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Abstract: The paper presents an original method to determine the efficiency of the gear,
the forces of the gearing, the velocities and the powers. The originality of this method
relies on the eliminated friction modulus. The first chapters are analyzing the influence of
a few parameters concerning gear efficiency. These parameters are: z; - the number of
teeth for the primary wheel of gear; z, - the number of teeth of the secondary wheel of
gear; alphay - the normal pressure angle on the divided circle; beta - the inclination angle.
With the relations presented in this paper, it can synthesize the gear’s mechanisms. Today,
the gears are present everywhere, in the mechanical’s world (In vehicle’s industries, in
electronics and electro-technique equipments, in energetically industries, etc.). Optimizing
this mechanism (the gears mechanism), we can improve the functionality of the
transmissions with gears. At the gear mechanisms an important problem is the interference
of the teeth. To avoid the interference between teeth, we must know the minimum number
of teeth of the driving wheel, in function of the pressure angle (normal on the pitch circle,
alpha0), in function of the tooth inclination angle (beta), and in function transmission ratio
(i). The last chapter presents an original method to make the geometric synthesis of the
gear, having in view the minimum number of teeth of the driving wheel. The classical
methods use many different relations to determine the minimum number of teeth of the
driving wheel. By this paper we want to give a unitary method to determine the minimum
number of teeth of the driving wheel 1, to avoid the interference between the teeth of the
two wheels (of the gear).
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1. INTRODUCTION

Gears, broke today in all fields. They
have the advantage of working with very
high efficiency. Additionally gears can
transmit large loads. Regardless of their
size, gear must be synthesized carefully
considering the specific conditions. This
paper tries to present the main conditions
that must be met for correct synthesis of
a gear [1-12].

In the second paragraph the authors
present an original method for
calculating the efficiency of the gear, the
forces of the gearing, the velocities and
the powers.

The originality consists in the way of
determination of the gear efficiency
because it hasn’t used the friction forces
of couple (this new way eliminates the
classical method).

It eliminates the necessity of
determining the friction coefficients by
different experimental methods as well.

The efficiency determinates by the
new method is the same like the classical
efficiency, namely the mechanical
efficiency of the gear.

Precisely one  determines the
dynamics efficiency, but at the gears
transmissions, the dynamics efficiency is
the same like the mechanical efficiency;
this is a greater advantage of the gears
transmissions [1-12].

It shows the forces, speeds, load and
power, which acting in couple.

In the third paragraph one presents
shortly an original method to obtain the
efficiency of the geared transmissions in
function of the contact ratio. With the
presented relations it can make the
dynamic synthesis of the geared
transmissions having in view increasing

the efficiency of gearing mechanisms in
work [4].

Optimizing this mechanism (the
gears mechanism), we can improve the
functionality of the transmissions with
gears.

At the gear mechanisms an important
problem is the interference of the teeth.
To avoid the interference between teeth,
we must know the minimum number of
teeth of the driving wheel, in function of
the pressure angle (normal on the pitch
circle, alphag), in function of the tooth
inclination angle (beta), and in function
transmission ratio (i).

The last chapter presents an original
method to make the geometric synthesis
of the gear, having in view the minimum
number of teeth of the driving wheel.
The classical methods use many different
relations to determine the minimum
number of teeth of the driving wheel. By
this paper we want to give a unitary
method to determine the minimum
number of teeth of the driving wheel 1, to
avoid the interference between the teeth
of the two wheels (of the gear).

2. GEAR DESIGN

2.1 Determining the momentary
dynamic (mechanical)
efficiency, the forces of the
gearing, and the velocities

The calculating relations [2, 3], are
the next (2.1-2.21), (see the Fig. 1):
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F.=F,-cosa,
F, =F,-sing

V, =V, -COS a;

: 2.1)
Vi, =V, -Sin g
F=F+F
\71 :\72+\712

with:  F,- the motive force (the driving
force);

Fr- the transmitted force (the
useful force);

Fy- the slide force (the lost
force);

v; - the velocity of element 1, or
the speed of wheel 1 (the driving wheel);

v, - the velocity of element 2, or
the speed of wheel 2 (the driven wheel);

vi,- the relative speed of the

wheel 1 in relation with the wheel 2 (this
is a sliding speed).
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Fig. 1. The forces and the velocities of
the gearing

The consumed power (in this case the
driving power):

Pc = Pm = I:m 'Vl (22)

