sin(a,, )-—%—2¢
akial profileof Aem
the grinding
heel
scissa-ata Xy =xe—tantog Hy—R) xetyo—xe e teostactyoh cos(ao, )
point of axial 6\V6)=4em o, )" \V6 ™ hGa) m m n
profile of the
grinding wheel
Radius at a G G
point of axial
profile of the
grinding wheel

pom: Radius of curvature of the grinding wheel

© 1SO 2015 — All rights reserved
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With:
Centre distance for grinding:

d
aon = Raa + - (54)

with Rca as the outside radius of the grinding wheel

Nominal radius of the grinding wheel:

d
Rgm|= aon _%1 (35)

: - - COS
xem = (7[ Mxq Smé(‘]) (7m1) (56)

6.7.2.1 | Formula for the point generated on the worm

The following formula shows the mesh condition of point G on the tool with a worm/surface:

(01 in(sg (yG ))+ €2 (YG ))+ €2 (J/G)' COS(EG (ve ))_ €3 (yG )) =0 (57)

where &g yG)is rotation angle of the tool:

¢q = g - C08(¥m1)+ Pzut - SiN(ym1) (58)

c2(op) = sinrm) | salv0)- 2% | (59
1 .

c3lvg) = {— m} (ag - sin(ymf)= P2u1 - €08(ym1)) (60)

NOTE By default the inclination of.the_grinding wheel is equal to the lead angle.

From thege formulae &g (y. ) is calculated as follows:

2 c
¢y +C2(.yG 1

Ok )= arcsin[%} - arctan(MJ 61)

Then the point'on the worm surface generated by the point G is shown by the following formulae:

xeuw (v ) = 6 (v ) €08(ym1) - v - sin(eg (vG ) sin(ym1) (62)
yeuw(v)= a0 - yg - cos(eg(vs)) (63)
zeqw (6 ) = =x6 (¥G)* Sin(ym1) - yG - cos(ym1)- sineg (ve ) (64)
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6.7.2.2 Point of the worm surface in the axial plane

b ve) = arctan(M]

YCuw (J’G)

xx(yG):xcuw(yG)_pzm ¢x(yG)

JYCuw ()’G)

»lre)= cos(4, (vg))

617.2.3 Pressure angle of the C/K profiles

6/7.2.3.1 First derivative of c2(yc) et c3(yc)

dealre)- [dxe<ye>+ e ey LA >j siny)

dC3(yG)={_ao 'Sin(7m1)+qu21 .COS(}/m1)'d2xG(yG)J
dxg(ve)

6/7.2.3.2 First derivative of sc(yc)

deg(ve)= deslre) i c3(ve )25 ) dea(ve) N dey(yg) e

(012 +02(ye)2—63(J/G)2)§ (C12 +C2()’G)2)'(C12 +02(ye)2—cs(ye)2)% o +02(yG)2

617.2.3.3 First derivative of point generated by the grinding wheel
dxcyy (J’G) =dxg (J’G ) COS(7m1 ) r~ (sin(ge (J/G )) +Ye- 005(5(; (J/G )) deg (yG )) Sin(?/m)
dycyw (J’G): —cos(gG(yG ))+ G ‘Sin(ge(J’G )) deg (J’G)

dzeyw (v5) = ~(dxg 06 )sin(y,.41)) - [Si”(ge (ve )+ ya: cosles (vs ) (deg (ve ))] COS (71 )

7.2.3.4 First derivative of point generated by the grinding wheel projected in the axial p
the worm

dZCuw(yG)‘ YCuw ()’G)_ ZCuw()’G)‘ dycuw(yG)
d oy =
¢ (yG) ycuw(yG)2 + ZCuw(yG)2

da (VA () as (o)
S U4 CY A EVI TAWACY AN 5Tk A S AWACY)

_d cuw( )+ Cuw( ) .sin .
d)’x(J’G)— CO};(¢X()):§)) CO);(¢X(1}2))2 (¢X(J’G)) d¢x(J’G)

6.7.2.3.5 Pressure angle of the C/K profiles in axial plane

dxx(yG)

tanay(re) = dy.(ve)
X

© 1SO 2015 — All rights reserved
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(69)

(70)

(71)

(72)

(73)
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(74)

(75)
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6.7.2.3.6  Derivative of pressure angle of the C/K profiles

d2xx(yG)_ dx, (vs)- d2x, (vg) (78)

dtan =
ax(ye) dyx(J/G) dyx(yG)2

For the calculation of second derivative of xx, yx see Annex A for A, |, N profiles and Annex B for C and K
profiles.

NOTE The previous formulae apply to any profile of disc type tool.

6.7.3 G&neral formula of the axial profile

In the follpwing of document the axial profile of the worm is considered with general formulae xx(’p), ¥x(o
tanax (yp) ps a function of a parameter yp, with

— b = yr, radius of the worm for A, |, N profiles, and
— and yp = yc for radius of the worm for C and K profiles.

6.8 Aldorithm to initialize the calculation

The first step is to initialize the calculation by the input of geometric paramieters:

— of thg worm: z1, ym1, mx1, an, profile type, drm, di, 01*, s:m and enly for K profile Rca and C profile Rah
PGCm;

— of thg worm wheel: zy,bop, X2,¢1,¢5,dg .

INPUT DATA

Parameters of worm
Parameters of worm wheel

For A, I, N profiles For C, K profiles
Coefficients for PROFILE)(see 6.5.1) Parameters for grinding wheel (see 6.7.2)
Axial profilesof worm Axial profile of worm
Definitiop of'the distances D of offset planesw Definition of the distances D of offset planesw
boy boy boy boy
betweem ——— and ¥—— betweem ——— and ¥+ ——
2 2 L 2 2

Note The worm gear mesh is split in an odd number of offset planes, Npiane, €equally spaced by a value of
ban/(Npiane -1). The Offset planes are noted D .

The algorithm has to be continued in 10.4.1.
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7 Section planes

7.1 Introduction

The section planes are defined in Figure 19.

7.2 Axial plane

The axial plane is the plane containing the worm axis and the X and Y axes of the coordinate system (see
plane X, Fignm 10)

~J

.3 Offset plane

b3

n offset plane is parallel to the X-Y plane at an offset D (Z axis) (see plane D, Figure 19):

>

point in the offset plane is determined by the point of intersection with that plane of the helix through a
reference point x, y, in X-Y plane.

7.4 Transverse plane

A transverse plane is a plane which is perpendicular to the axis of the-worm (see plane R, Figure 19).

7.5 Normal plane

>

normal plane is defined as a plane which is perpendicular to the reference helix crossing the $ymmetric
xes of the complete axial profile (left and right flank)\(see plane N, Figure 19).

