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Abstract: The paper dwells on dynamic study of a 2-DOF planar five-link mechanism of RRRRT type. There is described the
kinematic analysis of the mechanisms, by means of the results of which the formulas of kinetic energy, the reduced moment and
the reduced force have been derived, and the non-linear differential equations of motion of second kind determining the motions,
velocities and accelerations of the input links of a mechanisms have been obtained. The paper describes the example of solving
the dynamic problem. The results obtained for the ideal and real mechanisms are shown in graphs.
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1. Introduction

The five-link hinged mechanisms with two degrees of
freedom stand out from the numerous hinged mechanisms
being used in practice. Such mechanisms allow for simulating
and transforming the various and complex motions.

The particular feature of mechanisms with two degrees of
freedom is the possibility of change in a trajectory of
movement of a coupling point curve from simple to complex,
during the velocity change of the input links taking into
account the motion direction and their relative initial position,
at constant lengths of the links.

These mechanisms, unlike mechanisms with one degree of
freedom, can implement more complex preset laws of motion,
while ensuring high machine productivity and having a major
impact on optimization of technological process. It is those
circumstances, which are directly involved in choosing the
lengths of the output links of mechanisms, and are pointing to the
necessary preconditions for the creation of compact, lightweight
mechanisms, especially in the space and robotic spheres of
industry, while reducing the material and energy costs.

It is known [1] that in a planar five-link kinematic chain
with two rotating input links, depending on the number and
combination of sliding and rotating kinematic pairs, it is

possible to obtain more than twenty different types of
mechanisms, including the RRRRT-type mechanism with one
rotating and one translational input links.

Such mechanisms are started to be used in the
special-purpose devices, especially in the opened space
reflector-type parasites. By using such mechanism, fixed on
the frame in the central part of the reflector antenna, high
accuracy of the required geometry of the antenna screen
surface is reached.

That provision reflects that the understudied for today
planar five-link RRRRT-type mechanism needs further study,
while regarding the dynamic studies of the planar five-link
RRRRT type mechanisms there are numerous works
performed by V. V. Dobrovolskiy [2], R. Beier [3], B. M.
Abramov [4], S. N. Kozhevnikov [5], V. A. Zinovyev and A. P.
Bessonov [6].

When considering the dynamics of a planar five-link
mechanism of RRRRT type in the work of A. P. Bessonov and
V. A. Ponomaryov [7], the motion of this mechanism is
described by two differential equations describing the motions
of two rotating input links.

When studying the dynamics of a two degrees of freedom
five-link mechanism of RRRRT type, L. G. Ovakimov [8]
describes its motions in the form of the equation of mass point
dynamics with a mass similar to effective mass of the
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mechanism.

An analysis of works on dynamic studies of the planar
five-link of RRRRT type mechanisms with two degrees of
freedom has shown that the questions of kinematics of the
mentioned mechanisms can be reputed partially studied, but
their dynamic problems require the solution of some actual
problems.

The author [1] work dwells on a dynamic analysis of the
planar five-link mechanisms with two degrees of freedom,
when the input links are the rotating ones (RRRRT). The
dynamics of the mentioned mechanisms is studied with
account for friction and clearances in the kinematic pairs.
There has been studied the process of strike in the kinematic
pairs with a clearance, and the analysis of the mechanisms
with account for the elasticity of links has been carried out.

The recent works have appeared [9, 10, 11], which describe
the problems of kinematic synthesis of the spatial [9],
spherical [10] and planar [11] five-link hinged mechanisms of
RRRRT type with two degrees of freedom.

This paper dwells on the dynamics of a planar five-link
hinged mechanism of RRRRT type with two degrees of
freedom (with one rotating and one translational input links).

Thus, we can state that there have been studied mostly the
planar five-link mechanisms with two rotating pairs of
RRRRT type, the available works on which need further study,

since they are started to be used in the special-purpose devices.

To increase the accuracy of reproduction of the required
geometry of the antenna screen surface, the first stage of the
study must involve the kinematic and dynamic analysis of a
planar five-link mechanism of RRRRT type, as well as the
comparative analysis of the obtained results of the ideal and
real mechanisms, with establishing the possibility of further
determination of kinematic (technological) and dynamic
accuracy of mechanism.

