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Abstract: It can be seen that the minimum number of teeth required to
avoid interference for the standard pressure angle, normally on the alpha0 =
20° decomposition circle, is 13, corresponding to a transmission ratio i = 1
and increases with the transmission ratio / reaching to the maximum value
of 18 teeth for ~>~100. For normal transmission ratios, values ranging from
13 to 17 teeth for standard pressure angle. If alpha0 decreases to 4°, zu;,
varies between 275 and 410 teeth. When alpha0 increases to 35°, z,;, varies
between 5 and 6 teeth. By lowering the number of teeth of the drive wheel
1, the coverage and gearing decreases as well as increases the pressure
angle, increases effort, wear and reduces the life span of the gear. If we
increase in turn, the minimum number of input wheel teeth increases the
coverage, increases the gear efficiency, reduces the pressure angles and
effort in the coupling, increases gear reliability and operates with much
lower vibrations and noise, with high yields and for a longer time. The
minimum number of teeth required to avoid interference is basically a
function of the transmission ratio i = |ij5| = z,/z; and the normal pressure
angle of the alpha circle and the angle of inclination of the beta teeth. This
is practically also maintained in internal gear gears, where there are still
two additional types of interference. It is noted that z,,;,, decreases when i
decreasing and when alphaO and/or beta increases.
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Introduction compact, work in return with lower yields than fixed
. ) axes and are less rigid and reliable.
According to the standards in force (see Standard From a structural-geometric-cinematic  (and

915/2-81), the gear is defined as an elementary

/ g€ constructive) point of view, fixed axle gears are
mechanism consisting of two gears (wheels, sectors, or

classified into three major categories, depending on the

toothed racks) in absolute/relative rotation/translation, in
which one of the elements trains the other through the
action of the teeth in successive and continuous contact.

Gears, or gears with gears, are basically upper
couplings (generally C4th grade), which have the
function of transmitting and/or turning the movement by
reducing the speed (with the torque increase) or by
increasing the angular velocity (with lowering the load),
from the input to the exit, with an almost constant power
holding (with very small losses, mechanical and friction
due to the large and very high yields of the gears).

The oldest, most used (more widespread), more
reliable and performing better, are fixed axle gears that
will be presented in this chapter.

There are also movable axles (subject to a separate
chapter), or mixed, which, although lighter and more
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relative position of the axles of the two wheels making
up the gear:

A-parallel (cylindrical),
e  B-competing conical)
C-crosses (spindle-worm, spatial, toroidal).

The cylindrical gears (A) may be external (between
two external gears) or inside (between an external gear
and one with internal toothing).

They can also be combined, an element with rotating
motion (a toothed wheel with external teeth) and the
other one (rack).

The geometric elements of a toothed wheel and a
gear can be seen in Fig. 1 and 2 (according to
international standards).
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Fig. 1: The geometrical elements of a straight toothed gear; head, root and division circles; circular step

If the rotation axes are parallel, the gear unit is direction as the axis of rotation, it is said that the gear
called cylindrical. When the tooth line has the same has straight teeth.
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Fig. 2: The geometrical elements of a straight toothed gear; head, root and division circles; circular step

The main parameters of such gear are shown in
Fig. 1, in which the teeth of an unpainted wheel are
represented in an outer cylindrical gear not rigid with
straight teeth.

The starting element of a wheel is the splitting circle
(or step - on which the pitch is measured), a circle that
defines the position of the other circles of the wheel. The
diameter of the splitting circle is one of the first elements
to be calculated on a wheel and on a gear (at a gear we
will have two wheels, so two division diameters).
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Materials and Methods

The number of gear pairs engaged simultaneously
(for good gearing) is the degree of coverage. So the
gear ratio ("contact ratio" in English) marked with [J
(shows how many pairs of teeth are engaged at the
same time; Fig. 3).

In order for the engagement to take place without
shocks, without sliding, no noise and no play, the gear
is designed so that when a pair of teeth is out of
engagement, the next pair is already engaged.

The circle on the base circle shows how long a pair
is engaged.

Whenever it encompasses in the actual AE
engagement segment, so many pairs of engagement
will fit simultaneously into the AE segment on which
the actual engagement is made. Practically, the degree
of coverage will be the ratio of AE to p,.

It must be overhead to have multiple pairs in
simultaneous engagement so that no "dead times",
interruptions of engagement, gaming and gambling
collisions occur due to gaming, which also produces
vibrations and noises.

A higher degree of coverage also brings increased
mechanical efficiency.

