ANNALS of the ORADEA UNIVERSITY.
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR3

INFLUENCE OF GEOMETRICAL PARAMETERS ON THE MID-ZONE
FACTOR Zy IN THE ELOID SPIRAL BEVEL GEARS

VELICU Doru', MOLDOVEAN Gheorghe?
Transilvania University of Brasov, 'Department of Descriptive Geometry and Engineering
Graphics, *Department of Product Design and Robotics
dvelicu@unitbv.ro, ghmoldovean@unitbv.ro

Keywords: eloid spiral bevel gears, mid-zone factor.

Abstract: For stress calculus, the spiral bevel gears are replaced with virtual cylindrical gears corresponding
to the median frontal cones. The tension during the contact stress reaches its pitch in a point in the median
area of the segment of singular gearing of the virtual cylindrical gear. The correspondence between the
contact stress in the driving pole and the one in the point in which this stress is maximal is made through the
mid-zone factor Z),.5. The main geometrical parameters which are taken into consideration in the analysis of
the variation of the factor Zy are: the number of teeth of the pinion z; the gear ratio u; the nominal
coefficients of the radial profile shifts x.1,; the median division inclination angle of the teething 3,, and the
median width coefficient of the teething Wwgm.

1. INTRODUCTION

As compared to the cylindrical gears, in which most often the contact between the teeth is
linear, in spiral bevel gears the contact between the teeth takes place on an elliptically
shaped pressure surface, due to the bulging out of the teeth, both on their length and on
their height [1, 3, 4, 5]. At the eloid spiral bevel gear, the flank line of the plane wheel tooth
is an extended epicycloids, and the height of the teeth is constant. The eloid spiral bevel
gear is usually processed through
the Oerlikon-Spiromatic procedure
[5, 10]. For machining, cutter tools
head are used, in which the cutters
. 15 are fixed in groups, on different
spirals.
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in which R, is the mean cone

RENENIXRR )
x< >°‘§& SIS distance; m,: — mean transverse
X

> §>x E( ‘“_4;—%5,\ module; my, — mean normal module;
<V AT YT zo —number of teeth of the plane
l wheel.

Every cutter tools head, in the range
of normalized tools, is built for an

Fig. 1. Diagrama vela angle Bm = 35° a certain field of
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values for the parameters z, and R, and a certain mean normal module, named nominal
module of the tool and noted m..

For machining an eloid spiral bevel gear, the cutter tools head is chosen such as the
coordinates R, and mp; (or zp) intersect its sail diagram (see Figure 1) in the central area,
against the lateral flanks, which limitate its range of use. This requirement is fulfilled
through the modification of the parameters R, mmu, zo and B, in relation (1). Following of
this requirement leads to the equality my,,=m;.

The contact stress calculation of the eloid spiral bevel gears is carried out in their mean
section, the hypotheses and the calculus relations settled for the cylindrical helical gears
being applied to the virtual gear, corresponding to the mean frontal cones [2, 5, 6, 8].

2. THEORETICAL CONSIDERATIONS

The design activity in the field of the spiral
bevel gears is sustained by the standards
elaborated in this respect and by the
researches carried out to the purpose of
improving the performance of these gears [6,
7, 8, 9]. Considering the contact of the teeth
of the virtual cylindrical gear, in the pole of
the gearing C (fig. 2), the nominal value of
the contact stress for an orthogonal bevel
gear (2=90°) is determined with relation [9],

