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ABSTRACT

As the literature indicates, spiroid gears are characterized by a compact design and small space required for their
installation, so they are used in modern drive systems of many means of transport. In practice, they constitute an
alternative solution to worm gears. It is emphasized that in the case of this type of gear, the basic factors that have
a direct impact on proper operation are the geometric parameters of the teeth and meshing cooperating with the
worm disc wheel. The aim of this article was to evaluate selected geometry parameters that have a decisive impact
on the amount of wear in the contact area of cooperating parts and the operating temperature, and thus on the du-
rability as well as reliability of the gear. This work presents a method for determining and measuring the position
of the cooperation trace of the worm coil and the teeth of the disc wheel using a numerical method based on CAD
software. Model analyses have shown that one of the key factors affecting the correct operation of the gear trans-
mission is obtaining the correct shape and position of the trace of cooperation of parts in the meshing area during
gear operation. In practice, the proposed method may be helpful in the process of designing this type of gear in
terms of determining the correct geometric tolerances for the tooth profile and line, as well as the position of the
longitudinal axis of the worm relative to the center of the ring wheel.

Keywords: drive system, spiroid gear, design and construction, CAD modeling. measurement methods, contact
position of the spiroid gear rims.

INTRODUCTION

The transmissions that use mechanical link-
ages to achieve power transmission and change
motion parameters are called mechanical gears.
Such devices can be divided into three main types:
linkage gears, friction gears and pinion gears [1].
In modern machine and equipment construction,
the most widespread type of gearbox is the pin-
ion gear. The possibility of transferring virtu-
ally unlimited power, great operational reliabil-
ity, ensuring the constancy of the gear ratio and
a number of other advantages have ensured the
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more frequent use of the toothed gear than other
gears. The toothed gear itself is most often used to
transmit rotary motion, but it can also be used as a
mechanism for converting rotary motion into pro-
gressive motion (a toothed wheel with a toothed
bar, known as a pinion).
Depending on the criteria adopted, the fol-
lowing types of gears are distinguished:
1. According to the position and relative move-
ment of the axes of the elements:
o fixed axes:
— with axes in one plane: parallel axes, with
intersecting axes,


https://orcid.org/0000-0003-1719-991X
https://orcid.org/0000-0001-7843-7761
https://orcid.org/0000-0001-7495-9319
https://orcid.org/0000-0002-8959-8410
https://orcid.org/0000-0002-9637-4669

Advances in Science and Technology Research Journal 2026, 20(3), 18-28

— with worm axes: worm gears, helical gear-
boxes, spiroid gearboxes,

— with non-constant axes: helical planetary
gearboxes, bevel planetary gearbox.
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. According to the relative positions of the sur-
faces of the vertices and bases of the wheels
forming the gear:

e outer toothed gears (briefly: external gears), in

which both gears are externally toothed;

e internal gears (briefly: internal gears), in which

one gear wheel is internally toothed.

e an intermediate solution between external and

internal gears is the rack-and-pinion gear con-

sisting of a gear wheel and a pinion.

(98]

. According to the value of the kinematic ratio:
reduction gears, in which the angular velocity
of the driven (reactive) element is less than the
angular velocity of the driving element;

e multiplying gears, in which the angular veloc-

ity of the driven (reactive) element is great-

er than the angular velocity of the driving
element.

Different types of gears are used in these
transmissions.

4. According to the shape of the pitch surface:
spur gears, bevel gears.

5. According to the shape of the tooth outline:
wheels with an involute tooth outline (involute
wheels), wheels with a cycloid tooth pattern
(cycloid wheels), wheels with a Novikov tooth-
ing; the teeth of one component have a convex
outline and the teeth of the other component
have a concave outline, the outlines being arcs
of circles or close to them.

Other shapes of the outlines of the cooperat-
ing teeth are also possible.

