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PROFILING OF CUTTING TEETH OF A GEAR SHAPING HEAD

This paper investigates a possibility of the use of the mathematical model of the cutting edge
profile developed for turning form cutter in the profiling the cutting edge of the tooth of a gear
gushing head. The corresponding cutting tooth of the gashing head was carried out with Mathcad
commercial software package accounting for the rake and clearance angles. The use of the same
mathematical model increases the degree of automation of the design of various types of form cutting
tools, which is the goal of many research work in the field of tool design and its manufacturing. In
order to apply the mathematical model of the tuning form tool during the profiling of cutting teeth of a
gear gashing head, arrays of coordinates of the points of the involute profile of the tooth are formed
accordingly. This was carried out accounting on the difference in the motions of cutting edge of the
tuning form tool and that of a gear gushing head. Moreover, the obtained results allow to conclude
that the developed generalized mode can be used not only for great gushing tools but also for gear
generating tools as gear shaper cutters.

Keywords: turning form cutting, gear gushing head, mathematical model, involute profile,
coordinates of the gear and tool tooth profile.

Introduction. There are various effective methods of cutting gears [1]. The gear shaping head
implements the gear gushing method. The use of this method implies that the profile of the cutting
tooth of the tool in the normal cross-section is the same as that of the machined gear. However, the
application of the rake and clearance angles on the tool tooth leads to the condition where the profile
of the cutting tool should be made tool geometry specific. As a result, this profile can be not the same
as that of the gear. Therefore, special calculation is used to achieve the required profile of the cutting
tooth.

The major objective of modern manufacturing is achieving fast productivity. This objective is
achieved through the use of high productive modern machines as well as implementation of Computer
Aided Manufacturing (CAM) [2]. The latter requires accurate geometrical models of the cutting tools
especially of complicated profiles. As such, the profiling procedure can be considered as innovative
technology [3].

When one designs a gear gushing head, he or she can use the mathematical model of the geometry
of form turning cutter with a zero inclinational angle. The unification of models allows to design
various cutting tools efficiently [4 — 8].

Literature Review. It is known that the involute profile of a tooth is generated using the
fundamentals of gear meshing [9, 10] so that an array of the coordinates of such a profile can be
generated.

The coordinates of any point M of the involute tooth profile in the polar coordinate system (Fig. 1),
the origin of which is placed in the center of the gear, are determined by the angle 6y and the radius ry,

[11 — 14] related as
1 T,
= o () o™ (2),
u = tan (cos o cos o (1)

where r, = d, /2 is the radius of the base circle;

1) IS polar radius of point M.

The diameter of the base circle is correlated with the pitch diameter, d as d, = d - cosa. The
pitch diameter is calculated as d = mz (m is the module, z is the number of teeth), and a is the
pressure angle. Normally, « = 20°.

Due to the fact that the involute cannot be inside the base circle, the tooth profile is involute
only outside this circle, and the part of the profile inside the base circle receives the necessary shape
during the manufacturing process. The outer diameter of the gear d, = d + 2m. Hence,
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d d
By changing the value of ry within the specified limits, the angle 6y, is determined using Eq. (1).

This allows one to switch from the considered polar to a new Cartesian coordinate system, the origin
of which is in the center of the gear (Fig. 1):
Y =13 - CoS Oy, 3)
X =Ty - SinGy.
The objective of the work is to establish conditions for the use the geometrical model of a
tuning form cutter in the profiling of a gear shaping head.

Figure 1- Coordinates of involute points in the polar coordinate system

Research Methodology. The current paper discusses the use of the mathematical model for
turning form cutters of various types, proposed by S. V. Shvets [15], to calculate the profile of
cutting teeth of a gear gashing head. Based on the theory of gear meshing, an array of coordinates of
points of the involute profile of the gear tooth was generated. Using these generated data, the profiling
of the corresponding cutting tooth of the gashing head was carried out with Mathcad commercial
software package.

Results and Discussion. In order to use the mathematical model of a profiling cutter tooth, it is
necessary to generate the output data accordingly.

