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Erosion and resharpening of tools, limited punctuality of machine setting, etc. can cause deformation and shape errors
of the surfaces. We carried out an up –to-date measuring method that is the measuring of helical surface without circle
desk for conical worm. The use of these methods makes it possible to explore the errors arising during production (e.g.
thread pitch in axial plane, error of profile shape in axis or remarkable plane etc.) and to define the values of these
errors. We worked out the mathematical model of the line forming spiroid worm which is used during the evaluation of
measuring results.
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NOMENCLATURE

r1F - the position vector of the running point of the helical
surface;
hmid - the value of the middle difference;
h - the value of the differences in the given profile point;
n - number of the discreet points of the profile;
fr. - mistake value.

many ways, are most widely applied as a function surface of conical
worms. The conical worm – crown wheel pairs spiroid drive, can be
used for example as jointless drives of robots and tool machines [4].

1. Introduction
The basic problem of the traditional geometrical checking
methods is that they treat the two dimensional worm surfaces as a
plane figure and consider the planar effects of the different directional
dimension errors as cumulative effect (e.g. thread pitch in axial plane,
error of profile shape in axis or remarkable plane, etc.) [5]. That is
why it is important to give a theoretical basis of appropriate
geometrical checking methods, practical usage and application of
thread surfaces as three – dimensional figures.
We worked out an up –to-date measuring method using a DEA
type 3D measuring machine which can be found in the Laboratory of
the Department of Production Engineering of Miskolc University
which measures thread surfaces without circle desk for conical worm.
The use of these methods makes it possible to explore the mistakes
arising during production (e.g. thread pitch in axial plane, error of
profile shape in axis or remarkable plane etc.) and to define the value
of these errors.

2. Conical helical surfaces
In technical practice conical worm surfaces, which can be used in

Figure 1: Spiroid worm gear drive
The jointless drives are attained by simply shifting (setting) the
worm in an axial direction. The cog surface of the conical worm of
the spiroid drives (Figure 1) can be attained the same way as that of
the cylindrical worm, but besides the axial shift of the hob, a
tangentional shift must be done depending on the conicity of the
worm. Different – evolvent, Archimedean and convolute - helical
surfaces can be defined in case of spiroid worm surface similar to the
line surface cylindrical worm.
The dentation of crown wheel is produced with hob which tiler
surface is similar to conical worm surface [4]. This is called direct
motion mapping.
With these modern drive pairs, which are characterized by
favourable hidrodinamic conditions, great strength and high
efficiency, the energy loss in the gear can be reduced significantly. In
power dissipation it is important to apply those cog geometrical
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characteristics which result in good connection terms.

3. Manufacture of helicoidal surfaces in modern intelligent
integrated system
At each stage in the process of production of worm gear drives,
during design, manufacture and assembly, faults can occur. Modern
intelligent integrated systems (ISS) can handle manufacturing in a
versatile and flexible way; they can be efficiently utilized both in
design and at the different phases of manufacture to improve product
quality. Artificial intelligence and expert systems can now be used in
the production of worm gear drives.
The intelligent integrated system (ISS) (for worm gear drives)
provides the following:
1. Giving design specifications (module, number of threads,
number of revolutions, etc.);
2. Detailed design (choice of engineering material,
determination of basic geometric data, etc.);
3. Checking of documentation;
4. Preparing CAD drawings;
5. Manufacture;
6. Measurements.
During measurement the tasks are checking with CNC device the
surface determined using basic data, analysis of the deviations and
feeding them back into manufacturing process (eg wheel profile,
machine and tool adjustments, etc.) [6].
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the measuring space defined by the leads of the measuring machine.
We measure the moving paths with a digital measuring system [2,
8]. The position of the touch unit along the coordinate axis is
registered by a length measuring system and with these measurement
results the surfaces of the workpiece can be defined by calculation.
The coordination measuring technique considers the workpieces
to be a set of 2D and 3D surface elements replacing them with
i=1,2,..,n measuring points in space.
The measuring machine puts compensator curves and surfaces on
the measuring points by methods of analytic geometry and numerical
analysis. This way we can define their parameters, the distance
between them and their positions compared to each other. This
principle can be used for measuring irregular workpieces.