The useful power (the transmitted
power from the profile 1 to the profile 2)
will be written:
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P=P=F.v,=F_ -v-cos°e;, (2.3)
The lost power will be written:
P, =F, -v,=F,-v,sina, (24)
The momentary efficiency of couple

will be calculated directly with the next
relation:

R _P _Fyv-costa
(Y F v, (2.5)
1, =C0s’ a,

The momentary losing coefficient
[1], will be written:

Vi b _Fawsin'a, =sin’a,
P, F.,-v (2.6)

17, +w; =cos’ a, +sin’ a, =1

It can easily see that the sum of the
momentary  efficiency  and the
momentary losing coefficient is 1:

Now, one can determine the
geometrical elements of gear. These
elements will be used in determining the
couple efficiency, n.

2.2 The geometrical elements of
the gear

We can determine the next
geometrical elements of the external
gear, [2-3], (for the right teeth, p=0):

The radius of the basic circle of
wheel 1 (of the driving wheel), (2.7):

M :%-m-zl~c0505O (2.7)
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The radius of the outside circle of
wheel 1 (2.8):

ral:%.(m.zl+2.m):g-(zl+2) (2.8)

It determines now the maximum
pressure angle of the gear (2.9):

1
—-M-Z,-COSx
oS ayy, w2 ' " _AC0sa
Fa1 ;.m.(zl+2) Zl+2
(2.9)

And now one determines the same
parameters for the wheel 2, the radius of
basic circle (2.10) and the radius of the
outside circle (2.11) for the wheel 2:

98 =%~m~z2 -COS (2.10)

r, =%-(zz +2) (2.11)

Now it can determine the minimum
pressure angle of the external gear (2.12,
2.13):

tg oy = —
bl

N =(r, +1,) 9a, v ra22 - rbzz =

1 :
=—-m-(z,+2,)-sing, -
2 (2.12)

—%~\/(z2 +2)° -5 -cos’ oy =

:%o[(zl+zz)~sin o —

—\/222 sin®a, +4-2, +4]

9oy, =[(z,+2,)-sine, -

—J22sin? a, +4-2,+4]/(z, -cos )
(2.13)

Now we can determine, for the
external gear, the minimum (2.13) and
the maximum (2.9) pressure angle for the
right teeth. For the external gear with
bended teeth (B+0) it uses the relations
(2.14, 2.15 and 2.16):

9o, = 2.14
9% = os 5 (2.14)
sina
tga,, =[(z,+2,)- L
9oy, =[(z,+2,) c0s 5
in2
B 222‘smzoct 4. L +4]. cos B
cos” cos S Z,-Cosa,
(2.15)
Z,-COS
COS oy, __Cosp (2.16)
Zl
+2
cos

For the internal gear with bended
teeth (B=0) it uses the relations (2.14
with 2.17, 2.18-A, or with 2.19, 2.20-B):

A. When the driving wheel 1, has
external teeth:

sina
tga,, =[(z,-2,)- L
9oy, =[(2,-2,) c0s 3
iR 2
N 222_smzoct_4_ Z, +4]. cos
cos” cos S Z,-Cosa,
(2.17)
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Z,-COSQ,

cosay, = go;ﬂ (2.18)
1

+2

cos

B. When the driving wheel 1, have
internal teeth:

sina
tga,, =[(z,-2,)- !
g 1M [( 1 2) COSﬂ

H]
sin’ z Cos
+\/z§- Ly4. "2 4] s

cos’ 8 cosp z,-CoS
(2.19)
Z,-COS
cosay, = (Z:O;'B (2.20)
l —
cos

2.3 Determining the efficiency
of the gear

The efficiency of the gear will be
calculated through the integration of
momentary efficiency on all sections of
gearing movement, namely from the
minimum pressure angle to the maximum
pressure angle, the relation (2.21), [2, 3].

=Ai j =—Tcos o-do =
1

Am

= — -n 2- o =
> G [2 sin( 05)+a_/]am
_ 1 [sin(ZaM)—sin(Zam)
2-Aa 2
_sin(2-ay)-sin(2-a,,)

4'(0'/M _am)

+Aa]=

+0.5

(2.21)
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2.4 The calculated efficiency of
the gear

We shall see now, four tables with
the calculated efficiency depending on
the input parameters, and once we
proceed with the results we will draw
some conclusions.

