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A New Design of a Two-Stage
Cycloidal Speed Reducer
A new design of a two-stage cycloidal speed reducer is presented in this paper. A tradi-
tional two-stage cycloidal speed reducer is obtained by the simple combination of single-
stage cycloidal speed reducers. A single-stage reducer engages two identical cycloid
discs in order to balance dynamical loads and to obtain uniform load distribution. Conse-
quently, the traditional two-stage reducer has four cycloid discs, in total. The newly
designed two-stage cycloidal speed reducer, presented in this paper, has one cycloid disc
for each stage, that is, two cycloid discs in total, which means that it is rather compact.
Due to its specific concept, this reducer is characterized by good load distribution and
dynamic balance, and this is described in the paper. Stress state analysis of cycloidal
speed reducer elements was also realized, using the finite elements method (FEM), for
the most critical cases of conjugate gear action (one, two, or three pairs of teeth in con-
tact). The results showed that cycloid discs are rather uniformly loaded, justifying the
design solution presented here. Experimental analysis of the stress state for cycloid discs
was realized, using the strain gauges method. It is easy to conclude, based on the
obtained results, that even for the most critical case (one pair of teeth in contact) stresses
on cycloid discs are in the allowed limits, thus providing normal functioning of the
reducer for its anticipated lifetime. [DOI: 10.1115/1.4004540]

1 Introduction

In accordance with modern development trends in the area of
complex machine constructions, high power transmission gears with
high transmission ratios and low losses are becoming a necessity.
Considering the limitations imposed on standard transmission gears
in regards to their power and dimensions, planetary gears have
started to be applied as a substitution for complex transmission gears.

The cycloidal speed reducer belongs to a group of new genera-
tion planetary gears. They are broadly used in the modern industry.
The most common applications are in the areas of robot industry,
satellite technology, tool machines, elevators, the process industry,
transporters, etc. Cycloidal speed reducers have found a broad use
due to a number of excellent characteristics they possess such as
long and reliable work life, large range of possible transmission
ratios, extremely reliable functioning in dynamical load conditions,
compact design, and high efficiency coefficient.

Basic information about cycloidal speed reducers and the
means of profile generation for cycloid disc teeth, as well as for
elements loading is given in Refs. [1–3]. Litvin [4] studied the
surface geometry of some particular conjugate gear pairs. Blanche
and Yang [5,6] analyzed the effects of machining tolerances on
backlash and torque ripples. Pin gearing can be an antibacklash
gear for some special applications [7]. Modification of rotor pro-
file geometry for a cycloidal pump is analyzed in Ref. [8]. Litvin
and Feng [9] analyzed the generation and geometry of planar
cycloidal gearings and improved the design which eliminated pro-
file and surface singularities. A profile modification of cycloid
disc teeth is realized in order to achieve better working character-
istics of cycloidal gearings in Ref. [10]. These modifications sig-
nificantly influence the distribution of forces, stress, and
deformations on reducer elements. Chmurawa and John [11] have
performed stress–strain analysis of cycloid discs with a modified
profile using finite elements method (FEM). Yan and Lai [12]
developed a cycloidal speed reducer with cylindrical tooth-pro-
files and derived the equation of meshing. One tooth difference

cycloid drives are most commonly used today. Chen et al. [13]
investigated the cycloid drives when the tooth difference numbers
between ring gear and cycloid disc are 1, 2, 3, and �1. Hwang
and Hsieh [14] derived a mathematical model with tooth differ-
ence for two types of cycloidal profile: pin wheel epitrochoid
meshing and pin wheel hypotrochoid meshing. Based on contact
force and curvature analysis, they concluded that the pin wheel
hypotrochoid meshing design has better characteristics. They also
derived dimensionless equations of nonundercutting for a cycloi-
dal speed reducer and gerotor [15]. Meng et al. [16] derived a
mathematical model of a cycloidal speed reducer including fric-
tion. Sensinger [17] developed a method for a cycloid drive profile
for stress and efficiency optimization. The dynamic behavior of a
cycloidal speed reducer is presented in Refs. [18–20].