For this purpose, the involute is moved over a circle so that it intersects with the arc of the base
circle at a point located at the distance of a quarter of the pitch from the ordinate axis. The angle
corresponding to one quarter of the gear pitch is calculated as

2 T
= —=— (4)
4-z 2-z
The involute angle on the pitch circle is calculated as

6, = tan (cos‘1 (dT_o>> —cos™?! (;—0) (5)
/2 /2

The difference between them is
The coordinates of the points of the involute profile R (Fig. 2) of the tooth placed at a distance

of a quarter of an angular pitch from the y axis in the Cartesian coordinate system are determined as
X =1y -sin( 0y + w),

7
y =1y - cos( Gy + ). )
Accordingly, the coordinates of the profile L of the opposite tooth (see Fig. 2) are determined as
—x = —1y - sin( Gy + W), (8)

y =1y cos( Oy + 1.
The starting data for the calculation of the profile of the gear to be machined are arrays of
coordinates of the points. Setting the value n, the number of points on the involute profile, one can
determine the pitch between them as
de —d, )

2'n

Array ry, is generated as
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d d d 10
rM=(7e+A,7e+2A,...7e+nA>. (10)
The coordinate arrays of the points of the involute R in the xOy coordinate system are determined

according to Egs. (7), (1) and (10). Then, the transition into the x,,0,,Y. coordinate system (Fig 2) is
made as follows

XR = (%1 + Xp, Xg + Xy oon Xy + X3),
YR=(1—YuY2 = Y Yn — Yn)-

¥

(11)

\:T ; :
|
|
-
=
o

==X
Figure 2— Coordinates of the involute profile of adjacent wheel teeth in
the Cartesian coordinate systemFig. 1. Coordinates of involute points in the polar coordinate

Equations (8), (1) and (10) determine the arrays of coordinates of the points of the involute L in this
system (Fig. 2)
XL = (—x1 + xp, X3 + Xy oo —Xp + Xp),
(12)
YL = (1= YnY2 = Yo Yn = Yn)-
Coordinates of 2n points of the involute profile of gear teeth in the x,O.y, coordinate system (Fig. 2)
are:
XH = (XL,,XL,_4, ... XL1, XRy,...XR,),
YH = (YL,, YL,,_4,.. YL, YRy, ..YR,).

In addition to the specified arrays of coordinates, the initial data for calculations are the rake
angle y = 5° and the clearance angle a = 8°. However, depending on the work material, the rake angle
can be as high as 25°, and the clearance angle can be up to 12°. The number of points on the profile is i
=1 ... 2n. The number of the point with the smallest YH value is n, and the number of the second point
isn+1.

The difference between the motions of the tuning form tool and the cutting tooth of a gear
gashing head is that the cutting edge of turning form cutter moves in a circle relative to the surface of
the workpiece, whereas that of gear gushing head moves along a straight line relative to the workpiece.
It is possible to convert a circle into a straight line by setting its radius to infinity. For engineering
calculations, however, it is enough to increase each value of the YH array by 108, To achieve this, the
outer radius of the round turning form cutter is set to be equal to 10%, which allows us to consider this
cutter as prismatic.

(13)
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As a result of such a transformation, the mathematical model of the tooth profile of the gear
gashing head, according to the profile of the prismatic turning form cutter with zero inclination angle
[6], takes the form

F; = —108%tany,

y; = CoSYy <JYHi2 — (F;cosy)? — sinyFi>,

z; = —y;tany — F;, (14)

VP, = 108 \/ (z; — 108sina)? +
= -

+(y; — YH, — 108 cosa)?"

Using the coordinates of the points of the involute profiles of the gear teeth (13), arrays XH and
YH, one can determine the coordinates of the profile of a cutting tooth of a gear gashing head (XH, YP)
using Eq. (14).

The mathematical model established by Eq. (14) can be used when profiling a gear cutter tooth.
To form an array of coordinates of the points of the projection of the cutting edge of the tooth onto the
reference plane of the gear cutter, the coordinate system x,0y, is used, the ordinate axis of which
coincides with the axis of symmetry of the tooth and is rotated relative to the xOy coordinate system
by the angle g = 6d + "/ZZ (Fig. 3). In this coordinate system, the coordinates of the points of the
involute | are calculated as

{xb =xcosf —ysinf (15)
yp =xsinf +ycosf’

The coordinates along the abscissa axis of the opposite profile of the projection of the cutting

edge J are defined as —x;,.

