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NUMERIC APPLICATIONS REGARDING DETERMINATION
OF THE COMPLEMENTARY PROFILES IN GEAR HOBBING

Constantin MINCIU, Sorin Mihai CROITORU, Silvia ILIE

Abstract: This paper is a systematization of the up-to-date researches and verification by numeric exam-
ples. The subject of this paper is gear generation by rolling without slip of the non-involute profile with
cutting tools of comb type, including hobbing cutter. Theoretical aspects of this generation mode were

presented in papers [3] and [7].
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1. INTRODUCTION

In papers [3] and [7], based on already known theo-
rems, the complementary profile for non-involute profile
were determined for the case of gear generation by rolling
without slip on machine tools. The determinations were
made for usual gear non-involute profiles consisting of
straight lines and circle arcs having different positions
and orientations.

As well, a generalization regarding the types of cut-
ting tools was made, from the point of view of choosing
the reference systems and solving methods.

This paper has two structural parts. The first part
concerns with the systematization of the results of the
already mentioned papers. The second part concerns with
the verification of these results, by means of numeric
applications.

All the discussion concerns with comb type cutting
tools for gears, the most common case in practice. Hob-
bing cutters are such kind of cutting tools.

2. SYSTEMATIZATION OF THE CALCULUS
FORMULAE

The equations of the complementary non-involute pro-
files, gearing line and limits of the complementary curve
were determined for the cases of gear generation with
comb slotting cutter, wheel slotting cutter for both inter-
nal and external gears and also flying cutter.

Because of some technological and economical ad-
vantages, being the most usual case in practice, this pa-
per studies gear generation with hobbing cutter, a gear
cutting tool of comb type.

The determined complementary curves compose the
functional profile, “the reference comb” of the hobbing
cutter.

The equations were determined by means of theory of
the cover curves.

Even if it may be considered having low importance,
a real problem was the choice of the mobile and fix ref-
erence systems, belonging to the cutting tool and work-
piece, so that the solution would have a generality level
for any kind of elementary non-involute profile. Thus,
only one reference system will be considered in case of

non-involute profiles consisting of several elementary
lines (straight lines and circle arcs, as shown in Fig. 1).
In order to be of help for the cutting tools designers,
the complementary profile equations, gearing lines and
limits of the rolling angle are tabled for every type of
non-involute elementary profile.
In Table 1, for every elementary profile the following
are given:
e cexplanatory figure to show fix and mobile reference
systems,
e rolling angle @,
e cquations of the complementary profile in Oxy refer-
ence system,
e cquations of the gearing line in 0,XY reference system,

e variation domain for the rolling angle @ € [@, ., ®,,..)-
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Fig. 1. Radial line segment: a — rolling method parame-
ters, b — complementary profile and the gearing line.
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Gear cutting tools of comb type

Table 1

No.

Equations of the complementary profile
Equations of the gearing line

Rolling angle

x = 0.5R5[2¢—sin2(p+e)]+(a+Rpsing)cos(pte),

y = 0.5 Rp[1-cos2(p+e)]-(a+Rpsine)sin(@+e).

X = —Rpsin(p+e)cos(pte)H(a+Rpsing)cos(pte),

Y = Rysin®(p+€)—(a+Rsine)sin(q-e).

Pmin= —€,
Omax = [arccos(1-b/Rp)] — &,

¢ € [—¢; arccos(1-b/Rp)] — €].

x =0.5 Rg(2p—sin2¢)+a coso,
[y =0.5 Rg(1-cos2¢)—a sing.
X =—Rpsing cos + a cosy,

Y = Rysin’p—a sing.

Pmin = arcsin (a/Rp),
Pmax = arccos(CosPmin—b/R5),

¢ € [arcsin (a/Rp); arccos(cosQmin—b/Rp)].

Radial straight line segment (a=0)

x = 0.5 Rp(29—sin2¢),
y=0.5 Rp(1—cos2p).
X =—Rpsing coso,

Y= REsinz(p.

Pmin = 0,
Pmax = arccos[1-(b/R;)],

¢ € [0; arccos[1-(b/Rp)].

P M x¥=X

m

Inclined by angle ¢ straight line segment

x = 0.5 Rg[2¢-sin2(p+e)]+Rgsine cos(pte),
v =0.5 Rp[1-cos2(p+e)]-Rgsine sin(@+e).
X = —Rpsin(qp+e)cos(pte)+Rpsing cos(pte),

Y = Rysin’(@+€)—Rsine sin(p+e).

