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Foreword

ISO (the International Organization for Standardization) |s 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 beenestablished has the right
to be represented on that committee. International
organizations, governmental and‘nen-governmental, in |iaison
with ISO, also take part in the work. ISO collaborates cldsely
with the International Electratechnical Commission (IEC) on all
matters of electrotechnical standardization.

The main task of technical committees is to prepare
International Standards, but in exceptional circumstances a
technical committee may propose the publication of a
Technical Report of one of the following types :

— type 1, when the required support cannot be obtained for
the publication of an International Standard, despite
repeated efforts ;

— type 2, when the subject is still under technical
development or where for any other reason there is the

future but not immediate possibility of an agreement|on an
International Standard ;

—type 3, when a technical committee has collected data of
a different kind from that which is normally published as an
International Standard ("state of the art", for example).

Technical Reporis-oftypestand 2-aresubjecttoreview within
three years of publication, to decide whether they can be
transformed into International Standards. Technical Reports of
type 3 do not necessarily have to be reviewed until the data
they provide are considered to be no longer valid or useful.

ISO/TR 10828, which is a Technical Report of type 3, was

prepared by Technical Committee ISO/TC 60, Gears,
Subcommittee SC1, Nomenclature and wormgearing.


https://standardsiso.com/api/?name=1b8954507eda5205a7d955574dae964d

ISO/TR 10828:1997(E) ©1S0

Introduetion

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

— the type of machining process (turning, milling, grinding);
— the shapes of edges or surfaces of the cutting tools used;
— the tool position relative to an axial plane of the worm;

— where relevant, the diameters of disc type tools (grinding
wheell diameter).
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Worm gears — Geometry of worm profiles

1 Scope

In this Tlechnical Report, thread profiles of the five most common types of worm's at the date of
publication are described and equations of their axial profiles are given.

The fivge worm types covered in this technical report are designated by the letters A, C, |, K and N.

2 References

ISO 701p1:—Y), International gear notation — Part 1: Symbadls for geometrical data.

ISO 112R-2: —2), Vocabulary of gear terms — Part 2: Geemetrical definitions of worm gears.

3 Geéneral

3.1 Ddfinitions

Type A straight sided axial profile’;

Type C concave axial profile fermed 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.

3.2 Canventions relative to the equations

3.2.1 The worm threads are right-handed.

The equations in this Technical Report define the coordinates of the left flank of the axial profile
of worm, i.e. in the plane XOY of figure 1.

To obtain the right flanks, it is necessary to draw a symetric profile to the left flank relative to a
perpendicular axis to the worm axis.

1) To be published. (Revision of ISO 701:1976)
2) To be published.
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3.2.2 The worm and wheel pairs operate as speed reducing gears with directions of rotation as
shown in figure 1, thus the worm- thread left flanks contact the wheel teeth. These are the flanks
studied in this report.

3.2.3 The wormwheel is above the worm.

3.2.4 With the origin O, the reference axes XY Z, are mutually perpendicular (see figure 1):

- OX [the worm axis coincides with the X axis;

- QY |the common perpendicular to the worm and wheel axes coincides with
the Y axis;

- OZ [to complete the direct coordinate system.
A point |s defined by its x, y, z coordinates. The following subscripts afejused:
-x |refers to the X-Y axial plane;
-D |refers to an offset plane;
-n |refers to the normal plane;

-t for any point refers to a transverse plane.

3.2.5 If the worm is driving, the worm gearis‘a reducer. If the worm wheel is driving the worm
gear is an increaser.
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4 Profiles
4.1 Type A
4.1.1 Geometrical definition

The thread flanks of type A are generated as envelopes of straight lines in axial planes which

Vs
are inclined at a constant angle : ST to the axis. This line as it is moved with
ot

e

simultaneous rotation about and translation along the axis X, defines the worm thread flank
(figure 2} The-form-ef-which-is—eemmenty-described—asamArchimedean hefix.

