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Abstract

In this study, a software has been improved for parametric drawing and modeling of spur gear using complex numbers in
the CAD setting. AutoLISP programming language was used in software development. In the system, parameters such as
module and number of teeth can be entered by the user and drawing or modeling of the gears in the CAD environment
can be done automatically. This study provides the designer with fast and functional and more precise utility alternative
for gear drawing and modeling. In addition, within the scope of the study, the same number of teeth and at the module
spur gear were designed in the AutoCAD package program with the classical method. Spur gears, designed in AutoCAD
program with the developed package program and classical method, were produced on the wire EDM machine by deriving
cutting codes in the MasterCAM program. Noise analysis of the produced spur gear pairs has been made. It was
determined that the spur gear pair, designed and produced with the package program developed within the scope of the
study, operates approximately 8 dB less noise than the spur gear designed and produced with the classical method. It is
possible to design and manufacture the gear in the desired profile by changing the cutter profile for non-standard thread
shapes to provide the performance required for a tool and standard tool parameters. For further investigations, spur gears
produced by round-ended cutters can be applied symmetrically and asymmetrically.
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Oz

Bu ¢alismada, CAD ortaminda karmasik sayilar kullanilarak diiz dislilerin parametrik ¢izimi ve modellemesi igin bir
yazilim gelistirilmistir. Yazilim gelistirmede AutoLISP programlama dili kullanilmistir. Sistemde modiil ve dis sayisi gibi
parametreler kullanici tarafindan girilerek CAD ortaminda dislilerin ¢izimi veya modellemesi otomatik olarak
yapilabilmektedir. Bu ¢alisma, tasarimciya digli ¢izimi ve modellemesi i¢in hizli, islevsel ve daha kesin bir fayda
alternatifi saglamaktadir. Ayrica ¢calisma kapsaminda klasik yontemle AutoCAD paket programinda ayni sayida dis ve
modiilde diiz digli tasarlanmistir. Gelistirilen paket programi ve klasik yontemle AutoCAD programinda tasarlanan diiz
disliler, MasterCAM programinda kesme kodlar tiiretilerek tel erozyon makinesinde iiretilmistir. Uretilen diiz disli
¢iftlerinin giiriiltii analizi yapilnigtir. Calisma kapsaminda gelistirilen paket program ile tasarlanan ve iiretilen diiz digli
¢iftinin, klasik yontemle tasarlanan ve iiretilen diiz digliye gére yaklasik 8 dB daha az giiriiltii calistigi tespit edilmistir.
Bir takim ve standart takim parametreleri i¢in gerekli performanst saglamak iizere standart disi dis sekilleri icin kesici
profilini degistirerek disliyi istenen profilde tasarlamak ve iiretmek miimkiindiir. Daha ileri arastirmalar icin, yuvarlak
uc¢lu kesicilerle iiretilen diiz disliler simetrik ve asimetrik olarak uygulanabilir.

Anahtar kelimeler: AutoLISP, CAD, Kompleks sayilar, Giiriiltii analizi, Diiz disli

"2 Mehmet YAZAR; mehmetyazar@comu.edu.tr, Tel: (0286) 218 00 18, orcid.org/0000-0003-3999-3233
®orcid.org/0000-0003-1075-313X

ISSN: 2146-538X https://dergipark.org.tr/tr/pub/gumusfenbil



Yazar and Yanikéren | GUFBD / GUJS 12(1) (2022) 78-89

1. Introduction
1. Giris

Since the beginning of the technology, one of the
important machine elements is the gear. The
designs of the first gears were mostly made using
pins (Laczik et al., 2014).

