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Abstract.

A dynamic analysis of a planetary mechanism with a
satellite in external engagement is presented, where the
central wheel is fixed. The trajectory of a driven link of
such type of mechanism allows it to use it in machines,
which provides technological processes where the
executive or output link carries out pulsating motion
which is required during of stop of the driven link.
Mechanisms of this type mainly are used in the textile
industry, where the processing of a material requires the
actuator to be able to make minor fluctuations with
respect to the temporal position. Here mentioned,
determines the necessity of solution not only problems

of kinematics but also here given system’s dynamic
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analysis, which would be used during design of such
epicycloid mechanisms. Based on the mentioned, below
is given the methodology of calculation of dynamic
parameters of epicycloid mechanism.

Keywords: cycloid; force; mechanism; movement;

satellite; work.

Introduction

Planetary gears with satellites can be used for dif-
ferent purposes, among them it is necessary to mention
sawing machines, where the output link must fulfill
small oscillating movement in order to penetrate the
needles in dense materials easily. For the mentioned
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reason, some machines used in light industry for obtai-
ning quasi-stop motion of the executive mechanism the
output link, are widely used in textile and light in-
dustry machines. For example, in special sewing ma-
chines, there are mechanisms for getting small trans-
verse or longitudinal displacement of the needle during
the stitching of dense tissues. In such cases, it is neces-
sary to use mechanisms with less kinematic complexity
and making it possible to develop as high speeds of
executive mechanisms as possible. For development of
here said goal bellow is considered the scheme of
planetary mechanism (see Fig.1), where the planetary
gear is in external engagement with a stationary central
wheel, where the small oscillations of needles are
provided by point K linked to satellite.

Main Part

Our task is to determine the driving moment that
acting on the input link OA to ensure a uniform speed
of the point K, which rotating of the sewing thread of
the driven link, that moves on the basis of given forces
acting on the mechanism.

This mechanism has one degree of freedom, since
the angle of rotation ¢ of the crank OA determines the
position of all points of the mechanism. As a generali-
zed coordinate, we choose the angle ¢ counted from

the horizontal axis in counterclockwise.

Puc. 1
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In order to determine the dynamic parameters let’s
use the Lagrange equation, that for variable ¢ can be
written as:

L.2_L=q, M

The active forces are Pc— crank weight, Pa — wheel
weight 2, Pp— rod weight 3, Mo — torque applied to the
crank OA. Fx — force applied at the end of the rod AKX
from the side of the thread. All connections imposed on
the system are ideal.

Let us give to the crank OA a possible angular
displacement 8¢ in the direction of increasing angle ¢,
i.e. counterclockwise. In order to determine the
generalized force Q@ we calculate the sum of the works
active on the possible displacement dg.

6A = 6Ap + 6Ac + 6A, + 6Ap + 5Ak. (2)

In order to solve the given equation, it is necessary
from the beginning to determine the works done by the
forces Pc, P, Pp applied in the centers of gravity of 7, 2,
3, links and also the force Fk applied to the point at the
end of the rod 3 acting from the side of the stretched
thread. From the beginning, it is necessary to write the
values of the elementary possible displacements of the
points of application of forces depending on the angle of
rotation of the crank OA and for the point A we will
have:

S - |0A| = 8S,. 3)

Rotation of the link 2 relatively to the point M will

be:
6ﬁ — 6& — 6‘P'(T1+TZ) (4)

T2 T2
The distance from the point of contact of links 1 and
2 to the center of gravity of the rod D and to the end
point K is determined by the law of cosines:
cos (180°- (o - @)) = -cos(a-¢), (5)
and meaning of the distances /D and MK can be

written as:
[MD| = \/r? + |AD|?> + 1, - |AD| - cos(a — @) ;  (6)
IMK| = /12 + |AK|? + 1, - |AK| - cos(a — @) . (7)

At the same time, the inclination angle f can be

determined from the sine theorem, as:
IMD| _ |AD|
sin(a—@)  sinB’

8)
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Based on the given relation the meaning of angle S
can be determined as:
B = (=karcsin 1bisin(a=9) | ..
IMD| ’
k=123, ..; 9)
If we take in account, that the angle between the
force P, and the elementary displacement &S, is
ﬁD, 5§D = ¢ + B + 180°, than the work done by the
force I3D on the displacement 5S, p can be written as:
SAD =PD'65D'COS(180°+(p+ﬁ) = _PD.65D.
cos(p + B). (10)

Puc. 2

In case when the angle among force Py and the displacement &Sy can be calculated be following equality:
Fe 6Sc=@+0+y+90" 11)
The work done by the force Py on the displacement 88y can be calculate by following formula:
8Ag =Fy -85k cos(p+0+y+90") =—F -85S cos(p+0+y). (12)
Expressions for elementary displacements of points D and K depending on the increment 8¢ will have the
following view:

5S Sp-(r +r
8S, = —=2. |MD| ZM. IMD| =
Py, )
25""(:1+r2)-\/r22+|AD|2 +1,-|AD| - cos(a — @) ; (13)
2
5S Sp-(r +r
55K=TA-|MK|=M'IMK|=
2 2
= 20 [ +TAKT + 1, - JAK] - cos(a — ) - o
2

After that, we find the total virtual work of all the forces applied to the mechanism:
6A =M, -89 —P,-|0C|-cosp-85p — P, -|0A|-cosp - 6¢p —

