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ABSTRACT. The computer design has improved forming different type
software for scientific researches in the field of gearing theory as well as
performing an adequate scientific support of the gear drives manufacture.
Here are attached computer programs that are based on mathematical
models as a result of scientific researches. The modern gear transmissions
require the construction of new mathematical approaches to their geo-
metric, technological and strength analysis. The process of optimization,
synthesis and design is based on adequate iteration procedures to find out
an optimal solution by varying definite parameters.

The study is dedicated to accepted methodology in the creation of soft-
ware for the synthesis of a class high reduction hyperboloid gears - Spiroid
and Helicon ones (Spiroid and Helicon are trademarks registered by the
Illinois Tool Works, Chicago, Ill). The developed basic computer prod-
ucts belong to software, based on original mathematical models. They are
based on the two mathematical models for the synthesis: “upon a pitch
contact point” and “upon a mesh region”. Computer programs are worked
out on the basis of the described mathematical models, and the relations
between them are shown. The application of the shown approaches to the
synthesis of commented gear drives is illustrated.

KEY wWORDS: Mathematical model, hyperboloid gear drives, computer
synthesis.
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1. Introduction

High present-day requirements to the characteristics that refer to ac-
curacy and reliability of the machines, devices and contrivances applied in in-
dustry and transport, to a great extend depend on a scientific methods for
technological synthesis, design and manufacture. The designer should resolve
exclusively complex problems in the processes of synthesis and design of differ-
ent types of gears, which considered altogether define the optimal construction.
In this case, the optimal construction means a gear transmission that could en-
sure preliminary given kinematics and/or strength requirements in condition of
minimum expenses for design, manufacture and operation (including expenses
for repair in the operating process). These requirements are related to different
quality characteristics of the gears, namely [1]:

e geometric ones, which control the kinematics exactness, the smoothness
in the working process, the character of the contact (i.e. the position of
the spot of contact), etc.;

e dynamic ones, by which one may influence on noise and vibrations of the
gear drive, on the conditions for appearance of resonance phenomena,
etc.;

e strength ones, which determine the durability and reliability of the gear
set, etc.;

e cconomic ones, that define the expenses for manufacture of a unity of
power, the loss of energy in rotation transformation, etc.

2. Aspects of the gear set computer design

Different kinds of gear sets, applied in industry and transport, as re-
duction drivers as well as the unceasing scientific ambition for investigating
new and modern gearing on one hand, and on the other hand — the differ-
ent and varying approaches to mathematical modelling of synthesis and design
make impossible to construct an universal CAD system. It should be specially
mentioned that the hardware and software improve fast.

The computer design has improved for scientific researches in the field
of gearing theory as well as performing an adequate scientific support of this
kind manufacture, forming three types software [2]:

First type. Here are attached programs intended to examine differ-
ent constructive, technological and operating parameters of the studied gear
pairs. This type of software does not obey definite strategy, related to the
CAD systems construction. The worked out mathematical models, algorithms
and computer programs aim at setting the influence at ones or others real exist-
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ing parameters over the quality characteristics of concrete gearing. The created
programs could be used as program modules representing elements of criteria
systems, which will control the quality of synthesized gear pairs.

Second type. This group consists of computer programs based on algo-
rithms including in standards [3, 4|, in firm instructions [5] or in handbooks
[6]. Tt should be specially mentioned that suitable for use algorithms don’t en-
sure an optimization when synthesizing and designing gear pairs. For example,
the well-known algorithms for synthesis of cylindrical gears, and worm-gear
pairs are able to ensure only the technological and tool possibilities of their
manufacture by using standard modules and by eliminating the appearance of
undercutting of the active tooth flanks.

Third type. Here are attached computer programs that are based on
mathematical models in result of scientific researches. The modern gear trans-
missions require the construction of new mathematical approaches to their
geometric, technological and strength analysis. The process of optimization
synthesis and design is based on adequate iteration procedures to find out an
optimal solution by varying definite parameters.

