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ABSTACT: Nowadays the gear presents of the most widespread part of the machines and equipment. There
is needed to solve the machining process for a complicated involute profile of tooth face, because precision
of the profile influences on the working of the parts. The paper deals with a mathematical model design for
the Maag cutting of a gear profile, which is one of control mechanisms of the machining process. The
mathematical model can be used for simulation of Maag cutting and analysis by the position of the gear rack
profile towards involute gear profile. There is possible to determine final inaccuracy of gear rack machining
which is caused by kinematical movement between work-piece and production tool. The results of the
simulation in the reverse realization determine accurate profile of gear rack.
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1. INTRODUCTION
The Maag gear cutting machine normally operates on the generating principle, the workpiece
performing the traverse generating motion and the tool, the cutting motion. The generating motion
is the resultant of combined translation and rotation. The tool used is a rack type cutter. The gear
cutting is affected by rolling the workpiece clamped with vertical axis of the work table across the
rack type of cutter from its starting position lateral to the tool. The involute shape of the tooth flanks
is generated by the enveloping planes swept by the straight tool edge. [1]

Cutting usually takes place during the
downward motion of the cutter while the
generating mechanism is stand still. For the
upward motion, the cutter is withdraw a
radially clear of the workpiece. The traverse
rolling generating motion serves as the feed
motion, occurring intermittently after each T

working stroke, i.e. during the upward &
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motion of the tool.

Since the cutter has generally fewer teeth
than the gear to be cut, the gear blank gas to
be returned to its original position after
reaching the end of the cutter, and the

generating motion resumed. At the end of — T
the generating path, the cutter is therefore  Figure 1. Generatmg and indexing motion during gear
stopped above the gear blank and the work cutting on Maag machines

table is returned to its initial position. This return motion is combined with indexing, in that the
rotary motion of the work table is interrupted for a distance equivalent to the number of pitches
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cut during the preceding generating pass. The generating and return motions are repeated until all
the teeth in the gear are cut (Figure 1.). For the finishing cut, the generating path is limited to one
pitch so that each tooth of the gear is cut under identical conditions. One feature of the Maag gear
cutting method is that the finishing tool does not normally cut the root of the tooth space but only
the tooth flanks. The root is previously finished in the roughing operation. [1]

2. MATERIALS AND METHODS

2.1 Methodology of mathematical simulation model

Relative motion of rack tool and gear wheel is created by combination of rack tool translation and
gear wheel rotation. The we can establish that the trajectory size sn of rack tool coordinate system
of translation in the stationary coordinate system is depended on an angle of rotation of gear wheel
coordinate system.

_ 2mre

(1)
360
For the determination of transformation of indifferent point on rack tool profile there is needed to
investigate relative motion in the three coordinate systems (Figure 2):

h

» Rack tool coordinate system On (Xn, yh, Zn). yr yn
» Gear wheel coordinate system Ok (Xk, Yk, Zk). e
» Stationary coordinate system Op (Xp, Yp, Zp). Centrodes

The motion of rack tool in the stationary coordinate
system Op (Xp, yp, Zp) We can describe like motion rack
tool geometry which is depended on angle of rotation
@ based on equation ((1)). The parametrical
translation equation in stationary coordinate system
will be:

Xf
27

xp=Wg’+xh, Y, =r+y,. (1)
The next step which is needed for the final equation is
transformation of stationary coordinate system with
parametrical equations to the gear wheel rotary
coordinate system. Coordinate transformation is based
on theory, which was described in Gear geometry and
Applied theory (LITVIN L.F. — FUENTES. A. 2004). N
Consider two coordinate system Sp(Xp, yp, Zp) a Sk(Xk, Yk, Zk) yo
(Figure 3). Point A4 is represented in coordinate system Sp by the b %

position vector by )é %;\;‘{/
5
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Figure 2.Description of relative motion of
rack tool and gear wheel

r, =[xp Y, Z, I]T 3)
The same point M can be determined in coordinate system Sk by (
the position vector

