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ABSTRACT

A shortcoming of generation using rolling method is given by the interference of
profiles due to the generation of trajectories of the discontinuities on the composed
profiles, as happens with the majority of profiles used in technical applications.

An analysis of an interference process in case of a gear worm is proposed in this
paper. The problem is approached as a gear between the toothed wheel and the rack
(the worm’s axial section), using the complementary theorem of the generation of
trajectories. An analytical support and a graphical algorithm developed in CATIA
design environment are presented. A numerical example calculated using the

graphical methodology is also presented.

KEYWORDS: interference, graphical method, CATIA, generating trajectories
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1. INTRODUCTION

The interference of surfaces (profiles) generated by
surface enwrapping machining techniques is one of
the limits of this generating process. The profiles’
interference is due to the presence on the technical
profiles, which, frequently, are composed profiles, of
singular points — points where two distinct normals
can be defined.

Due to this cause, the enwrapping condition
definition in these points is ambiguous; consequently,
considering the inherent discontinuities onto the tool’s
profile, the relative trajectory generation regarding the
tool or the blank creates forms which lead to
interference of profiles.

In order to avoid these generating trajectories it
is mandatory to make discontinuities onto profiles.
This is difficult to realize from a technical point of
view [1], [9].

The dimensions of the transition curves —
generating trajectories of the singular points — can be
limited changing the form of the centrodes associated
with profiles at generation by rolling, the constructive
modification of the surface to be generated for helical
surfaces, generation of one surface with multiple
tools, in successive passages. All these methods are
difficult to realize in practical execution of surface
generation.
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The issue of surfaces (profiles) interference
generated by enwrapping is frequently presented in
specialized literature in order to elaborate solutions
for identification of the interference zones onto
profiles and ways to diminish the influence of the
interference process on the functionality of generated
surfaces. Regarding the analytical methods for the
study of profiles interference, Zhang [3] proposes a
solution for this problem using the “finite element
method (FEM) for the three-dimensional stress
analysis at interference titled connections”. This leads
to increased accuracy of results in comparison with
classical methods.

Also, Pimsarn [4] proposes a new estimation
method for pseudo-interference stiffness. The
proposed method is faster and more accurate than the
finite element method applied for solids in contact.

At the same time, authors like He Guiping and
all [5] present graphical solutions for determining the
interference between profiles at machining of non-
circular toothed wheels.

Similar problems are presented by Berbinschi
and all [6], with solutions developed in CATIA.

An issue related to assembling interference for
a worm gear is approached in this paper, and a
graphical solution in CATIA is presented.
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2. ENWRAPPING PROFILES

An analysis of a worm gear is proposed. The
approach is based on the axial section gearing
(rack-gear) with the crossing section, in the same
plane, of the cylindrical wheel (figures 1a and 1b).

b.
Fig. 1. The worm-cylindrical wheel gear: a. gearing
kinematics; b. wheel’s profile, rolling centrodes and
reference systems

The reference systems are defined:

XYZ is the relative reference system joined
with the C; centrode of the cylindrical wheel (Z is the
rotation axis);

XY, Z; — relative reference system joined with
the C, centrode of the reference rack-gear (axial
section of the worm); ¥; — worm’s axis. The XY and
XY, planes are identical.

xyz — global reference system. Initially the
axes of the XYZ relative reference system overlap
with the axes of the global reference system.

In Figure 1b, the relative reference systems are
represented in the initial position.

In the XY reference system are defined the X

surfaces for the two flanks: AB (right flank) and,
respectively CD (left flank).
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X =—u;
2 Y =b; @)
Z=h
X =-uy;
ZeplY =-b; 2)
Z=h.

The h parameter in the generating plane has
value 0 (h=0).
The variation limits for the u parameter are:

umin:\/Riz_bz; umax:\]Rez_b2 (3)

and similarly for u;.
It is known that, for this profile type, the
minimum value of the rolling radius is 4.
According to the generating trajectory method
[7], the versor of the normal to the ) surface is
calculated:

ik
Ns,5=-1 0 0= 4)
0 0 1
and, similarly,
Nsep =J - (5)

Now, the equations of normals to the flanks
X 45 and X -, can be written in the current point:

X =—u;
Ny oY =b+2; 6)
Z=h,
and, similarly,
X =—uy;
Ny pl¥ ==b+1; @)
Z=h,

where 4 is a variable scalar parameter.
The relative motion between the X;Y,;Z; and
XYZ reference systems is given by transformation:

X, =03 () X -a, (®)
where
cose —sing O —(Rr +rr)
oog ((p) =|lsingp cosp O; a=| -R - &)
0 0 1 0

In this way, from (8) with definitions (9), the

family of normals to the 4B and CD flanks is
defined in the forms:

AB flank:

