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@ ISO ISO/TR10828:1997( E) 

Foreword 

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

The 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 Reports of types 1 and 2 are subject to review within 
three years of publication, to decide whether they tan 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they provide are considered to be no longer valid or useful. 

ISOnR 10828, which is a Technical Report of type 3, was 
prepared by Technical Committee lSO/TC 60, Gears, 
Su bcommittee SCl, Nomenclature and wormgeanng. 

. . . 
Ill 
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ISO/rR 10828: 1997(E) 

Introduction 

Thread forms of the Worms of worm gear pairs 
related to the following machining processes: 

- the type of machining process (turning, mi 

@ ISO 

are commonly 

ling, 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 
wheel diameter). 

iv 
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TECHNICAL REPORT @ ISO ISO/rR 10828:1997(E) 

Worm gears - Geometry of worm profiles 

1 Scope 

In this Technical Report, thread profiles of the five most common types of Worms at the date of 
publication are described and equations of their axial profiles are given. 

The five worm types covered in this technical report are designated by the Ietters A, C, 1, K and N. 

2 References 

ISO 701-1: -3 International gear notation , - Part 1: Symbols for geometrical data. 

ISO 1122-2: , -*) Vocabulary of gear terms - Part 2: Geometrical definitions of worm gears. 

3 General 

3.1 Definitions 

Type A 

Type C 

Type l 

Type N 

Type K 

straight sided axial Profile ; 

concave axial Profile formed by machining with a convex circular Profile 
disc type Cutter or grinding wheel ; 

involute helicoid, straight generatrix in base tangent planes ; 

straight profiles in normal plane of thread space helix ; 

milled helicoid generated by biconical grinding wheel or milling Cutter, 
convex profiles in axial planes. 

3.2 Conventions 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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ISO/TR 10828: 1997(E) 0 ISO 

3.2.2 The warm 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 0, the reference axes X Y Z, are mutually perpendicular (see figure 1): 

- OX the worm axis coincides with the X axis; 

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

- 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; 

-t for any Point refers to a transverse plane. 

3.2.5 If the 
gear is an i 

worm 
ncreas 

is driving, the worm gear is a reducer. If the worm wheel is driving the worm 
)er. 

2 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 10

82
8:1

99
7

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


---
- 

YY
 / 

(C
) 

Pi
tc

h 
cy

lin
de

r 
of

 t
he

 
sh

ap
pe

r 
(P

) 
Pi

tc
h 

pl
an

e 
of

 t
he

 w
ar

m
 

4 
) 

Fi
gu

re
 

1 
: 

Co
nv

en
tio

ns
 

us
ed

 
in

 e
qu

at
io

ns
 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 10

82
8:1

99
7

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


ISO/TR 10828: 1997(E) 

4 Prof iles 

4.1 Type A 

4.1 l  1 Geometrical definition 

The thread flanks sf type A 

are inclined at a constant ar 

simultaneous rotation about 
(figure 2). The form of whic 

2re generated as envelopes of straight lines in axial planes which 
7T 

!de . ~ . 
? 

- LZ 
of 

to the axis. This line as it is moved with 

and translation along the axis X, defines the worm thread flank 
I is commonly described as an Archimedean helix. 

@ ISO 

Figure 2 : Profile A : Theoretical Generation 
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ISOTTR 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 tut 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 
trapezoidal form. 

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 3 b)). 

lt 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. 

5 
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a) Tool lathe l b) Cutter 

t-lgure 3 : Profile A- Machining Methods 

4J.3 Equations of the Profile in the X-Y plane 

Where : 

a is the transverse pressure angle of the Cutter 
01 

a is the normal pressure angle of the Cutter ; 
OH 

Y 1 is the lead angle of threads. 
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For a Point (x, y) at a distance y from the worm axis : 

.?- = y l  tan a .Y .Y (, 
and 

tan(y) = ta+fot) 
Type A Profile is a straight line in any axial plane. 

ISO/TR 10828: 1997(E) 

(2) 

4.2 Type I 

4.2.1 Geometrical definition 

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

on the base cylinder of the worm (C), which is concentric with the worm axis (figure 4). 

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

Figure 4 : Profile I - 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 
Profi Ie. 