3. Methodology to constructing computer programs for Spiroid
gears calculation

Computer programs that are used in the Spiroid gear synthesis and de-
sign belong to the third type of software, discussed above. Taking into account
some methodological aspects when constructing this software, the authors of
the present study follow a definite sequence in Spiroid gear pair computer design
[7, 8, 9]

3.1. Definitions of basic principles and approaches to mathe-
matical modelling of Spiroid gear pairs

The basic principles that have to be observed are known as Olivier’s
principles in the meshing theory literature [10| when profiling kinematics con-
nected surfaces by which is realized a transformation of rotations between
skewed axes.

The relative motion 71 /T; and T5/T; may be arbitrary when forming
the surfaces Y1 and Y firmly connected with the bodies T7 and T5 by the gen-
erating (instrumental) surface ¥ ; firmly connected with T;. From a practical
point of view, it is of interest to consider these cases when absolute motions of
T, T5 and T’y are rotations. Let the surface X5 be one parameter envelope of the
generating surface ¥ ;7 and the conditions X7 = ¢, Ty = Ty, Ty /Te = T1 /T3 be
fulfilled. This method of generation of kinematics connected surfaces ¥; and
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Y9 is known as Olivier’s second principle. Thus, a linear contact between X
and Yo is always present.

It is necessary to mention, when determining above condition the tech-
nological features of conjugate surfaces which is characterized by some devi-
ations of ¥; geometric form from ¥; one are not treated. The technological
motion of ¥; which starts in the initial generation process moment and finish
in the final one is not considered, too. The author’s opinion about the mathe-
matical modelling of skew-axes gears whose tooth synthesis obeys the Olivier’s
second principle is presented here [9, 10].

Mathematical modelling using a pitch contact point

In this case, a skew-axes gear pair with guaranteed quality characteris-
tics in a single point of contact and in its vicinity, respectively is synthesized.
This is achieved by a choice of a suitable point in the stationary space as a
point belonging to the mesh region aiming at ensuring the optimal set quality
characteristics such as: accuracy of realization of necessary motions transfor-
mation function, conditions for effective driving energy utilization, etc. These
characteristics, which control the gearing quality in a single contact point, de-
fine the technologic strategy for a manufacture of the whole gear set, and its
price, respectively.

Fig. 1. Geometric and kinematics
scheme of spatial gear pair with linear
or pitch contact between tooth surfaces
31 and Yo: i — é-rotation axis of a gear
;L1 — tooth longitudinal line; D15 — line
of contact; w; — angular velocity vector
of a gear i; §- angle between @y and wo;
V12 — sliding velocity vector at P; a, —
center distance (offset); r;, a;, 6; — semi-
polar coordinates of the pitch point P
in the frame S;; §; — angle determine
the pitch circle H; plane orientation to
the pitch normal m —m
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The mathematical modelling method is based on the following (see
Fig. 1). Some contact point of a pair of conjugate surfaces is a common point of
two circles whose centers lie on the axes between which the rotations transfor-
mation is performed and whose planes are perpendicular to the described axes.
These circles have been called by the authors pitch circles, because of the fact
that their diameter and mutual disposition in space are in relation with gear
dimensions and blanks, respectively, but with the helix angle in the contact
point and with the pitch of the pitch helix. For this reason, in the synthesis
problem the basic contact point is known as a pitch contact point [8, 9, 10].
The simplest surfaces of revolution (cone or cylinder) that are uniquely defined
by these circles are known as pitch surfaces [10, 11].

The mathematical modelling using one contact point is most widely
applied when synthesizing skew-axes gear pairs. But, its application requires
information about specific kinematics, dynamic and strength characteristics of
the examined gears. The satisfaction of the desired quality indices depends on
the optimal pitch point place choice.

