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Gearing is one of the most important rolling nodes in a cycloidal planetary transmission. It consists of
gears whose outlines are created according to cycloidal curves and the rollers cooperating with them. The
epicycloidal and hypocycloidal gearing can be distinguished. There are power losses during the transmission
operation, due to the transmitted load and friction in the gearing. The paper presents an analytical method
for determining losses in cycloidal gearing, taking into account the manufacturing deviations of the elements
making this gearing. The analysis allowed determining the distribution of intertooth clearances and forces at
the points of contact between the profiles and the rollers, and consequently the distribution of power losses in
gearing. The distribution of intertooth forces was verified by elastooptic tests of the gears set with cycloidal
gearing. The results of the calculations indicate that the influence of eccentricity changes on the distribution
of intertooth forces is significant and also that the distribution of power losses in gearing is closely related to
the distribution of intertooth forces and has a very similar character.

zazg¢bienie cykloidalne, straty mocy, luz.

Zazgbienie jest jednym z wazniejszych weztow tocznych w obiegowej przektadni cykloidalnej. Sktada sig
ono z kot, ktorych zarysy utworzone sa wg krzywych cykloidalnych, oraz ze wspodtpracujacych z nimi rolek.
Rozroznia si¢ zazebienie epicykloidalne i hipocykloidalne. Podczas pracy przekladni na skutek przenoszo-
nego obcigzenia oraz tarcia w zazgbieniu wystepuja straty mocy. W pracy przedstawiono metode analityczng
wyznaczania strat w zazgbieniu cykloidalnym z uwzglednieniem odchytek wykonawczych elementow two-
rzacych to zazgbienie. Przeprowadzona analiza pozwolita na wyznaczenie rozktadu luzoéw migdzyzebnych
oraz sit w miejscach styku zarysow z rolkami, a w konsekwencji rozktadu strat mocy w zazegbieniu. Rozktad
sit miedzyzgbnych zweryfikowano poprzez badania elastooptyczne zespotu kot z zazgbieniem cykloidalnym.
Wyniki przeprowadzonych obliczen wskazuja, ze wptyw zmian mimosrodowosci na rozktad sit miedzyzeb-
nych jest istotny. A takze, Ze rozklad strat mocy w zazgbieniu ma $cisty zwigzek z rozktadem sit migdzyzgb-
nych i ma bardzo podobny charakter.

INTRODUCTION

Planetary transmissions with cycloidal gearing are
commonly used as basic units in drive systems. They
are characterized by a high ratio, high efficiency, and
small overall dimensions. During the operation of the
transmission, the gearing transmits torque which results

in the generation of intertooth forces and rolling friction.
Both forces and friction in the gearing are responsible
for the power losses affecting the overall efficiency of
the transmission. The intertooth forces in the clearance-
free transmissions and for the nominal gearing are
determined by analytical methods [L. 1]. In turn,
numerical methods allow one to determine the forces
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for the corrected gearing [L. 2]. Forces and stresses
are also determined by numerical methods using the
finite element method [L. 3—4]. Then it is possible to
consider the deformability of all elements making the
gearing, which is not possible in analytical methods.
However, the gearing elements are made with a certain
tolerance, which results in clearances. As a result of
these clearances, the distribution of forces in the gearing
changes, and thus the power losses are also changed. In
[L. 5-7], the influence of manufacturing tolerances of
the transmission’s elements on the intertooth clearance
was determined. Analytical methods also allow one
to determine the intertooth forces, taking into account
the clearances in gearing [L. 8]. While [L. 9] presents
a generalized dynamic contact model of elements
making the epicycloid gearing. The model includes
the same intertooth clearance in all teeth pairs. The
numerical simulation showed the influence of the
geometry of the gearing and the clearance occurring in it
on the distribution of intertooth forces.

As already mentioned, friction in the gearing
affects the efficiency of the transmission [L. 10]. It can
be determined in an analytical or experimental way.
In [L. 11], two analytical methods for determining the
efficiency of a cycloidal transmission were compared
with each other. The authors of [L. 12—-13] analysed
the influence of geometrical and material parameters
on power losses in the clearance-free transmissions.