6. According to the nature of the tooth line:

e wheels with straight teeth; in these wheels, the
tooth line is straight and lies on an axial plane
passing through the wheel axis,

e helical-tooth wheels; in these wheels, the
tooth line is a helical line of any kind; among
helical-tooth wheels a distinction is made
between:

e helical tooth wheels - the tooth line on the
coaxial cylindrical surface is a helical line of
constant pitch, i.e. on the development of this
coaxial surface it is a straight line;

e wheels with cup-shaped teeth - a cup-shaped
tooth consists of sections of right- and left-
hand inclined teeth;

e wheels with tangential teeth - the tooth line on
the development of the conical pitch surface
is a straight line tangent to a concentric circle;

e wheels with curvilinear teeth - the tooth line
on the development of the pitch surface is an
arc of a circle, an involute, a cycloid or any
other curve.
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. According to the mutual position of the surfac-
es of the apexes and the bottoms of the notches:
e externally toothed wheels; in these wheels, the
surface of the apexes is outside the surface of
the bases,
e internally toothed wheels (ring gears); in these
wheels, the apex surfaces are inside the faces
of the bases.

In toothed gears, the outlines of the mating gear
rims move over each other in a rolling and slid-
ing motion during operation, creating a trace at the
point of contact. The parameters associated with
this motion affect wear, including tribological wear,
and the mechanical efficiency of the gear mesh. The
relative motion and forces occurring in the gear
mesh, including the frictional force occurring at the
surface of the mesh track, can be the cause of ac-
celerated wear or destruction of the gear.

The damage that can occur during gearbox
operation can be classified as follows:

e pitting — this is a fatigue-like phenomenon
caused by varying surface pressures in the
area of the mating track. In addition, tangen-
tial stresses in the surface layer of the mate-
rial have an adverse effect. The effect of this
phenomenon is the occurrence of cracks in the
initial stage and further on of surface spalling.

e adhesion and fatigue fracture of the tooth — ad
hoc and fatigue tooth fracture, which is the
result of exceeding the permissible bending
stresses in the dangerous section.

e tooth seizure, which results from the occur-
rence of large, constant values of normal and
tangential stresses in the contact area. This is
accompanied by high temperatures in the con-
tact area. The result is, among other things,
surface furrowing.

e wall wear — this is a type of wear that builds up
over time and manifests itself as a loss of the
layer of mating surfaces.
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e deformation — this phenomenon may be ac-
companied by vibration, the deformations are
then elastic in nature and plastic deformations
occur when the limits are exceeded.

As the available literature on the subject indi-
cates, gears are used in drive systems due to their
operating characteristics defined by long opera-
tional life, high peripheral speeds and their full
load [2]. Examples of their use are the structures
of drive systems for road and air transport, off-
road vehicles and machines, as well as the arms
industry [2—6]. However, ensuring a failure-free
operation process requires meeting detailed as-
sumptions during the design stage [7, 8]. In the
prototyping and production phase [9], meeting
the requirements regarding the reliability and
quality of gear operation involves carrying out a
thorough geometric as well as metallographic in-
spection of the gear components and checking the
quality of gear meshing [10-12]. Although this
process applies to all components of drive sys-
tems, spirolidal gears play a special role in this
process. In principle, this gear is a mechanical
toothed gear with twisted axes and small overall
dimensions [13—19] (Figure 1). As one of the re-
searchers emphasized, this type of gear is an al-
ternative to worm gears [11], assuming the same
position in relation to worm gears - a spiroid gear
has the following advantages:

e greater quiet operation and technical efficiency,

e possibility of obtaining higher torque values,

e more favorable bearing lubrication parameters,

e a larger number of cooperating teeth of the
disc wheel with the worm turns,

Figure 1. Spiroid gear: 1 — disc wheel, 2 — worm,
3 — gear housing, 4 — oil
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e distribution of pressure over a larger contact
surface,

e possibility of placing bearings close to the
meshing.

The result of this process is greater stiffness
of the gear structure [11].

In practice, these gears are used in drive sys-
tems with a significant reduction in rotational
speed, because they can transmit significant
torque values. Therefore, they are used in many
industries, including:

e aviation, including flight control mechanisms
and radar antenna positioning.

e reinforcement: gun control mechanisms,
opening and closing of hatches, doors, devices
replacing hydraulic systems.

e related to the construction of various types of
means of transport - in the drive systems of
electric vehicles, elevators, escalators, mecha-
nisms supporting the operation of actuators
[19, 20, 22].