Frmt  Vu? +1
OHO =

dmilbm u

ZM-BZHZEZ1SZ3ZKk , (2)

in which Fp; is the nominal tangential force at
reference cone at mid-face width; d,;1 — mean
pitch diameter of the bevel pinion; Iy, — length
of middle line of contact; u — gear ratio of
bevel gear; Zy.s — mid-zone factor; Zy — zone
factor; Zg — elasticity factor; Z; s —load sharing
factor; Zg — helix angle factor for contact
Fig. 2. Radius of curv:‘:ltl{re olf tooth profile for stress; Zx — bevel gear factor (flank). The
caracteristic points factor Zy.sis determined [9] with the relation

tana,,

Zyg= = = (3)
(dw] _1_/:1l (danJ _1_le
dobl Zvl dobz Zv2

in which a, is the transverse pressure angle of virtual cylindrical gear; dya12 — tip

diameters of virtual cylindrical gears; d,»12 — base diameters of virtual cylindrical gears;
Z,12 — humbers of teeth of the virtual gears; F1,— auxiliary factors for mid-zone factor.
For the calculation of the auxiliary factors F1 and F; the following relations [8] are used:

,:l =2+(8va_2)8V]3; F2 :28vcx_2+(2_8001)805’ (4)

3.210



ANNALS of the ORADEA UNIVERSITY.
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR3

for 0<e <1, respectively F =F, =¢,, for €,>1, in which g is the transverse contact

ratio of virtual cylindrical gear; €,g — overlap ratio of virtual cylindrical gear.

Relation (4) was determined through interpolation between the straight bevel gear with €,
= 0 and the spiral bevel gear with g,3= 1 [9].

The angle o, is determined through relation

a,, = arctan(tana., /cosp,, ), (5)

in which o, is the normal pressure angle.
In order to determine the diameters d,s12 and d,»1,2 the following relations are used:

Aoy, =d,, +h

aml,2 ?

dubl,z = du1,2 cosa,, , (6)

val,2

in which d,1, are the reference diameters of virtual cylindrical gear; hzm12 — the mean
addendum of the tooth. These elements are determined with relations:

d, = I _ M, Jur+l;d, = O _ m, . Z,NUu* +1; (7)
u

 cosd, cosd,

h

am]l,2

= m,(h, £ x,,), (8)
in which dp;q 2 are the mean pitch diameters of the bevel gears; 612 — the pitch angles of
the bevel gears; h_- the nominal coefficient of the reference addendum. For the eloid

spiral bevel gear [10], h, = 1.0 and X2 =-X1.

The maximal value of the nominal coefficient of the radial profile shift x;1+ which ensures
the avoidance of interface [10] is determined with relation

X =h*+C*— M+l , (9)
cl c c m g

in which ¢.= 0.3 is the nominal coefficient of the reference clearance; dj — the minim

reference diameter of the bevel pinion; y; 23— correction coefficients.
The diameter djs is determined [5] with relation

dyy =Mz, (1-0.5y g, ) (10)

in which ywrn= 0.285...0.38 is the width-face coefficient of the gear and the correction
coefficients y4 and y, are obtained from the diagrams presented in fig. 3, respectively fig. 4;
the correction coefficient y3 = 1.0, for the normal division angle a,, = 17°30’ and the value
y3 = 11,06 sina, for o, = 20° [10].

Considering the recommendation mm,,= m. [5, 10], relation (9) becomes

X =1.0+03-[20=05ve oy, 1), (11)
cosp,, 8
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Fig. 3. Variation of y, Fig. 4. Variation of y,

For pinions with a high number of teeth, if the value of x. is lower than zero, there the
profile shift will no longer be applied to (x¢1 = Xc2 = 0).

Taking into consideration relations (6)...(9), for ratios dya1/dyp1 and dyap/dyp2 in relation (3),
there will be obtained the expressions:

A _ ZVU +1+ 2u(h; + xcl)cos Bm. Aoy _ ZVU* +1+ 2(h; — xcl)cos B,

Ao z~u?+1cosa,, b2 Zuvu? +1cosa,,

(12)

In relation (3), the numbers of teeth of the virtual gear wheels are determined with
relations:

{142
R L N (13)

u

vl

and the transverse contact ratio of virtual cylindrical gear, with relation

. _ A2, —dly +4dl, - d2, —2a, sina,
vo

val va2 ’ (14)
2nm,, cosa.,
in which
(142
au=d°1+d”2=m’"’ 4 +l(ﬂ+zzj, (15)
2 2 u

is the centre distance of virtual cylindrical gear. Knowing that

My = o = 2 (16)

z, ZI\/UZ +1
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and m,, =m,_,cosp, and b=vy, R _, the calculus relation of the overlap ratio of virtual

cylindrical gear becomes
_ VernZ VU +1

S 2n

tanp,,. (17)

in which b is the width face.