In this work, the goal was to determine the
power losses in the cycloidal gearing (epi- and hypo),
taking into account the manufacturing deviations of
its elements and analysis of the impact of eccentricity
changes, e.g., (eccentricity manufacturing deviation
of the active shaft) on these losses. Therefore, the
distribution of the clearances and forces occurring
in the gearing and finally the power losses in the
individual teeth pairs were determined. The analysis
was carried out for many cases, taking into account
different gearing geometries (number of teeth of the
planetary gear and roller diameters), load values,

a)

and manufacturing deviations, which allowed the
presentation of general distributions of clearances,
forces, and power losses.

INTERTOOTH CLEARANCES

Cycloidal  curves are commonly wused in
planetary gear transmissions, usually operating
as reducers. Teeth profiles formed according to
these curves together with the rollers are used
in making cycloidal gearing. Epicycloidal and
hypocycloidal  gearing can be  distinguished
[L. 14], which is shown in Fig. 1. The epicycloidal
gearing consists of a planetary gear eccentrically
mounted on the active shaft, with an epicycloidal tooth
profile and rollers located in the body sockets. In turn,
the hypocycloidal gearing is made of rollers located in
the sockets of the planetary gear, cooperating with the
hypocycloidal outline of central gear, acting as a body.
Each roller with the outline of the gear creates a pair
of teeth. These elements are made separately and with
certain, assumed tolerance. Therefore, there may be an
intertooth clearance A, between them. Fig. 1 also shows
the tolerances for the individual elements that have an
impact on the creation of the intertooth clearance A, for
both types of gearing.
Therefore, the following can be distinguished
[L. 8]:
¢ The tolerance of the planetary gear outline — 7,
(Fig. 1a);
* The tolerance of the central gear outline — T,
(Fig. 1b);
*  The tolerance of the roller —7;
*  The tolerance of the rollers arrangement radius in
the body — T [
e The tolerance of the angular arrangement of rollers
in the body — T¢R§ and,
¢ The tolerance of the eccentricity — 7.

b)

Fig. 1. Gearing tolerances: a) epicycloidal, b) hypocycloidal

Rys. 1. Tolerancje wykonania zazgbienia: a) epicykloidalnego, b) hipocykloidalnego
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Intertooth clearance A, is determined along the
direction of the intertooth forces F, coming down in the
pole of gearing C, as shown in Fig. 2. Thus, the force F,
lines are guided from the centre of the roller O, to the
pole of gearing C.

On the basis of Fig. 2a, the intertooth clearance
A, for epicycloidal gearing can be specified as follows:

Ai = \/('xze _xozri)2 +(yze ~ Yozri )2 _(Vr +6rr) (1)

where
ro— roller radius with manufacturing deviation (5’1.
This deviation is within tolerance T.

A fixed coordinate system X,0,Y is associated with
the planetary gear (Fig. 2a). The actual outline of the
planetary gear, with a manufacturing deviation J_, from
theoretical, can be described in the following way:

X, =p-(z+1)-cosn—2-p-cos(z+1)
_cosn—l-cos(z+1)n

n-(g-9d.
( e) \/l—2~l-coszn+/12

Ve =p-(z+1)-sinn—2A-p-sin(z+1)n )
(g-5..) sinn—A-sin(z+1)n
—870)

\/1—2-/’t-cosz11+)L2

b)

Fig. 2. Determination of intertooth clearances A;: a) epicycloidal gearing, b) hypocycloidal gearing
Rys. 2. Wyznaczenie luzu migdzyzgbnego A': a) zazgbienie epicykloidalne, b) zazebienie hipocykloidalne

The deviation J_ is within tolerance T .

The movable coordinate system X 0,Y is connected
with the rollers (Fig. 2a). In this system, coordinates
Xop Yo Of the centre O i-th roller can be described as
follows:

Xy = (Rg +5Rg)-sin((pRi +5¢Ri)

3)
Yori = (Rg + 5Rg ) *COs ((pRi + 5(/)Ri)
where
2-m-(i—1

Pri =0 = # “)

z+1
5Rg — manufacturing deviation of the rollers

arrangement radius R ;
0 .. ~— manufacturing deviation of the angular o,
@RI i

arrangement of the rollers.