8¢ (r +13)
py 2t [

8- (r+1,)
&

+ |AD|? + 1, - |AD| - cos(a — ¢) - cos(@ + B)—Fk -

-\/rzz+|AK|2+r2-|AK|-cos(a—<p)><cos(<p+9+y)=

= My -6p—P;- “cos@ 8¢ — P, - (ry +1,) - cosp - 5 —
8- (r +r 1 !
_PD.W.J@-‘_(Q-‘_E) +r2-(rz+E)-cos(a—<p)-cos(<p+,8)—
2

% 2+ +D%2+1-(p+ 1) cos(a— @) %

6@ - +
F. - Q- +1) . J
&)

X cos(p+0+y). (15)
Considering that 6A=Qe-8¢ we find the generalized force corresponding to the generalized coordinate ¢
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Qp =My —P; - “cos@p — Py (1; +13) " cosp —

2
_p, .m.\/rzz #(r+0) 1 (ra 4 1) cos(a - 9) - cos(p + B)—Fy - L.
2

2

.\/rz2 +(r+D2+1r-(p+1)-cos(a— @) -cos(p + 6 +7y). (16)

We proceed to the calculation of the kinetic energy of the mechanism, which includes crank - 1, a gear -2 with
arod - 3.
T=T,+T,. (17)
The kinetic energy of the crank OA rotating relatively of the fixed point located on the perpendicular to the
plane that depicted on the figure, which can be calculated by the following formula:

Ty==1lo" ¢ (18)
Where: [, = % };—1 - (1, + 1)? is the crank’s moment of inertia and hence expression for kinetic energy can be
written as:
T1=%'%'(7'1+7”2)2'¢’2- (19)
The kinetic energy of a gear wheel in a place with a rod that makes a plane movement is equal to:
=3 vi 45 1y} (20)

Here Va is the speed of point A, which is the end of the crank OA. The value of this speed can be calculated as:
Va=10Al" ¢ =(r+m)-¢. (21)
Now let's find the speed of the same point belonging to the gear wheel in relation to the instantaneous center of
speed M of the wheel:
Vy=|AM| - w, =1, - wy; (22)
Comparing formulas (8) and (9) we find:

— (7"1+7"2)'(P (23)

w
2 T

At the same time, the moment of inertia of the gear wheel 2 with the rod 3 can be calculated by the expression:

_ [P Ps 12 iz
IA—{Zg +4 =+ (r,+1) ]} (24)
and after setting the values of V4, wzand 1 in formula (7), we will have:
_1.P 2 12 1P, 2. 42 p Lprd s 12 . a2
Tz—2 p V4 +3 Iy ;=37 (n+mnr)-¢ +2{ 20 +g 12+(7‘2+2) S (25)

Based on here given expressions can be written the formula for determination of the kinetic energy of the

whole mechanism:

_ _[2pi+or, | P [12 ( L)Z . 2. .2
T=T,+T, = {_12g Py il b +(r,+ . (ry + 1) - @~ (26)
Let us calculate the partial derivative of the kinetic energy with respect to the generalized velocity ¢:
A 1)2. 2.4
i { o0 o2 |1z +(r,+ . (n+n)-¢. (27)
Since the kinetic energy of the system does not depend on the generalized coordinate ¢, we can write:
ar
e (28)
After differentiation with respect to time, expression (27) will have:
a0 femon g v [P () 2.
o aq;_{ oo toz |zt\zt; (n+nr)-¢. (29)
In expanded form equation (1) will be written as:
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69 g-rf (12

l2
S+ (r+s) ]}-(r1+r2>2-¢=Mo — P, +0C| - cosgp — P, * |0A] X

o+
><cos<p—PD-(1r—2)-Jr22
2

+ |AD|? + r, - |AD| - cos(a —

@) cos(p +B) -

—Fy '(T%ZTZ)'\/T‘ZZ + |AK|2 + 1, - |AK| - cos(a — @) X cos(p + 0 +y). (30)
From this expression we can obtain the angular acceleration of the link OA
5 = _Mo-rloctcosy-ryiontcosp __ PD-(’l—’“;Z)-cos((pw)-\/@+|AD|2+r2-|AD|-cos(a—<p)
{2P1+9P2 [—+ r2+ ]}-(r1+rz)2 {2P1+9P2 [—+ r2+ ]} (r1472)?
R i), cos((p+6+y)\/r2 HAK 2475 AK |-cos (a—@) 1)
{2P1+9P2 L3 [—+ ro+s ]}~(r1+r2)2
If the link rotates uniformly, then ¢ in this equation is equal to zero and the torque required for this will be:
My =P - w cosp + P, - (r; +13) - cosgp +
+P, -M- cos(¢p +ﬁ) -T2 + |AD|2 + 1, - |AD| - cos(a — @) +
+Fy - (r1+T2) cos(p + 6 +y) /12 +|AK|? + 1, - |AK| - cos(a — ¢) . (32)

Conclusion

It is no exaggeration that now cycloid mechanisms
have firmly taken their position in the light and textile
industries as a guiding mechanism for the sewing
needle in special sewing machines that are designed to
work in various fabrics when sewing zigzag and other
complex types of stitches are necessary to obtain. These
mechanisms allow slight fluctuations of the needle
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when it is inside the material being processed, and in
this way, it prevents its damage during sewing. In this
paper, a dynamic study of the movement of one of
these mechanisms is given, an equation for the driving
moment of the mechanism acting on the input link is
found, which provides a uniform angular velocity of
the executive body of this mechanism.
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