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

In Order to machine both flanks of a thread simultaneously, 
hand tool in one plane and one right hand tool in another pl 
5) . 

Y' 

it is necessary to set one left 
ane as described above (figure 

Figure 5 : Profile I - Machining method with a lathe 

The thread flanks tan be 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 the 
cutting face (Figure 6); or the cutting face is aligned with the reference helix of the worm and 
in a plane perpendicular to the reference helix is set to the normal pressure angle of the flank 
a (figure 7). 
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Ba #S 

CYl ir 

Figure 6 : Profile I - 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 raise the 
cutter/grinding-wheel spindle so that the cutter/wheel periphery is tangential to the Point of 
intersection 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 machine must be 
reversed between machining right and left flanks. 

9 
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I 
¶ 1 

Figure 7 : Profile I - Machining method by grinding (Solution 2) 

10 
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4.2.3 Equations of the Profile in the X-Y plane 

Where : 

P Zl is the lead ; 

r 
b-l 

is the base radius ; 

Y IJ I is the base lead angle ; 

Y 1 is the reference lead angle. 

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

---- 
I 7 7 

d y- -y- 
tan f2 = ( i 

.T hl p 
11 

.Y 1” ‘2.X.17 h I .,’ .i 

- L 1’ = _-___--_._~~ I , 
5 1 

2.ztax7 ;Y 
i 1 

i . i? I 

cosIy,, j = cos(y, jacos(a,,,i, 

(3) 

(4) 

(5) 

(6) 

Type 1 axial profiles are slightly convex 

4.3 Type N 

4.3.1 Geometrical definition 

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

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 threads may be tut 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 
matthing its symetrical axis up to an angle equal to the reference I 

Other methods by which N type threads are approximated : 

- using a biconical milling Cutter or grinding wheel of small diar 

rotate it around an axis 
ead angle y 1 (figure 9 a)). 

ieter (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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\ 

\ 

a) 
\ 

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

Where : 

PXI is the axial pitch ; 

PZI is the lead ; 

“bl 
is the radius of a notional base circle ; 

Y’bl 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.[l]) ; 

1 
J 1 is the lead angle sf the reference helix ; 

LY 
Oil is the normal pressure angle of the Cutter ; 

d 1 is the reference diameter of the worm. 

For a Point (x,, yx) at radial distance y from the worm axis : 

with : 

‘Jm ‘; 
ß = arctün/ 

#$ 

i\ 
1 

Cl I 
/ 

?. tcinj ‘1 
tan(rr,p) = P, l  l  1”!% +k n. ‘!4:, - f :I ‘!?i ! 

.: 

2 ” *Y 0 y1 j y; - T2] 1 ‘1 

r--7--------- 
7 

i - 

i-4 
! -9 

w s ‘;l l  tan( y fj)l ) 

(7) 

where : 

i 
tai:(y ‘,) = j’ bi 

A * ta&,) 

Type N profiles are slightly concave in axial planes 

14 
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4.4 Type K 

4.4.1 Geometrical definition and method 

Unlike those of types A, I and N, the thread flanks of type K Worms do not have straight line 
yeneratrices. The thread spaces of type K Worms are generated with a biconical grinding 
wheel or disc type milling Cutter having straight cone generatrices (figure IO). 

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 
angle between the two planes is equal to the worm lead angle y 

1 
.The straight generat 

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

011 

). The 
rix of 

‘essure 

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

15 
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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 iie on a curve and not on any one 
cone generatrix (figure 1 1). 

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 

Y 1 

PZI 

(x,, gh,,) 

d 1 

PX 

Q! 017 

is the cutter spindle/worm centre distance ; 

is the reference lead angle ; 

is the lead ; 

are the coordinates of a Point on the tool flank when the origin is at the Point 
oi 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 ; 

reference diameter of the worm ; 

axial pitch ; 

normal pressure angle of the tool. 

Determination of E (figure 11) 

E is the angle between the axial plane of the disc tool which contains a Point of contact 
between the tool and the worm thread flank, and the axial plane defined by the tool spindle 
axis and its common perpendicular with the worm axis. 

b, = C=cos(y,)+~4n(y,) 
(13) 

b, = sin( YJ l  {x3 + &) l  &J] (14) 

b3 = ~~(~~)o~~osin(y~)-~o~~s(y~)~ . 