The input parameters are: z;=the
number of teeth for the driving wheel 1;
z,=the number of teeth for the driven
wheel 2, or the ratio of transmission, i
(i12=-22/21); ap=the pressure angle normal
on the divided circle; B=the bend angle.

Table 1. Determining the efficiency of the
gear’s right teeth for i1efrective= - 4
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We begin with the right teeth (the
toothed gear), with i=-4, once for z; we
shall take successively different values,
rising from 8 teeth. It can see that for 8
teeth of the driving wheel the standard
pressure angle, 00=20°, is so small to be
used (it obtains a minimum pressure
angle, am, negative and this fact is not
admitted?).

In the second table we shall diminish
(in module) the value for the ratio of
transmission, i, from 4 to 2. It will see
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how for a lower value of the number of
teeth of the wheel 1, the standard
pressure angle (a=20°) is too small and
it will be necessary to increase it to a
minimum value. For example, if z;=8,
the necessary minimum value is 0p=29"
for i=-4 (see the table 1) and a=28° for
iI=-2 (see the table 2). If z;=10, the
necessary minimum pressure angle is
00=26° for i=-4 (see the table 1) and
0p=25" for i=-2 (see the table 2).

Table 2. Determining the efficiency of the
gear’s right teeth for i1geffective= - 2

When the number of teeth of the

wheel 1 increases, it can decrease the
normal pressure angle, op. One shall see
that for z;=90 it can take less for the
normal pressure angle (for the pressure
angle of reference), a,,=8". In the table 3
it increases the module of i, value (for the
ratio of transmission), from 2 to 6.

Table 3. Determining the efficiency of the
gear’s right teeth for i12effective= - 6

l=<6  right \aatn

In the table 4, the teeth are bended
(B#0). The module i, take now the value
2.

Table 4. The determination of the gear’s
parameters in bend teeth for i=-4

I+ 4  bondtesth  [j=3§°

2.5 Discussion and conclusions

The efficiency (of the gear) increases
when the number of teeth for the driving
wheel 1, z;, increases too and when the
pressure angle, ag, diminishes; z, or i
are not so much influence about the
efficiency value;

It can easily see that for the value
ao=20°, the efficiency takes roughly the
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value 1~0.89 for any values of the others
parameters (this justifies the choice of
this value, 0o=20°, for the standard
pressure angle of reference).

The better efficiency may be obtained
only for a a0¢200.

But the pressure angle of reference,
ap, can be decreased the same time the
number of teeth for the driving wheel 1,
z;, increases, to increase the gears’
efficiency;

Contrary, when we desire to create a
gear with a low z; (for a less gauge), it
will be necessary to increase the o value,
for maintaining a positive value for om
(in this case the gear efficiency will be
diminished);

When B increases, the efficiency, 0,
increases too, but the growth is
insignificant.

The module of the gear, m, has not
any influence on the gear’s efficiency
value.

When og is diminished it can take a
higher normal module, for increasing the
addendum of teeth, but the increase of
the module m at the same time with the
increase of the z; can lead to a greater
gauge.

The gears’ efficiency, 1, is really a
function of ap and z;: n=f(ap,z1); om and
ap are just the intermediate parameters.

For a good projection of the gear, it’s
necessary a z; and a z, greater than 30-
60; but this condition may increase the
gauge of mechanism.

In this chapter it determines
precisely, the dynamics-efficiency, but at
the gears transmissions, the dynamics
efficiency is the same like the
mechanical efficiency; this is a greater
advantage of the gears transmissions.
This advantage, specifically of the gear’s
mechanisms, may be found at the cam
mechanisms with plate followers as well.

3. EFFICIENCY IN RAPPORT
WITH THE CONTACT RATIO

In this paragraph one presents shortly
an original method to obtain the
efficiency of the geared transmissions in
function of the contact ratio. With the
presented relations it can make the
dynamic synthesis of the geared
transmissions having in view increasing
the efficiency of gearing mechanisms in
work [4].

3.1 Determining of gearing
efficiency, in function of the
contact ratio

The equation (41) is a two degree
equation in x; One determines directly, A
(42-43) and X1, (44), [3].

We calculate the efficiency of a
geared transmission, having in view the
fact that at one moment there are
several couples of teeth in contact, and
not just one.

The start model has got four pairs of
teeth in  contact (4 couples)
concomitantly.