Therefore, the research in the field of nu-
merical methods in the process of measuring and
determining the position of the contact pattern
of spiroid gear rims in modern drive systems is
becoming an imperative of great importance in
today’s realities. On this basis, the authors set
themselves the goal of developing a method for
model analyses of key factors affecting the cor-
rect operation of the gear transmission in the area
of the correct shape and location of the trace of
cooperation of parts in the meshing circle.

This work presents a method for determin-
ing and measuring the position of the cooperation
trace of the worm coil and the teeth of the disc
wheel using a numerical method based on CAD
software. According to authors’ knowledge, the
presented results may be useful for designers de-
signing not only spiral gears, but also other types
of gears. The presented model allowed the authors
to determine the correct position of the axis of the
cooperating parts of the gear, and therefore the
correct geometry as well as position of the track
of'its cooperating parts.

Therefore, this article could have many im-
portant practical and theoretical implications. To
the best of authors’ knowledge, this is the first
research approach to the mentioned topic. The
presented considerations bridge the research gap
in the literature on the subject. At the same time,
it is a new perspective on the described problem
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in relation to the described means of transport.
The article is organized as follows: Section 1
concerns the description of important research
issues and the purposefulness of undertaking re-
search. Section 2 provides a detailed description
of the conceptual framework, the research meth-
od used to answer the research questions, and
the research instrument. Section 3 describes the
experimental results and their interpretation. In
turn, Section 4 discusses the results achieved by
the authors and presents conclusions - pointing
to their limitations in the perspective of research
conducted so far, and future research directions
are identified in relation to this type of gears used
in modern drive systems.

MATERIALS AND METHODS

The available literature emphasizes that the
spiroid gear consists of two main parts: a worm
and a disc wheel. In this type of gears (reducers),
the driving part is a shaft with a worm cut on it.
As it was mentioned in the chapters above, this
type of gearbox is used in drive systems, e.g. in
various means of transport, in which it is neces-
sary to transmit large torques with a simultaneous
reduction of rotational speed.

While worm gears have been and are the sub-
ject of many studies [23-25], the results of which
are generally available, spiroid gears are not yet
fully known. Previous research conducted in
this area regarding post-use parts has shown that
the disc wheel cooperating with the worm often

undergoes significant wear. Wear occurred in
the area of direct contact (Figure 2), on the side
surfaces of the teeth on the outside and inside.
This phenomenon was accompanied by signifi-
cant increases in temperature in the engagement
of the mating parts [26]. Moreover, the analysis
of phenomena accompanying wear showed a sig-
nificant impact of the mutual location of the axes
of the cooperating parts - the worm and the disc
wheel - on increasing the durability and reliabil-
ity of the transmission. Their mutual location de-
termines the location and shape of the coopera-
tion trace on work surfaces under real conditions.
In order to determine the trace of cooperation at
this stage of research, the authors developed an
innovative method in which real parts (worm and
disc wheel) made as nominal ones were used.
The mutual location of the worm axis and the
disc wheel is shown in Figure 3.

Conceptual assumptions - geometry of the
toothing of the disc wheel and worm

Determining the location of the cooperation
trace on the working surfaces of spiroid parts
under real conditions or on specialized research
stations is troublesome and cost-intensive. With
this in mind, it was decided to simulate these
conditions using the reverse engineering pro-
cess and appropriately dedicated CAD soft-
ware. The method developed in this way makes
it possible to simulate operating conditions tak-
ing into account the geometric tolerances of

Figure 2. Traces of abrasive wear of the spiroid gear ring wheel
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Figure 3. Mutual location of the worm axis and the disc wheel — a model obtained using CAD software

individual parts and their mutual location dur-
ing gear operation.