Q
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7.6 Point of the worm surface in an offset plane: offset profile of worm

By definition the wormdwheel is conjugate to the worm. The profile of the worm is defined in an axial plang
and it is pfojected in.offset planes (Figure 20) in order to study the gear mesh of the worm gear set.

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

positive of négative along Z axis.

Figure 19 — Section planes

D

The coordinates of point (Mq) in an offset plane and on the helix curve, which pass the point (Mx) in the

plane, are shown as follows:

32
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Key

axial plane (O, X, Y)
offset plane

N =

Figure 20 — Relationship between axial profile and the profile in an offset plane

-

or a given axial point of worm surface, the corresponding point xo and ypo on the same helix in
ane D, is obtained with the angle do in the transverse plane (Y,Z).

o]

oD (yp,D): arcsin(;ﬁ}—p)]
Xp (yp,D) =Xy (yp)+ P2t \0p (yp,D)
J’D(J’p’D): Yx (yp)~cos(5D(yp,D))

First derivatives oftack Profile formula:

With the.derivatives according to yp:

- dylp)
) \/yx(yp)z_Dz

d§D(yp,D):

de()’psD): dxx(yp)"‘ Pzu1 'dé‘D(yva)

d)’D(yp'D): dyx(yp)'cos(5D(yp’D))_ yx(J’p)' Si”(5D(yp'D»' d5D(vaD)

And it results the pressure angle of the axial projected point is:

© 1SO 2015 — All rights reserved

an offset

(79)

(80)

(81)

(82)

(83)

(84)
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tan aD(yp,D)

_ de(yp,D)
dyo(yp,D)

8 Pitch surfaces

(85)

To study worm gear geometry the first step is to define the main parameters of the worm gear set (see
Clause 4), and to select the type of the worm profile:

34

For the-werm:

number of threads on worm;

diameter quotient;

gxial module;

normal pressure angle;

thread thickness;

rnotational speed of the worm (rpm);

worm profile;

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

radius of curvature of the grinding wheel for C profile.

For the worm wheel:

In co

number of teeth on worm wheel,
profile shift coefficient;

face width of worm wheel;
Qutside addendum coefficient;

hottom clearance.coefficient;

values of Glause 4.

mplement.addendum and dedendum coefficients can be defined if they are not equal to propossg

o
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Key
1 worm wheel
2| pitch circle in the offset plane
3] pitch plane
4  worm
NOTE Definition of axes (by default a right hand driving worm is considered).
Figure 21 — Definition of pitch surfaces
The axis to study the gear(mesh (Figure 21) are (0, X, Y, Z), with OX as the axis of the worm, QY|

entre line in the mid plane of the worm wheel. The Z axis is used to define the distance D of ¢
ane according to thezmid plane.

T 0

X

ight hand worm. threads are considered, as the worm is driving and the worm wheel driven.

he pitch surface of the worm is a plane parallel to the axis of the worm and the axis of the wh
stancesto.the axis of the worm equal to the half of pitch diameter dw1/2 (see 4.3.3).

o —

—

along the
ach offset

eel with a

heé pitch cylinder of the worm wheel is defined with the pitch diameter dw2 (see 4.3.2).

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

The common tangent between the 2 pitch surfaces is called pitch axis; it is also the instantaneous axis of

rotation.

© 1SO 2015 — All rights reserved
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9 Conjugate worm wheel profile

9.1 Introduction

For all the calculations in Clauses 9 to 15 the origin of the abscissa of the profile in an offset plane D has to
be defined on the pitch line (see Clause 8) with the following transformation:

2
o =02 + & (86)

5p1(Ih) = 6p (er,D) = arcsin(LJ (87)
Yx (’”WD)

A’CD(D):)CX(”WD)"‘pzu1 '5DI(D) (88)

As the prpjection of the axial plane in an offset plane is done along the helix, consequently each offsgt
profile, oljtained with formulae 70 to 81, has to be translated by a value Axp (D) in,'order that each offs¢

profile crgsses the pitch axis (see end of Clause 8). This is necessary for the following calculations fo
determing the values defined in Clauses 9 and 10.

—

This trandlation is given by:

x'p (fp. D)= xp (yp. D) - Axp (D) 89

9.2 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 coordinate of the
path of cantact is defined in Figure 22 and the followings formulae:
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Figure 22 — Path of contact;in offset plane D
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XID(yp'D

(90)

(91)

Key

1
2

point of contact n°1
point of contact n°2

(ED) external diameter
(PL)  pitch line

Figure 23 — Path of contact

When there is no singularity (see 9.6) in the gear mesh the active path of contact is limited:
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e side by the outside diameter of the worm wheel to define the start of active profile (SAP), point

A on Figure 23;

— on the other side by the active tip diameter of the worm (often equal to the outside diameter of the

worm

For the ca

9.3 Wo

except if there is chamfering), point B on Figure 23.

Iculation of point A and B see 10.3.

rm wheel profile conjugate with worm profile

The worn
following
kinematic

coordinatés of the wheel defined according to the centreline crossing the pitch point of the offset)plane.

Circular cpordinates:

Cartesian
XR D
YRp

The angu

wheel profile conjugate with the worm profile in an offset plane D is obtained in Figure 24 and‘the
ormulae. Each point of the worm wheel profile is obtained from a point of the path of contact. The
conditions of rolling without sliding of pitch surfaces allow projecting those points~in |Circulgr

vo:D)= (w2 =10 (7. D) + 10 ip, D (92)
p,D)=(x'D (yp’D)_x'DngD’D))_xD(yp’D) (93)
w2
,D): £p (y ,D)+ arctan| — 2 (yp’D) (94)
P "'w2 =0 Wp, D
coordinates with origin at the pitch point:
Vo D)= nwzp (vp. D)-sinlép (vp. D)) (95)
Yp: D)= ry, = wzp (vp, D)- cos(bp vy, D)) (96)

ar origin of the conjugate profile with worm is on axis Oz crossing the pitch point (see Figure 24),

38
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ey
4

(PC) pitch circle of the worm wheel
(PL)  pitch line of worm
(L) path of contact

Figure 24 — Determination of the worm wheel profile conjugate with the worm profile in an offset

plane

The outside radius of the worm wheel in the OFF SET plane D is given by:
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2
re2D(D)=min a—\/(%+6‘1j —D2, O,5~dez (97)

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 rwheel. The
algorithm is given in Annex C.