The first couple of teeth in contact
has the contact point i, defined by the ray
riy, and the pressure angle ais; the forces
which act at this point are: the motor
force Fmi, perpendicular to the position
vector ri; at i and the force transmitted
from the wheel 1 to the wheel 2 through
the point i, F, parallel to the path of
action and with the sense from the wheel
1 to the wheel 2, the transmitted force
being practically the projection of the
motor force on the path of action; the
defined velocities are similar to the
forces (having in view the original
kinematics, or the precise kinematics
adopted); the same parameters will be
defined for the next three points of
contact, j, k, | (Fig. 2).

For starting we write the relations
between the velocities (3.1):
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V, =V, -COSa; =TI @, -COSa, =, - @,
Vy =Vp; -COSa; =T, - @, -COSa; =Ty -0
V, =V, -COSa, =TI, -@,-COSa, =T @,

V, =V, -COSq, =1 @, -CoSa, =T, - @,

(3.1)

Fig. 2. Four pairs of teeth in contact
concomitantly

From relations (3.1), one obtains the
equality of the tangential velocities (3.2),

and makes explicit the motor velocities
(3.3).

V=V =V =V, =h o (3.2)
L S Y
" cose, " cosa, (33)

o, oy
cosa, ' COSg

mk

The forces transmitted concomitantly
at the four points must be the same (3.4):

Fn':F':sz:Fd:F (3.4)

The motor forces are (3.5):

F F
I:mi = - ;ij = - !
cos¢;, COS &
- . (3.5)
ka = : ;le - -
CoS cos ¢,

The momentary efficiency can be
written in the form (3.6).

77

— PU
PC m
Fivi+Fvi+F, v +F vy

Fmi Vi + ij Vi ka Vi + le Vil
_ 4-F -ny-o
Fohho : Fohyo i F ohyo " F o hyo
cos’ o, cos’a;  cos’q, cos’ ¢
4
1 1 1 1
2t ot o T o
cos’e; cos’a; cos‘a, cos’a
B 4
4+tg2a, +19°%a, +19%a, +1g’a
i i k |

(3.6)

Relations (3.7) and (3.8) are auxiliary
(relations):
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Ki=r, 9K j= 19,
Kk=r,t9e,;Kl=r, tg¢,
Kij—Kii=r,-(lga; -tg);

T 2.7
—:>tgaj =ga, +—
1 Zl
Kk-Ki= rbl'(tgak -9o;);

2.7
=

Klj - Kli =Ty

Kk-Kji=r,-2-
1
2.7
Z
-9a;);

2.7

=>tga, =tga;, +2-

Kil-Ki=r,-(tlge,

Kl-Ki=r, 3%

1

=19, =tga; +3- 2.7
Zl

3.7)

9o =g, iz—ﬁ;

N

tgo, =tgo; £2-—— (3.8)

W9, =tger +3- 2%

One keeps relations (3.8), with the
sign plus (+) for the gearing where the
driving wheel 1 has external teeth (at the
external or internal gearing), and with the
sign (-) for the gearing where the driving
wheel 1, has internal teeth (when the
driving wheel is a ring, only for the
internal gearing).

The relation of the momentary
efficiency (3.6) uses the auxiliary
relations (3.8) and takes the form (3.9).

4

77'=4+tg2ai+tg2aj+tgzak+tgzal -
B 4
4+tg a; + (tgo; +—) +(tge; £2- —) +(tge; £3- —)
Zl Zl
_ 4
4+ 4.19%, +4 (02+12+22+32)+2 tge; - — T (0+1+2+3)
Zl 1
_ 1
1+tg2ai+ Z(I -)?+2-1gq, - Z
1 i=1 *Z 4
— 1 —
= 5 o : ————=
1+ tgla + 4;;2.E (E-1)-(2-E-1) , 47 9oy, E-(E-1)
E-z 6 E-z 2
— l —
147, + 2722 -(E-1)-(2E-1) Zﬂ-tgal-(E—l)

3.7 7
1

27°
‘*’37'(512_]-)'(2"912_1)i

T 1

27 9oy
0% (e
7 (12

1+1g°e, -1)

(3.9)

In expression (3.9) one starts with
relation (3.6) where four pairs are in
contact concomitantly, but then one
generalizes the expression, replacing the
four pairs with E couples, (replacing 4
with the E variable), which represents the
whole number of the contact ratio +1,
and after restricting the sums
expressions, we replace the variable E
with the contact ratio &1, as well.