Machine elements designed to transmit force and
movement between different parts within a
mechanism are gear wheels. The most important
point in the gear design is that the tooth geometry
is designed with minimum shear stresses in the
contact area (Suslin & Pilla, 2017). To ensure the
most efficient circular contact relationship between
gear wheels, tooth geometry design is crucial
(Kalpakjian & Schmid, 2006). Researchers have
constantly investigated the effects of friction and
wear to make a design under optimal operating
conditions (Patil et al., 2019) Thanks to the
technological developments of the last century,
gear wheels have become the machine elements
used in almost every machine, and therefore, the
calculation of gear wheels are very common in
machine manufacturing. For this purpose, it was
tried to obtain fast and precise results by adapting
the deficiencies encountered to computer
environment. It is thought that this will contribute
to the faster shaping of the manufacturing process
and increase the production capacity. The
computer, which is the greatest convenience of
today's modern technology, has entered almost all
fields. One of the most common areas is machine
design. For this reason, computer aided design of
machine elements has emerged in order to transfer
the necessary data for the design and calculation of
machine elements from theory to practice in the
easiest way.

Developed in parallel with the rapid advances in
computer technology, the software enables many
engineering activities to be carried out easily in the
computer environment. By simulating the
manufacturing process, the effects of many
parameters on the product can be examined before
manufacturing. Thus, it is possible to make
changes during design with minimum cost and time
loss (Oladejo & Ogunsade, 2014). From the studies
on spur gear design; on the purpose of create an
ideal spur gear profile, an algorithm has been
developed and the two-dimensional drawing of the
spur gear is realized according to the module,
number of teeth and grip angle entered into the
developed algorithm (Reyes et al., 2008). In this
way, no need for manual technical drawing studies
has been provided to increase productivity and
reduce costs (Nordiana et al., 2007).
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Involute developed a computer aided kinematic
model for the design of spur gears and developed
an assistive approach to obtain the optimum
dimensions of the gears and perform
manufacturing, tensile and compression analysis
(Karpat et al., 2002). The developed programs were
compared with the results of a sample calculation
with the calculation results obtained with
commercial software and theoretical calculations.
As a result, the values closest to the theoretical
calculation results were obtained with the computer
program developed in the studies (Krishna &
Srinvas, 2012).

A computer program has been developed to
minimize the possible calculation errors and time
by facilitating the approximate design and finite
element analysis of a complex process gear
(Yigiang et al., 2014). In this study, a software
which works in  AutoCAD environment is
developed by using AutoLISP programming
language. The developed software aims to simplify
the drawing and modeling of gear wheels and gear
pairs. Unlike the other studies in the literature,
complex numbers were used instead of formulas
used in the calculation of classical spur gear design.
The complex numbers used are the two-
dimensional drawing of the flat wheels according
to the rolling method, as well as the three-
dimensional solid modeling of the gear. In
addition, the production of spur gear designed with
the package program developed within the scope of
working with the spur gear designed by classical
methods was cut on the wire EDM machine and
noise analysis was made.

2. Materials and methods
2. Gereg ve yontem

2.1. Parametric spur gear applications
2.1. Parametrik diiz digli uygulamalar

The parametric gear forming system has been
developed to support the automatic 2D drawing
and 3D modeling of gear types that are not included
in the part libraries of contemporary CAD systems,
minimizing the easy, fast and user interaction of
gear and gear pairs in the CAD environment.

These basic and calculated dimensions were
obtained with the help of the developed program
and 2-D drawings and 3-D models of gear wheels
and gear pairs discussed in the system were created
in the CAD environment.



Yazar and Yanikéren | GUFBD / GUJS 12(1) (2022) 78-89

2.2. Geometry of involute gear
2.2. Evolvent disli geometrisi

Involute tooth geometry is used in tooth profiles of
flat, helical, bevel gear wheels. When the gear
wheel is examined geometrically, it is seen that it
consists of a tooth profile, concentric circle springs
at the tooth head and base, involute curves on the
tooth side surfaces and trochoid curves in the
region that connects the tooth side surfaces to the
bottom circle (Figure 1).

Imvolute

_ Trochoid

Figure 1. Involute gear geometry
Sekil 1. Elvolvent disli dis geometrisi

In this study, in order to obtain the involute gear
profile, parametric expressions which determined
the involute profile developed by Litvin and the
tooth base profile in the trochoid form were used
(Litvin & Fuentes, 2004). Involute geometry is
shown in Figure 2.