Mathematical modelling related to the gear pair quality char-
acteristics in the whole mesh region

The advisability of controlling the quality characteristics of the gear set
in the whole mesh region is obvious (see Fig. 2) [7, 10|, when synthesizing skew-

Fig. 2. Geometric-kinematics
scheme of the model for synthesis
upon mesh region: i — i (i = 1,2) -
rotation axes of the gears; Ly — lon-
gitudinal line of ¥1; D5 — contact
line between ¥; and Xg; AS — sur-
face of action; V1o — sliding velocity
vector at contact point C
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axes gear pairs with linear contact between their tooth surfaces. Such approach
to the synthesis problem determines the necessity of creating a mathematical
model that describes in an adequate way the process of a rotation transforma-
tion taking into account all simultaneously meshed teeth in working. Then,
however, it is necessary to define completely one of the tooth surfaces, one of
the gears respectively, which form the conjugate linear contact.

This approach has to be used when technologic, strength or exploitation
reasons have to be taken in consideration and when the strict definition of
definite quality characteristics of skew-axes gears is exigent. The same approach
applies if the pitch contact point place definition is impossible. It means that,
in some cases, in the mesh region does not exist any contact point being a
common point of two pitch circles.

Mathematical modelling on the basis of the pitch contact point
and on the mesh region
A combined approach to mathematical modelling of skew-axes gears is
most suitable when considering a number of real optimization synthesis prob-
lems [1, 10]. It consists of:
e Creating a model which permits to determine basic geometric and kine-
matics characteristics in the pitch point;
e Creating system of criteria for controlling definite quality characteristics
set in a given part or in the whole mesh region.

The created on this basis algorithm ensures a possibility for a con-
struction of a program system that allows optimizing the designed gear pairs
depending on their concrete application. We have used these three approaches
to mathematical modelling when synthesizing Spiroid gear pairs.

3.2. Principles of an optimization of the design process

The discussed below principles are obvious and many authors [2, 10,
12| have comment them. Here, we will point out only those of them which
determine author’s opinion about constructing computer programs for Spiroid
gears synthesis.

Precise definition of the groups consisting of independent and variable
input data which influence or not the design conditions. Independent input
data are recommended to be: a set of standard modules (according to the
European standards); coefficient, which define the tooth geometry as a function
of these modules; coefficients of friction between different type of materials for
producing the toothing of both gears; linear and angular characteristics related
to the design of the tools for cutting the Spiroid pinion and Spiroid gear, etc. As
a rule, the variable input data are the parameters that define the geometry of
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gear pair as a set. Some of them are: the offset, the distance between the offset
line and the pitch circles, etc. These parameters characterizing the geometry of
the Spiroid tooth surfaces (of the Spiroid hob, respectively) are included here,
also.

Introducing basic analytical relations based on the chosen mathematical
model for synthesis. The solutions of the fundamental problems for synthesis
are attached here using a pitch contact point, and those based on a mesh region,
namely: pitch circles synthesis, determination of the geometric parameters of
the active surfaces by their basic linear and angular characteristics, the regis-
tration and control of the singularity of first and second order of the contacting
tooth surfaces. The basic equation of meshing is considered from geometric
and kinematics view points. Geometric and kinematics relations, that aim at
reducing the number of the input parameters are introduced here, too.

Constructing the complex process of the synthesis and design of Spiroid
gears. This is realized by defining separate stages of the synthesis and the de-
sign following their sequence and relationship. Here, the construction of the
computer program directly depends on the represented set of criteria, which de-
termine quality characteristics of the synthesized Spiroid gear set. These quality
characteristics are preliminary defined and they are related to the accepted ap-
proach to mathematical modelling. A distinctive feature of this process is the
estimation of the calculated gear drive.

4. Computer program for geometric and technological synthe-
sis of Spiroid gears

The considerations explained above are realized when constructing three
computer programs for design of Spiroid gears. Each program has a separate
significance. It means that the user could be interested in results obtained by
only one of the programs. He may desire to analyze these results and think
them over. He is able to change the input data and at least he can decide
that it is possible and /or necessary to accomplish the whole process, shown in
Fig. 3.