These deviations are within tolerances T e and T -

To determine the position of the centre of the roller

O, in coordinate system X 0,Y, that is the coordinates

of the planetary gear, transformational formulas should
be used:

Xpppi =X

ozri ori

5
yozri:yori_(e+6€) ( )

where

6, — position error (eccentricity ) of the horizontal axis
of the gear with cycloidal outline, relative to the
axis of the cooperating gear.

This deviation is within tolerance 7, and is the
result of manufacturing of eccentricity of active shaft,
mounting on it planetary gear and placing it relative to
the cooperating gear.

Using, in turn Fig. 2b, intertooth clearance
A, for hypocycloid gearing can be determined by the
expression:
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Ai = \/(xzh _xozri)2 +(yzh ~ Vozri )2 _(l’r +5rr)

where
r . —roller radius with manufacturing deviation ¢ .

(6)

This deviation is within tolerance 7.

A fixed coordinate system X,0,Y is associated
with the central gear (Fig. 2b). The actual outline of the
central gear, with a manufacturing deviation J_, from
theoretical, can be described in the following way:

X =p-(z=1)-cosn+Ai-p-cos(z—-1)n+
cosn—A-cos(z—1)n
\/1—2-l~coszn+/12

+(g+6.)

v =p-(z=1)sinn-A-p-sin(z-1)n+ (7
sinn +A-sin(z—1)n
\/1—2~/1~coszn+/12

+(g+6.)

The deviation J_, is within tolerance T ,.

The movable coordinate system X, 0,Y is connected
with the rollers, placed in planetary gear (Fig. 2b). In
this system, coordinates x ., y , of the centre O, i-th
roller can be described as follows:

Xori = (Rg + 6Rg ) -sin ((DRi + 5¢Ri)

@®)
Yori = (Rg +0gg ) : COS(‘PRi + 5<pRi)
To determine the position of the centre of the roller
O, in coordinate system X,0,Y, that is the coordinates
of the central gear, transformational formulas should be
used:
Xozri = X

ori (9)
Yozri = Vori +(€+59)

INTERTOOTH FORCES

During the operation of the reducer, torque M, is
created and it is affecting the planetary gear. This
torque generates intertooth forces /. occurring between
the rollers and the outline of the gear in contact with
them. The distribution of forces is shown in Fig. 3. In
the clearance-free reducer, torque M, is transmitted by
half from all teeth pairs. In the case of transmissions
with intertooth clearance A, the number of teeth pairs
cooperating with each other varies depending on the
size of this clearance.

Fig. 3. Distribution of intertooth forces F: a) epicycloidal gearing, b) hypocycloidal gearing
Rys. 3. Rozklad sit migdzyzgbnych F: a) zazgbienie epicykloidalne, b) zazgbienie hipocykloidalne

In order to determine intertooth forces F, the

following assumptions were made:

— The gearing is nominal (uncorrected);

— The deformations of the planetary gear are not taken
into account;

— Loads are evenly distributed on all planetary gears;

— Clearances A, in the transmission occurs only between
individual rollers and the cycloidal outline;

— The load is transferred only by one active side of
the planetary gear, wherein the directions of forces
acting on individual teeth form a set of straight lines

intersecting at the point of contact C (the pole of
gearing), as shown in Fig. 3;

— Displacement ¢, in the place of force F| action, results
from the small angular displacement of the planetary
gear in a form of a rigid disc and are caused by the
deflection of the rollers; and,

— Omitting the deformation of all elements of the
cycloidal transmission (planetary gear, bearings, shaft,
transmission body), it is assumed, that the intertooth
force F is directly proportional (linearly dependent)
to deformation (deflection) d, of the roller.
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The torque M, is balanced by coplanar intertooth
force system F, acting on arms /. Taking into account
clearance A, resulting from the tolerances of the
individual elements of the transmission, it can be said
that the intertooth force £, acting in the teeth pairs is the
following [L. 8]:

=My o (10)

where

6, — displacement of the centre of the roller O_ due to
its deflection [L. 15-17];

h. — arm of force F, [L. 18-19].

In the case when §, — A, <0, it is assumed that the
roller is not in contact with the outline of the cooperating
gear in a given teeth pair, i.e. F'=0.