Involute curve

Section
circle
diameter

Figure 2. Generating involute profile
Sekil 2. Evolvent profilinin olusumu
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Involute angle w, when the grip angle « is
assumed,

y=ev-a=tana-a (1)

available as and the angle of rotation 6 in the
involute profile is expressed by the following
equation.

=y +a=tanca 2

The parametric expression M (0, rb), which gives

the position of a point on the involute profile, is
shown as the angle of rotation & and the radius of
the base circle r, in the involute profile.

x(0)=r,(sind—6cos)

M(Q’rb):{ y(8)=r,(cosO+sing) @

6.« =0, +evl_isintherange of 0<9<@,,, , the

max !

change interval of the rolling parameter.d, the

rolling parameter in the tooth head circle is the
value of the tooth radius, ra.

0, = cos‘l;—b (4)

a

is obtained from the equation. The geometry of the
cutting tool that obtains the tooth profile shown in
Figure 3 is shown in Figure 5. The position of the
center of curvature of the rounded end of the tool,
the module (m ) the gripping angle (& ), the profile
shift factor (x;) and the tool nose rounding radius
(), is expressed in the following equation.

a:m(n—Stana)_p(l—sina) )
4 cosa

b=1.25m—-p—mx (6)

Depending on the tool geometry, the equations
representing the tooth-bottom curve in the trochoid
form shown in Figure 3, including the angle of
rotation,
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b

Figure 3. Cutting tool geometry and tool tip detail (Patil et al., 2019)
Sekil 3. Kesici takim geometrisi ve takim ucu detayr (Patil et al., 2019)

X, =,osin(6?1 —p)+acosp—bsing + r(singo—gocow)

Y, =,ocos(6?1 —go)—asingo—bc05g0+ I’(COS(D—(DSin (p)

is expressed as. The tool tip spring parameter
changes in the range 0< 6, <(z/2)—a (5) and (6)
using the expressions giving the position of the

center of curvature of the rounded end of the tool
obtained from the equations,

(7)

(8)

’e btan(fl—a)

(9)

as. The obtained rotation angles are written in place
of the equations (7) and (8), and the geometric
location of the tooth base curve is found.

A : Cutter total rolling angle

A - Angle formed after a tooth profiler

r : Section circle radius

: Involute curve radius for each angle change
Aj : Total angle forming a tooth profile

Figure 4. Obtaining the involute of the circle
Sekil 4. Dairenin evolventinin elde edilmesi

According to the rolling method, the involute of the
circle must be obtained for gear design in
AutoCAD environment (Figure 4). Using the
following equations, the involute of the circle is
obtained.

7dg
== 10
360 (10)
=\r’+q’ (11)
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A =tan”(q/r) (12)
A =A-A (13)
X =sin(A)r (14)
Y, =cos(A)r (15)
Y=Y, -r (16)
Involute = R, +1 (R +xm)e"”? (17)

Obtaining Circle Involute Using Complex
Numbers; A package program was developed using
the AutoLISP programming language to obtain the
apartment's involute AutoCAD using the equation
expressed in complex form 17. The two-
dimensional drawing of the involute of an
exemplary circle is shown in Figure 5 and Figure
6.

Figure 5. The unilateral involute of the circle
Sekil 5. Dairenin tek yonlii evolventi

Figure 6. Double-sided involute of the circle
Sekil 6. Dairenin ¢ift tarafli evolventi

Obtaining circular spur gear using complex
numbers by rolling method; In order to obtain
circular gear wheels by rolling method in
AutoCAD environment, firstly the cutter profile
was obtained by using the equations used to obtain
the cutter profile (Figure 7) and the equations used
in obtaining the involute of the circle were taken
into consideration. The module program developed
in AuoLISP programming environment was used
to draw the desired number of teeth according to
the rounding method and the gear wheel in the
module by means of the complex equations
formed. An example of a circular gear wheel with
two number of teeth 22 and module 2 is performed
in AutoCAD environment according to the rolling
method with the help of module program
developed using AutoL ISP programming language
is given in Figure 8-10. In addition, the 2D and 3D
pictures of the spur gear designed in AutoCAD
with the classical method are given in Figure 11-
12.