Figure 2 : Profile A : Theoretical Generation


https://standardsiso.com/api/?name=1b8954507eda5205a7d955574dae964d

©1S0 ISO/TR 10828:1997(E)

4.1.2 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 3 a)).

Both flanks of a thread space may be machined simultaneously by using a tool of

trr\r\n-;r\;rlnl form
PeCZoTaaTToTTITI,

Another method which is an inversion of the process of cutting a helical gear,with { rack
cpitter, involves the use of an involute shaper to produce the desired rectilinear rack| profile
n an axial plane of the worm.The cutting face must lie in that axial planeffigure 3 b}).

Itlis 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.
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Figure 3 : Profile A- Machining Methods

4.1.3 [Equations)of the profile in the X-Y plane

Where :
a is the transverse pressure angle of the cutter
a. is the normal pressure angle of the cutter ;
Y, is the lead angle of threads.
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For a point (x, y) at a distance y from the worm axis :

v -tan(a ):y -tan(a )/cos(yl)
X X or RS on

X

and

tan(a )z tan(a )
RY ot

Type A profile is a straight line in any axial plane.

ISO/TR 10828:1997(E)

(1

4.2 Typel

.2.1 Geometrical definition

>

(@)

flank of a type | worm is an involute helicoidal surface. The form of which may be
denerated by a base tangent (A) to a helix (H), which moves along this - the base hglix lying

n the base cylinder of the worm (C), which is concentric with the‘worm axis (figure

transverse profile (in a normal plane to the worm axis) ofa-flank is an involute to 3

4).

circle.

/ (H) )
/
J_._____/._
7 7 t
: = \ ;
/ o
/// / . (A,\
Iy ’ =
122y

\ - Base cylinder (C)

Figure 4 : Profile | - Theoretical generation
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4.2.2 Machining methods

The straight generatrix is always tangential to the base helix in a plane which is tangential
to the base cylinder, so the flank of the worm is a straight line in an offset plane which is

tangential to the base cylinder. Machining methods should ensure this straight offset
profile.

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

In order [to machine both flanks of a thread simultaneously, it is necessary to set one left

hand togl in one plane and one right hand tool in another plane as described above (figdre
5).

K/ Base cylinder

Figure 5.: Profile | - Machining method with a lathe

The thread flanks can bé-machined by milling or grinding using the plane side face of a disc
type milling cutter or-grinding wheel. The cutting face is to be so aligned that either its axis
lies in a plane parallel*to the X-Z plane and the base tangent generatrix of the flank lies in thg
cutting face (Figure 6); or the cutting face is aligned with the reference helix of the worm and

in a plang perpendicular to the reference helix is set to the normal pressure angle of the flank
o (figured):

on
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Figure 6 : Profile | - Machining method by grinding (solution 1)

The latter method of alignment has the advantage that the cutting face extends to near the
thread root whereas_in order to do so by the previous method it will be necessary rgise the
cutter/grinding-wheel spindle so that the cutter/wheel periphery is tangential to the point of
ntersection of the base tangent generatrix with the root cylinder of the worm.

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

reversed between machining right and left flanks.
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Figure 7 : Profile | - Machining method by grinding (solution 2)
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4.2.3 Equations of the profile in the X-Y plane
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Where :
P, is the lead ;
Mot is the base radius ;
Y, is the base lead angle ;
¥ Is the reference lead angle.

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

2 2
14 ,/;V' —-r
-1 X bl / 2 By
X =—_—.arctan—+ _/y~ —r  .tan
2 r \/)x b1 (}/bl)
hl
E —f‘?
tan(a )— YT P
¥ r 2.7y

2.7I.tan(;/h_ )
cos(}/hI ) = cos(;/I ) . cos(a“” )

Type | axial profiles are slightly convex

4.3 Type N

4.3.1 {Geometrical definition

Each'flank of a type N worm is formed by a straight line generatrix (A) which liedin a plane

Norm a ne ererence ne - a a¥a \/] ALD N

the radius vector at M point is constant.

vector radius, the generatrix(A) and the reference helix (H,)

omoh-pointofintersection of a
. The angle o between (A)and

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 (figure 8).