B [Xk Yi  Zg I]T 4) \\
with the matrix equation “ P
L =M r (5) ' x

\ : Figure 3. Coordinate transformation
Matrix Mkp is represented by i

cos(x,xp)  cos(x¥p) cos(xezp) s
aiq ai a3 A14

M =%an%3m=MM%)WM%)mm%)m ©®)
ko " laz1 az; asz asaf |cos(zy,x,) cos(zyp) cos(zy,z,) 0O
Auy Qyy Q43 CQ4q 0 0 0

The determination of elements aic (k = 1,2,3; 1= 1, 2, 3) of matrix Mk is based on following rules:
a) Elements of the 3 x 3 submatrix

=l Ay Ay 8y M
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represent the direction cosine of the “old” unit vectors in the “new” coordinate systems Sk For
instance, a;; = cos( ¥y, Xp), a3z = €0s( Zy, ¥p), and so on. The subscripts of elements ax in matrix
Lkp, indicate the number 1 of the “old” coordinate axis and the number k of the “new” coordinate
axis. Axes X, y, z are given numbers 1, 2, and 3 respectively.
b) Elements a14,a24, and as4 represent the “new” coordinate’ sxka, yka, zka, of the “old” origin On.
To determine the new coordinates (X, yx, zk, 1) of point A, we have to use the rule of multiplication
of a square matrix (4 x 4) and a column matrix (4 x 1). The number of rows in the column matrix
is equal to the number of columns in matrix Mkp.

X, =a,X, +a,y, +a,z, +a,

Vi =, X, +28,,y, +a,,7, +a, (€]

Zy =85X, Tad5Y, a2, T
The final parametrical equations of rack profile translation motion in the stationary coordinate
system are the next:

x, = 2nre

360

Based on previous analysis we can determine final parametrical equations for rack tool translation
motion in the gear wheel coordinate system as follow:

X, =X, COSQ—YVY, SinQ+r mcos — sin
K 1 COSQ — Yy, SInQ 360 ¢ o |,

+Xh7 yp:r+yh' (9)

Y, =X, SinQ+y, cose+ r(% sing + COS(pj, (10)

z, =0.
2.2 Determination of rack tool profile v
Coordinates xu, yn, znin the equation (10) represent point p/2
of rack tool profile. This profile is not linear in the point 2
Mozn=P2n it means, that it cannot describe by on equation.
There is needed to divide to two parts which influence on —— n
final gear profile. Section is illustrated on Figure 4.
» Analyse Section 1-2

1€

m
¥

£
Section 1-2, limited nodal point [Min, Mzn| creates convex — +— N _— 23
section of rack tool profile Figure 5. The section represent < LM
part of circle which is created by point M motion around 1-2
y circle centre Msh, with Figure 4. Characterize of rack tool section
h
o angle of rotation Om.
e In the rack tool coordinate system On (Xn, yn, Zn) there are
XMh parametrical equation as follow:
= B .
h - - X,, =a, +csind,,, -
= Msh - ;z:‘ Y =M _C'COSGM >
< D 2h\3£ where coordinate am presents distance between centre of circle
Msh and centre of rack tool coordinate system On.
Om
Figure 5.Geometrical analyse ay =-miga — 8 (12)
Section 1-2

Final parametrical equation of circle on interval of rotation
angle @y will be

C

Xy = —mMtga — +csind,,, 0, € <O;90 = a> (13)

CoSx
Yy =—m —c.cosf,,,
» Analyse Section 2~-3
Section 1-2, limited nodal point | Pz, Psx| creates linear section of rack tool profile Figure 6. Straight

line is rotated in angle a. There is determine parametrical equations like point P, position which
is situated on straight line.
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Figure 6. Geometrical analyse Section 2-3
Parametrical equation of linear part will be:

Xp, = V8,

Yoy € (£ (m+csina)) (14)
Yp, = constant,

3. RESULTS AND DISCUSION

3.1 Influence simulation of rack tool profile

For determination of tool profile influence on final gear profile there will based on from trajectories
of singular point of rack profile. We consider, rack tool profile is created of infinitely large number
of points. If the points move and we investigate their movement in the gear wheel coordinate system
we will have equations of the point trajectories. Because the rack tool profile is discontinuous, there
is needed to describe for two section which influence on gear profile during machining.