\/\/\/\/\/\/\

\J\J\J\J\J\J\J\JU

Figure 7. Obtaining the rack cutter profile in AutoCAD environment.
Sekil 7. AutoCAD ortaminda kramayer kesicinin elde edilmesi

Lengths x, and x, of the oblique sidewalls of the
rack cutter,
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—(h, +c)mtan(a)+% (18)
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X, =—(h, +c)mtan(a)+% (19)

obtained with the equation.
The tooth height y, and y, distances of the rack

cutter,;

y; =hm (20)
¥, =(h,+c)m (21)
mz

obtained with the equation.
x, and x, distances to the origin of the oblique

cheeks of the rack cutter;

Qo:)(l"'lyl_A (23)

Ql =X, — Iyz —-A (24)

obtained with the equation.
The distances y, and y, from the perpendicular

sidewalls of the rack cutter;

Qz ==X —ly,—A (25)

Q3 ==X +ly,—-A (26)

obtained with the equation.
Tooth profiles of spur gear according to rounding
method;

hi =Qs +RA, +1(R+xm)e”) (27)

obtained with the equation.

“nu=16~-—--
2 S .’ 5

Line Polyfine Circ

(~)Top)(20 Wireframe]

Figure 8. Design of spur gear in AutoCAD according to package programming rolling method

developed within the scope of the study

Sekil 8. Calisma kapsaminda gelistirilen paket programlama yuvarlama yontemine gore

AutoCAD'de diiz disli tasarin

83



Yazar and Yanikéren | GUFBD / GUJS 12(1) (2022) 78-89
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Figure 9. 2D spur gear designed in AutoCAD with the package program developed with AutoLISP

programming language within the scope of the study.
Sekil 9. Calisma kapsaminda AutoLISP programlama dili ile gelistirilen paket program ile AutoCAD

ortanminda tasarlanan 2 boyutlu diiz disli.
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Figure 10. 3D spur gear designed in AutoCAD with the package program developed with
AutoLISP programming language within the scope of the study.
Sekil 10. Calisma kapsaminda AutoLISP programlama dili ile gelistirilen paket program ile

AutoCAD ortaminda tasarlanan 3 boyutlu diiz disli.
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Figure 11. Spur gear designed in 2D with classical method in AutoCAD program.
Sekil 11. AutoCAD programinda klasik yontemle 2 boyutlu olarak tasarlanan diiz disli.

Figure 12. Spur gear designed in 3D with classical method in AutoCAD program
Sekil 12. AutoCAD programinda klasik yontemle 3 boyutlu olarak tasarlanan diiz disli

3. Results
3. Bulgular

3.1. Design and manufacture of spur gears and,
test apparatus used in experiments

3.1. Diiz diglilerin ve deneylerde kullanilan test
cthazimin tasarimi ve imalat

The 2D designs of the gears used in the
experiments were made in separately AutoCAD
environment both with the classical method and
with the package program developed with the
AutoLISP programming language within the scope
of the study. The parameters of the designed spur
gears are given in Table 1.
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Table 1. Parameters that belong to spur gears cut
for experimental studies

Tablo 1. Deneysel ¢alismalar icin kesilen diiz
dislilere ait parametreler

Supur gear parameters Value
Number of Teeth 22
Module 2
Shaft Angele 90°
Pressure Angle 20°
Addendum 2.000 mm
Dedendum 2.336 mm
Pitch Circle Diameter 44,000 mm
Face Width 10.000 mm
Clearance Factor of Depths 0.250
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Table 2. AISI 1050 Chemical compositions (in weight %)

Tablo 2. AISI 1050 Kimyasal bilesimler (% agirlik olarak)

C Si Mn Cr Mo Ni Usage Areas
Transmission pins, rails, sprockets, etc.
AISI 1040 051  0.20 0.75 0.20 0.05 0.20  They are used in manufacturing and can

be induction furnace and flame-harden.