11
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Figure 8 : Profile N - Theoritical generation

4.3.2 Machining methods

The threjads may be cut in_a lathe with a tool having trapezoidal form having edges in the
cutting plane which mateh-the profile of the thread space in a plane normal to the reference
helix of the thread space:

This is eguivalent\to placing the tool as for A type threads, then to rotate it around an axis
matchinp its symetrical axis up to an angle equal to the reference lead angle Y, (figure 9 a)).

O h N g | I lasale ANl 4 +la | H PR |
ther methoas by wnten-iN-type-tnreaasareapproximatea-:

- using a biconical milling cutter or grinding wheel of small diameter (figure 9 b)). When
the diameter of grinding wheel becomes large, the type of thread approaches K type ;

- using a small conical milling cutter or grinding wheel (figure 9 c)).

By the two latter methods, the profiles are approximate because of effects due to the
change of helix with change of thread height.

12
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Figure 9 : Profile N - Machining methods
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4.3.3 Equations of the profiles in the X-Y plane

Where :
Px1 Is the axial pitch ;

Pz, isthe lead ;
r is the radius of a notional base circle ;

V', is the lead angle of the notional base helix ;

A is the distance from the worm axis to virtual point of the cutter (see ref.[1]) ;
7, is the lead angle of the reference helix ;

a. is the normal pressure angle of the cutter ;

dq is the reference diameter of the worm.

For a point (xy, yyx) at radial distance y from the worm axis :

(7)
(8)
2.7y, \/ V.- 7] (9)
where :
tan(y’,,) = #‘:(}’;)
(10)

o= (11

1 cos(yl)
A:E- d P, Ty (12)

! 2. tan(a )

Type N profiles are slightly concave in axial planes

14
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4.4 TypeK

4.4.1 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 10).

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

each tool cone and the median plane of the tool, forms an angle equal to the nofmal
angle a of the tool.

on

tile common perpendicular, distant rq (rq : reference radius of worm)<{rom the worm
describes the reference helix.

aIgIe between the two planes is equal to the worm lead angle Y, .The straight generdtrix of

pressure

The worm is turned uniformly with simultaneous axial translation of threads so that a| point on

axis,

15


https://standardsiso.com/api/?name=1b8954507eda5205a7d955574dae964d



https://standardsiso.com/api/?name=1b8954507eda5205a7d955574dae964d

©1S0 ISO/TR 10828:1997(E)

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 11).

Grinding wheel

/|

Figure 11 : Profile K - System of coordinates

17
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4.4.2 Equations of the profiles in the X-Y plane

Where :

C is the cutter spindle/worm centre distance ;

7, is the reference lead angle ;

Pz is the lead ;

(X3, g 2 ATy
of intersection of the tool axis and the tool median plane, with the x-axis-as
the tool spindle axis and the abscissae on the trace of the median plane~;

dq reference diameter of the worm ;

Px axial pitch ;

a normal pressure angle of the tool.

Determination of ¢ (figure 11)

e is the gngle between the axial plane of the disc tool which€ontains a point of contact
between the tool and the worm thread flank, and the axiabplane defined by the tool spindl
axis and its common perpendicular with the worm axis:

b, =( -cos(}/,)+f—'—7]z-sin(y,)

13

(13)
b, = Sm(yl)'{xz +g<x3)~g’(x3)} (14)
b, = g'(xz) -{C‘sin(y,) —*&L-cos(y,)}
‘ ’ 2.z (15)
S on 19 (h]
£ = aresinl ————4{~arctan| —
“L,/b,2 +b§—J b, 16)

Determination of thie coordinates (xy, yx) of a point in an axial profile of a worm thread flank :

@ is the [angle' between an axial plane of the worm through a point of worm/disc- tool contagt
and the K=Y plane.