The engagement segment AE is calculated directly
with relation (1), Fig. 4:

AE=KE+K,A-KK,
K1E=\lrnf —r,:
KZA = V razz - rbi

KK,=KC+K,C=p-sina,+r, sing,

)

=(r+n)-sing, =a, sing,

_ 2 2 2 2 :
AE—«/’L, =1 +\r. =1, —a,sing,
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The degree of coverage ¢ is determined by dividing
AE to the step pj, (relation 2):

2
\/r"l B

2 2 2 :
; S +\/raz —1, —a,-sing,

&p = )

m-7r-cosa,

Results and Discussion

In order to avoid the interference phenomenon
(Fig. 4), point A must be between C and K| (i.e., the
wheel head wheel 2, Ca, must cut the engagement
segment between the points C and K; and in no shape
not exceed K;). Similarly, the circle Cal must cut the
right-hand drive between points C and Kj,
determining the point £, which in no way must pass
K,. These conditions of avoidance of interference are
written with relations (3):
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CA<KC si CE<K,C
CA=K2A—K2C=,/VHZ2 —rbi —r,-sing,; CA<K,C

2 2 . . 2 2 .

= \Jr. —n, = esing, <r-sina, = \fr. —r. <(r+n)-sing,
2 2 2 a2

=d, —d, <(d, +d,) -sin’q, =

22 2 2 2 a2
czy-cos’ay <m’(z,+z,) -sin’a,

2
=>m'-(z,+2) —m
=22 +4- 2, +4-22 <z sinq, +2-z -z, -sin’ &

2 2 2 1 0 1 2 0

2 2 .2
=>4z, +4<z -sin“a,+2-z -z sin" q,
from CE<K,C=4-z +4<z} -sin"a,+2-z -2, -sin’a,
4.z, +4<z-sinf @ +2-2 -z, -sin’ q,

obtains sistem ., s
4.z +4<zy-sin"ay +2-z -z, -sin" o

. s z .
Sor 15‘112‘=z—2:zz =i-z;=
1

solutions :

sinfa, - (1+2+0)-z} =2-2-i-2,-4>0
with

sin®a, (7 +2+1)- 2/ =2:2:2,-4>0

2~z'i2~\/i2+sin2010+2-i~sin2010
y4 =
he (2-i+1)-sin’
keeps solutions +
21—2-\/1+i2~sin2a0+2-i~sin2a0
zl.u = (2 P .2
Qi )-sm a,
z'+\/i2+sin2010+2-i~sin2010 @)
z = .
" (2-i+1)-sin’ g,
1+\/1+i2-sinzoto+2~i~sin20t0

zZ =2

B (2-i+7)-sin’a,
Table 1: Z,,, for avoiding the interferences
& 20 [deg]
i 1 1.25 1.6 2 2.5 3.15 4 5 6.3 8
A, 12.32 12.96 13.62 14.16 14.64 15.07 15.44 15.74 15.99 16.22
a 20 [deg]
i 10 12.5 16 20 25 31.5 40 50 63 80
2, 16.38 16.52 16.64 16.73 16.80 16.86 16.91 16.95 16.98 17.00
a 4 [deg]
i 1 1.25 1.6 2 2.5 3.15 4 5 6.3 8
2, 275. 294.4 313.8 3293 3429 355. 365.6 373.9 380.9 387.0
2% 35 [deg]
i 1 1.25 1.6 2 2.5 3.15 4 5 6.3 8
A, 4.88 5.03 5.19 5.32 5.44 5.55 5.64 5.72 5.79 5.84

The relation that generates it always giyes lower i+ \/iz Tsinta, +2-i-sin’a,
values than the relationship that generates it, so that 7, =2 (2-it1)-sin‘a )
the condition (4) is sufficient to find the minimum 0
number of teeth required to avoid the interference of
the gear teeth; in other words, the initial condition is Table 1 shows the values obtained with the

that point A should be between points C and K:

285

relationship (4) for different standardized values of the
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transmission ratio / and for three different values
assigned to the pressure angle.

Conclusion

It can be seen that the minimum number of teeth
required to avoid interference for the standard pressure
angle, normally on the alpha0 = 20° decomposition
circle, is 13, corresponding to a transmission ratio i = 1
and increases with the transmission ratio i/ reaching to
the maximum value of 18 teeth for /~ 100. For normal
transmission ratios, values ranging from 13 to 17 teeth
for standard pressure angle. If alpha0 decreases to 4°,
Zmin Varies between 275 and 410 teeth.

When alpha0 increases to 35°, z,;, varies between 5
and 6 teeth.

By lowering the number of teeth of the drive wheel 1,
the coverage and gearing decreases as well as increases
the pressure angle, increases effort, wear and reduces the
life span of the gear.

If we increase in turn, the minimum number of input
wheel teeth increases the coverage, increases the gear
efficiency, reduces the pressure angles and effort in the
coupling, increases gear reliability and operates with
much lower vibrations and noise, with high yields and
for a longer time.

The minimum number of teeth required to avoid
interference is basically a function of the transmission
ratio i = | i1, | = zy/z; and the normal pressure angle of the
alpha circle and the angle of inclination of the beta teeth.

This is practically also maintained in internal gear
gears, where there are still two additional types of
interference.

It is noted that z,,;,, decreases when i decreasing and
when alpha0 and/or beta increases.
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