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

—

The tip cqrner of the cutting tool, which generates the worm wheel, generates a fillet or trochoid at the rop
of the wgrm wheel tooth. The tip corner is defined in each offset plane by the coordinates (xadp;) yao
obtained py increasing the outside diameter of the worm by the value of the clearance at the reot of th
worm wheel teeth; this corresponds to the outside radius of the cutting tool ra0. The principle for'the profi
of the wgrm in an offset plane D is obtained in Figure 25 and the following formulae. Here again th
kinematic| conditions of rolling without sliding of pitch surfaces allow for the projection of those points

circular cpordinates of the wheel defined according to the centreline crossing the tip{eéorner of the offs
plane.

RN

D
—
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ey

PC) pitch circle of the worm wheel

PL) pitch line of worm

P1)(R'1) offset profile of equivalent cutting tool

[R) trochoid generated by tip corner of cutting tool

—~ b

Figure 25 — Trochoid (or fillet) of the worm wheel teeth

Circular coordinates (rt2p, B2p): in the formulae the radius circle of the point of the fillet rp is the parameter.

riep has to be greater than the root radius of the worm wheel 2o given by:

Fiop =ty — 720> — D? (98)
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and:
x' (r D)—x' (r D) \/”éD _(”WZ _yID(”aO’D))Z \/”éD _(rw2 _J’ID(”aO’D))2
Opp = —2-2% D WD~/ _ arctan + (99)
"w2 rw2 — v (a0, D) Fw2
Cartesian coordinates:
xTp (rop. D) = rip - sin(@ip (riop . D)) (100)
¥Tp (fop. D) = rw2 — riop - €08(0eop (riop . D)) (101

The relatipns are obtained directly as a function of a radius of the circle crossing the point of the ¢rochoid. In
Formula (J100 and 101) Bwp is determined with the same origin axis Ozl as the conjugate profile of the worn
wheel (sef 9.3).

This allows to calculate, for each offset plane, the form radius of the worm wheel rpavhich corresponds f{
the intersgection of the trochoid and conjugate profile. This value is obtained when-8i2p = 6b for rep = rmip
(see Formulae (92), (94) and (99).

[]

9.5 Equtivalent radius of curvature in an offset plane
To determine the equivalent radius of curvature the following process.is used:

1) galculation of the radius of curvature of the worm at thé point of contact. This calculation is made
gn the basis of analytical formula of the worm profilé\in each off set plane;

2) galculation of the radius of curvature of the\eonjugate profile of the worm wheel by using the
EULER SAVARY method;

3) from those 2 values it is possible to calculate an equivalent radius of curvature.

9.5.1 Curvature for the worm at a point in an offset plane
It is given|by the following formula fesulting of general mathematical formulae for a curve in 2 dimensions:

COS(é'D(yp,D))~ dtanap(vg, D)

d 1
Ceqtbp: D)= yx(yg) = oD (102)
2 ,
1+ de(yp,D) 2
dip Vp: D

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

To determine the radius of curvature of the worm wheel, we are using EULER-SAVARY geometric
construction (see Figure 26).
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D1 )
)2)
)C)
)L)

A~~~

offset profile of worm

worm wheel profile conjugate to the offset profile of worm
pitch circle of the worm wheel

pitch line of worm

Figure 26 — Radius of curvature in an offset plane

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 02 of the trajectory of the centre of curvature 01 of the worm profile.
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CquD(J’p»D):

VoD

( ? ) |
1_Ceq1D(yp,D).[Sizlz +rW2.S|naD(yp,D)J
D yp!D 1
(103)

o, D) ).[1_ yID(yp1D)'Ceq1D(yp,D)J )

w2 'SinaD(yp’D)_ sinaD(yp,D sinaD(yp’D)

With:

sinap (yp,D): sin(arctan(tan ap (yp,D))) (104)
9.5.3 Equivalent radius of curvature in an offset plane
It is given|by:

Rqu(yp,D)= L (105)

9.6 Singularities of worm gear mesh

9.6.1 P

CeqiD (yp’D)JF Ceq2D (yp,D)

int of zero pressure angle

Key
(PL)

f
f
(L) f
f

It can be
gives a V|

itch line of worm

itch point

ath of contact

oint of zero pressure.angle
symptote

Figure 27 — Point of zero pressure angle

obsefyed on Figure 27 that the presence of a point of an offset profile with zero pressure angle
bry flat path of contact. It is said that there is an asymptotic direction above the point of zevlo

pressure

hnale
~J

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 tanap (ynul,D): 0 in each off set plane.

44
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The algorithm is given in the table:

A, |, N Profiles C and K profiles
ymin < max(D,ay ) ymin « RGrindw(Rgm, my1:721)
ymax <« 7y ymax <« Rgrindw(Rgm,my1,D)
ynul < 05 - (ymin+ y max) ynul < 0,5 - (y min+ ymax)

4AEROD) = [DO while itanaD (ynuI,D)| > (0,0000001 ZERO(D) — DO whiIe‘tanaD (ynuI,D)| %0

ymin « ynul if tanap (ynul,D)< 0 ymin < ynul i tandg (yr
ymax « ynul if tanap (ynuI,D) >0
ynul < O,5-(ymin+ ymax)

END DO

returnynul

ymax <« ynul iffanap (y
ynul < 0,5- (ymin+ y max
END DO
return ynul

0000001

ul,D)>0
nuI,D)< 0

)

—

he coordinate of the point of zero pressure angle is obtained by caleulation x'p (ynul,D) and y
Formulae (80) and (81)).

—~

or the different offset planes (with D > 0) the points of zero pressure angle give the line of zerg
hgle.

QT

-

or profile | the line of zero pressure angle is an horizental line tangent to the cylinder base.

9l6.2 Loss of contact

he zero pressure angle gives a very.flat*path of contact which can give a limitation of the g
Figure 28).

= -

Tlhis phenomenon can only appear. for offset planes with D > 0 — This can be a limitation of the g
width of worm wheel.

D(ynul,D)

pressure

ear mesh

ctive face

Key
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(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 of worm
Figure 28 — Limitation of gear mesh by the point of zero pressure angle

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

The process ta detect siich case is as follow:

— Detefmine the point of path of contact for yp = ra1 (point B on Figure 28) with Formula. (91
Y20 F Xip (a1, D)

— Calculate the radius 32D = \/()C|D(I”a1,D))2 + (FV%IZ =YD (I”a1,D))2

— If npop > reop there is no point of contact with the worm in the offset plane as.in Figure 28 otherwige
the sfart of active profile (point A) exists as in Figure 23.

9.6.3 Cusp

T
~~

In certain [circumstances it can appear a limitation of conjugate action due to the fact that the path of conta
presents & cusp as shown in the following Figure 29.