There is a constant tendency to adopt new design solutions in
order to improve the working characteristics of a cycloidal
reducer (efficiency coefficient, transmission ratio, dimensions,
etc). A double crank ring-plate-type cycloid drive which is able to
transfer larger torque than a typical existing planetary cycloid
drive is presented in Ref. [21]. Gorla et al. [22] developed a new
type of cycloidal speed reducer with an external ring gear and
cylindrical rollers mounted on the cycloid disc. They derived a
procedure for calculating the contact forces on cycloid drive ele-
ments, power losses, and theoretical mechanical efficiency. An
innovative design of epicyclic (planetary) cam trains based on
pure-rolling contact is presented in Ref. [23].

The two-stage cycloidal speed reducer of a new design is pre-
sented in this paper. The procedure for calculation of loads acting on
its elements is described. Stress state analysis of vital elements of the
reducer is also realized, using numerical and experimental methods.

2 Traditional and New Concept of a Two-Stage

Cycloidal Speed Reducer

An exploded view of a one-stage cycloidal speed reducer of tra-
ditional design is shown in Fig. 1, where two cycloid discs, rela-
tively turned to each other for an angle of 180�, are used for each
stage. The working principle is as follows: eccentric (2) is rotating
with the same number of revolutions and in the same direction as
the input shaft (1). Cycloid discs (4) are situated on the eccentric

Contributed by the Power Transmission and Gearing Committee of ASME for
publication in the JOURNAL OF MECHANICAL DESIGN. Manuscript received September
25, 2010; final manuscript received June 22, 2011; published online August 8, 2011.
Assoc. Editor: Prof. Philippe Velex.

Journal of Mechanical Design AUGUST 2011, Vol. 133 / 085001-1Copyright VC 2011 by ASME

Downloaded From: http://mechanicaldesign.asmedigitalcollection.asme.org/ on 11/11/2013 Terms of Use: http://asme.org/terms



through bearings (3). Cycloid discs are conjugated with ring gear
rollers (6) located within the body of the ring gear (5). The result
of this conjugation is the complex motion of the cycloid discs con-
sisting of a rotation that originates from the eccentric, in the direc-
tion of the input shaft rotation and rotation of cycloid discs around
their own axes in the opposite direction. Output rollers (7), whose
carrier (8) is tightly connected to the output shaft (9), go through
the circular openings of the cycloid discs and transfer their motion
to the output shaft.

A multistage cycloidal speed reducer is obtained by the combi-
nation of single-stage cycloidal reducers. Input and output shafts
are rotating in opposite directions at single-stage and three-stage
cycloidal reducers, while at two-stage reducers these two shafts
have the same revolving direction. A two-stage cycloidal speed
reducer of traditional design is presented in Fig. 2.

It is obvious from Fig. 2 that the two-stage cycloidal speed
reducer of traditional design is made by the simple combination
of two single-stage cycloidal speed reducers. The output shaft of
the first stage is at the same time input shaft of the second stage.
Taking into account that for each stage two identical cycloid discs
are used, rotated in respect to each other by the angle of 180�, in
order to obtain uniform load distribution, it means that the tradi-
tional two-stage cycloidal reducer has four cycloid discs in total.

A two-stage cycloidal speed reducer of a completely new concept
is presented in this paper. The concept is developed with an objective
to lower the reducer’s dimensions and to retain all its good character-

istics. The need for this type of reducer is mostly pronounced in the
robot industry. Schematic representation of the new design of the
two-stage cycloidal speed reducer is shown in Fig. 3.

The working principle of this cycloidal speed reducer is differ-
ent from the traditional one. Only one cycloid disc is used for
each stage. The complex motion of the first stage cycloid disc (2)
is realized during the turning of the input shaft of the reducer (1).
The cycloid disc (2) is in contact with the housing rollers of the
stationary ring gear of the first stage (3) and can freely rotate
around its own axis.