E = arcsi{J---&--Jarctan[$J 
i 

(15) 

(161 
Determination of the coordinates (x,, yx) of a Point in an axial Profile of a worm thread flank : 

(D is the angle between an axial plane of the worm through a Point of worm/disc- tool contact 
and the X-Y plane. 

f 
CD = arctan L 

x, *sin y, ( )+~(x~)~cos(y,)osin(r)j 
g(&)=sin(y,)- C 

J-arctan(tJ 

xn- = x: l COS[Y ,) - yjx;)*sin(Y [)dd - Q.*$ 
(‘17) 

(i8 ) 

18 
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C’ - g 
.Y = i i x l cos( E) -- .Y c&D) 

Determination of the tangent to the Profile : 

dx 
X 

tan(ax) = 2 
X 

dx 3 

2 = cos(r,) - sin(y,) = 
3 

and : 

g’(xJ kn(c=) -k g(x 

ISO/TR 10828:1997(E) 

(1% 

(20) 

I 

i: 

P :i &P - -.. 
-2*n ‘dh \ (21) 

j:.\ 1 1 ‘1 
---- 
&3 - cos(y,) ‘1 

’ g(q) 8 sin( t’) l  $ - g$xJ g COS(E) + J), dcP 1 
c 

d  7  
3  

l  sin(a$ ’ x- 

” 

J 

/ 3  f 

(22) 

dO i ~-- - 
d v y _ l  { d cos@) - ~‘0 sin(@) 1 

A - .’ ! ( 3 2 ) 

Zf’ = sin( Ill) + cos(y;) l  1F/ xi) = sink) + g&x.J l  cosL5) l  -g-j 
7 / 

t+= g’(xJ xosLd - g(xJ 5in(r) *F -, Y dw? -’ 

> dt , k!L u’h, h,+Q 1 

i 

.’ ~- - k, db , --- .._ - -- - - -~--- .---- 
dY d 7 cdv g 3 d..;; l  im  ’ Jjyq-jyT/g -i 

1 2  3  

1~; i-h-f *  dx; 

.._ 

where : 

(24 

(25) 

(261 

(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) : 

with : R P is the radius of the circle of intersection of both conical surfaces. 

d p 
R - - c 1 - -!-+-AL. 

7 ‘ 2 / 4 

from which : 

i 1 1 
o’x I- b 3 tan a 

( ) 017 , 

gyx3) = 0 

tike type l Profile, Profile K is convex in axial planes. 

(29) 

(30) 

(31) 

02) 

Figure 12 : Profile K - Grinding wheel Profile 

One of the advantages of this type is that the two flanks of a thread space tan be machined 
simultaneouslyC 

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 smaller the diameter of the tool, the more nearly the normal profiles of 
the thread spaces approach those of type N Worms and the Iarger the tool diameter 
the more nearly the forms of the thread flanks approach those of type I Worms. 

NOTE 2 : lt is possible to machine type K Worms with a conical milling Cutter. The flank 
surfaces have facets resulting from the cutting discontinuity caused by cutting tooth 
pitch. 

4.5 Type C 

4.5.1 Geometrical definition 

Unlike those of types A, I 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 disc type milling Cutter. In Order to produce the concave thread profiles of type C Worms, 
the tool has a cutting Profile consisting of convex circular arcs. Figure 13 Shows a tool and 
worm with the System of coordinates for the worm (x, y, z) and for the tool (x,, ywl zw). 

The length of the !ine of centres Cs (the common perpendicular to the worm and tool axes 
Xw and X) varies with the tool diameter. The reference lead angle j/ 

i 
is usually equal to the 

angle between the projections of these axes onto a plane perpendicular to the line of centres. 
Figure 13 Shows partially the tool. The 4 tooi dimensions which determine the thread form of 
the worm arc: the Profile radius p, the mean diameter d,, of the tool Profile, the tool pressure 
angle a and the tool thickness w. 

011 
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 little with a Change of tool diameter. 

However in contrast to type K thread profiles, type C thread profiles tan be adjusted to 
compensate Change of tool diameter by modifying the p and the angle a of the tool. 

!)II 
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Figure 13a : Profile C - System of coordinate 
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Figure 13b : Profile C - System sf coordinate 
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