Key
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1 point of tangency: cusp

2 worm wheel profile

(PL)pitch line of worm

(L) path of contact

I pitch point

(P) offset profile of worm (rack profile)

Figure 29 — Cusp effect

This effect can appear when the path of contact is flat — C profile is more sensitive to this effect

han other

profile types. It produces a limitation of the contact ratio because the path of contact is limited 4o
between A and T. The potential of contact between T and B is lost.

the points

Jalculation of the cusp point of the worm wheel in the offset plane is valid for all the face width of{the worm
wheel. It is based on the calculation of the minimum value of the radius of the conjugate worm} wheel in
epch off set plane.
Tlo obtain this minimum value we determined when the derivative of Ryop (yp,D) according to yp is equal to
zpro.
dRMZD(yp1D): ! :
RMZD‘J/p‘D) (106)
[~ e =300 2))- d 3005, 0]
YD(vaD)_ Tt 1
+ . -[dyp\yy, D) taneplyy, D)— pl\yp, D) — rwq) - 1+ tanaplyy,, D
[ tanaD(yp,D) tanaD(yp,D)2 [ D( p ) D( p ) (D( P ) w1) ( D( P )]
Tlhe algorithm is:
A, |, N Profiles C and K profiles
Y Min < 71 ymin <« Rgrindw (R, , myq, 7yt )
ymax « 67,1 ymax < Rgrindw (R, ,myq,7a1 45R,, )

ycusp « 0,5 - (ymin# y max) yeusp « 05 (ymin+ ymax)

ZERD(D):=|DO while [d Rzays{ycusp, D)| > 0,0000001
ymin«ycusp if d Ryzp (ycusp, D)< 0
ymax¢ ycusp if d Rypp (ycusp, D) >0
¥6USp « 0,5 - (ymin+ ymax)

ENDDO

return ycusp

ymin « ycusp if d Ryop (yc

ymax « ycusp if d Ryop (yc

ycusp « 0,5 - (ymin+ ymax)
END DO

ZERO(D):= DO while|d Rz (vcusp, D)| > 0,0000001

Jsp,D)> 0
usp,D) <0

return ycusp

The coordinate of the cusp is obtained by calculation xp (ycusp,D) and yp (ycusp,D) (Formulae (80) and

(81)).

For the different offset planes the cusps give the line of cusp points (see Figure 30). This line

has to 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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1 lineg
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3 lineo
In BLACH

In BLUE

lines of cd

In RED (g
worm, thq
curvature

In MAGE
near ROQ

NTA (dashed dot-line) it is the limit given by the ZERO PRESSURE ANGLE - When this line

f cusp point

f start of active profile points or start of zone of contact
f zero pressure angle point

it is the ROOT CYLINDER of the WORM.

t is the OUTSIDE CYLINDER of the WORM,

(continuous line) it is the limit given(by the ROOT ACTIVE radius on the WORM. Normally th
ntact are between that line and thé qutside circle of the worm in BLUE.

ashed line) it is the limit given-by the CUSP. If this line is CROSSING the outside cylinder of th
re is a LIMITATION of gearmesh. For the point of contact closed to CUSP LINE the radius
is closed to ZERO.

T ACTIVE lines-there is a LIMITATION of gear mesh.

Figure 30 — Cusp line, zero pressure angle line, active root line for worm

10 Geor‘netry of contact

10.1 General

In fact the

development of the formulae for the profile of the worm is function of 2 parameters y, and D.

With the partial derivative according to these 2 parameters of the vector which define the coordinate vector
of a point of the worm we are able to obtain 2 vectors of the tangential plane to the worm.

48
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xD(yp,D)
Py,.D)=| yo(7,.D)
D

10.2 Tangent plane at point of contact

With the derivation according to yp:

dXDEyp,D;
T1‘yp,D’= dypvp,D

0

And TD1 the normalised vector is:

DAy, D)= T1[yp’D]

(yp. D

With the derivation according to D:

d Dx; (yp’ D) = COS(5D (yizg)) Yx (yp )

dDypyp. D)= ~tan(p (yp. D))

deDEyp,Dg
T2(yp,D'= dDyp\yp, D

1

And TD2, the normalised vector-is:

102(y,,D)= Tz[yp’D]

72{vp, D

10.3 Normal plane at point of contact

he-tinit normal vector to the point of contact: (orientation from the inside to the outside of the

given by:

NORWAL(,. D) 2(y,, 1y,
NORMAL(r5.)- 7D2ly,., D)< TDyp. D)

D2y, D)x TD(yp, D

nNsy(yp, D)= [NORMAL 5, D), P + (NORMAL(y,, D),
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NORMAL(yp, D),

any(y ,D) )
NORMALCzp,D
NormalNxy(y,, D) = 2 116
orma xy(yp ) any(yp,D) (116)
0
NOTE NermaRreera—hHethe-commennormatvector tereonjugate profiesat the-point of contaet

10.4 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 tjp
radius of {he worm or the cusp radius when there is limited conjugate contact.

In the lonpitudinal 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 for important values of face width or the-Cdsp curve when there |s
limited copjugate contact. See Figure 31.
The zone|of contact is the surface defined by all the path of contact in the\different offset planes. It is limitgd
by the tip|cylinder of the worm and the external surface of the worm wheeél defined by the external cylinder
and exterpal throat surface.

In the cage of chamfering, those limits are respectively the addéndum active cylinder of the worm and the
active tip |ine at the tip of the worm wheel teeth.

In case of| cusp in the gear mesh the zone of contact is limited by the cusp.

In each offset plane it can be defined:

— The start of active profile for the worm by the intersection of the path of contact with the externg
diameter of the worm wheel in this plane (either defined by the external cylinder or the throat diametgr
of thg worm wheel). The result is-that the radius of SAP of the worm is defined by the closest point fo
the akis of the worm of all offset planes. See Figure 30.

— The gtart of active profile for-the worm wheel (SAP worm wheel) by either the intersection of the path ¢f
contgct with the external.diameter of the worm in this plane or by the point of tangency CUSP if there s
a cugp (see Figure 29)” The result is that for the worm wheel there is a distinct SAP in each offsgt
plangs.
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form circle

outside diameter

path contact

axis of worm

zone of contact

line of’zero pressure angles

DONDDN D WN = X

Figure 31 — Zone of contact

The lines of contact are moving on the surface limited by the zone of contact.

In each offset plane, the zone of contact (Figures 31, 34) is limited by the start of active profile (point A in
Figure 23) and the end of active profile (point B in Figure 23) except if there is a cusp (point T of Figure 29).
In the last case the zone of contact is truncated as in Figure 34.