In order for the spur gear pairs to be convenient and
reference in experimental studies, 20 mm diameter
cylindrical holes with keyway of 6 mm width and
3.2 mm depth were designed in AutoCAD
environment and processed in piece size on the
wire EDM. Therefore, the axis exceeding through
the rotation center of the spur gear wheels and the
planes forming the cheeks of the spur gears are
provided to be parallel. In addition, the roughness
of the tooth surfaces of the gear wheels at the end
of cutting was measured to determine the
machining quality. The roughness measurement
was made on a single tooth surface using the Mahr
Perthometer M1 surface roughness measuring
device on the gear wheel section circle and the
surface roughness value was measured as 2.368 Ra

(na).

On the purpose of specify the noise values of the
produced spur gear pairs, the analysis apparatus
was designed and produced according to its
dimensions.

In the analysis apparatus, a grinded plate was
placed on the flat stand and the rotating gear wheel
shaft was ground on this plate and bedded with a
double ball bearing. The rotated spur gear shaft is
fixed on the ground plate by bearing double ball
bearings. A ground flat table is mounted on four
ball linear guides. A movable table was formed by
mounting a spur gear shaft rotated on the table. The
movable table is mounted on the plate with a spring
on both sides. The performance of noise analysis is
given in Figure 13.

120,0

110,0

100,0

90,0

Noise, Desibel,dB

Now B
o o o
o ©o o

o
o

o
=]

Spur Gear Noise Analysis for Module 2 and 22 Teeth

=i Classic Spur Gear Design in AutoCAD

==t Spur Gear Design in AutoCAD with The Developed Package Program

200 300 400

500

Rotation Speed, n, Rev/imin

600 700 800 900

Figure 13. Noise graphic of spur gears
Sekil 13. Diiz disli giiriiltii grafigi

3.2. Noise analysis of spur gears
3.2. Diiz disli giiriiltii analizi

Increasing the rotational speed means increasing
the peripheral speed of the gears. As the peripheral
speed increases, the noise level of the mechanism
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increases, and the abrasion increases. Therefore, if
working at high speeds, the surface quality of the
spur gears should be high. While performing the
noise analysis of the gears in the noise analyzer, the
speed of the gears was measured with a digital
tachometer on the spur gear shaft. DT-2236 Digital
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Photo / Contact Tachometer was used to measure
the number of revolutions of gears. The measuring
range of the tachometer is 0.5-100.000 rpm and the
measurement accuracy is 0.05%. CASELLA CEL-
231 Digital Sound Level Meter was used to
measure the noise level. The measuring range of
the appliance is 30-135 decibels (dB). The speed
and noise measurements of the gears were made
three times and the arithmetic mean of these three
measurement results was taken. The noise values
for each number of revolutions were determined.
The graph showing the noise values obtained from
the measurement results based on the number of
revolutions is given in Figure 13. As can be seen
from the examination of this graph, it has been
observed that the noise value increases with the
increase in the number of revolutions and the speed
of the spur gears. Also, the noise level of the spur
gear pair designed with the package program
developed within the scope of the study was
determination to be approximately 8 dB less than
the spur gear pair designed with the classical
method.