Now, we shall discuss in details the programs which cover the entire
process of synthesis and design of Spiroid gear sets.

4.1. Spiroid gears preliminary synthesis program

The preliminary synthesis aims at calculating the basic geometric pa-
rameters of the special case of Spiroid gear pair when the angle between the
axes of rotations is of 90° and the pinion has cylindrical form. In this way, the
preliminary synthesis is oriented to the calculation of geometry (without any
optimization) of Helicon gear pair. The base of this synthesis is the approach
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Geometric and technological
synthesis of Spiroid gears

| ]

Optimizing synthesis based on
the pitch contact point

Synthesis based on a
’—’ region of mesh

IPreliminary synthesis

Pitch circles synthesis

Tables with
results

i | Tooth surfaces synthesis Results

Results

il

OUTPUT

Fig. 3. Common program relation scheme of the Spiroid gear pair synthesis approach

to mathematical modelling, using a pitch contact point. It is assumed, that
this point is situated on the tips of the pinion threads [5, 6, 10, 13, 14, 15].
Computer programs input data are: gear ratio, offset, number of the
Helicon pinion threads, standard decrease of the Helicon pinion threads thick-
ness depending on the exactness indices and on the kind of conjugation. The
following geometric and technological possibilities are taken into account:

e bearing of the pinion closely to the offset line;

e cutting of the gears in use of standard hobbing machines without need of
any modifications or alternations in condition, that the outside diameters
vary in large intervals.

Computer program can be used when the gear ratios are smaller than
100 and the offsets are less that 250 mm.

The most important criterion for a gear pair choosing is that the cal-
culated axial module of the Helicon pinion should belong to standard set (row)
of modules. In this way, three input data are sufficient to obtain the values of
standard (axial) module of the pinion, inside and outside diameters, Helicon
gear face width, length of Helicon pinion, minimum and maximum possible
values of Helicon gear teeth number. The values of high-side pressure angle
of the Helicon pinion are estimated, too. The program organization is shown
in Fig. 4.
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Input data

Inside and outside diameters, tooth
faces widths, tooth module

Output
with
comments

Fulfilled
dul No

criterion

Intervals for gear teeh Choice of low-side Table with
number pressure angle results

Fig. 4. Scheme of preliminary synthesis program

The compliance with the principles of development of the treated soft-
ware with the cited here literature determine that it as a hybrid between Sec-
ond and Third type computer programs. Helicon gears synthesized with this
software may be used as beginning iterations in the process of optimization
synthesis upon a pitch contact point.

4.2. Program for an optimizing geometric and technological
synthesis of spiroid gears
This program consists of solving of the following problems [8, 9, 10]:

e synthesis of the pitch configurations (pitch circles or pitch surfaces);

e synthesis of the gear tooth surfaces and the gears, and of the cutting tool
(Spiroid hob);

e verifying the quality criteria to be fulfilled.

The question of choice of the pitch contact point place is essential when
designing Spiroid gear pairs. It directly corresponds to the approach to math-
ematical model upon a pitch contact point. It has been already mentioned,
that this point is a common point of both pitch circles and of the conjugated
tooth surfaces (see Fig. 1). That is why, its place has influence on the gears
proportions and on the gear pair quality (this is expressed by the geometric,
kinematics and strength characteristics of the gear pair).

The pitch circles Hf (i = 1,2) are two tangential circles (two circles
with only one contact point). The center of them lies on the Spiroid pinion
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axis 1 — 1 and its plane is perpendicular to 1 — 1 while the center of another
belongs to the Spiroid gear axis 2 — 2 and its plane is perpendicular to 2 — 2.
Mutual position of the skewed axes 1 — 1 and 2 — 2 is uniquely determined by
the angle § = (wy,w2) = constant between the skewed axes and by the offset
(center distance) a,,. The law of motion transformation of rotations is defined
with the velocity ratio i19 = |w1|/ [w2| = costant.