The rollers of the central disc (4) pass through the openings in
the cycloid disc (2). The central disc rotates in an opposite direc-
tion to that of the input shaft and can freely rotate around the shaft
axis. Its rollers do not only pass through the openings in the first
stage cycloid disc, but also through the openings in the second
stage cycloid disc (5). Due to this type of relation between these
two cycloid discs, they both revolve in the same direction. The
input shaft of the second stage is rotating with the same angular
velocity as the input shaft of the first stage. This concept is differ-
ent from the traditional one where the cycloid disc and ring gear
are both rotating. However, their conjugation is enabled by the
rollers of the central disc (4) which represent solid support. The
ring gear of the second stage (6) actually receives the resulting
motion and the torque. The ring gear (6) is tightly connected to
the output shaft of the reducer and rotates in the same direction as
the input shaft.

The main idea of the new concept is that the cycloid disc (5)
with the central disc (4) and ring gear (6) has switched their roles.
A disassembled computer model of the reducer is shown in Fig. 4.
A photo of the designed and manufactured two-stage cycloidal
speed reducer of the new design is presented in Fig. 5.

Unlike the traditional, two-stage cycloidal speed reducer with
four cycloid discs in total, the newly developed concept has only
two cycloid discs, thus providing a significantly more compact
design. If the two-stage cycloidal speed reducer of the new design
is compared to the one-stage cycloidal speed reducer with the
same transmission ratio, input power, and input speed, the follow-
ing can be concluded:

• The newly designed two-stage cycloidal speed reducer has
significantly fewer rollers than the one-stage cycloidal speed
reducer. This could have substantial advantages in lowering
the required stress (due to increase of the rollers’ diameter)
and allowing for an increased cam offset.

• The housing dimensions of these two cycloidal speed reduc-
ers are almost identical (Figs. 1 and 4).

Fig. 1 A single-stage cycloidal speed reducer

Fig. 2 The traditional design of a two-stage cycloidal speed re-
ducer (1—input shaft with the eccentric (the first stage), 2—the
first stage cycloid discs, 3—stationary ring gear of the first
stage, 4—output disc of the first stage with output rollers and
output shaft, 5—input shaft with the eccentric (the second
stage), 6—the second stage cycloid discs, 7—stationary ring
gear of the second stage, 8—output disc of the second stage
with output rollers and output shaft)

Fig. 3 The kinematic scheme of the newly designed two-stage
cycloidal speed reducer
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• There are fewer moving parts on the newly designed two-
stage cycloidal speed reducer, so the drive will likely be less
noisy.

• The cycloid disc of the second stage vibrates eccentrically,
too. In this way, it is canceling out the eccentric vibrations of
the first cycloid disc (as with the traditional cycloidal speed
reducer).

3 Loads at the Cycloidal Speed Reducer and

Transmission Ratio

Taking into account that this is a completely new concept of the
two-stage cycloidal speed reducer, torque distribution on the re-
ducer elements cannot be completely applied as known according
to the literature, such as in Refs. [1–3,10,20,21]. The basic charac-
teristics of the new concept are as follows:

1. The first and the second stage have a common input shaft.
2. For each stage, only one cycloid disc is used.
3. The cycloid discs of the first and second stage are connected

to each other by the central disc rollers.
4. The cycloid disc and ring gear are both rotatable at the sec-

ond stage. However, their conjugation is enabled by the roll-
ers of the central disc (4) which represent solid support.

All the losses in the reducer are neglected, because the main
objective of this paper is the definition and analysis of the theoret-
ical model of the two-stage cycloidal speed reducer of the new
concept.