This calculation has to 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.

© 1SO 2015 — All rights reserved 51


https://standardsiso.com/api/?name=968b29a82f3410a966c2ff7c3405649d

ISO/TR 10828:2015(E)

Continuing from 6.8, the following algorithm can be executed in each offset plane Di:

NOTE

52

( OFFSET WORM PROFILE )

Projection of the axial profile of the worm in
the offset plane D; (7.6)

|
( SETTING ORIGINE of offset profile at PITCH
POINT (9.1)

v

/CALCULATION OF PATH OF CONTACT the\
offset plane Di (9.2)

N I v

/ CALCULATION OF CUSP in the offset plane |
Di (9.6.3)

A\

/CALCULATION OF ACTIVE TIP DIAMETER\
OF THE WORM in the offset plane Di (10.4)

CALCULATION OF START OF ACTIVE Q
PROFILE OF THE WORM in the offset plane

N <
p

Di (9.3 and Formula (97))

. | R,
IF Di>0 CALCULATION OF POINT OF

ZERO CONTACT PRES{&E-ANGLE (9.6.1)

~N

.

( CALCULATION'OF CUSP in the offset plane |
o) Diesd

\ r‘.\% | J
/CALCULATION OF ACTIVE TIP DIAMETER )
)OF THE WORM in the offset plane Di (10.4)

(N

/CALCULATiON OF —START—OF—ACTIVE
PROFILE OF THE WORM in the offset plane
Di (9.3 and Formula (97))

The zone of contact in an offset plane is delimited by the limit points as indicated in 10.4.
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A line of contact is composed of all the conjugate points between the flank of the worm and the conjugate

flank of the worm wheel for a relative position of the worm gear set.

Several threads of the worm can be simultaneously in contact.

Key

A, B, C1and C2 instantaneous lines of contact
1| zone of contact

2l worm

3] wheel

Figure 32 —Zone of contact and Lines of contact for one relative position of worm and wo
(here 3 threads are in contact for this relative position)

'm wheel
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A B, Cia
1 zone
2 worn
3 worm

Figure 3

nd C2 instantaneous lines of contact
of contact with path of contact in different offset planes

wheel

and wormuwheel

54

3 — Path of contact, zone of contact and lines of contact for one relative position of worm
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ey
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A, B, C1and C2 instantaneous line of contact
1 cusp

2| offset planes

3] worm

4 worm wheel

5/ path of contact

6] line of zero pressure angles

(PL) pitch line

Figure 34 — Path of contact, zone of contact and lines of contact for one relative position pf worm
and worm wheel

The formula of’the’lines of contact Fcont (yp,D) =0 is given by:

Fcont (yp,D) =x'p (yp,D)~ tanap (yp,D)+ YD (yp,D)— P (117)

Joordinate of a point of contact: For this we consider only the point along the path of contact (ip fact for a
relative position between the worm and the worm wheel there are 1 or 3 points of contact).

For the worm (OM):

Xloéyp,D;
M1(yp,D)= yo\Wp.D (118)

D
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For the worm wheel (02M):

XID(yp'D)
M2(yp1D): —aw+yo(yp,D) (119)
D

The determination of lines of contact is made by the determination of points of contact.

First of all the relative position of the worm is set up by the parameter Axp (D) of Formula (89). This value is

Setupin O—otam € S RE—OTCOotac agen o—n
initial value AxDinit(D)-

To deternpine the 1%t line of contact, the calculation is made in all the offset planes used to determine th
zone of contact. In each offset plane, the initial value of y, to calculate Fcont(yp,D)z 0 is initialized betweg

the value$ obtained for the start of active profile (point A in Figure 23) and the end of active-profile (point
in Figure 23) or the cusp (point T of Figure 29). So the point of contact is obtained easily:

To obtain| the next line of contact, the value of Axp;nit(D) is decreased by the axial pitch px1, and all th

points of fontact are determined in each offset plane. Continue with this operation until the position of th
worm for yhich there is no more contact points, it means points of contact out-of the zone of contact.

To study|a second relative position of the worm and the worm ,wheel the initial value AxDinit(D)

decreased by a portion of the axial pitch px1, pxi/n where n is an integer corresponding to the number
relative pgsitions to study. (e.g. for 10 relative positions to study #=10) and the process is started again wif
this new initial value.

10.6 Contact ratio

[

0

In a worm gear the contact ratio is obtained by the ratio of the distance between the 2 positions of the WOT
t

defined when the first line of contact is tangent{o'the zone of contact and the last line of contact is tange
to the zone of contact see Figure 35, divided by the axial pitch.
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ey

K
A, B, C1and C2 instantaneous line of contact
1 last line in contact
2| zone of contact
3| first line in contact
Figure 35 — Contact ratio

10.7 Tangent vector to the line of contact

—

0 determine the vector tangent to the line of contact, we have to consider the formula of the lines of
bntact Fcont (yp,D): 0.

(@)

The derivatives of Fcont (yp,D) have to be evaluated for the point the contact. It means that in the formulae

(@)

chont(yp,D) and dDFcont(yp,D), xD(yp,D) has to be replaced by x1D(yp,D) which safisfies the

cpntact formula.
dchont(yp,D)z XD (yp,D)- dtanap (yp,D)-i- dxp (yp ,D)~ tanap (yp,D)-i- dyp (yp,D) (120)
dDFcont(yp ,D)z X1D (yp,D)' dDtanap (yp,D)—i- d Dxp (yp,D)~ tanap (yp,D)+ dDyp (yp,D) (121)
With:
P A 1
D= 122
Uop\Vp, V) yx(yp)'COS(é‘D(yp,D» ( )
dD6p (vp, D)= =sin(dp (vp, D)) tan ay (v )-d DSp (vp, D) —L2I_ (123)
Yx (yp)z

This is obtained by considering the derivative of Fcont(yp,D) at the point of contact, and it gives the
relation between D and y,, along the line the contact as the relation of partial derivatives.
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dDym(yp ,D)

To obtain
D)

0828:2015(E)

~dyFcont(y,, D)

B dDFcont(yp,D) (124)

the tangent vector to the lines of contact we have to take the total derivative according to y, (or

dxp\yp, D)+ dDxp yp,D)~dDym Yp, D
Tcontiyp,Diz dypp, D)+ dDyp yp,D)~dDym Yp. D (125)
N Dyyp v
And the uhit vector is:

Or:

Tcon

And the u

TN,

NOTE

10.8 No

As the co
the directi

The SEC

Tcont\y,,D
g, D)= ) (126)

Tcont(yp,D
dxp\yp, D
ool oot
d ,D
tﬂyp,D): dDJ’D(J’psD)"‘ dDnyrflyip o (127)
1
hit vector is:

Tcontﬂy D)
ot Up: D)= P (128)

Tcont1(yp,D

Teont (yp,D) and Tcont1 (yp,D) are identical.
'mal plane at point of contact

ntact is linearalong the lines of contact, according to EULER's theory on curvatures of surfacs
on tangefit 10 line of contact is ONE of the principal directions of curvature.