Figure 3— Determination of the coordinates of the projection points of the cutting edge
on gear cutter face

Arras of coordinates of projection points | in the XO,Y coordinate system are:
XI = (x; —X1,%X5 — X1, 0 Xy — Xq1),

YI= 1 —Y1Y2 = Vi Yn — Y1)-
Arrays of coordinates of projection points J in the XO,Y coordinate system are:

(16)
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X] = (—X1 — X1, =Xy — X1, 0. —Xp — X1),
Y] = (1= Y1Y2 = Y1 Yn — V1)
Coordinate arrays of points of the entire projection of the cutting edge in the XO,Y system:
XK = (X1, X1, ... XI,, X]n, XJe1, - XJ1),
YK = (YL, YL,..YL,Y],, Y],._1,..Y])).
In addition to the specified arrays of coordinates, the rake angle y = 5° and the clearance angle
a = 6° are assigned. The number of points on the projection of the cutting edge i = 1...2n. The number

(17

(18)

XHi = YPi = XKi = YDi =

o| [ 2.288545 0 0
0.442649 1.732507 3 1 ' 0.148| [ 0.613 . 11
0.829484| | 1.164625 ’ | 0367| | 1.228 1 |
1155335 | 0.586641] ., 0649| [ 1843)
1.410726 of — | | 0.989| | 2.455 s |
4.140422 0 2.337| | 2.455
4.395813| | 0.586641 . l : 2677| | 1.843 y A
4,721664 1.164625 0 - 4 6 2.959 1.228 0 1 2 3 4
5.108499 1.732507 XH; 3.178 0.613 XK;
5551148| | 2.288545| &) 3.326 0 b)

Figure 4— Calculation of the coordinates of the points of the profile:
a) tooth of a gear gashing head, z=19, m =2, y =89, a = 100,
b) gear cutter tooth, z= 17, m=2, y =59, o = 6°

of the point with the smallest YK value is i = 1, and the number of the second point is 2n. Using the
arrays (18) as initial data, according to the Eqgs (14), the coordinates of the profile of the gear shaper
tooth, the YD array. The XK array remains unchanged.

The coordinates of the points of the profile of a tooth of a gear gashing head and the tooth of the
gear shaper are shown in Fig. 4.

Conclusions. On the basis of the theory of gears, arrays of coordinates of points of involute
profiles of gear teeth were generated: XA — along the abscissa axis, YH — along the ordinate axis. The
accuracy of the profile reproduction depends on the number of selected points n. The mathematical
model of turning form tools was found to be suitable for profiling cutting tooth of a gear gashing head.
This model can also be used when profiling the tooth of a gear shaper, during which the gear
generating method is used. Thus, cutting edge profiles of various types of cutting tools are covered by
one mathematical model, which increases the degree of automation of the tool design.

Information sources

1. Egorov, S., Kapitonov, A., Loktev, D. (2016). Manufacturing of cylindrical gears by
generating cutting processes: A critical synthesis of analysis methods, CIRP Annals, VVolume 870, pp.
331-342, https://doi.org/10.4028/www.scientific.net/MSF.870.397.

2. Bouzakis, K.-D., Lili, E., Michailidis, N., Friderikos, O. (2008). Manufacturing of
cylindrical gears by generating cutting processes: A critical synthesis of analysis methods, CIRP
Annals, Volume 57, Issue 2, pp. 676-696, https://doi.org/10.1016/j.cirp.2008.09.001.

3. Ziyong Ma, Yuanxin Luo, Yonggin Wang, Lian Mao (2018). Geometric design of the
rolling tool for gear roll-forming process with axial-infeed, Journal of Materials Processing
Technology, Volume 258, pp. 67-79, https://doi.org/10.1016/j.jmatprotec.2018.03.006.

4. Rodin, P. R. (1977). Fundamentals of shaping surfaces by cutting, Vyscha schkola, Kyiv,
Ukraine.

5. Radzevich, S. P. (2001). Shaping of surfaces of details. Fundamentals of the theory, Rastan,
Kyiv, Ukraine.

© Shvets S., Astakhov V., Kolesnyk V.


https://doi.org/10.4028/www.scientific.net/MSF.870.397
https://doi.org/10.1016/j.cirp.2008.09.001
http://dx.doi.org/10.1016/j.jmatprotec.2018.03.006

"[TEPCIIEKTUBHI TEXHOJIOTTI TA ITPAJIAJIIT". Jlyyok, 2023. Bunyck Ne23 1

6. Matuszak, J., Barszcz, M. (2015). Computer aided design of cutting tools, Advances in
Science and Technology - Research Journal, 9(28), pp.107-111,
https://doi.org/10.12913/22998624/60796.

7. Bailey, J., Roy, R., Harris, R., Tanner, A. (2001). Cutting tool design knowledge capture,
Industrial knowledge management, pp. 393-411, https://doi.org/10.1007/978-1-4471-0351-6_25.