3.1 Torque. Drive torque–electromotor torque (TEM) is di-
vided into two parts as:

• Drive torque of the first stage, TI1,
• Drive torque of the second stage, TII1

TEM ¼ TI1 þ TII1 (1)

Interrelation of the drive torques of the first and second stage
depends on the first transmission ratio u1 and is defined by the
expression

TII1 ¼ TI1 � u1 (2)

Reducer’s output torque is equal to the torque on the ring gear of
the second stage, TII2, as

TII2 ¼ TEM � u1 � u2 (3)

u2—the second transmission ratio.
Taking into account the connection of the cycloid discs of the

first and the second stage, the following equation is valid:

TI3 � TII3 ¼ 0 (4)

where TI3 is torque on the first stage cycloid disc and TII3 is torque
on the second stage cycloid disc.

Torque balance equation for the first stage cycloid disc is given
by the following expression [10,11]:

TI1 � TI2 þ TI3 ¼ 0 (5)

TI2—torque on the stationary ring gear of the first stage.
For the second stage, the following balance equation is valid:

TII1 þ TII2 � TII3 ¼ 0 (6)

TII2—torque on the rotatable ring gear of the second stage.
By arranging Eqs. (1)–(6), the following system of equations is

obtained:

TI1 ¼
TEM

u1 þ 1
(7)

TI2 ¼ TEM 1þ u1 � u2ð Þ (8)

TI3 ¼ TEM � u1 �
1

1þ u1

þ u2

� �
(9)

TII1 ¼
TEM � u1

1þ u1

(10)

TII2 ¼ TEM � u1 � u2 (11)

TII3 ¼ TEM � u1 �
1

1þ u1

þ u2

� �
(12)

Considering the completely new torque distribution, cycloid discs
of the first and second stage are almost uniformly loaded, and this
contributes to good dynamical balance of the reducer as in the case
of the traditional concept. In this way, the effect achieved with two
cycloid discs is almost the same as the effect achieved with classic
two-stage cycloidal reducers which use four cycloid discs. This, in
return, significantly contributes to a decrease of reducer dimen-
sions, which can easily be seen by comparing Figs. 2 and 3.

Fig. 5 A photo of the manufactured physical model of the cy-
cloidal speed reducer

Fig. 4 A disassembled two-stage cycloidal speed reducer of
the new design
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In the case of the traditional concept, balancing of the centrifu-
gal forces is obtained by using two identical cycloid discs, rela-
tively turned to each other for an angle of 180�, for each stage.
This is not performed in the case of the new concept. However,
balancing of centrifugal forces is provided by cycloid discs of the
first and second stage also being turned for 180�. Furthermore,
their torques are equal (losses are not taken into account), and
their geometrical characteristics are also similar.

3.2 Contact Forces. In a theoretical case, all teeth of the
cycloid disc are in contact with the corresponding rollers of the ring
gear and half of them transfer load. A calculation procedure for this
case is presented in detail in Refs. [1–3, 21]. However, this is not
the case in real practice, because certain clearances exist between
the rollers of the ring gear and the teeth of the cycloid disc in order
to compensate errors made during the manufacturing process of the
cycloid disc, to provide better conditions for lubrication, to accom-
plish easier assembling and disassembling of the reducer, and so on.
The size of these clearances directly influences the distribution of
the contact forces that appear in contact between the cycloid disc
teeth and ring gear rollers. It means that with the increase of clear-
ances’ size, the number of corresponding elements that transfer load
is decreasing. In this paper, machining tolerances have been taken
into account only for the contact forces. The cycloid disc in contact
with the ring gear rollers and output rollers is presented in Fig. 6.

Values of the contact forces depend on the size of clearances,
that is, on the number of cycloid disc teeth (rollers of the ring
gear) that transfer load.

Torque on the ring gear can be calculated as

T2 ¼
Xn

i¼1

FNi � ri (13)

where FNi is contact forces that appear between the cycloid disc
teeth and ring gear rollers and ri is normal distances between the
centre of the cycloidal reducer R and the corresponding contact
forces.

The following relation is valid between contact forces FNi

(FNk) and corresponding distances ri (rk)

FNi

FNk

¼ ri

rk
(14)

Equation (14) represents one approximative approach to contact
forces’ calculation derived from the work of Malhotra [3]. This
approach is satisfactory enough for the relevance of results.