POWER LOSSES

Analysing the principle of the cycloidal transmission
operation, it can be noticed that when the planetary gear
rotates at an angular speed w,, while the roller rotating
around its own axis at an angular speed , simultaneously
cooperates with the cycloidal outline and the socket
in which it is located. Therefore, the power losses in
a pair of gears with cycloidal outline and roller N,  is
determined based on the following formula [L. 13]:

NCkfr :NTk—r+NTr—o (11)
where
N, — power losses between the cycloidal gear outline
and the roller;
N, — power loss between the roller and the socket.

The power of rolling friction losses occurring
between the roller and the cycloidal outline can be
determined as follows:

i=zc
Npeoy = ZF;"fk—r'(wk+wri) (12)
i=1
where
/.., — coefficient of rolling friction between the roller and
the gear profile.

Assuming that the rolling point C is the
instantaneous centre of the rotation of the planetary gear,
and, assuming that there is no slip at the points of contact
of the rollers with cycloid gearing (point A,), the angular
speed @, of roller is as follows:

— For epicycloidal gearing:
CA;
r}" + 5?‘7‘

(13)

@y = W

— For hypocycloidal gearing:

rl
2-r,

where

C4; — distance of the roller contact point A, with the
cycloidal outline from the rolling point C.

The relationship of the angular speed w, of the
input shaft to the angular speed w, of the planetary gear
is as follows:

o =y — (15)
wl
where
r, —rolling radius of the planetary gear.

The power of rolling friction losses between the
roller and the socket in the gear N, is determined by
the dependence:

i=zc
NTr—o: ZF;"fr—o'wri (16)
i=1
where
/.., — coefficient of rolling friction between the roller and
the socket in the planetary gear.

CALCULATION RESULTS

Using formulas (6), (10), (11), (12), and (16), it is possible
to determine the influence of eccentricity deviation J,
on the form of the intertooth clearance distribution A,
the intertooth forces F, dependent on it and finally the
power losses N, in gearing. The analysis was carried
out for many cases taking into account different gearing
geometries (number of teeth in the planetary gear and roller
diameters), load values, and manufacturing deviations. In
all cases, the distribution of clearances A, forces F, and
power losses NV, in gearing were very close to each other
in qualitative terms. In each gearing, only eccentricity
deviation J, was considered along with the manufacturing
deviation of the cycloidal outline. It is necessary to take
into account the outline deviation in order to obtain
intertooth clearance A, > 0 in all teeth pairs and because
it is the most technologically difficult element of gearing
to be made. Thus, this is deviation J_, for the epicycloidal
outline and deviation 6, for the hypocycloidal outline.
Outline deviations with positive and negative values were
considered. Fixed deviation values were assumed on the
entire circuit of the gear profiles. As rollers in the shape
of cylinders, being the second element of gearing, rolling
elements of rolling bearings are commonly used. Usually
they are made with smaller deviations, and they have
asimilar effect on the intertooth clearance A, as the outline.
Fig. 4 shows the influence of eccentricity deviation J, and
deviation of the outline J_, on the clearance distribution
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A, for epicycloidal gearing. Fig. 5 shows the influence
of eccentricity deviation J, and deviation of the outline
6, for hypocycloidal gearing. The distributions were
constructed in such a way that, for each teeth pair, an
intertooth clearance was determined A, and plotted on
the chart. The same was done with the distribution of
intertooth forces /. and power losses N, . Figures 4
and 5 show that, for different eccentricity deviations J,
the distribution of intertooth clearance A, is different,
regardless of the type of gearing.

For epicycloidal gearing, the following eccentricity
deviations J, were considered:

— Positive deviation J, i.e. J, > 0, which means that
the obtained value of eccentricity e is greater than its
nominal value, the horizontal axis of the gear with the
epicycloidal outline is shifted upwards in relation to
the cooperating gear;

— Negative deviation J,, i.e. J, < 0, which means that
the obtained value of eccentricity e is smaller than its
nominal value, the horizontal axis of the gear with the
epicycloidal outline is shifted downwards in relation
to the cooperating gear; and,

— eviation d,= 0, which means that the obtained value of
eccentricity e is equal to its nominal value, the position
of the horizontal axes of the gears remains unchanged
and are offset from each other with an eccentricity e.