The mechanical efficiency offers
more advantages than the momentary
efficiency, and will be calculated
approximately, by replacing in relation
(3.9) the pressure angle aj, with the
normal pressure angle ag the relation
taking the form (3.10); where &3,
represents the contact ratio of the
gearing, and it will be calculated with
expression (3.11) for the external
gearing, and with relation (3.12) for the
internal gearing.

1

T]m = 2
2w 27 -9
+6) @oa DTN,

! 1

(3.10)

1+19%q,
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Table 6. Bended teeth, =25 [deg].

Determining the efficiency when /%25 [deg]
oy

a'e__\/zf-sinzao+4-zl+4+\/z§<sin2ao+4<zz+4—(zl+zz)-sinao
12

2-7-cosa,
Fi g «? " " @™ & T "
(3.11) 42 20 126 1708 0.829 0,851 1.791 0,826 0,671
46 19 138 1776 0,843 0,864 1.865 0,839 0.883
52 18 156 1.859 0.856 0.876 1,949 0,853 0,895
58 47 174 1946 0,869 0.889 2,043 0,866 0.906
65 16 195 2,058 0,882 0.900 2,151 0.879 0.917
gfz_i_:\/zj»sin2a0+4»ze+4—\/z,2-sinzao—4-zi+4+(zi—ze)»sinao 74 16 222 2165 0.894 0,911 2.275 0,892 0;::27
2.7-cosa, 85 14 255 2,299 0.906 0,922 2418 0,904 0.936
(3.12) 98 13 294 2456 0,917 0,932 2.584 0,915 0,945
15 12 345 2641 0,928 0.941 2.780 0,926 0.953
137 11 411 2,863 0,938 0,850 3013 0,837 0,961
165 10 495 3,129 0,948 0,958 3,295 0,947 0.968
204 9 510 3443 0.957 0.965 3665 0.956 0.974
The made calculations have been 257 8 514 3,820 0,965 0.071 4.146 0,064 0.981
; X 336 7 672 4357 0,973 0.977 4.719 0,972 0,985
centralized in the table 5. 457 6 914 5064 0.980 0.983 5486 0.979 0.989
857 § 1314 6,056 0,985 0,988 6,563 0,985 0,992

Table 5. Right teeth, =0 [deg].
When the inclination angle (B)

The centralized resuits exceeds 25 degrees the gearing will
o TN s o suffer a significant drop in yield (see the
42 20 126 179 0844 0871 152 0838 0895 tables 7-8)
46 19 138 187 0856 0882 200 0.850 0.905 '

52 18 156 196 0869 0893 209 0884 0915
58 17 174 206 0880 0804 220 0876 0925
65 16 195 217 0892 0.914 232 0.887 0932

74 15 222 230 0803 0923 245 0899 0.342 Table 7. Bended teeth, f=35 [deg].
85 14 255 244 0914 0833 262 0510 0.549

98 13 264 262 0924 0.941 281 0920 0956
115 12 345 282 0934 0949 302 0931 0963 Determining the efficiency when =35 [deg]

137 11 411 306 0943 0.957 328 0.941 0.969 E T S S R I
185 10 485 335 0952 0.964 359 0950 0974 42 30 126 1,620 0,808 0,827 1677 0,807 0,843
204 9 510 368 0960 0970 402 0.958 0.980 46 19 138 1681 0,825 0,841 1.741 0,822 0,858
257 B 514 409 0968 0.975 457 0.966 0.985 52 18 158 1,755 0,840 0,856 1.815 0,838 0,871
33 7 672 466 0975 0580 521 0.973 0.989 58 17 174 1,832 0,854 0,870 1.898 0,852 0,885
457 6 914 542 0981 0985 606 0.980 0992 65 16 195 1948 0,868 0,883 1.993 0,867 0,897
657 5 1314 6549 0986 0889 726 0986 0.994 74 15 222 2030 0,882 0,896 2,103 0,881 0,908

85 14 255 2,150 0,895 0,909 2.230 0,894 0,921
98 18 294 2293 0,908 0,820 2.379 0,907 0,932
115 12 345 2461 0,920 0,931 2,554 0,919 0,942
137 41 411 2683 0,932 0,842 2,764 0,931 0,951
3.2 Determining of gearing 165 10 495 2.906 0,942 0,951 3,017 0,842 0959