When there are clearances in the cycloidal speed reducer, ap-
proximate values of the contact forces can be calculated, based on
Eqs. (13) and (14). For instance, when three pairs of teeth are in
contact, contact forces are equal to

FN1 ¼
T2 � r1

r2
1 þ r2

2 þ r2
3

FN2 ¼ FN1 �
r2

r1

FN3 ¼ FN1 �
r3

r1

Distances ri are calculated based on the expressions described in
detail by Malhotra [3]

ri ¼ ra � sinðai � z � hÞ (15)

where ra is base circle radius of the cycloid disc, ai is angle which
force FNi makes with the vertical direction, z is cycloid disc num-
ber of teeth, and h is cycloid disc angle of rotation.

3.3 Transmission Ratio. The first stage transmission ratio is
calculated based on the following expression [1–3]:

u1 ¼ �
zI1

zI2 � zI1

(16)

where zI1 is the number of teeth of the first stage cycloid disc and
zI2 is the number of rollers of the stationary ring gear of the first
stage.

The second stage transmission ratio is calculated based on the
following expression:

u2 ¼ �
zI2

zII2 � zII1

(17)

where zII1 is the number of teeth of the second stage cycloid disc
and zII2 is the number of rollers of the rotatable ring gear of the
second stage.

In the case of “one tooth difference” cycloidal drive
(ZI2 � ZI1 ¼ 1, ZII2 � ZII1 ¼ 1), as is the case here, the final
expression for the speed reducer ratio uCR is

Fig. 6 The first stage cycloid disc

Table 1 Approximate values of contact forces FNi

Number of pairs
of teeth in contact

FN1, N FN2, N FN3, N

1 (1st stage) 5091 – –
2 (1st stage) 2432 2543 –
3 (1st stage) 2166 2265 1098
1 (2nd stage) 5278 – –
2 (2nd stage) 2378 2625 –
3 (2nd stage) 2006 2215 1287

Fig. 7 Von-Mises stress distribution on the first stage cycloid
disc—three pairs of teeth in contact
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uCR ¼ ZI1 � ZII2 (18)

The overall transmission ratio has a positive sign, which means
that the output shaft rotates in the same direction as the input
shaft.

4 Results and Discussion

Stress state analysis of vital elements of the new concept two-
stage cycloidal speed reducer was realized using numerical and
experimental methods. The basic characteristics of the designed
reducer are as follows: PEM¼ 0.25 kW, nEM¼ 1390 min–1,
zI1¼ 11, and zII2¼ 11.

The physical model of this reducer is manufactured in the Lab-
oratory for Machine Elements at the Faculty of Mechanical Engi-
neering, Kragujevac. The disassembled reducer is shown in Fig. 5.
The physical model confirmed the working principle as well as
the value of the transmission ratio.

The influence of machining tolerances on load distribution was
taken into account with consideration of the fact that it is a real
cycloidal reducer. Based on Eqs. (7)–(12), the calculation of tor-
ques on some elements of the reducer was performed. Then, based
on Eqs. (13) and (14), approximate values of contact forces FNi

were calculated, in cases where there was one pair or two or three
pairs of teeth in contact, for the first and second stage (Table 1).

4.1 Stress State Analysis of Cycloidal Speed Reducer
Elements Using FEM. Numerical analysis of the stress state of
cycloidal speed reducer elements was realized using software
FEMAP and CATIA. First, the cycloid discs of the first and second
stage were analyzed. Values of the contact forces were taken from
Table 1. The whole series of different 2D models were made,
depending on external load (one, two, or three pairs of teeth in
contact). Cycloid discs were considered to be elastic, deformable
bodies. The whole problem was considered as planar due to the
nature of the loads. Analysis was performed in software FEMAP.
External loads were contact forces given in appropriate nodes.
Stationary supports were placed at the contact of the needle bear-
ing balls with the central opening of the cycloid disc, as well as at
the contact of the central disc rollers and appropriate openings in
the cycloid disc (these are two upper openings in Fig. 7). Stress–
strain state analysis of the cycloid disc was realized for the posi-
tion of the cycloid disc as given in Fig. 6. Appropriate geometrical
values, as well as the values of the contact forces, changed during
rotation of the cycloid disc. Based on the results of numerical
analysis for different positions of the cycloid disc, presented in
Ref. [18], this position can be considered as one of the most criti-
cal positions.