Figure 3: DEA type 3 coordination measuring machine
We define the place of the workpiece by touching its surface
points [1, 3]. In this case the most characteristic method is the
Scanning technique for defining the measured surfaces. The main
point of this technique is that the motion of the measure head is
controlled into two coordinate directions only, the touch unit
automatically stands into the third coordinate direction in a way to
follow the shape of the surface. The machine records the coordinates
of the middle point of the touch unit for defined deviation. We can
only approximately define effective surface defined by the middle
point of the touch unit.

Figure 4: Defining the effective touching point

Figure 2: Production of helicoidal surfaces in CIM system [5]

4. The measuring machine
With the coordinate measuring machine (Figure 3) the surface
points of the workpiece can be scanned with a touch unit starting
from the orthographical machine coordinate system which is fixed in

We can approximately define the effective surface points as the
following:
we define compensator curves or compensator surfaces on
points which were defined by the touch unit;
then the points of the effective surface could be defined
from the surfaces to r touching distance along the normal
vectors of a compensator surface.
This method is an approximate one because on the one hand the
compensator surface has an approximate feature, on the other hand
the effective touching point can be defined on the normal vector of
this surface (Figure 4.b), however the middle point of the touch unit is
on the normal vector of the real surface (Figure 4.a).
Integrating manufacturing system the measuring machine can be
worked as a flexible manufacturing system in the factory (Figure 2).
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5. Mathematical modelling of line forming conical helical
surface
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We get the equations of the right (7) and left (8) profile sides by
carrying out the (5) coordinate transformation operation:

The rg leading curve, a K0 (, , ) is given in the tool
coordinate system and its equation of the η coordinate function. That
is:
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Since we consider the  coordinate an independent variable, the
equation of the leading curve is:
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Figure 5: Determination of generator in axial section
The coordinates of an oblique point of the profile generator can
be expressed as:
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Carrying out a pa axial and pr radial helical motion of the K0 (, ,
) coordinate system – which includes the rg leading curve – along the
z axis and the y axis alternatively includes, the leading curve touches
a conical helical surface in the K1F (x1F, y1F, z1F) an independent
position and equals K0 coordination system before the helical motion
(Figure 6).

Figure 7: Mathematical model of conical helical surface
The conical surface is a function of  and ϑ :
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It is a well known fact that if a sphere and an optional surface
touch each other, the normal vector in the touch point of the surface
goes through the central point of the touching ball [6].
We use this regularity to define the contact point of the theoretical
and substantial helical surfaces. For this we have to know the normal
vector of the theoretical helical surface:
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Solving the determinant the n vector can be defined by i , j , k
unit vectors:
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Figure 6: Touched thread surface by leading curve [4]

Where:

The helical surface touched by rg curve in the K1F (x1F, y1F, z1F)
coordinate system is:
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So the normal vectors in case of right (13) and left (14) profile sides:
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6. Carrying out the measurement
(13)

We carried out the measurement on a spiroid worm (Figure 7) [7].
On the basis of the measured results (conicity, thread pitch, profile
shape) and the theoretical knowledge we define differences and
conclude the quality of the worm.
A
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Knowing this fact, the normal vector goes through the rt (xt, yt, zt)
sphere centre point, the touching point of the theoretical helical

surface can be defined. It is given by the n normal vector line going
through rt (xt, yt, zt) feeler centre and the thrust point of the theoretical
helical surface, that is:
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Centre distance: 100 mm
Module: 5 mm
Transmission ratio: 10
Number of threads: 1
Right side profile angle: 30°
Left side profile angle: 10°

15,708±0,015

Where:
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Figure 8: Technical drawing of our examed spiroid worm
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6.1. The adoption of the coordination system of the worm
We fix the worm into a prism for the measuring (Figure 9).