D

=

DND, principal direction of curvature is normal to that ONE and can be obtain with the vect

product b

btween the tangent vector to the line of contact and the normal to the tangent plane of contadt.

Those 3 vectors [ TNont (vp. D), NORMAL(y,, D), Bly,, D)] defines the trihedral of DARBOUX RIBAUCOUR.

Blyp.D)=TNgont (yp. D)xNORMAL(y,, D) (129)
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10.9 Principal equivalent radius of curvature

For a point of contact, the equivalent of curvature reaches MIN and MAX values called PRINCIPAL
RADIUS OF CURVATURE when we consider its projection in the MAIN PLANES.

In a point of contact, those MAIN PLANES are defined as follows:

— the MAX equivalent of curvature is always in the plane defined by the normal at the surface of the
worm and the vector tangent to the instantaneous line of contact;

—theMiNequivatent of curvature Tsatways i the prarmedefimed by the mormmatat the—surface ofi the worm
and the vector normal to the instantaneous line of contact.

—

his equivalent radius of curvature in an offset plane (see 9.5) has to be projected in the 2“main|planes of

clrvature, which are in this particular case

a) the plane normal to the instantaneous line of contact between the flanks of\worm and worm wheel,
crossing the studied point of contact,

b) the plane tangent to the instantaneous line of contact between the flanks of worm and wofm wheel,

crossing the studied point of contact, and
c) in this last plane the curvature is zero because the contact isdecally linear.

At each point of contact we can define in an offset plane 3 vectors as follows:

- a tangent vector to the worm and worm wheel profite

sinap (yp,D)
5) lyp,D )=| cos(arctan(tanap (yp,D))) (130)
0

—+ anormal vector to the worm and worm wheel profile

cos(arctan(tanap (yp , D)))

NEWIE —sindplyp, D) (131)

0

— avector normatio the offset plane

0

b (D)= 0 (132)

1

The-fadius of curvature is projected along the normal to the point of contact contained in the offsetiplane.

First of all we have to determine the radius of curvature projected along the normal to the common tangent
plane of conjugate flanks at the contact point.

The angle of projection is obtained by the scalar product between the 2 normal vectors.

Reqi(y,, D)= Reayyp.D) (133)

NORMAL(y,, D)- NormalNxy(y,,, D)
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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 which classifies C'and C"is: C" < C'.

EULER's formulais: C=C -cos?(¢)+C" -sin?(¢) (134)

In our case, because the profiles are conjugate we have always C"=0 (The contact is linear and the radius
of curvature along the line the contact is infinite or the curvature equal to zero).

| |2
Req yp,D)=Req1(yp,D)~‘tD(yp,D)~B(yp,Dj (135)

10.10 Chplculation of path of contact and zone of contact

The following procedure has to be applied in each offset plane D

( Calculation of path of contact )
(9.1 and 9.2)

(& \
e : R
Calculation of SAP for worm
(Point A Figure 23 and Formula (102) for:7.5p )

N Y,
IF D>0
Calculation of point of zero pressure angle
(9.6.0)

Verification of logs of contact (9.6.2)

SAP fer.worm wheel (clause 10.3) is
either Point B (Figure 23)
or point T (Figure 29)

SAP poinfs are the limit af theé zone of contact.

For the wprm it is pessible to determine the minimum diameter for all SAP points (see 10.3).

10.11 Chalculation of line of contact

For a given refative position of the worm and the worm wheerT It IS possible 10 determine the lines of contact
between the flanks of threads and worm wheel teeth.

The relative positions are initialised by the parameter Axpnit (D) (see 10.4).
For the value Axp(D) equal to Axpjnit(D) in Formula (89) the contact is just beginning in ONE point of SAP

points of worm (See Figure 35). Then the 15t line of contact is obtained for the next thread. This means that
Mxpinit(D) has to be increased by a value of axial pitch.
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To determine the next line of contact AxDinit(D) has to be again increased by a value of axial pitch p.,.

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 Axpinit(D), increased by a 0,1- pyq to set up a new relative
initial position of the worm and the worm wheel and to restart the process.

In each point of contact the followings value have to be determined:

— tangent vector to the line of contact (see 10 .6);

— principal equivalent of radius of curvature (see 10.7);

- Velocities at contact point (see Clause 11)

11 Velocities at contact point

—

1.1 Velocity of a point of worm

The angular velocity of the worm (rd/s) is given by:
R s 136
DOy =7 30 ( )
The angular velocity vector of the worm (rd/s) is given-by:
— Dy
w;=| 0 (137)
0

<

elocity of a point of the thread of the"worm (in m/s):

Vv, D)=107 o xak{y, . D) (138)

<

elocity of a point of worm wheel.

The point of the,woerm wheel flank is given by:
. x’ID(yprD)
Mz()’p,D)= _aw+yD<yp’D) (139)
D

Velocitiy of a point of the tooth flank of the worm wheel (in m/s):

V3o, D) =100y x M3 (y,, D) (140)

11.2 Relative velocity between 2 conjugate flanks

The relative velocity between the 2 flanks (in m/s) (this is the sliding velocity):
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—

V;(vp D)= 4lyp. D)~ P2y, D)

(141)

This relative sliding velocity can be projected in the common tangent plane to the point of contact in 2

directions:
— one normal to the line of contact;

— the second tangent to the line of contact.