(x3-sin(}/l)+g(x_x)-cos()/,)-sin(s)\ (uj

b= arctanL g(x_;) ‘ sin(y,)~ c J~ arctan .,

p
X =X .cos(y )—g(xz).sin(y ).sin(g)~CD.,)—:' (18)
X , | ] N i

18
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C- g(x}).cos(g)

YT cos(®) (19
Determination of the tangent to the profile :
dx,
dx,
tan(x, ) =
( x) d_y,L
dx, (20)
dx Ly de P, do
c?x_: cos(m)—sm(y,) ]g ( ) sm +g( ) cos(é, dx. }— 2'7'[ .d,\x,
3 (21)
and :
Iy 1 , de 1 |
Yo *-1g(x3)-sin(e) -w**—g'(x3)-cos(5)+ Lsin(@) - — ‘ }
dic, Cos(}/]) dx, dx, (22)
o 1
b {1 cos(®D) — v sin(D) |
ds oy, (23)
also \
u'= sm(;f,) +cody,)- g'(.‘c_\) Ysinle) + g(x:;) codle) - —— I
dx? J (24)
de
v'= g'(x_;) -cosl &) g{ ) sin(e) - ——
c/x3 (25)
de [’d/z, db, b, b, J 1 b db,
de ~Xx, dy, b +b; /;,li +h) —h] by +by dx, (26)
where :
db \ Ny )

db,

. L
cirw —Dlllk/ ‘)}.ll‘l‘x

(28)

19
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NOTE : The previous equations apply to any profile of disc type tool.

Equations of the profile of a biconical grinding wheel (figure 12) :

1
g(xﬂ):—w———.-x‘ +R (29)
’ tan(a ) ) !
with : Rp is the radius of the circle of intersection of both conical surfaces.
d p cos(,v J
_ _b L
Rp_ 2+4. ( ) (30)
tan{ o
from which :
‘ 1
g X |=-—7 % (31)
‘ tan(a )
g"(x]=0 (32)

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

AX 2

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

reproducibility is approximated.

20
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NOTE 1: The smalier 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 : It is possible to machine typ

surfaces have facets resulting from the cutting discontinuity caused by cutting
pitch.

N VYV

4.5 TypeC

4.54_6’90%"%:;\" T

niike those of types A, | and N, the thread fianks of type C worms do not have strai

1
ggnatrices.

Like type K worms, the thread spaces of type C worms are generated with a grinding

wprm with the system of coordinates for the worm (x, y, z) and-fer the tool (x,,, Yw:

The length of the line of centres Cg (the common perpendicuilar to the worm and tool

arlgle between the projections of these axes onto a plane perpendicular to the line of
Figure 13 shows partially the tool. The 4 tool dimefisions which determine the thread

pght line

wheel

or|disc type milling cutter. In order to produce the concave thread prafiles of type C worms,
the tool has a cutting profile consisting of convex circular arcs. Figire 13 shows a togl and

Zy)-

axes

Xyv and X) varies with the tool diameter. The reference {éad angle Y, is usually equal o the

Centres.
form of

the worm are: the profile radius p, the mean diamiéter d,,s of the tool profile, the tool pressure

angle o and the tool thickness w.

on

The process of generating the worm C profiles is the same as for type K (see 3.4.1).
THe thread flank profile form varies a-ittle with a change of tool diameter.

However in contrast to type K-thrfead profiles, type C thread profiles can be adjusted 1
cgmpensate change of toolsdiameter by modifying the p and the angle « of the tool.

7

21
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Figure 13a : Profile C - System of coordinate
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/

/O |

Figure 13b : Profile C - System of coordinate

23
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Axis of the grinding wheel

.

Figure 14 : Profile C - Axial section of the tool
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