.. . . 204 g 510 3.196 0,952 0,959 3.345 0,952 0,968
efficiency, in function of the 257 8 514 3556 0,962 0967 3.766 0,961 0,875
contact ratio, to the bended 336 7 672 4,041 0,970 0,974 4281 0,969 0,981
teeth 457 6 914 4592 0,978 0,981 4,971 0,977 0,988

657 § 1314 5607 0,984 0,986 5,942 0,984 0,990

Generally we use gearings with teeth
inclined (with bended teeth). For gears
with bended teeth, the calculations show
a decrease in yield when the inclination
angle increases. For angles with
inclination which not exceed 25 degree
the efficiency of gearing is good (see the
table 6).
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Table 8. Bended teeth, =45
[deq].

Table 8 Bended teeth, =4S [deg

Deatermining the efficiency when f+45 jdeg]
L A S - S Y S 7
42 20 126 15050772 0,784 1,539 0,771 0,796
46 18 138 1,555 0,790 0,802 1,590 0,789 0,814
52 18 156 1,618 0,808 0.820 1,650 0,807 0,831
58 17 174 1680 0,825 0,837 1,718 0,824 0,848
&85 16 185 1,810 0,841 0,853 1,786 0,841 0,864
74 15 222 1,843 0,858 0,869 1,888 0,858 0878
85 14 255 1,949 0,874 0,884 1994 0,874 0,894
98 13 294 2070 0,889 0,899 2.119 0,889 0,908
115 12 345 2215 0,904 0,813 2,268 0,903 0,921
137 11 411 2,389 0918 0,926 2446 0917 0833
165 10 495 2600 0,931 0,838 2662 0,930 0,944
204 9 510 2,855 0,943 0,948 2,938 0,943 0,955

8 514 3,173 0,554 0958 3,290 0,954 0,965

7 672 3,509 0,964 0967 3,732 0,964 0973
457 8 914 4171 0973 0976 4,325 0,973 0,860

5 1314 4976 0,981 0,983 5161 0,981 0,986

New calculation relationships can be
put in the forms (3.13-3.15).

o = 27 -cos’ B
' 22(tg’at, + cos’ f) + %712 cos’ B(e —1)(2¢ - 1) + 29 ey 7, c0s® B(e —1)
(3.13)
pae 1119°8
2.7

-{\/[(z1 +2-c0s B)-tga, | +4-cos® B-(z, +cos ) +
+l(z, +2-cos B)-tger, | +4-cos® - (z, +cos B) —}

_(Zl +Zz)'tgolo

(3.14)

2
ga.i. :1+tg ﬂ
2.

-{\/[(ze +2-c0s B)-tga, |* +4-cos® f-(z, +cos ) -
~Jlz -2 cos B)-tgar, | — 4-cos® B (z, —cos B) —}

_(ZE - Zi )tgao
(3.15)

The calculation relationships (3.13-
3.15) are general. They have the
advantage that can be used with great
precision in determining the efficiency of
any type of gearings.

To use them at the gearing without
bended teeth is enough to assign them a
beta value = zero. The results obtained in
this case will be identical to the ones of
the relations 3.10-3.12.

3.3 Discussion and conclusions

The best efficiency can be obtained
with the internal gearing when the drive
wheel 1 is the ring; the minimum
efficiency will be obtained when the
drive wheel 1 of the internal gearing has
external teeth.

For the external gearing, the best
efficiency is obtained when the bigger
wheel is the drive wheel; when we
decrease the normal angle o, the
contact ratio increases and the efficiency
increases as well.

The efficiency increases too, when
the number of teeth of the drive wheel 1
increases (when z; increases).

4. AVOID THE INTERFERENCE

At the gear mechanisms an important
problem is the interference of the teeth.
To avoid the interference between teeth,
we must know the minimum number of
teeth of the driving wheel, in function of
the pressure angle (normal on the pitch
circle, alpha0), in function of the tooth
inclination angle (beta), and in function
transmission ratio (i). The chapter
presents an original method to make the
geometric synthesis of the gear, having in
view the minimum number of teeth of the
driving wheel.

The classical methods use many
different relations to determine the
minimum number of teeth of the driving
wheel [5-8].

By this paper we want to give a
unitary method to determine the
minimum number of teeth of the driving
wheel 1, to avoid the interference
between the teeth of the two wheels (of
the gear) [7].
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The basic condition of interference, is
the same, but the originality of this new
presented method consist in the mode in
which it was solved the classical
relationship.