Tool description

Measurement of the nominal parts of the gear:
crown wheel and worm was carried out on a Roland
MDX-40 coordinate measuring machine armed
with a ZSC-1 scanning head. The measurements
were carried out using the contact method and
included both scanning of entire physical models
of gears, as well as concerned precise linear mea-
surements in key sections. The contact scanning
process was chosen because of the high accuracy
of the method, and the need to measure the wheel
models that have both large dimensions and at the
same time the areas requiring much more detailed

digitization. Particularly important for the subse-
quent evaluation were the areas of gear rims, and
tooth profiles in key areas of cooperation. Contact
scanning is carried out by direct contact between
the tip of the scanning module and the material to
be measured, so it does not require any additional
preparation of the models. The dulling of measur-
ing surfaces by applying a special coating, required
in optical contactless methods, could affect the ob-
tained results, especially in the areas where there
are traces of tooth cooperation. An additional fac-
tor influencing the choice of a Roland MDX-40A
for measuring gear models is the very small diam-
eter of the measuring tip of the scanning module,
several times smaller than those installed in large
measuring machines used in industry. As indicated
by observations of market realities, this tool is used

Figure 4. Roland MDX-40 coordinate measuring machine
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in economic practice to evaluate phenomena stud-
ied by many reputable research institutes, includ-
ing the Art Center College of Design in California
related to the transportation sector (Figure 4).

The process of scanning spatial models in-
volves taking measurements in the X,Y,Z coordi-
nate system of the CNC machine at the moment
of contact between the head tip and the model
surface. The operation of the scanning process is
carried out using the Dr.Picza3 program, which
is supplied by the manufacturer together with the
Roland MDX-40 CMM. When defining the scan-
ning process, it is necessary to specify the working
area and the resolution in the direction of the hori-
zontal X and Y axes. The scanning range can be
selected by indicating it on the panel in the settings
window, or more precisely by entering the coordi-
nates for the corners of the working rectangle. A
maximum and minimum measurement level in the
Z-axis direction must also be set. The scan result is
stored as a point cloud and can also be transformed
into a triangle mesh. This measurement result can
be saved as an STL file and forms a spatial image
of the measured object. The digital model of the

scanned gear can be exported to any CAD program
for further geometry correction and parameter edit-
ing. The Roland MDX-40 machine can scan mod-
els with a resolution of Ax = Ay = Az = 0.04 mm
and the measurement accuracy at the measurement
points was 0.01 mm. When digitizing the gears, it
was this high accuracy that was adopted for the key
areas, reducing the scanning resolution in the ur-
ban important fragments of the models. As a result
of processing the measurement results, 3D models
were obtained reflecting the actual dimensions of
both the screw and the disc wheel. The 3D models
were obtained using NX CAD SIMEMNS soft-
ware and are presented in Figure 5.

RESULTS

Analysis of 3D models using specialized soft-
ware allowed for the determination of the basic
geometric dimensions of the disc wheel and worm.
These values are included in the Tables 1 and 2.

Figure 5. Actual structure and 3-D models obtained based on measurements of: (a) worm, (b) disc wheel

Table 1. Measurement results obtained on the basis of the 3D models of the worm

The geometry of the screw turns
Parameter Symbol Value
Number of turns N 2
Module m, 3 [mm]
Angle of rise of the turn line g 5° 50
Worm type - Left, straight teeth
Coil height 1 4 mm
The angle of the cochlea coil 1 30°
Internal diameter of the screw d, 42.8 mm
Outer diameter of the screw d, 50.8 mm
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Table 2. Measurement results obtained on the basis of 3D models of the disc wheel

Geometry of the disc wheel
Parameter Symbol Value
Number of teeth 2 40
Module m. 3 [mm]
Tooth type Straight teeth
Tooth height h2 4.4 mm
Tooth line Spline
Tooth contour angle 2 30°
Inner diameter of the disc wheel » 117.76 mm
Outer diameter of the disc wheel d,, 152.40 mm

Determining the trace of the cooperation of
the disc wheel and the worm

One of the geometric parameters that deter-
mine the correct operation of the assembly is the
distance between the planes in which the longi-
tudinal axes of the disk wheel and the ayFG-W
(distance of the center of the disc wheel from the
longitudinal axis of the worm) worm lie (Figure
6). In order to obtain the dimension above, in the
first stage, the tooth line of the ring gear was de-
termined for the 3D model of the ring wheel us-
ing a spline function of order 3. Further, for the
assumed distance of the longitudinal axis of the
worm from the center of the ring wheel (aFG-W)
and the lateral circumferential clearance jt =0 mm
between the worm and the disc wheel, a position
was sought for which there is no interference of
the cooperating profiles of the worm coil and the
disc wheel teeth. The angle between the planes in

which the axes of the disk wheel and the worm
lie is assumed to be equal (6 — angle between the
axes of the screw and the disc wheel) =90°. The
result of the search is the distance of the planes in
which the axes of the disk wheel and the worm lie
and at which there is no interference of contours.
This distance for the case under consideration is
aFG-W =43.18 mm.