= N/ \ 2/ \
V (Jp’u}zyl\yp’uj.tf\yp’u}

In

(T42Z)
Vonlp: D)= V2lyp, D) Blyp. D) (143)

It results the projection of these velocities on the common normal at the point of contact are @qual.
Vanlfo:2)=Vnlvp. D)= Vanlvp. D)= Vs p. D) TN1cont (vp. D) (144)

11.3 Tangent to the path of contact

The direction of the velocity of points of contact is obtained with the détermination of the tangent vector {

the path df contact in an offset plane:
dyp ypaD): dyID(J’prD)

-1

m.(dle(yp,D)- tan O!D(yp,D)—le(yp,D).dtanaD (yp,D))
ap\Up»

dX|D yp,D)Z

(145)

(146)

Ing(yp,lZ) is the angle between the direction.¢fpitch line of worm and the tangent to the path of contag

then:

_ dle(yp'D)

tan&D(yp,D)—m
p’

11.4 Vecl[)city of the contact point along the path of contact

thé contact pninf nlnng the pafh of contact in an offset plnnn'

Velocity

(147)

(148)

—

dxDd yD(yp , D)

1072 . w D
m wil-Pz2 1

- tanaD(yp,D)—dedyD(yp,D)- 0

Vch()’p’D): VcD()’p’D)'B(yp’D)

62
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(150)
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11.5 Velocity at the point of contact

Velocity of the contact point on the worm:

Vc1nb’psD): V1n()’p’D)_Vch b/p1D)

(151)
Velocity of the contact point on the worm wheel:

VeanWp: D)= V2n vp. D)~ Vepn vp. D) (152)
im is the projection along the normal to the line of contact in the common tangent“plgne at the
cpntact point

VSUMn(J’p,D):‘ch()’p’D)"' Vean (yp1Dj (153)
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Annex A
(informative)

Settings and derivatives of formulae for A, I, N profiles

A.1 Introduction

This anngx contains the detailed for formula of profile in the axial plane of the worm ox X-Y plane according
to the conventions of Figure 5.

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

See Figures 6 to 7 and A.1 for the setting of type A worms, where:

ag  |is the tool transverse pressure angle for A and | profiles;
agn  |is the tool normal pressure angle (see Formula (19));
ven  |is the reference lead angle of worm.
Yi
Yi
M X
-7
7
Y« I
|
|
|
aotjy I
Xx
0 0 7
Key
1 generatrix
Figure A.1 — Generation of Type A profile
For a point (xx, yx) at a distance yx from the worm axis:
Xx = Vx* tan(aOt) =Vx tan(“On )/ COS(]/m1) (A1 )
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and

o, =0y, (A.2)

A.3 Formulae of the profile in the X-Y plane for type | worms
See Figures 9 to 11 for the setting of type | worms, where

DA is the lead;

b1 is the base radius of involute profile; (see Formula (22));
b1 is the base lead angle of worm thread; (see Formula (21)).
Yi
-7/ X
Yx I
|
| 2
I
| N\’
| //r\v
oS
=\~ i L
| R
| .
|
- [
é |
XX
0 Z
1

Key

1 base cylinder

2  generatrix

Figure A.2 — Generation of Type | profile

For a point (x,, y,) at a distance yx from the worm axis:
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Vi Ty

X, =—p,,; arctan Ly w/y)z( —rbz1 .tan(ybl) (A.3)
4%
2 2
Yx —h
tan(ax): &@ (A.4)
b1 Yx
A.4 Formulae of the profiles in the X-Y plane for type N worms
See Figures 12 and 13 for the setting of type N worms, where
pxi is the axial pitch;
Pz is the lead (of worm);
b1 is the base radius of a notional base circle;
7'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 (OO+ on-Eigure A.4) (see ref.[1]);

vm |is the reference lead angle of worm;

aon is the normal pressure angle;

dm1 is the worm reference diameter.

NY

Key

1  axis of worm
2 axis of symmetry of the tooth space
3 reference helix
4  generatrix
Figure A.3 — Generation of Type N profile

YA
|
2 |
Pe
yx |
ST TR 3 X
\ N
‘ T . AN
| AN
i AN
N XK
| N\
< | v\
, \01/ 731 On
| 0 7\
o g
J |
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-

Figure A.4 — Profile N: Conventiondor formulae

or a point (xy, yx) at radial distance yx from the worm axis:

2 12
Yx —r
Xy = Pz -qarctan r'—m -0 +,/y)% —r'tz)1 ~tan(;/'b1) (A.5)
b1
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Key

1 genefatrix

Figure A.5 — Profile N: Generatrix with pseudo base radius

With:
[ /A 2 A
0= arctan“,—mJ (A.6)
71
P21 o142 7 yy tan(y'py)
tanla, )= A7
(@) =22 T2 (A7)
T Yx Vx rx‘]
Where:
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1
" b1

tanlrs) = e

g A-sin(ym)- tan(agy)
Y1 6inly ) tanlegy )f

Azi.(d1 o M)

2 2 - tan(ayg, )

A.5 Second derivative of axial profile formula

p? — %2

d2y,(v,)=0

SRR
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(A.10)

(A11)

(A12)
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Annex B
(informative)

Settings and derivatives of formulae for K and C profiles

B.1 Formulae for K profile

Where

(ve, xe{ya))

dm1

Px1

Qon

Formulag of the profile of a bi-conical grinding wheel{Figure 16)

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

is the cutter spindle/worm centre distance;
is the reference lead angle of worm;

is the lead;

are the coordinates of a point on the tool flank when the~origin is at the point
intersection of the tool axis and the tool median planefwith the x-axis as the tg
spindle axis and the abscissa on the trace of the median‘plane;

worm reference diameter;
axial pitch;

normal pressure angle of the tool.

Xg
I\

Ne(P)

X¢gr /"""~~~ ————————,

Df
pl

Figure B.1 — Profile K - Grinding wheel profile

One of the advantages of this 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 tool diameter, so the reproductibility is

approximated.
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NOTE 1 The smaller the diameter of the tool, the more nearly the normal profiles of the thread spaces approach
those of type N worms and the larger the tool diameter the more nearly the forms of the thread flanks approach those of
type | worms.

NOTE 2 Itis possible to machine type K worms with conical milling cutter. The flank surfaces have facets resulting of
the cutting discontinuity caused by cutting tooth pitch.

xw(J’G): *ms — tan(“On)' (J’G - RGa) (B.1)

ag(vg)=aon (B.2)

With:

Jc is the radius of grinding wheel which generates the point on the worm.