» For Section 1-2 trajectories of the profile point movements will be combination of equations (10)
and (13):

Xy = [— mtgo — +csind,, jcosgo —(~=m—ccos@,, sing + r(zﬂ coSQ — singo),
cosa 360
Yy = [— mtgo — + csiné,, )sin(p + (— m —c.cosd,, )COS(p + r(zﬂ sing + COS¢j, (15)
cosa 360
z, =0.
Final profile which is created by section 1-2 of rack tool profile we determine as follow:
OXpary O
00 0
R (16)
ayk(M) aJ’/((M)
00, op
where partial derivation are:
ox
20 ccos 0, C08p —csing,,, sing,
08,
. . 2mr . 2 .
Pion = (— migo — +csind,, cosp— (— m—c.cosd,, )smgo il s1n(p+ﬂ cosQ —rsing,
op cosa 360 360
(17)
ayk(M) . )
=080, sing + csind,,,cos g,
00,4,
ox 2 2
A SUERS [— migo ~ ee, csind,, J(—sin(a) —~ (— m—c.cosd,, )cosgo + cosg _me sing —rsing.
op cosa 360 360
Result of the solving equations is envelope equations for the section:
2mr
mtgo + +m.tgl,,, ———tgb,,, —p=0=06 (18)
5 cosa 8% 360 8%~ M
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Combination of equation (15) and (18) we get final profile which is generated by convex section
of rack tool profile. (Figure 7)
» For Section 2-3 trajectories of the profile point movements will be combination of equations (10)

and (14):
. 2rp .
Xypy = Vitga.cOsSQ -y, sing +r 360 0S¥ ~sing |
YViepy = yhtga.sin(p+yhcos¢+r(%sin(p+cos¢), (19)
z, =0.
Final profile which is created by section 2-3 of rack tool profile we determine as follow:
OXpipy  OXppy
A (20)
oy k(P) Oy k(P)
vy,  0p
where partial derivation are:
6xk( n )
= tgacose —sing,
h
D =y, tgacos@ — y,sin@ + 2—msingo + 2o cos@ —rsing
op " ! 360 ’ 1)
0
Dur _ tgasing + cos@,
v,
% = y,tga(-sing) — y,cosp + 2—ﬂrcos _2me sing — rsin
o0 Yil8 @)= Y,Cco89 360 @ 360 @ ®.
Result of the solving equations is envelope equations for the section:
2rrptga—360y, +360y,tg’a =0=y, (22)
Combination of equation (19) and
(22) we get final profile which is 160 "}
generated by convex section of . -
rack tool profile. -
k. ; & 150 /
The equation solving results for X
input parameters of the wheel r = “\\\
125 mm, m = 10 mm, ¢ = 2.5 mm, N \\
o 1 1 LN 1
20 ) whlch copy the motion of the e .
basic rack in the coordinate system NS i
of the wheel are shown in Figure 7.
The initial position of the rack is
recorded at the angle of wheel — J//RNMY .
rotation - 30° and final position of T NN T T -
the rack at the angle of rotation + T
30°. The motion trajectories of i ks
individual sections are displayed in K,
different colors so that it would be P T T . - A
able tO See the Chal’lge Of motlon Of Tra]:ektories of points in the straight Iine. section of rack tool profile
the individual parts and their Trafektories of polnte n the coneave saction of rack sool profile
influence upon the gear profile. The " Start position of rack tool profile
transitive curve envelope formed by Head circle (ka) }
the convex part of the gear profile e )
and the envelope of main profile Rootdrcle(k)
formed by the straight line part of ——Filecurve
the gear profile are highlighted Figure 7. Simulation of influence rack tool profile for
with bold lines. Maag machining
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4. CONCLUSION

In the paper we made mathematical simulation of relative motion between rack tool profile and its
influence on final profile of gear which is produced by Maag technology. The simulation is very
important for other research and development of the tool in the gear production. Every modification
of rack tool can influence to final produced profile. There were analysed mathematical models of
inputs outputs profiles in the one planar for spur gear. It means that this process could investigate
in the planar x,y. By analogy we can investigate in the 3D space. The simulation refer to possibility
to investigate relative influence between profile generated by rack tool profile and theoretical
involute profile. The inaccuracy could by implemented to the rack profile
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