Xi|| [lcose —sing 0| || —u —(R. +71,)
Y |[=|lsing cosqo O|-|b+A|—|| —-R.-¢ |’ (10)
Z 0 0 1 H 0
X, =—u-cos¢—(b+1)-sino+(R,. +1,.);
(N5 ) [t = u-sing+(b+)-coso+ R (1D
Z =h.
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CD flank: namely the conjugated rack-gear’s profile (worm’s
x| leosp —sing 0| || —u (R +1) axial section, 2=0).
Yl R ol. —b+1 N _R“ (12 The problem is similar for CD flank.
L= eme cose r® The profile of the worm’s axial section results
oo A A 0 from (11) and (17):
X] =-U 'COS(P—(—b+7\,)’Sin(p+(Rr +rr); Xl :_Rr .cosz (P_bSIH(\D+(Rr +rr);
(NZCD)(,,Yl:_“1'Sin(PJr(_b”‘)'COS(”’LRr'(P; (13) S 5|Y; = =R, -sing-cos@+b-cosp+R, -@;  (18)
Z, =h

7, =0.

For A=0, equations (11) and (13) represent the Similarly, for left flank CD:

generating trajectories of points belonging to the

toothed wheel profiles. X, =-R,-cos’ o+b-sino+(R, +1,);
The enwrapping of generating trajectories Scp|y = =R, -sing-cosp—b-cosp+R, -¢;  (19)
represents the rack-gear profile (axial section of the Z, =0

worm from construction of the analysed gear).
In order to determine the enwrapping and,aswell,

condition, it is imposed that the normals family (11) X, =r.+R.—R,;
and (13) pass through the incident line to the gearing SeplYi =R, -¢; (20)
pole of the in-plane gearwheel-rack gear (axial section 7 -0
of the worm), which is perpendicular to the XY plane =
and has the following coordinates: .
Y=g The worm’s analytical model
1 re
P =R, -¢; (14) The worm’s axial section in helical motion
Z, =0. around Y; axis, with p helical parameter, generates the
In this way, from (11) and (14) result the helical cyhndngal worm, right hand worm. ’
conditions: The helical movement of the worm’s axial
. ) section is described by a transformation in the form:
—u-cosq)—(b+7»)-s1n(p+(Rr+r,):rr, T -
(15) Xy=wy (v) X,y +pP Vi 21)

—u-sing+(b+Ar)-cosp+R.-¢p=R, - . O
Removing the A parameter between the two  With X, . from (18)and, similarly, for BD and CD

€quations (see (19) and (20)).
—u-cosQ+R. —b-sing _—u sing+b-cos@ (16) Finally, after developments, the analytical
sing —cosQ ’ forms result:
from the enwrapping condition results: X, =(R, +r,—R,)-cosv;
u=R.-cosQ. a7 SoslYi =R -9+ p-v; (22)
For A=0, the equations assembly (11) and (17) Z = (Rr +r —Re)-sinv.

represents the enwrapping of generating trajectories,

X, =(Rr -sin’ (p—b~sin(p+r,)-cosv;
S i =—R,. -sin@-cos@+b-cose+R, -9+ p-v; (23)
Z, :—<R, ~sin2go—b-singo+r,,)~sinv.

X, :(Rr~sin2(p+b~sin(p+r,)-cosv;
SeplY; =—R, -sin@-cos@—b-cos@+R, -0+ p-v; (24)
Z =(—Rr -sinch—b-sin(p+r,)-sinv.

3. THE INTERFERENCE STUDY In principle, the equations which describe the

“gearing” process between the generating trajectories
The gear between the worm and the cylindrical wheel, ~ (18) and (19) from the reference plane but “raised”
with straight lined frontal profile, has a certain  with elevation / (see figure 2), and the surfaces of the
thickness; let this be 2H (see figure 2). helical flanks S, and S, (see (22), (23) and (24)).
In this way, due to the worm’s helical flanks,
interference can occur. These interferences can affect
the gear’s proper functioning.

53



THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI

T /

/|
AN N _c;
N N =
\: \ R Y@??_bT
\ . N
/ | P

/
Gearwheel Reference plan

(axially)

Fig. 2. Worm gear with defined thickness

In this way, the determining of interference
zones assumes solving the equations systems of the
two surfaces:

- the helical surface for the two flanks (see
equations (23) and (24));

- the cylindrical surface representing the
geometric locus of the family of generating
trajectories (see equations (18) and (19)) for A=0.

- the equations of all these surfaces must be
reported to a same reference system; let this be
X Y.Z,.

The conditions for the assembling interference
study assume the determination of some constant
values, firstly, the worm’s helical parameter.

We assume that the gearwheel has & teeth (k&
integer) and, therewith, the gap between two teeth of
the circle with radius R, is equal with the tooth
thickness.

In this way, the circular pitch, p, is:
_2n-R,

o

Obviously, from the two centrodes rolling
condition, the circular pitch (25) is equal with the
worm’s axial pitch, so, the helical parameter results:

_2nR 1R (26)
k 2rm k

The assembling interference is given by the
impossibility to approach the toothed wheel to the
conjugated worm.