Considering the epicycloidal gearing with a positive
deviation d_, of its outline (Fig. 4a) and with its negative
deviation 6, (Fig. 4b), it is noted that, for positive
eccentricity deviation J,, intertooth clearance A_ increases
from the minimum value for the first pair of teeth to
the maximum value for the last pair. However, if the
eccentricity deviation J, is negative, intertooth clearance

A, decreases from the maximum value for the first pair

The distribution of intertooth clearances A, for epicycloidal gearing with: a) a positive deviation 6 _, b) a negative

b) ujemng jego

ze’

of teeth to the minimum value for the last pair of teeth.
In turn, in the absence of eccentricity deviation, i.e. J,
= 0, the differences in the clearance distribution A, for
individual gearing can be seen. In the case of a positive
gearing deviation ¢_, (Fig. 4a), clearance A for the first
pair of teeth reaches the maximum value, then decreases,
reaching the minimum value for one of the pairs, in order
to grow for the next pairs, reaching again the maximum
value for the last pair. In the case of a negative gearing
deviation ¢_, (Fig. 4b), intertooth clearance A, for the
first pair of teeth reaches the minimum value, and then it
grows reaching the maximum value for one of the pairs,
and in turn for the next pairs decrease, reaching again the
minimum value for the last pair.

In turn, for the hypocycloidal gearing, the following
eccentricity deviations were considered ¢ :

— Positive deviation J,, i.e. , > 0, which means that
the obtained value of eccentricity e is greater than its
nominal value, the horizontal axis of the gear with the
rollers is shifted downwards in relation to the cooper-
ating gear;

— Negative deviation J,, i.e. 6, < 0, which means that
the obtained value of eccentricity e is smaller than its
nominal value, the horizontal axis of the gear with the
rollers is shifted upwards in relation to the cooperating
gear; and,

— Deviation 6, = 0, which means that the obtained val-
ue of eccentricity e is equal to its nominal value, the
position of the horizontal axes of the gears remains
unchanged and are offset from each other with an ec-
centricity e.

In the case of hypocycloidal gearin*g (Fig. 5),
similarities in the change in clearance A, to its changes
for epicycloidal gearing can be seen with the difference
that they occur for opposite deviations of the outline.
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Therefore, for a hypocycloidal outline with a positive
deviation 6, (Fig. 5a), changes in this clearance are similar
to changes in the epicycloidal outline with a negative
deviation ¢_, (Fig. 4a). Moreover, changes in clearance
A, for a hypocycloidal outline with a negative deviation
6, (Fig. 5b) are similar to changes in the epicycloidal
outline with a positive deviation J_, (Fig. 4b). In both
cases, in relation to the outline deviations, the influence of
the positive eccentricity deviation J, of the hypocycloidal
outline on the clearance distribution A, is identical to the
positive deviation for the epicycloidal outline. A similar
effect on clearance A, has a negative eccentricity deviation
6, for the hypocycloid outline and a negative deviation for
the epicycloidal outline.

a)

Rozktad luzow migdzyzebnych A, dla hipocykloidalnego zazebienia z: a) dodatnig jego odchytka 6

The distribution of intertooth clearances A, for hipocycloidal gearing with: a) a positive deviation § , b) a negative

b) ujemna jego

zh’

The distribution of intertooth clearance A, and thus
manufacturing deviations, has a significant impact on the
change in the number of teeth pairs cooperating with each
other and the value of intertooth forces /. Fig. 6 and
Fig. 8 show the influence of the considered eccentricity
deviation J, and the outlines deviations J_, and J,, on
distribution of intertooth forces F, in cycloidal gearing.
Additionally, the distribution of intertooth forces F, was
placed on them for transmission in which all the elements
making the gearing do not have deviations (without
clearance). Fig. 6 shows the distribution of forces £, for
epicycloidal gearing.

b)

Intertooth force F;

Teeth pair

i

[\
[
[\

/N
£

Teeth pair

Intertooth force F;