The position of each circle with respect to the axis and to the offset line
is described by four parameters. Two vector equations (equivalent to 5 inde-
pendent scalar equations) define the condition two circles to have one common
point. Therefore, the position of two pitch circles is not defined in a unique
way but is a function of five independent parameters. These five paramerets
must be selected and to be chosen the interval of their variations.

We have decided these five parameters to be: an angle §; offset ay,,
Spiroid pinion taper angle d1, Spiroid pinion pitch circle radius 71, distance a;
between Spiroid pinion pitch circle plane and the offset line. The synthesis of
Helicon gear drive is realized if 6 = 90° and é; = 0°.

Thus, when varying the free parameters within given intervals a lot
of couples pitch circles are obtained. We look for such couples so that their
parameters to fulfil a definite quality of gear pair in the pitch point vicinity,
these criteria will be discussed below.

It should be mentioned that, the program gives the possibility of précising
what kind of helicoid the surfaces of Spiroid threads will represent: convolute
(in the most common case), Archimedean or involute. The calculation of the
necessary and sufficient geometric and technological parameters for designing
the gear pair and the tools for cutting is performed for the desired helicoid
kind.

Quality indices that the synthesized gear pair are of essential signif-
icance in the tooth mechanism design process. In the case of Spiroid gears
design, the quality criteria that should be fulfilled in the pitch point vicin-
ity are related to the technology, the gear geometric parameters, strength and
kinematics characteristics. We will briefly describe some of them [10].

The basic criterion is in direct relation with the Spiroid gear pair
manufacture technology. The decrease in cutting tools nomenclature involves
the necessity of designing Spiroid hob with a standard module (hob parameters
are functions of this module). Thus, it is natural to require, that the calculated
in the pitch contact point module to coincide (with a given exactness) with
some of the standard modules that form a set in the program system.

Another important criterion refers to the singular points of first
order that are called ordinary nodes. They are common points of two infinite
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small close contact lines, i.e. such point has annul relative velocity vector but
the normal vector to the tooth surface in this point exists. The existence of
such point in the pitch point vicinity involves decreasing of the loading capacity,
of the efficiency and of the durability of the Spiroid gear pair. The elimination
of the ordinary nodes is realized by including the normal vector to the tooth
surface by a definite critical angle. Thus, the low-side and high-side pressure
angles are not equal, i.e. the tooth is not symmetric in a normal section.
Analytical relations between the chosen free parameters that guarantee non-
existence of ordinary nodes in the pitch point vicinity are obtained and included
in the program system.

Control of the angle of the normal force transmission. This
angle depends on the Spiroid gear helix angle and on the low-side pressure
angle. Smaller values of this angle guarantee better transmission of the forces
in the pitch point and larger efficiency values.

Criterion for sliding velocity value. Maximum values that limit
this velocity depend on the materials the Spiroid gear is produced of, i.e. dif-
ferent kinds of bronze or black metals. Requirements treating the efficiency,
the conditions of cutting, etc. can be taken into account, also.

Some of the free parameters could be fixed (if the user wants to) because
of the concrete requirements, such as limits for overall dimensions, design of
Helicon gear pair, etc. then the number of the free parameters decrease but
this does not limit the possibility to look for and to obtain an optimal geometry
of the tooth surfaces.

The computer program input data are: number of Spiroid pinion threads,
number of Spiroid gear teeth, offset, standard pressure angle, type of the Spiroid
pinion, type of bearing mounting, frequency of revolution. Key parameters with
values 1 or 0 depending on whether a given criterion will be taken in consid-
eration or not are introduced, too. Minimum and maximum values should be
chosen for each of the free parameters as well as the steps of variation. The
independent cycles in the computer program correspond to the free parameters.
In Fig. 5, you can see the scheme of the program.

The table of results consists of: the basic geometric parameters of the
Spiroid pinion and of the Spiroid gear, the constructive parameters of the
Spiroid hob, geometric and constructive parameters if the gear pair, parame-
ters related to the gear pair quality such as forces in the pitch contact point,
distance between bearings and pitch circle planes, efficiency and etc.