The model of the first stage cycloid disc consists of 9227 two-
dimensional isoparametric finite elements and 9753 nodes, while
the model of the second stage cycloid disc consists of 9200 two-
dimensional isoparametric finite elements and 9731 nodes. The
values of maximum Von-Mises stress on the cycloid discs of the
first and second stage for one, two, and three pairs of teeth in con-
tact are presented in Fig. 8.

Afterwards, numerical analysis of the stress state was per-
formed for other elements of the reducer: central disc, stationary
ring gear of the first stage, rotatable ring gear of the second stage,

Fig. 8 Values of maximum Von-Mises stress on cycloid discs

Fig. 9 Central disc (loads and constraints)

Fig. 10 Stationary ring gear pin (contact stress)

Table 2 The values of Von-Mises stress on the elements of the
two-stage cycloidal speed reducer

Von-Mises stress(MPa)

Element

One pair of
teeth (rollers)

in contact

Two pairs of
teeth (rollers)

in contact

Three pairs of
teeth (rollers)

in contact

Cycloid disc—1st stage 144.5 89 60.9
Cycloid disc—2nd stage 151.4 92.4 65.3
Central disc 211 113 74.4
Stationary ring gear
of the first stage

122 81.2 58.8

Rotatable ring gear of
the second stage

147 75.5 54.7

Eccentric 129
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and the eccentric. Analysis was performed in software CATIA.
Three-dimensional curvilinear tetrahedral finite elements were
used. The influence of the machining tolerances was also taken
into account for these elements, and a number of numerical mod-
els were made. The results of this analysis are shown in Figs 9
and 10. All analyzed elements are made of 20MoCr4 steel.

Comparative values of maximum Von-Mises stress on all ele-
ments of the two-stage cycloidal speed reducer that were the sub-
ject of numerical analysis are presented in Table 2.

4.2 Experimental Analysis. Experimental analysis of the
stress state of the first stage cycloid disc, in static working condi-
tions, was realized in order to verify the numerically obtained
results. Testing was carried out at SHENK–PVQ 0082 device.
The precision class of the measuring device (UPM 60) is 0.02%.
The cycloid disc was made for testing purposes, with relevant

positions and a carrier which connects all elements into one unit,
in order to better simulate conjugate conditions. The case of sin-
gle-meshing was analyzed. The presser was acting in the contact
zone between the cycloid disc tooth and ring gear roller (Fig. 11).
Characteristics of the tested cycloid disc are given in Table 3.

Maximum stresses on the cycloid disc were obtained at its con-
tact with the ring gear rollers, central disc rollers, and rollers of
the needle bearings. Due to the extremely favorable shape of the
cycloid disc tooth, bending stresses at the base of the tooth could
be neglected. Contact stresses were within allowable limits, due to
the mainly concave–convex contact between the conjugate surfa-
ces, in the case of cycloid gearing.

An advantage of the cycloidal reducer is that several teeth are
always in simultaneous contact. The single conjugate pair of teeth
(one pair of teeth in contact) as the most critical theoretical case
was analyzed here.

Analysis was performed using a strain gauges technique [24].
Strain gauges of type 2=120 KY11 (HBM) were used. Consider-
ing the dimensions of the cycloid disc and available strain gauges,
it was not possible to measure strain in the contact zone itself, but
within the closest possible zone (on the tooth of the cycloid disc
on which the excitation force acts and in the closest opening in
the cycloid disc body where the roller of the central disc passes).
Ten strain gauges in total were glued, divided into two groups
with five gauges each, on a constant distance of 2 mm, which pro-
vided sufficient information about the stress distribution character.