—— 0e>0 —e— de=0 -4 de<0

Fig. 6. Distribution of F, forces in epicycloidal gearing: a) positive gearing deviation 3 , b) negative gearing deviation 6
Rys. 6. Rozklad sit F, w zazgbieniu epicykloidalnym: a) dodatnia odchytka uzgbienia § , b) ujemna odchytka uzgbienia §
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It can see that, regardless of whether the outline is
with a positive deviation J_, (Fig. 6a), or with a negative
one J_, (Fig. 6b), there is a clear impact of positive and
negative eccentricity deviation J, causing a reduction in
the number of teeth pairs cooperating with each other. If
the eccentricity deviation ¢, is positive, then the initial
teeth pairs work together, and when it is negative, the
cooperation takes place for the final teeth pair. The
reduction in the number of teeth pairs in gearing causes
that the force values £, in these pairs are definitely higher
than in the teeth pairs for clearance-free transmission.
This is particularly visible in the transmission in which
the epicycloidal outline was made with a negative
deviation §_, i.e. d_, < 0 (Fig. 6b).

Results obtained analytically (Fig. 6) were verified
by the elastooptic method by studying the state of stress
in a set of gears subjected to a given load [L. 20]. The
aim of the research was to determine the teeth pairs that
are in cooperation with each other. These tests involve
the determination of isochromes in places where stress
occurs, i.e. in the places where the outline of the gear
is in contact with the rollers. For this purpose, the test
gears were cast from an epoxy resin. Fig. 7 shows the
isochrome view for epicycloidal gearing with negative
gearing deviation J_, that is, the outline of the gear is

smaller than the outline of the nominal gear and arose as
aresult of the shrinkage of the cast gear. The cooperating
gear was created by casting the roller with the ring as one
element. In this case, there was also a shrinkage causing
the rollers to have a smaller diameter value. During the
tests, a positive (Fig. 7a) and negative (Fig.7b) deviation
6, was taken into consideration. The change in the axis
distance of both cooperating gears (eccentricity e) was
obtained by moving the gear with the rollers in the
vertical plane. Moving the gear down, an eccentricity
e was obtained with a positive deviation J, (6, > 0). By
doing the opposite, the eccentricity e was obtained with
its negative deviation ¢, (J, < 0). In the case of Fig. 7a,
in which gears with positive eccentricity deviation J, (J,
> () were tested, it can be seen that the initial teeth pairs
touch each other, which corresponds to the distribution
of clearances A, from Fig. 4b and forces F, from Fig. 6b,
for 6, < 0 and J, > 0. While, in the case of Fig. 7b, in
which the gears with the negative eccentricity deviation
d, (6, < 0) were tested, it can be noticed that the middle
and final pairs of teeth work together, which corresponds
to the distribution of clearances A, from Fig. 4b and
forces F, from Fig. 6b, for 6_, <0 and d, < 0. Therefore,
it can be stated that the results from the tests coincide
with the results obtained through the analytical method.

b)

Fig. 7. Isochrome view of a set of gears with an epicycloidal gearing for: a) positive deviation of the eccentric (5, > 0),

b) negative deviation of the eccentric (5, < 0)

Rys. 7. Widok izochrom w zespole kot z zazgbieniem epicykloidalnym dla: a) dodatniej odchytki mimosrodu (5, > 0), b) ujemne;j

odchyltki mimosrodu (5, < 0)

Figure 8 shows the distribution of forces £ for
hypocycloidal gearing, where Fig. 8a concerns the
gearing with its positive deviation J_, and Fig. 8b refers
to the gearing with its negative deviation J_,. Similarly
to the epicycloidal gearing, the effect of eccentricity
deviation §, on the number of teeth pairs working together
is clear. If the eccentricity deviation d, is positive (5, >
0), then the initial pairs of teeth work with each other,

and when it is negative (5, < 0), then cooperation occurs
for the final pair of teeth. The reduction in the number
of teeth pairs in gearing causes that the forces values
F, in these pairs are definitely higher than in the teeth
pairs for clearance-free transmission. This is particularly
visible in the transmission in which the hypocycloidal
outline was made with a positive deviation 6_, i.e. J,,
> 0 (Fig. 8a).
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Figure 9 shows the isochrome view of the gear set
with hypocycloidal gearing in which the hypocycloidal
outline had a positive manufacturing deviation _. The
casting shrinkage also occurred in both gears. In the
case of positive eccentricity deviation 6, (5, > 0), the
initial teeth pairs cooperate with each other (Fig. 9a).
Moving a gear with a hypocycloidal profile downward,
an eccentricity e was obtained with a positive deviation