The minimum number of teeth of the
driving wheel 1, is a function on some
parameters: the pressure angle (normal
on the pitch circle, op), the tooth
inclination angle (B), and the
transmission ratio (i:|i12|:|-22/21|222/21).

4.1 Avoid the phenomenon of
interference

In order to avoid interference
phenomenon, point A must lie between C
and K; (the addendum circle of the wheel
2, Cy» need to cut the line of action
between points C and K, and under no
circumstances does not exceed the point
Kj). Similarly, C,; addendum circle must
cut the action line between points C and
Ky, resulting point E, which in no
circumstances, does not exceed the point
Ks.

The conditions to avoid the
phenomenon of interference can be
written with the relations (4.1).

The basic conditions of interference,
are the same (CA<K;C; CE<K,C), but
the originality of this new presented
method consist in the mode in which it
was solved the classical relationship (see
the system 4.1) [7], (see the Fig. 3).

A=C, Ntt'; E=C, Ntt’

— AE =segment gear

Fig. 3 Line of action (t-¢’)

CA<K,C and CE<K,C

2 2 H .

CA:KZA—KZC:.lraZ—rbZ —r,-sing,; CA<KC=
= 12— =1, sing, <r-sing, = |17 -1 <(r+1,)sing,

2 2 2 in2
=d?2 -d? <(d, +d, ) sin’ o, =
=>m?-(z,+2) -m?-22-cos’ ay <m?-(z, +2,) -sinay =
=22+4-7,+4-22 <z’ -sin*a,+2-2,-7,-sin*q; =
=4z, +4<z] sina,+2-2,-2,-sin" o,
from CE<K,C =4z, +4<12}sin*a,+2-2,-2,-sin’ a,
) i 4.7, +4<z?sin*a,+2-2,-7,-sin q
it obtains the system

4.z, +4<z}-sin*a,+2-2,-2,-sin

2 .
take i=li,|=-2=z,=i-z;result the system
Zl

sina,-(1+2-i)-22-2-2-i-2,-4>0 i
with the solutions :

sin®ay-(i2+2-i)-22-2-2.2,-4>0

2.i+2.\i2 +sin? ay +2-i-sin’
Z, = - .
b (2-i+1)-sin? a,

it keeps solutions +

B 2421+ sin2 qp +2-i-5in’
(2-i+i%)-sin?

4,

) i+i2 +sin? g +2-i-5in’
Z, =2 - -
" (2-i+1)-sin” a,

L4+ 1412 sin? oy +2-i-sin’ at,
Z, =2 T i2) cin
(2-|+| )-sm a,

(4.1)

Relationship which generates  z,

always gives lower values than the
relationship which generates z, so it is

sufficient the condition (4.2) for finding
the minimum number of teeth of the
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wheel 1, necessary to avoid interference

[7]1.

Zoin =41 =

min

i +/i2+sin? g, +2-i-5in% @
(2-i+1)-sin’q,

(4.2)

When we have inclined teeth, one
takes zmin=>zZmin/COSP, and o> oy, and
the relationship (4.2) takes the form
(4.3).

The minimum number of teeth of the
driving wheel 1, is a function on some
parameters: the pressure angle (normal
on the pitch circle, ap), the tooth
inclination angle (B), and the
transmission ratio (i=|i1o|=[-z2/21|=22/21),
(see the relationship 4.3, and [5], [8]).

-

Zyin =2, =2-COS 3

i +.i2 +sin? gy +2-i-sin’
(2-i+1)-sin’

where: tge, = 192

cos

= o, =arctg (MJ
cos

.

(4.3)

The system (4.3) is a simple, unitar
and general relationship which can give
the solutions of the minimum number of
teeth of the wheel 1 (the driving wheel),
to avoid the interference.

In the following tables (9-23) is
chosen an alphaO value (35 [deg]), and
successively increased beta angle values

(from O [deg] to 40 [deg]) and the
transmission ratio i (from 1, to 80), and
one gets the minimum numbers of teeth.
Then, we will decrease successively the
value of the angle alphaO (from 35 [deg]
to 5 [deq]). See the tables (9-23).

