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SPECIFIC OPPORTUNITIES THROUGH CAD
SYSTEMS FOR PROFILING A REAL
INVOLUTE CURVES OF A SPUR GEAR
YULIYAN DIMITROV & KRASIMIR KAMENOV
Abstract: Due to the application in practice and in the process of training students in
engineering specialties, it is very important to analyze the possibilities of profiling real
involute curves of spure gears. The report presents specific ones opportunities to build
a real involute curves of a spure gear through one of the most used CAD systems. The
results of the application of the AutoCAD .NET API developed by the authors for the
simulation of the profile of cylindrical spur gears with external teeth are presented.
The report is presented a comparative analysis between involute profiles built from
existing CAD systems and profiles built through the developed application by the
authors. The results of the research identified many possibilities for using the
developed application for the educational process of students and for use in real
specific production of gears obtained through the technologies of direct cutting of the
contours of the gears by laser, plasma and water jet cutting.
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1. Introduction
With the development of spur gear manufacturing technologies, in addition to
the traditional method of cutting gears using mechanically cutting tools, new methods
are being used. These are the cutting of spur gears of metal and non-metal sheet blanks
of machines for laser, plasma and water jet cutting. The quality of the parts obtained
depends not only on the precision of the machine and the technology, but also on the
precise setting of the involuntary contour of the teeth for cutting included in the CNC
cutting program [6],[7],[8],[9].
Under certain conditions (irresponsible low precision gears, slow gears,
kinematic gears, low loading gears, non-metallic toy gears, demonstration and training
gears, etc.), it is financially appropriate to use these technologies. This determines the
importance of building a real involute profile of the CAD systems used by the
engineers.
The need for the study is due to the fact that 3D CAD systems (SW Simulation,
Autodesk Inventor and others) require the 3D model of the gears to be prepared in
advance, after which a 2D contour of the gear wheel is generated from this 3D model.
With one of the most widely used 2D Autodesk Autocad programs, the involute curve
must be manually profiled, which is a very complex and extended process. For this
reason, 3D programs are mainly used to automatically generate 3D models of gears,
then the 2D contour of the gear is extracted.
One of the most used features of 3D programs is engineering simulations to study
the elements when loading 3D models of gears, and the reality of the results of these
simulations depends a lot on the accuracy of profiling the 3D model of the spur gear.
Some of the most used 3D CAD programs, such as SolidWorks and Autodesk
Inventor®, do not produce a real tooth contour profile in the generation of gears, but
only a curved curve to simplify the file.
For this purpose, it is necessary to first generates the corect geometrically
involuntary profile of the whole wheel teeth, and then by means of three-dimensional
operations to design the model and then to import it into the simulation systems.
2. The results of profiling a involute curves of a spur gear wheel through CAD
systems
The results of the work of the two most used CAD systems in Bulgaria SolidWorks and Autosdesk Inventor - are analyzed. Spur gear profiles were generated
with these two systems for different variants of the m-module and z-number of teeth
parameters. The aim is to obtain and analyze the contours of one of the most commonly
used gears (Table 1). Which of these contours is closest to a real involuntary contour?
Module, m [mm]
3
5
Number of teeth, z1
20
20
Number of teeth, z2
60
60
Tab. 1. Variants of spur gear parameters for research
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With the Autosdesk Inventor program, can be generated from the Design/Spur
Gear menu 3D models of spur gears. From the models thus obtained, can be generated
a simplified version (Export to DWG) of the involute tooth curve (fig.1). The curve
thus obtained is visually approximated but does not correspond to the real curve.

Fig. 1. Generation of a simplified involute curve with Autodesk Inventor
The command "Export tooth shape" (fig.2a) is used to generate the real involute
curve more precisely. In this way, the involuntary contour of a single tooth is exporting
it to a .dwg file (fig.2b). It is then necessary to process further to obtain the contours of
all the teeth.