Fig. 9.
b) negative deviation of the eccentric (5, < 0)

Rys. 9. Widok izochrom w zespole kot z zazebieniem hipocykloidalnym dla:

b) ujemnej odchytki mimosrodu (5, < 0)

Figure 10 shows the influence of eccentricity
deviation J, on the distribution of power losses N, _in
teeth pairs for epicycloidal gearing, and for hypocyclmdal
gearing in Fig. 11. In addition, a distribution of power
losses for the transmissions with clearance-free gearing
was placed on them.

Analysing these graphs, it can be clearly seen that
the power losses N,  in the gearing are dependent on
the distribution of intertooth forces /7, which is shown

b) ujemna odchytka uzgbienia 5,

zh?

6, (6,> 0). For the negative eccentricity deviation d, (5,
< 0), it can be seen that the contact between the outline
and the rollers occurs for the final teeth pairs (Fig. 9b).
In this case, the gear with the hypocycloidal outline
was moved upward to obtain the eccentricity e with its
negative deviation d, (J, < 0). The results of the tests
coincide with the results obtained through the analytical
method (Fig. 8a).

b)

Isochrome view of a set of gears with a hypocycloidal gearing for: a) positive deviation of the eccentric (5, > 0),

a) dodatniej odchytki mimosrodu (5, > 0),

respectively for the epicycloidal gearing in Fig. 6 and
for the hypocycloidal gearing in Fig. 8. Power losses
N, occur in places where intertooth forces [, occur,
since, at these points, the outline comes into contact with
the rollers. In the case of positive eccentricity deviation
d, (8, > 0), these will be the initial teeth pairs for both
epicycloidal and hypocycloidal gearing. Considering the
negative eccentricity deviation J, (3, < 0), it is concluded
that power losses N, occurs in final pairs for both types
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Fig. 10. Distribution of power losses N, _for epicycloidal gearing with: a) a positive deviation §_, b) a negative deviation 6

Rys. 10. Rozklad strat mocy N,  dla epicykloidalnego zazgbienia z: a) dodatnig jego odchytka &

a)

b) ujemng jego odchytkg 6

ze’

b)

Power losses N,
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Fig. 11. Distribution of power losses N, _for hypocycloidal gearing with: a) a positive deviation 6 , b) a negative deviation §

Rys. 11. Rozklad strat mocy N,  dla hipocykloidalnego zazgbienia z: a) dodatnig jego odchytka &

of gearing. In turn, for eccentricity e with nominal value
(3, = 0), power losses N, will usually appear in the
middle teeth pairs.

In most of the considered cases, the sum of losses
N,,.in cycloidal gearing is often greater than the sum of
losses N, for clearance-free transmissions. This sum
may be smaller, usually when a small number of initial

teeth pairs transfer the load.

SUMMARY

The article presents the influence of the eccentricity
manufacturing deviation 6, on the distribution of
clearances A , intertooth forces ', and power losses N, in
cycloidal gearing. This effect was considered for cases in
which the cycloidal gear outline (epi- and hypo-) is made
with a positive and negative manufacturing deviation J_,
and d_,. The distribution of intertooth clearance A, is not

b) ujemng jego odchytkg &

zh?

the same and does not take constant values in individual
teeth pairs. The analysis made it possible to determine
the number of teeth pairs subjected to simultaneous
loading or to indicate teeth pairs that do not engage in
gearing at all, as shown by the distribution of intertooth
forces F. The results of the calculations indicate that the
impact of the eccentricity manufacturing deviation J, on
the distribution of intertooth forces £/, is significant. The
results obtained by an analytical method were verified by
the elasto-optical method by studying the state of stress
in gears set subjected to a given load. They are similar
to each other. The distribution of power losses N,  in
gearing is closely related to the distribution of intertooth
forces £, depending on the eccentricity deviation J, and
has a very similar character. In most of the considered
cases, the sum of losses N, in cycloidal gearing is often
greater than the sum of losses N,  for clearance-free
transmissions. This sum may be smaller, usually when
a small number of initial teeth pairs transfer the load.
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