8. Chung-Biau Tsay, Wen-Yao Liu, Yi-Cheng Chen (2000). Spur gear generation by shaper
cutters, Journal of Materials Processing Technology, Volume 104, Issue 3, pp. 271-279,
https://doi.org/10.1016/S0924-0136(00)00570-7.

9. Michalski, J., Skoczylas, L. (2008). A comparative analysis of the geometrical surface
texture of a real and virtual model of a tooth flank of a cylindrical gear, Journal of Materials
Processing Technology, Volume 204, Issue 1-3, pp. 331-342,
https://doi.org/10.1016/j.jmatprotec.2007.11.038.

10. Zablonskii, K. I., Belokonev I. M., Shchekin B. M. (1989). Theory of mechanisms and
machines, Vyscha schkola, Kyiv, Ukraine.

11. Hartig, F., Stein, M. (2019). 3D involute gear evaluation — Part 1: Workpiece coordinates,
Measurement, 134, pp.569-573, https://doi.org/10.1016/j.measurement.2018.10.088.

12. Moath Zaareer (2021). A Novel approach for designing Gear tooth Profile by Mathematical
equations for three different gear types Spur, Internal, and Helical Gear and creating models using
SolidWorks and CATIA, International Journal of Modern Science and Technology, 6(2-3), pp. 31-42.

13. Suresh Babu, V., Majumder, M. C., Ramprasad, A. (2018). Involute Tooth Spacing, Gear
Profile and 3D Gear development with MATLAB® Graphical User Interface and Solidworks,
International Journal of Industrial Engineering, 2(3), pp. 67-75.

14. Shvets, S. V. (2019). Metal cutting tools, Sumy State University, Sumy, Ukraine.

Isens C.B.}, Actaxos B.H.z, Koaecnuk B.O.!
1 CyMmchKuii nepkaBHUM yHiBepcuter, 2, Pumcbkoro-Kopcakosa, 40007, Cymu, YkpaiHa,
2 EWIE Group of Companies, 1250 Beach Cr., 48176, Saline, M1, USA

MPO®LIIOBAHHS PI3IIIB 3YBOJ0BBAJBHOI T'OJIOBKU

Y Oaniti  pobomi Oocniddsceno MONCIUGICML  GUKOPUCMAHHA — MAMEMAMU4HoOi  Mooeni
npoginiosanns, po3pobnenoi 0 aconnux pisyie, npu npo@inosanui pisyie 3y600060aNLHOL
eonoeku. Bionosione npoginosanns pisys 3y60006806anvHoi 201068Ku 6Y10 BUKOHAHE 3a 00NOMO20I0
KoMepyitinoeo npocpammozo naxemy Mathcad 3 ypaxysaumam nepeonvo20 i 3a0HbO20 Kymis.
Bukxopucmanns oowici i miei o mamemamuunoi Mmoodeni niosuwye CmyniHb asmomamuzayii
NPOEKMYBGAHHS PI3HUX MUNIE PI3AIbHUX [HCMPYMEHMIE, W0 € Memoio 0azamvox HAYKosux podim y
2any3i npoeKmy8aHHs ma GUeOMOGIEHHs iHempymenmy. [na 3acmocy8anHs Mamemamudnoi mMooeiui
npoginiosanns Gaconnux pisyie nio uac npo@intoeanus pizyie 3y600080aibHOL 20106KU BIONOGIOHO
Gopmyloms macusu KoopourHam mouoK e8oNb8eHmHo20 npo@inio 3yba xoneca. Lle euxonyemvcs 3
VPAXYBAHHAM 8IOMIHHOCHI PYXi8 Pi3anibHUX KPOMOK (DacOHH020 pisys i pizys 3y600080AbHOT 20106KU.
Kpim moeo, ompumani pezynemamu 003601410mb 3pOOUMU 6UCHOBOK NPO me, Wo po3podieHull
y3azanvHeHull Memoo Modce OYmMu SUKOPUCMAHUL He MIinbKu Oal npoghiniosanus  pisyie
3Y600080a1bHOI 201106KU , A Ui 0151 3YO0YMEOPIOBANLHUX IHCHPYMEHMIB, SKi BUKOPUCTNOBYIOMb MEMOO
00KOUYBAHHAL.

Knwouosi cnosa: moxapua obpodxa, 3y600080a1bHA 207106KA, MAMEMAMUYHA MOOEDb,
€801b8eHMH UL NPOGhiNb, KOOpOUHamu npoPinto wecmepHi i 3y6a incmpymenma.
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