Table 9 =35 [deg], /=0 [deg]
ki B2 Ba2sins B2 o Basha ks 163 ke
2ol A SR 50025 51806, 5, 5204 56386 5 5401 5 6431 5 7108 5. 7863 50430

"4 f10 325016 |20 125 B1.5[40 [s0 [63 |80
i 58280 53203 59568 53805 59597 HO1SE £:0290 £:0383 HO471 S5

Table 10 =35 [deg], /=10 [deg]
L L1 125162 2531504 .5 (638
2o i A TI04) 4.B629) SO194 53420, 5 2545 SA5TE 5 AM08 55226 5.SH8S 96411

Y1 10 325016 |20 |25 Ba.sf40 [so [63 80
Rni, 58832 5708 57459 5771 57856 SA05) 8472 8273 S835) GBS

Table 11 =35 [deg], /=20 [deg]
Li b 3250642 2584504 45 6348
2 42798 4022 45307 4.5378 47358 4 5240 $5035 49567 50218 50633

Ui [0 225016 [20 [25 B1.5/40 |50 |63 |80
Firin (5068 53358 51627 5224 53883 52116 52276 52308 52326 52431

Table 12 =35 [deg], /=30 [deg]
Ll b1 L2562 25845.4 L5 63 .8
Z int 36150 37136 38123 35948 39639 40338 1004 11495 41525 42234

Vi f10 @2.5016 f20 f25 B1.5/40 [50 [63 [80
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Table 13 =35 [deg], /=40 [deq] Table 18 =20 [deg], /=40 [deq]

w20 aeat 40

lgﬂ

Table 15 a=20 [deg], =10 [deg] Table 20 =5 [deg], A=10 [deg]

i LD g 10
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Table 23 =5 [deg], £=40 [deq]

i Bl ER25E6 K2 125 81554 RS 6.3 k8

2, BOCAE 85503 91 436 95575 09468 10293 10596 10633 11036 11209

i 110 12,5016 120 |25 31.5{40 |50 ‘63 (80
Zoin 21340 10443 235,63 116,53 13660 417,15 287,54 127,63 1807 AaN36

4.2 Discussion and conclusions

The presented method has the great
advantage to optimize the number of
teeth for a gear before to make its
synthesis. In this mode the constructor
may elect the minimum number of teeth,
for an imposed transmission ratio, i.

Classical to realize an =2, the
constructor can select between 18 or 33
teeth to the driving wheel 1, which
means a 36 or 66 teeth for the driven
wheel 2. With the aid of the presented
tables, he can make a multiple selection.

The engineer can select for the
driving wheel 1 a number of teeth z;=6,
with an alphap=35 [deg], and a beta=0
[deg]. He may do this not only for a
transmission ratio i=2, but and for the
domain from i=1.25 to i=25 (see the table
9).

If he elect alpha,=35 [deg] and
beta=40 [deg], then he can take a number
of teeth for the driving wheel 1 of z;=4,
and can do this for the entire domain
from i=2 to i=80 (see the table 13). The
constructor may do this when it is
necessary a minimum number of teeth,
but with an efficiency of the gear
decreasing.

Contrary, when we wish a great
efficiency, one must increase the number
of teeth and decrease the angles alphag
and beta. With an alphay=5 [deg] and
beta=0 (table 19), we can take the
number of teeth at the driving wheel 1,
from z,=189 (for i=1.25), to z;=262 (for
1=80).
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For the known classical alphay,=20
[deg] and beta=0 [deg], when the ratio i
vary from 1 to 80, z; takes the values
from 13 to 18 (see the table 14). With the
classical method it was taken only the
minimum value 18 to the minimum
number of teeth [7].

5. CONCLUSIONS

The presented method manages to
synthesize (in theory) the best option
parameters for any desired gear.

Relationships shown have the great
advantage of donating optimal solutions
for any situation you want without the
need for difficult calculations,
experimental building, or specialized
software.

Comparisons made with specialized
software (Inventor) showed a precision
(matching)  perfect. Workload and
procedures could be so much smaller.

The parallel drawn between the
software "Autodesk Inventor" and the
presented calculation relationships will
be highlighted in the following paper (as
handle a large volume), [13].

Applied in the automotive industry,
at the transmission mechanisms, these
changes may decrease overall fuel
consumption  further, and pollutant
emissions [15].

Gears can be designed to operate
without noise (see [1], [4-5], [14-15]).

But, the applications will be
spectacular in the automatic
transmissions used in aerospace, in
robotics and mechatronics.
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