It should be mentioned, that distance might be calculated in two ways:
as real dimensions or referred to the gear pitch circle radius. First, all forces
and loads have relative values (i.e. they are referred to the gear peripheral
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Input data, criteria
keys

Intervals for free
parameter variations
Tooth module in the
ptich contact point

Fulfilled
criterion for
standard
module

New values of
the free
parameters

Satisfied
quality
criteria

Tables with results

Fig. 5. Program scheme for an optimizing synthesis of Spiroid gear pair

Entire geometry|
calculation

force).

If a torque on a gear shaft or a torque on a pinion shaft is given then
this peripheral force has a concrete value and all forces and loads are calculated
in [N]. The sliding velocity is calculated referred to the pinion angular velocity,
if the number of driving motor revolutions per minute is given, then the sliding
velocity is obtained in [m/sec].

4.3. Computer program based on the mesh region

The last stage of the computer tooth surface synthesis aims at finding
out the contact lines in the whole mesh region [16]. Elimination of the first order
singular points (ordinary nodes) in the pitch point vicinity was accomplished
by using one of the considered above criteria concerning “critical angle”. In
this stage, we examine the whole mesh region. The aim is to find out singular
points of first and second order or to establish that there are none.

A singular point of second order is characterized by annul relative ve-
locity vector, when the normal vector to the tooth surface in it does not exist.
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These points cause an undercutting of the Spiroid gear surface and a theoretical
interference of both surfaces in working meshing.

The contact lines in a function of the one of the cylindrical coordinates
which describe the active tooth surfaces of the Spiroid pinion (Spiroid hob) are
found out when changing the parameter of meshing (i.e. the angle of Spiroid
pinion rotation) in a direct way. This independent cylindrical coordinate de-
scribes an interval with determined length. For each if its values, the program
verifies if the point coordinates belong to the mesh region or not. Analytical
relations for existence of ordinary nodes or points of undercutting are verified,
too.

Variation of independant|
coordinates

Singular
points of 1
and II order

Contact
line exists
Yes

Print with
comments

Fig. 6. Computer program for a synthesis based on mesh region

Input data ate the geometric and technological parameters obtained in
the optimization process of the gear pair design. They are: number of Spiroid
pinion threads, number of Spiroid gear teeth, offset, meshing parameter, pinion
reference circle radius, distance between the Spiroid pinion, standard module.

For each value of the parameter of meshing, which vary in a given
interval are written the number of the contact lines, the number of points
on them, and a text according to the fact whether there are or not ordinary
nodes or points of undercutting among them. Computer program is organized
following the scheme, which is shown in Fig. 6.

4.4. Practical realization

We started with constructing computer programs in 1983. The obtained
analytical relations defining geometric parameters of the Spiroid and Helicon
gears and the technological parameters, that are necessary for its cutting as
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well as necessary of automated calculation gave the initial point of programs’
construction. Objects of the programs are Spiroid and Helicon gear drives with
convolute, Archimedean and involute helicoids, as active are tooth surfaces of
the pinion. Programs are written in Fortran IV and Turbo C.

Our new scientific results are added to programs at every suitable mo-
ment. Further, researches imposed the constructions of the programs for math-
ematical modelling based on mesh region and for preliminary synthesis. These
two are written in Turbo C.

Often we have recourse to an integral usage of the described software
products upon realization of the synthesis of the studied hyperboloid gears.
Especially, it should be mentioned that after the optimization synthesis upon
a pitch contact point, the analysis and the quality control of the active tooth
surfaces of the Spiroid/Helicon pinion and gear is realized by the application
of virtual generation of the gear set. The virtual cutting of the pinion and
the crown of the synthesized and designed gear is an addition to the described
approach for elimination of the singularities in the mesh region by applying
based on its analysis software.