The strain was measured for different values of static excitation
force (FN) in a range from 0 to 5200 N. Strain and stress values,
which were measured and calculated for the contact force of
FN¼ 5091 N are given in Table 4. Measurements were repeated
three times for each force value in order to verify the accuracy of
results. Comparison between experimentally and numerically
obtained stress values is shown in Table 4. The largest stress val-
ues from all ten observed zones were produced at the position of
strain gauge no. 5.

4.3 Discussion. Stress distribution on elements of the newly
designed two-stage cycloidal speed reducer was rather uniform
and balanced. Larger stress values were obtained when machining
tolerances were taken into consideration. With the increase of the
number of rollers (teeth) that are simultaneously in contact and
transfer load, values of maximum Von-Mises stress were decreas-
ing (Table 2).

When the most extreme load cases were excluded, that is, when
only one roller of each relevant element was in contact (one pair
of teeth in contact), the eccentric was the most loaded element of
the reducer. Above all, it is a consequence of its small dimensions.
An additional source of stress concentration is the key seating.

It should also be emphasized that torques, as well as relevant
contact forces FNi (Table 1), on cycloid discs of the first and sec-
ond stage exhibited similar values. Slightly larger values of the
contact forces on cycloid discs of the second stage were obtained,
consequently exhibiting larger Von-Mises stress values (Fig. 8)
for this disc. Good agreement of numerical and experimental

Fig. 11 Model for experimental analysis at the testing table

Table 3 Characteristics of the tested cycloid disc

Number of teeth z¼ 11

Material 20MoCr4 steel, nitration, grinding
Width B¼ 13.3 mm
Dedendum diameter df¼ 116 mm
Addendum diameter da¼ 132 mm
Eccentricity E¼ 4 mm

Table 4 Experimental and numerical stress values

Strain gauge Node
�, experimental
value(lm=m)

r, experimental
value(MPa) rx(MPa) ry(MPa)

r, numerical
value(MPa) Error(%)

1 337 62 13.02 12.3 1.12 12.4 5.1
2 336 138 28.98 27.56 2.06 27.6 4.6
3 335 218 45.78 43.65 1.65 43.7 4.6
4 334 249 52.29 50.32 2.12 50.4 3.7
5 333 298 62.58 60.43 1.15 60.4 3.4
6 994 217 45.57 42.45 4.86 42.7 6.2
7 995 227 47.67 44.16 3.15 44.3 7.1
8 996 218 45.78 43.65 5.12 43.9 4.0
9 997 213 44.73 42.15 3.12 42.3 5.5
10 998 206 43.26 40.12 2.65 40.2 7.1
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results of the stress state for the cycloid discs of the first stage
should certainly be emphasized.

5 Conclusions

This paper presents a new concept of the two-stage cycloidal
speed reducer where only one cycloid disc is used for each stage.
Expressions for the torque on relevant elements of the reducer are
given, as well as expressions for calculation of the contact forces
on the cycloid disc teeth.

Numerical analysis of the stress state for the vital elements of
the reducer (cycloid disc, central disc, stationary ring gear of the
first stage, rotatable ring gear of the second stage, and eccentric)
was realized. Also, experimental analysis of the stress state of the
first stage cycloid disc was performed, using a strain gauges
technique.

Based on the obtained results, it can be concluded that all vital
elements of the reducer were uniformly loaded and the stress
range provides normal work for its anticipated lifetime. It is espe-
cially important that this refers to both cycloid discs of the first
and second stage, because, for this design, only one cycloid disc is
used for each stage, instead of two, thus significantly decreasing
reducer dimensions.

Also, the newly adopted concept has less rotating elements, so
the noise is low and the effect of canceling out eccentricity vibra-
tions is preserved.
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