3. CALCULUS AND CONCLUSIONS

The relations of calculation presented above were implemented in a software program,
which allowed obtaining all data necessary for tracing variation diagrams for x¢1 and the
factor Zy.g, according to z; and u. There were used the values: z1=6...16; u=1.5...6; B,=35°
and a,,=20°. These values are characteristic for the eloid spiral bevel gears.

Using relation (13) and the diagrams from Figure 3 and Figure 4, Figure 5 presents the
variation of the nominal coefficient of the radial profile shift x.1 depending on z4, for u={1.5;
2; 3; 4; 6} and B,=35° From Figure 5, there may be observed that x.1 diminishes once
with the rise of the number of teeth of the pinion z; and with the diminution of the gear ratio
u.

Figure 6 presents the variation of the coefficient x4 depending on z4, for u={2; 5} and limit
values of the angle B, (B»=30° si B,»=40°). There may be noted that x¢¢ diminishes once with
the rise of the angle 3, and with the reduction of the gearing ratio u.

Figure 7 there presents the variation of the overlap ratio of virtual cylindrical gear €.
depending on the number of teeth of the pinion z; and on the gear ratio u, for limit values of
the median width-face coefficient of the teething wgrn,. Out of the analysis of the diagram,
there may be noted that ¢, rises once with the augmentation of the number of teeth z; and
of the gearing ratio u. Likewise, €, rises at high values of the coefficient wr,. For gears with
u>4, there may be noted that ¢, >1, for z;>6.
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Fig. 5. x.1=f(u, Bn=35°) Fig. 6. Xc1=f(Bm, u) Fig. 7. &,5=f(u, Yrm, Bm=35°)

The variation of the mid-zone factor Z.5 depending on the gear ratio u and on the number
of teeth z4, for B,=35° and ygrm =0.35 is presented in Figure 8. There may be noted that the
factor Zy.g diminishes once with the rise of the value of the gearing ratio u. For u>2.5 and
z1<12, characteristic values for the majority of the eloid spiral bevel gears, there may be
noted that Zy.g <1 and it contributes to the reduction of the effective value of the contact
stress.

3.213



ANNALS of the ORADEA UNIVERSITY.
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR3

Zyip k ImBé Wppp,= 0.285
— — — g, =035
1.20 AN
1.10 — — 400
——.._______21—16 \ E’m—
1.151> s
“ \ 4cp 1=
1.05 L S ==
~~——| 1.10 5
— \
1.00 — 105 AN
\ ; % \\400 \____________— s
10 NNz =
\ —10_| IREANNG N
0.95 N NP3 =
N \300 e T
g Nl
-—-._________________ 0.95 <
0.90 - — 300
i A
By 300 0.90 > AN
Wpy,=035 p ~
< Tl
% -
——— | 0.85 ==—=r—L[_2
8
0.80 - 0.80 -
15 2.5 35 45 55 u 15 2.5 35 45 55 u
Fig. 8. Zy.g=f(z4, Bm=35°, Wrm =0.35) Fig. 9. Zy.g=f(z1, Bm , WYrm)

Figure 9, presents the variation of the factor Zy.g depending on the gearing ratio u, for limit
values of the division inclination angle of the teething B, and of the width-face coefficient
Wrm Of the spiral gear.

The results and the conclusions of the paper are useful in the design work, allowing a
rapid assessment of the contact stress which may appear in the functioning of the spiral
bevel gears.
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