For the CD flank the interference determining
conditions are (28), see (24) for the worm’s flank and
(2) for the toothed wheel’s flank.

The equations system has as unknown values:
u, h. Among these, u is arbitrary value.

So, the system is determined and the value of
the A parameter, for which the interference emerges,
can be established.

In principle, the interference is the intersection
curve between the helical flanks of the worm and the
wheel’s flanks.

Pe (25)

The interference condition for AB straight line
segment:
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(Rr -sin’ (p—b~sin(p+r,.)~cosv=—u;
—R, -sin@-cos@+b-coso+R, -9+ p-v=>b; (27)
(R,. -sin? (p—b-sinq)+rr)-sinv:h.

The interference condition for CD straight
line segment:
(R,, -sin’ (p—b~sin(p+r,,)-cosv =

—u-cosd—b-sind;
—R, -sin@-cos@—b-cos@+R,.-@+p-v= (28)
=u-sind+b-cosd;

(R,, -sin’ (p—b~sin(p+r,,)-sinv:h.

The basic algorithm proves the difficulty to
solve the interference problem in analytical way. This
is due to the fact that the equations which describe the
problem are transcendental equations.

An easier way is the graphical one. In
following is presented an algorithm and applications
developed in a graphical design environment.

4. GRAPHICAL METHOD

A graphical method for determining the assembling
interference was developed in CATIA.

The imagined algorithm assumes that, starting
from the known profile of the wheel, the axial worm’s
profile is calculated. This stage is made using the
kinematical method for rack-gear tool’s profiling [6].

Consequently, the worm’s axial profile is
moved along the directrix helix using the SWEEP
command.

In this way, one of the helical surface’s flanks
is generated.

In the same file, where the helical surface is
represented, the cylindrical surface of the wheel’s
flank is generated.

The intersection between the worm’s flank and
the wheel’s flank will represent the interference curve.
This curve is obtained with the INTERSECTION
command.

The coordinates of the points on the
interference curve can be obtained defining an
auxiliary plane at distance 4 from the XOY plane. The
intersection between this plane and the interference

curve can be obtained wusing again the
INTERSECTION command and represents the
searched point onto the interference curve.

The coordinates of this point can be

determined using the MEASURE ITEM command.

The presented algorithm was applied for a
worm with characteristic dimensions (see figure 1.b):
R~=62.5 mm; R=56 mm; b=9 mm; H=5 mm; r,=60
mm; z=1 start of worm; k=10 teeth of wheel and
R,=62.5 mm.

The form and coordinates of the interference
curve are given in Figures 3.a, 3.b and Table 1.
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Table 1. Coordinates of points from the interference The results for the interference curve in case of
curve =120 mm are presented in Table 2 and Figure 4.

Crt.no. | Xy[mm] | Y,;[mm] | Z; [mm]
1 62.411 9 50 Table 2. Coordinates of points from the interference
2 62.274 9 4.5 curve
3 62.128 9 4.0 Crt.no. | X[mm] | Y, [mm] | Z; [mm]
4 62.971 9 35 1 121.582 9 5.0
5 61.802 9 3.0 2 121.492 9 4.5
6 61.620 9 25 3 121.397 9 4.0
7 61.420 9 2.0 4 121.296 9 3.5
8 61.199 9 1.5 5 121.188 9 3.0
9 60.952 9 1.0 6 121.072 9 2.5
10 60.668 9 05 7 120.948 9 2.0
8 120.814 9 1.5
In order to reduce the length of the interference 9 120.667 9 1.0
curve it is possible to increase the worm’s diameter. 10 - - -
Bottom surface of
the wheel's tooth
Flank of helical surface
Flanks of the

wheel's tooth

Interference
curve

Worm's helical flank
a) b)
Fig. 3. 3D model of the flanks’ surfaces:

a) assembling interference; b) detail of the interference zone

Flank of helical surface

Cylindrical flank of wheel

Interference curve

a). b).
Fig. 4. Length of the assembling interference curve: a) r,=60 mm; b) r,=120 mm
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5. CONCLUSIONS

An analysis of an interference process, in case of a
gear worm is approached as a gear between the
toothed wheel and the rack (the worm’s axial section),
using the complementary theorem of the generating
trajectories.

An analytical support and, in the same time, a
graphical algorithm developed in CATIA design
environment are presented.

A numerical example calculated using the
graphical methodology is also presented.

The graphical method allows changing the
gearing parameters, as helical pitch, worm radius,
rolling radius, etc.

We can observe that increasing the rolling
radius of the worm (7,) the length of the interference
curve decreases.

As it is visible from Tables 1 and 2, below a
certain value of the wheel thickness (the / parameter)
the interference does not appear. This value increases
with the value of r,.. For example, if »=60 mm, the
interference emerges for values of # above 0.5 mm
(table 1) while if =120 mm the interference emerges
for values of 4 above 1 mm (table 2).

Moreover, if the wheel’s flank is inclined, the
interference can be reduced, even avoided.
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