Cooperation of the outlines of the disc wheel
and the worm with the shift of the worm axis
relative to the disc wheel

The reason for the interference of the coop-
erating profiles of the worm coil and the gear rim
may be a change in the nominal position of the
disk wheel axis relative to the longitudinal axis of
the worm, which ensures correct operation. These
axes are inclined in their nominal position. How-
ever, as a result of the manufacturing process, this

£
£
[e0)
>
{32)
<
hi
H
2
©

Figure 6. Model of the disk wheel and worm in a position without interference
of the outlines of the cooperating parts
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position may be subject to manufacturing errors.
The axis position error may result from the shift
of the worm axis relative to the disk wheel (Ay),
angular displacement of the planes (6+#0) in which
the axes of the disk wheel and worm are located.
This error may also be a complex error resulting
from the shift and change of angles between the
considered axes. To illustrate the problem, the axis
was moved by Ay = 0.1 mm and the interference
of contours near the inner diameter of the disc
wheel, visible in Figure 7, was obtained. The posi-
tion of the overlapping contours is consistent with
the observed wear of the ring wheel in Figure 2.
The authors emphasize that, at a later stage
of the research, they also attempted to determine
the depth of wear traces for the post-use wheel

(Figure 2). This task was accomplished by com-
paring 3D models of the topography of the nomi-
nal (non-exploited) and post-exploitation wheel
surfaces. The observed depths of wear traces
ranged from 0.0 to 0.21 mm (Figure 8).

Algorithm of the process

The process of designing, manufacturing and
controlling the performance of a spiroid gear is a
complex engineering task. A significant challenge
encountered during the design process pertains to
the paucity of available data concerning the ge-
ometry of the mating gear rims and the param-
eters necessary for ensuring the proper assembly
of the gear components. The research undertaken

/| 8,5,~43.08 mm

1 the outer surface
of the tooth flank

Figure 7. Models of the disc wheel and worm in a position with interference of the outlines of mating spare parts
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-021mm

~, of the profiles of the mafing parts occurs

Figure 8. 3D model of a disk wheel with interference surfaces of the outlines of cooperating parts
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1. Preparation of contact measurements

v

2. Carrying out initial control measurements

v

3. Measurement

v

Contact measurements

v

| 3a. 3D surface measurement ‘
[

3b. 2D measurement of
contact cross sections

v

‘ 4. Storage of measurements in STL format

v

5. Import of STL files into CAD

v

Data processing

6. Verification and correction of measurement errors

v

7. Preparation of 3D-CAD solid models

v

Modeling

8. Composition of the nominal spiroid virtual transmission

v

9. Analysis, modification and simulation of geometrical parameters
of gears

v

10. Development of guidelines for the design and installation of a
heavy-duty spiroid gearbox

Analysis and
evaluation

Figure 9. Algorithm of the process

has enabled the development of a methodology
for the design of this particular gearbox. The
methodology under discussion involves the de-
lineation of design stages, thus facilitating the
execution of diverse analyses pertaining to gear-
box operating parameters. The algorithm of the
method is presented in Figure 9. The main stages
of the developed algorithm include:

preparing to measure the disc wheel and the
worm, determining the measuring field and
position the parts to be measured so that their
axes are aligned with the coordinate system of
the Roland MDX-40 measuring machine. The
parts to be tested are new and have not been
in service.

carryingoutpreliminary controlmeasurements.
3D measurement of the external surface of the
part with high measurement resolution;

2D measurement of the parts in key cross-sec-
tions with high accuracy.

evaluation of the correctness of the digitiza-
tion process and saving the measurement re-
sults in STL format.

import files with measurement results into
CAD software.
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verification and correction of measurement er-
rors and geometry anomalies.

fusion of partial surface models describing the
digitized part into a unified solid model.
adjusting the models of the measured parts to
take into account their nominal position.
modification of the assembly parameters of
spiroid gear parts (disc wheel and worm) to
influence their correct operation, such as the
distance between the axes, the angle between
them and the axial offset;

development of conclusions concerning the
influence of changes in selected geometric pa-
rameters on the interaction of the gear rims of
the disc wheel and gear worm.