Pmin = Oa

Qumax = arccos[cose—(b/Rp)] — €.

v
’"xx
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Circle arc of r radius

x = Rg @—Rpsin(o—B)—r cos[0.5(p—P)],
v = Rg =R cos(¢—P)+7 sin[0.5(¢—P)].
X = —Rpsin(¢p—B)-r cos[0.5(o—P)],

Y = Rp —Rp cos(@—P)+r sin[0.5(p—P)].

¢ € [0; Prnax]

Qmax = B

Any circle arc

x = —Rp ¢Fpsin(@—P)L[rpsin(e—-p)I/

/ \/pz + R} —2pR,cos(p—P),

V= Rs —p cos(@—P)=[r p cos(¢—P)-r Rs]/
/ \/pz +R3 —2pRycos(¢ —B).

X =—p sin(o—P)£[r p sin(¢—P))/

/ \/pz + Rj —2pR,cos(p—B),

Y= Ry —p cos(9—P)E[r p cos(@—P)-r Rs)/
/\/p2 + R2 —2pR,cos(¢ —B).




3. NUMERIC APPLICATIONS

For some elementary profiles, theoretically solved in
Table 1, the complementary profiles were determined
numerically and graphically. The determinations were
made on numeric data chosen by the authors.

The graphics were made in MS Excel 97, being gen-
erated point-to-point by determining the functions, which
describe the complementary profile and gearing line. The
increment of the rolling angle was 1°. The determinations
were made inside the limits of the rolling angle
¢ € [@,,> Ppa)> these limits being calculated. Values of

the other constants Ry, a, b, » were calculated separately

for each case.

In the following, only some of the cases presented in
Table 1 will be studied. As well, the graphics will be
presented only qualitatively for the two characteristic
curves: complementary profile (blue) and gearing line
(red). The calculated coordinates of the points of these
two curves are not given.

a) Radial line segment (segment MN = b in Fig. 1.a,
line ¢ in Table 1).

The following case has been chosen: radius of the
base circle R, = 50 mm, length of the segment b = 15 mm,

rolling angle ¢ € [0, ¢, ] After calculations the maxi-

mum value of the rolling angle results ¢, , =45.573° =

=0.7954 rad.

The rolling angle varied incrementally by 1°. Thus,
the coordinates of the points belonging to the comple-
mentary profile and the gearing line were determined.
Using these coordinates, the graphics of the two charac-
teristic curves are presented in Fig. 1.b.

b) Line segment inclined by € to the pole’s radius
(segment MN = b in Fig. 2, a, line d in Table 1).

The following case has been chosen: radius of the
base circle Ry = 50 mm, length of the segment b = 15 mm,
inclination angle &= 15° rolling angle ¢ € [0, ¢,,.]
After calculations the maximum value of the rolling
angle results @, , = 33.2466° = 0.58026 rad.

The graphics of the two characteristic curves are
shown in Fig. 2.b.

¢) Line segment parallel the pole’s radius, at distance
a (segment MN = b in Fig. 3.a, line b in Table 1).

The following case has been chosen: radius of the
base circle R, = 50 mm, length of the segment b = 15 mm,
distance @ =10 mm, rolling angle ¢ [0, ¢, ]. After
calculations the values of the rolling angle result
@, = 11.537°=0.20135 rad and ¢, =47.1723° =
=0.82331 rad.

Using these data, the graphics of the two characteris-
tic curves are presented in Fig. 3.b.

d) r radius circle arc having the center on base circle
(circle arc AV in Fig. 4.a, line e in Table 1).

The circle arc has d degrees, its radius » and its center
on the base circle, at the positioning angle f3.

For the numeric application the following values
were chosen: R=50mm, 6=10° B =15° With this
data the following were calculated: » = 21.644 mm,
¢=038=10° ¢ =91.56°.
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Fig. 2. Inclined line segment: a — rolling method parame-
ters; b — complementary profile and the gearing line.
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Fig. 3. Parallel line segment: a — rolling method parame-
ters; b — complementary profile and the gearing line.

The graphics of the two characteristic curves are
shown in Fig. 4.b.

4. CONCLUSION

Using the relationships in Table 1 the complementary
profiles for non-involute elementary profiles as straight
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Fig. 4. Circle arc: a — rolling method parameters;
b — complementary profile and the gearing line.

lines and circle arcs can be determined. For a qualitative
control, in the presented figures the complementary profile and
the gearing line were determined in some particular cases.
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