4. Discussion and conclusion
4. Tartisma ve sonug

In literature, mostly homogeneous transformation
matrix method is used for gear contact problems in
order to solve rotation and rotation problems. In
this study, a different approach is presented using
complex numbers to design the profiles of gears
and tooth profiles. This study demonstrates the
applicability of the gear design process with this
new method. Within the scope of the study, a
software has been developed with AutoLISP
programming language for computer aided design
and solid modeling of spur gears. With the
developed software, 2D drawings and 3D modeling
of spur gear can be done automatically according
to the input parameters entered by the user. This
software can be used effectively to reduce the time
spent on manual gear calculations and the transfer
of gears to the CAD environment in both 2D and
3D and to eliminate calculation, drawing and
modeling errors. The use of the program developed
in this respect is thought to facilitate the 2D design,
sizing, and 3D modeling of spur gear in the
AutoCAD environment. Also, other spur gear pairs
are designed with the classical method in the
AutoCAD program. These designed spur gear pairs
were produced in the wire EDM. The noise
analysis of the produced spur gear pairs was made
and the noise value of the spur gear design with the
classical method was approximately 8 dB higher.
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The correct gear design depends on its ability to
withstand high friction and high bending
stresses at the bottom of the tooth. One of the
biggest obstacles that designers face is that the
gears are not designed to the required
configuration as desired. For spur gears,
geometry is boring and time consuming. With
this study, instead of the standard approximate
size design of spur gears, a package program
has been developed with AutoLISP language
for gear design at desired dimensions and
standards in AutoCAD environment.

The tooth surface of the spur gear is formed on
the basis of the shaping principles of the tooth
surfaces according to the involute method. Polar
equations and complex numbers are availability
to realize this involute method.

It offers a design package program using special
complex numbers to prepare spur gears for
special configuration. The user can change
design variables at any time to meet any
constraints applied. The program is easy to use
and can be developed in the design of other
gears.

One of the most important points in gear design
is the stresses that occur at the contact points of
the gears. These stresses can be reduced by the
pointing of the contact surface of the toothed
tooth profiles. The complex structure of the
tooth profile and the complex manufacturing
technology are difficult to design for the
manufacture of gears with point contact.
However, advances in gear manufacturing
technologies have facilitated the production of
such gears. These gears will provide better
contact strength and vibration characteristics as
they will provide point contact compared to
gears manufactured with standard design. This
study is thought to solve various gear contact
problems.

There are many methods for developing tooth
profiles of gears. Most techniques use only the
tooth profile with an approximate value. In this
study, it is tried to find the desired real values.

Itis possible to design and manufacture the gear
in the desired profile by changing the cutter
profile for non-standard thread shapes to
provide the performance required for a tool and
standard tool parameters.
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Increasing the rotational speed means
increasing the circumferential speed of spur
gear wheels. With the increase in the peripheral
speed, the sound level of the mechanism
increases and the abrasion increases. Therefore,
research based on surface quality, hardness and
wear behavior of spur gear wheels operating at
high speeds will be important.

The material with the lowest sound propagation
speed should be chosen as the body material.
However, by not forgetting the criteria such as
manufacturing method and processing,
aluminum alloys can be used frequently as body
materials as a material that is easy to cast, light
and easily processed. AISI 1040 was used in
this study. It will be appropriate to consider in
different materials.

In this study, the grip angle of the spur gear
pairs is taken as 200. Choosing a small grip
angle slightly increases the grip ratio. The small
grip angle reduces the radial forces generated.
This can make the mechanism work quieter.
The effect of different grip angles will be a
separate study.

Even after a very sensitive project and
assembly, a gap remains between the teeth.
Since this gap is also necessary for lubrication
and shape and displacements may occur during
operation, the gap should be anticipated at the
design stage.

From the literature studies done, the factors
affecting gear wheel tooth life are lubrication,
temperature, speed, material, load,
manufacturing precision, assembly precision,
geometric dimensions of gears (module,
number of teeth, tooth width, etc.), geometry of
tooth profiles etc. determined as. Determining
how long the life of the gears under which
conditions can enable the determination of gear
damage in advance and take necessary
precautions in advance.

While the spur gear designed with the package
program developed within the scope of the
study was designed, the rolling angle of the
cutter on the spur gear part circle was set as 1
degree. When this angle value is decreased, it is
predicted that the surface quality will increase,
and the noise ratio will decrease.
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