Fig. 2. A working view of Autosdesk Inventor CAD system
The part of results of profiling a real and simplified involute tooth contour of spur gear
for the selected variants through the Autosdesk Inventory are shown in fig.3
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Fig. 3. Results of profiling a involuntary contour of a spur gear teeth with Autosdesk
Inventor
The second basic program that can be used to generate a involuntary contour is
the SolidWorks CAD program. Through it from the Toolbox /… .Standart… / Power
transmission menu can be generated 3D models of gears in the similarity of Inventory,
but with less possibilities for working with different parameters. After the 3D models
are generated, the involute contours are exported to a .dwg or .dxf file.
3. Application AutoCAD .NET API for spur gear profiling
The largest application among engineering 2D programs is Autodesk Autocad,
which does not, however, have an automatic module for generating the involute profile.
This can be done using the existing methodology in Machine Desing by building it
manually. This is a process with many calculations and manual drawing operations.
One of the advantages and an important reason for the widespread distribution of
Autocad 2D is the file format (DXF and DWG) that all other CAD/CAM software
vendors use to transfer data from one system to another. This versatility enables
subsequent processing to be accomplished through differing software products
[10],[11].
The report presents the work and results of the AutoCAD .NET API for spur
gear profiling application to build an involuntary spur gear profile. The application was
developed by the authors of the report. The result of the application generates in 2D
plane the profile of the contour of the gear. The application uses the Application
Programming Interface (API) of AutoCAD .NET, which allows you to manipulate
AutoCAD and drawing files through a large set of libraries [3],[4].
The application works with logical functions and geometric objects. The use of
logic functions on geometric objects is very similar to the practical method of cutting
gears by gear shaping. The profile is designed to meet all the requirements and features
of the output tool profile. This method of synthesis of an involute profile can be
attributed to geometric methods of profiling based on the rolling two gears. The result
of the application is a .dwg file that generates the contours of the two gears [1],[2].
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Fig. 4. A working view of the AutoCAD .NET API for spur gear profiling
In Fig. 4 shows the desktop window for entering the input data required for the
geometric construction of the profile of an involute spure gear: module (m), number of
teeth (z) and coefficient of correction (x).
To reduce the likelihood of an accidental error in the data input, a special
algorithm checks their accuracy. Only then does the process of calculations (GO
button), which first calculates the parameters of the output contour of the tool- rack,
and then of the workpiece of the gear.
4. Tables and Figures
In order to check the correctness of each involuntary contour, a comparative
analysis is made between all generated contours from Autodesk Inventor, SolidWorks
and Application AutoCAD .NET API for spur gear profiling by overlaying each other.
All results are generated in .dwg files, which in the Autocad environment are overlaid
into a single file.
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Basic contour is accepted the generated contour from the AutoCAD .NET API
for spur gear profiling, because this contour is obtained by copying the process of
cutting a real spur gear according to actual dentition by standards and methodologies
in the Mashine design technical literature [12].
CAD Program
Color
Autodesk Inventor simplified curves
Autodesk Inventor real involute curves
SolidWorks
AutoCAD .NET API for spur gear profiling,
Tab. 2. Colors used for the curves of the individual programs
The analysis compares contours with small, medium and large modules and a
small and large number of teeth. The purpose is to check whether the modification of
the module and the number of teeth affect the accuracy of contour generation under
different programs.
Table 2 shows the different colors used for different contours for better
visualization. After overlaying all the contours in one file, the following results are
shown in Fig.5

Fig. 5a. Overlay all curves with m=3mm
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Fig. 5b. Overlay all curves with m=5mm

Fig. 5c. Overlay all curves with m=9mm
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• The gear teeth generated by the SolidWorks program (blue line) are less thick
with all the modules and the number of teeth, the difference is up to 0.5mm. The
transition curve at the base of the tooth does not have a fillet, which is
unacceptable for a real spur gear. The diameters correspond to the other curves.
• The gear teeth generated by the Autodesk Inventor program as a simplified curve
(red line) for all modules but with a small number of teeth deviate up to 0.5 mm
from the accepted contour. Gears with a large number of teeth do not show much
deviation. The transition curve at the base of the tooth does not have a fillet,
which is unacceptable for a real spur gear. The diameters correspond to the other
curves.
• The gear teeth generated by the Autodesk Inventor program as a real curve
(purple line) for all modules and number of teeth do not deviate from the
accepted contour. The transition curve at the base of the tooth has a fillet larger
than the base. The diameters correspond to the other curves.
The analysis reveals that the SolidWorks program does not generate a real
contour of a spur gear, the curves generated are for visualization only and are not for
practical use. The Autodesk Inventor program offers two options for visualizing the
involute curves - simplified to make it easier to work with the program and, if
necessary, a relatively accurate and realistic contour.
The problem is that the program generates only one tooth, which means
performing more operations through another module of the program to generate the
entire contour of the gear. This prolongs and complicates the work. While using the
AutoCAD .NET API for spur gear profiling and the much lighter and less expensive
Autodesk Autocad engineering program, it is very easy and quick to create and use a
real such profile.
5. Conclusion
Using AutoCAD's .NET API application to solve practical, learning, and
scientific tasks gives developers, scientists, and engineers great opportunities to
practice. The application offers an easy and fast solution to the task of building an
accurate profile of an involuntary spur gear in AutoCAD.
The resulting profile can be used to create a 3D model of a spur gear that is
subjected to strength and dynamic testing in other software systems based on the finite
element method. The resulting involute curves of the designed spur gears through the
indicated application are very accurate to the real involute, while the constructed
involutes through the considered CAD systems in the analysis have deviations. The
comparative analysis shows the good results of gearing profiling through the created
application of AutoCAD .NET API.
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The application can be used to illustrate the learning process when studying
involuntary gearing. It allows you to show and simulate the conditions undercuting
occurs. It is very well seen after a suitable enlargement of the shape of the transition
curve and the change, and with various bevels and fillets at the tip of the teeth of the
rack.
From the obtained profiles different strength simulations can be made or spur
gear can be cut on laser, plasma or water jet cutting machines with sufficient accuracy
of the tooth profile.
The future task of the report's autorrs, derived from the results obtained, is to
make this application generate profile curves for gears with internal engagement.
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