The process of software generation of the disk of the gear type Helicon
with an Archimedean pinion is illustrated in Fig. 7. Figures 8 and 9 show a
computer design of Helicon and Spiroid gear drives with Archimedean pinions,
which is realized by the approach, shown in Fig. 7.

A five-fingered robot hand [17] is developed in an Engineering depart-
ment of Gifu University. The aim of the robot hand is to be used as the standard
platform for the study on dexterous grasping and manipulation of various types
of objects. One of the tasks, related to this hand is to find out a solution to
the problems related to the increment of the overlapping coefficient and also to

a)

Fig. 7. Virtual generation of the active tooth surfaces (tooth flanks) of the disk-gear
2 with hob 1 of the gear of type Helicon with i15 = 4; z; = 10; zo = 40; m = 0.5 mm;
ay =4 mm: a) start of the process; b) end of the process
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| E
d441 330

Fig. 8. Computer design of spatial gear drive with i;5 = 4; 21 = 10; 29 = 40; m = 0.5
mm; a,, = 4 mm : a) Cad model of Helicon gear drive; b) CAD model of Spiroid gear
drive

Fig. 9. Computer design of spatial gear drive with i10 = 4; 21 = 8; 20 = 32; m = 0.5
mm; a,, = 3.25 mm: a) Cad model of Helicon gear drive; b) CAD model of Spiroid
gear drive

create preconditions for controlling the backlash between mating gears, which
are implemented into the fingers of this hand. The idea to integrate Spiroid or
Helicon gear drives into precise robot hand is based on two main points:

— These gears have a conjugate linear contact. They are characterized
by a large number of simultaneously meshed tooth surfaces. This is a premise
to expect smoother and noiseless rotations’ transformation, compared with the
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a)

Fig. 10. Robot-hand: a) general view; b); 1 — forefinger; 2 — bevel gear with straight
teeth — m = 0.5 mm; i10 = 4; 21 = 10; 20 = 40

bevel gears with straight teeth. This is important for precise action of the gear
drive, when a simple control is used on robotic systems.

— The manufacture technology of these types gear drives ensures high
accuracy of coincidence of the geometry of pinion with the geometry of the hob
that cuts the driven gear. This is a guarantee for practical realization of gears
with minor deviation of the accomplished gear ratio from the given theoretical
one.

The gear drives shown in Figs 8 and 9 are specially synthesized by
choosing the optimal structure and geometrical characteristics and it is CAD
modelled. The aim is smooth integration into already existing robot hand,
which will result in its technical precision. There are forthcoming activities
related to its manufacture and integration into the robot. The shown in Figs 8
and 9 hyperboloid gears, according to author’s opinion, are better alternative
from the incorporated in the existing constructions of the robot- bevel gear with
straight teeth (see Fig. 10) [9, 18, 19]. The authors of this study have experience
in development of gear drives of such type, as well as in the organization of their
actual manufacture and integration into industrial products [§].

5. Conclusion

The present paper gives a brief survey of the approaches used to spatial
gears design mathematical models and computer programs. These approaches
have been applied in the Institute of Mechanics of the Bulgarian Academy of
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Sciences to model different types of hyperboloid gears with arbitrarily skewed
axes. The application of the pitch contact point model and the model based on
the mesh region for spatial gears synthesis of Spiroid and Helical gears is also
illustrated. The computer programs for design of Spiroid and Helicon gears are
elaborated. The synthesis, design and development of appropriate instrumental
equipment ensure the manufacture of numerous Helicon gear drives, which are
integrated into various devices and machines.

The presented study is one more illustration of the application of the
developed mathematical models, oriented to the synthesis of the studied class
hyperboloid gear drives. The novelty of this design solution is that the devel-
oped Helicon and Spiroid gear drives have a boundary small gear ratio. This
is a challenge both for its optimal synthesis and for its forthcoming technical
realization and integration into the robot hand. The reason for this is that
these gear pairs usually ensure rotations transformation with gear ratio more
than 10:1.
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