That is:
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Figure 9: Fix the worm into a prism for the measuring
(19)

During solution the ϑ parameter is stepped and we define the η
values for every ϑ value.
Putting the received  and ϑ parameters in (9) we get the x1F,
y1F, z1F coordinates of the touching point of the theoretical thread
surface.
The real touch point is situated on the surface of the sphere touch
unit, that is it can be found r distance from the central point of the
touch unit. This normal direction distance means Δx, Δy, Δz
projection distance in the different coordinate directions.
The Δx, Δy, Δz receive different values depending on the
position of the touching point:
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We put 3 points on the desk of the coordinate machine for the
coordinate system of the worm. We put a plane on the three points
with PC–DMIS measuring software which we move to the axis plane
of the worm. We put 3 points on the right and 3 points on the left side
of the worm. These are points 1, 2, 3 on Figure 10. Based on the
adopted points we draw circles and the connecting line of the middle
points of the two circles will be the worm axis, which is X axis. We
get Z coordinate axis if we put a random point on the worm and the
perpendicular line gives Z axis from the random point to X axis. The
Y direction is a perpendicular direction on the received X and Z
coordinate directions (Figure 10).

(18)

According to these we can define the actual touch points (with
HELICAM software) and we can calculate the divergences from the
theoretical points.

Figure 10: The adoption of the coordination system of the worm

6.2. Measuring conicity
Each head ribbon surface in the worm has to be touched by the
touch unit, the y values is fixed. The plotted points are situated
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of the profile shape could be defined. It means different h1, h2, … , hn
differences. We can define the value of the middle differences with
averaging of these differences:

theoretically on one line (Figure 11).

hm id 

h1  h2  ...  hn
n

(19)

The sum of the absolute value of the minimum and maximum
differences gives the value of the error of the profile:
Figure 11: The plotted points of the head ribbon

Figure 12: Placing regression line on the measured points
We put a regression line on the measured points (PNT2-PNT6)
with the software that is why we define the angle between the
regression line and the theoretical middle line of the worm (Figure
12). The effective angle value is the double of the received half angle
(α). Comparing the effective angle with the nominal angle (10°±10’)
we get the dimension of the error. Measured angle: 9º 55’.

f r  h max  h max

(20)

The received fr error value has to be smaller than the tolerance of
the fr profile error (MSZ 05.5502-75).
Carrying out the measurement:
1) Choose the surface scanning menu point in the PC-DMIS
program.
2) Give these parameters:
- the starting point of the scanning (give the first point by
touching),
- the direction of the surface scanning (creating the direction
vector from the starting point and from the next point in the
given direction),
- the end point of the scanning (giving the final point by
touching).
3) After completing the measurement we similarly have the
scanning technology done for four other cog profiles.
4) We compare the measured profiles with the theoretical
profile.


9°55'

Figure 13: The measured conical angle and the α half angle
Based on these we can determine that, the measured conical angle
is in the tolerance level. On Figures 11 and 12 the PNT1 point is the
point which has to be adopted for Z axis.

Figure 15: Surface scanning

6.3. Profil shape measuring
The error of the worm profile is such a perpendicular distance
between two theoretical correct shape cog profile which surrounds the
real cog profile inside the working profile section (fr). Figure 14
demonstrates the theoretical basis of the examination.



Figure 14: Definition of the error of the worm profile shape
We have to carry out the measuring of the error of the worm
profile shape in the main plane of the worm in the plane of the
nominal profile. We have to define the differences of the theoretical
profile from the real profile and represent their differences the value

Figure 16: The received profile points by surface scanning (in axial
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plane)
We saved the received points usable format for CAD systems
with PC-DMIS software (Figure 17), then we prepared the real worm
based on the received points. We prepared the theoretical worm with
CAD software. We assembled the theoretical and the real worm and
defined the value of the profile shape mistake.

Measured thread pitch: 15,717 mm
Prescribed thread pitch: 15,708±0,015 mm
The measured thread pitch is inside the tolerance level of the
prescribed drawing thread pitch (Figure 8). So the thread pitch of the
worm is appropriate.

7. Summary

Figure 17: Comparison of the theoretical (grey color) and the real
(green color) worm

We have developed an up–to-date measuring method, the
measuring of thread surfaces without circle desk for conical worm.
We defined the equation of the line forming spiroid worm in case
of right and left profile side using matrix geometric method, then
defined the equations of the normal vectors.
We carried out the analysis of measuring technique of conicity,
error of the profile shape and thread pitch of the line forming spiroid
worm. Based on the received measuring results and the prescribed
geometric values we defined the characteristics of the spiroid worm is
in the tolerance level so the spiroid worm is appropriate. This method
is appropriate for helical surface classification.
Integrating manufacturing system the measuring machine can be
worked as a flexible manufacturing system in the factory.
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