Rp is the radius of the circle of intersection of both conical surfaces of the grinding wheel flanks.
d
ag = Rga +% (B.3)
Ry =ag - dm1 (B.4)
2
Xpg = (” Ty — Sx21) COS(Vm1) (B.5)

B.2 Alternatives formulae for C profiles

-

ormulae enabling determination of the-axial sections of worms

With the basic data of the tool indicated’in Figure 17, the parameters yg, xc and ac may be derived for any
ppint G of the tool profile.
g

n the basis of these three(parameters and with the formulae provided below, the coordinates k, », of an

aiial profile and the angle ‘« of the tangent may be determined for any point P of the profile of a wgrm.
Symbols:
ao is the worm/tool centre distance (length of the common perpendicular to the|worm/tool
axes);
Pzt is the lead (of worm);
Yoot is the lead angle of worm;
YGm = Rom, see Figure B.2;

Eva pav) — L
AOIMTy CAOTTI CVOTT

Formula of the profile of the grinding wheel

ag(yg)= arcsin(sin(aon )—RGm—_yGJ (B.6)
PGm
x(yg) = xam + Pem - (cos(ag (vg ) - cos(aon )) (B.7)
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| 0[3 ‘ Xg
T L > XG5 T L >
= | E; ‘ | Q- | Q o
Qc S| W ! Q&
W | A |
i~ . / & .
i N L GJ y S\ G/
P | . ] R S =
S
‘ Gm * ‘ Gm
F 4
P/ XGm P/ XGm
|
= Xg s Xo =
o ©
1 0 | 1 0
Key
1 axis ¢f the grinding wheel
Figure B.2 — Profile C - Axial section of the tool
v6)=ys (Bl8)
With:
Xem T (ﬂ-'mxl _Smxl)' COS(]/ml) (B 9)
2
ag =|Rga +% (B.10)
RGm: 0—% (B11)
B.3 Derivatives for K profile
B.3.1 First derivative of K profile formula
dag(yg)=0 (B.12)
dx¢(yg)=—tan(ay,) (B.13)
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d2ag(yg)=0 (B.14)
d2xg(yg)=0 (B.15)
B.3.3 Third derivative of K profile formula
d3ag(yg)=0 (B.16)
d3xg(yg)=0 (B.17)
B.4 Derivatives for C profile
B.4.1 First derivative of C profile formula
1
dag(ye)= ; (8.18)
R —ve ) IP
pu | 1= s ) o=
me
de(J’G) =—PGm ~sin(aG (yG )) dag (J/G) (B.19)
B.4.2 Second derivative of C profile formula
d2a(yg )= 1 . -(sin(a()n)—RGm—_yG] (B.20)
R 2 E me
pu | 1| snfg om0 |
me
d2x6(ys) = pom - c0sas(vs)) dag(vs f - pem - sinlag (vs))- d2a6(ve) (B.21)
B.4.3 Third derivative of C profile formula
3 R ’
d3agf55)- ool ) Fon = |
R 202 Pom
Pem |1 _(Sin(%n)_cm_ycj
me
B.22
1 (B.22)
+ 3
R 2P
Pom 1 _[Sin(QOn )_ am = Y6 j
me
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d3xg (yG) = pPem" Sin(OfG (yG )) dag (J’G )3

~3pam - c0slag(ys))- dag(ve)- d2ag(vs)

(B.23)
~pem - sin(ag (1)) d3a6 ()
B.5 Second derivative for K/C profile for c2(yc) et c3(yc)
d2c2(yg) = (dzxc(m)— 2:426b6) | 236 4o (y —yie-d%r:(mﬂvsm(}/m) (B.24)
\ dxglrg)” dxglyg) dxglyg ) )
0264y ) = 2| 0" SMrm1) = 2t 2Osrmi). 421y P
dxg(va) 5.9k
sin(ym1) = pan - €08(7m1) G
_aO m1 ZU2 m d3xG(yG)
dxg(ve)
B.6 Second derivative for K/C profile for s5(yg)
B.6.1 Fifst derivation of the 1st term of dsg(yg)
(See 6.7.2.1and 6.7.2.3.2 for ¢, (yg) and dey(vg)
ded(vs) = d2c3(yg) : 7d03(ye)'(02(ye)'dCz(ye)—cs(yeg'dcs(ye)) (B.26)
(012 + Cz(ye)z -3 (yG)z)E (012 T Cz()’e)z - Cs(ye)zﬁ
B.6.2 Fifst derivation of the numerator of the 2nd term of dsg(yg)
BNsg(vg)=-c3(vg)- c2(va)- dez (i) (B.27)
and
dBNja(ve)=-des(g): eglis)- dealv) - c3lvg)- dea(va F - e3(via)- c2(vg) - d2¢2(vg) (B.28)
B.6.3 Fifst derivation-of the 3rd term of dsg(yg)
2dey(yaf - calva) ¢
d Ceg (y )=[—d2c (J’G)+ 2 . (B}29)
? C12 +c2 (yG)z 012 te2 (yG)Z
B.6.4 First derivation of the denominator of the 2nd term of dsg(yg)
1
BDég(yg) = (012 +c2(ve )2) (012 +ea(vg ) —eslva )2 (B.30)
1
dBDeg(v6 Rea(vg)-dea(va)- (012 +e(vaf —03()’(;)2)E + (B.31)
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d BNeg(yg): BDeg(yg) - d BDeg(vg)- BNeg(yva)
BDéeg (J’G)Z

dBDeg(y)=

B.6.5 Second derivative for K/C profile for s5(y¢)

d2eg(yg)=d4eg(yg)+dBDeg(yg)+dCeg(ys)

B.7 Second derivative of point generated by the grinding wheel

d2xcyy (vg) = d2xeg(vg ) cos(ymg) -

(2c0s(sy, (vG))- dew (vG) - vo - sinley (va ) dew (v )? +
YG 'COS(&‘W (J’G ))~d25w (J’G ))'Sin(7m1)

d2ycyy (yG) =2 Sin(‘gw (J’G )) dey (yG) +
va -cos(ey (vg))- dew (v F + v - sin(ey (vs))- d 26y (ya)

d2z¢, (va) = —d2xg(yg)- sin(ym) -
2608(6 (1)) d 2 (6 )~ 16 - il (v5)- d (v 26 008l (v5)- 264 () 05y

.8  Second derivative of point generated by the grinding wheel projected
xial plane of worm

Q

02 ()= 92%cun(e) e (e )=z ) 9250 ve)
YCuw (yG )2 + ZCyw (J’G )2

Yuw (J’G)' dyeyw Yeuw (yG )+ ZCyw YCuw (J’G ) dzeyy

2(d ZCuw (yG)' YCuw (yG )_ ZCuw (J’G ) dyeyw (yG ))
Cuw (J’G )2 + ZCyw (J/G )2

d 2xx()’G)= d2xcyy ()’G) — Paui +d 2¢X(J’G)

d2yc,¢(is) L2 2yc,,(vG)
cos(p (va)) * cos(p, (vg)P

s )P 1

cos(p, (vg)®  coslé:(va

yenlie) s (10) 5
ool P (¢.(ve))- 424 ()

d2y,(ve)= -sin(g, (va)- dgy (g )+

il Veun(va)-dp (va F +

Viana (ve)- 425:06) _ dulye) d2y.(ve)

v \vg) dyx(yG)‘
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(B.32)

(B.33)

(B.34)

(B.35)

(B.36)

in the

(B.37)

(B.38)

(B.39)

(B.40)
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