CONCLUSIONS

Correct operation of spiroid gear rims occurs
when the tooth outline of the disc wheel and the
worm gear are adjacent to each other and do not
overlap. The result of overlapping is the phenom-
enon of interference. This is very inappropriate
and undesirable. Therefore, during the design
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process, it should be checked that there is no in-
terference of the outlines. The gear unit must be
dimensionally designed in such a way that over-
lapping is absolutely avoided.

As a result of the measurements, the rectilin-
ear tooth outline of the disc wheel and the worm
coil was determined, the outline angle being o =
30°. The radius of the wheel tooth side line out-
line was determined using the spline function.
The measured spline angle was (y — helix angle of
the turn line) y = 5° 50°. The results of the mea-
surements are included in Table 1. The advantage
for this type of gearbox is the association of the
tooth of the disc wheel and the scroll of the worm
that allows sliding friction to be replaced by roll-
ing friction. Thus, when the gearbox is heavily
loaded, it is possible to reduce the resistance to
motion. It should also be noted here that the as-
sociation of gear rims with the occurrence of con-
tour interference will lead to additional forces and
deformations in the contact zone, which may con-
sequently result in accelerated abrasive wear and
material extrusion in the interference area. Such
phenomena can be observed in the examined
gearbox by analyzing wear marks, see Figure 2.

On the basis of the presented research, the au-
thors confirmed the thesis promoted in the litera-
ture on the subject that one of the causes of dam-
age to the cooperating surfaces of the worm coil
and the toothed ring of the spiroid gear ring may
be the interference of their contours. The interfer-
ence of the contours is influenced by the geometry
of the cooperating gear rings and, as research has
shown, the position of the ring wheel axis in rela-
tion to the longitudinal axis of the worm. An im-
portant element of the research is the fact that the
dimensions of the tested pair: the screw and the
disc wheel were obtained based on measurements
on a coordinate measuring machine with appro-
priate software. The key result of the research
was the development of a method for determining
and measuring the position of the contact trace of
the disk wheel and the worm. For the measured
values of the geometric parameters of the gear
ring and the screw coil, the location of the coop-
eration trace was determined for which there is
no interference of contours. They were described
by the distance of the center of the disc wheel
from the longitudinal axis of the screw (aFG-W
=43.18 mm). Moreover, the influence of shifting
the longitudinal axis of the screw relative to the
center of the disk wheel on the formation of con-
tour interference was examined. The conclusions

from the presented research are as follows: a dis-
placement of Aay = 0.1 mm causes interference
of the contours and damage to the ring gear. The
resulting wear traces appear on the inner side of
the tooth side in the same part of the gear ring as
was observed on the post-wear wheel.

This article focused on the research in the area
of worm gears manufactured from materials com-
monly used in selected means of transport. There
will certainly be a need for interdisciplinary analy-
ses in the near future, in particular those covering
technological changes related to the introduction of
newly implemented materials based on the idea of
Industry 4.0. The authors mention that the method
can be used by designers of this type of gears to
determine the correct geometric tolerances for the
tooth contour and line, as well as the position of the
longitudinal axis of the worm relative to the center
of'the ring gear. In the event of contour interference,
it can also be used to measure the amount of wear
of the ring wheel rim and worm turns in relation to
structures with nominal dimensions [27-29].

Summarizing the presented research on the
essence of the use of numerical methods in the
process of measuring and determining the posi-
tion of the contact pattern of spiroid gear rims in
modern drive systems they do not fully exhaust
the essence of the issue, but constitute an origi-
nal approach to the presented research problem.
This topic certainly requires further analysis and
research. Therefore, such analyses will be the
subject of future work to determine the selected
parameter for the operation process of both the
gears themselves and the drive systems.
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