2. Basic Part

2.1. Some General Data of the Analysis of the Planar
Five-Link Hinged RRRRT Type Mechanisms of with
Two Degrees of Freedom

Consider a kinematic scheme of a planar five-link RRRRT
type mechanism with two degrees of freedom ABCD (Fig. 1).
Designate the sizes of the links 2, 3 and 4 by {,, {3, {4,
accordingly; the initial positions of the input links AB and D
(sliding block) — by a, and Sp . The laws of motion of the
input links can be expressed in the following form

®; = @,(t) and Sp = Sp(¢), (1)
or
@, = ay+ a(t) and Sp = Sp + 5(b), 2)

where t —time; o and S—variable angle and displacement
characterizing the motions of the input links, i.e. their current
values.

Accordingly, we can write,

Sp = Sp(@2).

Kinematical connection between the input links 2 and 5 can
be expressed in the form of the following ratios, which are the
transmission ratios:

Figure 1. To kinematic analysis of a planar five-link mechanism of RRRRT
type.

Usz = Z_Z’ (m/rad); (3)
Ups = 22, (rad/p, ). @)

In accordance with the expression S, = Sp(¢@,) for the
velocity of a sliding block 5, we obtain

das dSp d .
V,==—2= =D Z%2 Uus292, ("/sec), (5)

dt ~ de, dt
where us, is a transmission ratio (analogue to the linear
velocity of a sliding block) of the link 5 to the link 2 with the
dimension of a meter.

Generally, the input links 2 and 5 can move at a variable
velocity, thus the transmission ratio us, may be a variable, but
the motion in this case is aperiodical.

In case, when usy=const, the motion is periodical.

In a mechanism under consideration, the positions of the
links BC and CD and their points, as well as point C and their
velocities and accelerations must be determined. We have

@3 = @3(t)

and @, = @,(t);
% = x,(t) =y ©)

and y; = y;(t); i = 53,5,,C.
or

@03 = @3(92,Sp) and @4 = @4(P2,Sp);

7
xi = X(¢2,5p)  and  y; = yi(92 Sp)- @

In order to determine the positions of the links 3 and 4, we
shall consider a closed vector contour ABCDA (Fig. 1); we
shall write

G+l +0, =5, ®)

By projecting this vectorial equation on the axis of the XAY
coordinate system, we obtain:

£, cos @, +¥3cosp; — £, cos @, = Sp;

£, sin @, + £3sin @3 + £, sin @, = 0. ©)

By solving the system (9), we obtain the quadratic equation
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with respect to @s:
cos? p3(1 + B%) + 2Acos o3 + (A* = B?) =0, (10)
where
Ao (£2 cos @, —Sp)? + £3sin® g, + €5 — €5
245(€;c0590, — Sp) '
£, sin @,

zfzcosqoz—SD'

From the first equation of a system (9), we have the ¢, angle
value:

cos @y = (£,)71 (€, cos @, + 5 cos p; — Sp).  (11)

The position of the points S;, C and S;is determined by the
expressions:

1
s, = (x4 +y2) 2 (12)
o= (x2+y2) (13)
1
s, = (3, +3) 2, (14)
where
Xs, = ¥, COS @, +%3cos<p3; .
. i (15)
Vs, = {2sing, + S Sings;
Xc =¥, cos @, + €3 c0sQ3; (16)
Ve = ¥, sin @, + £3sin @5 ;
x54 = SD +%COS(P4.}
(17)

_ta .
Vs, = siney;

In order to determine the velocity and acceleration of the
links 3 and 4 and their points of a mechanism, first we
differentiate the first equality (7). Let’s write

des

dps _ d9s de, | des dSp
dt ~ de, dt

ds, dt

w3 =

(18)

= Uz, + UssVp,

where

,- the angular velocity of the input link 2; Vp— the linear
velocity of the input link 5 (sliding block); uj;- a
dimensionless quantity — the gearing ratio from the link 3 to
the link 2; u3s— the gearing ratio from the link 3 to the link5

(sliding block) with the dimension of 1/ m.
Similarly, for the link 4, we obtain

o = 00 _d0ido,  do,dSy
YT dt  de, dt

ds, dt
(19)

= Uy wy + UysVp,

where
uyp- the gearing ratio from the link 4 to the link 2; uys — the

gearing ratio from the link 4 to the link5; (1/ m.)
For the x; and y; coordinates: according to the second
expressions (7), we obtain

dx; dx; d dx; dS,
= k= L2 THED =y + Uy Vs
i dt  de, dt ' dsp dt i i (20)
dy; dy; dg, | dy; dSp
V, =—t=—"Lt224 L2 =g w, + Uy,4V
Yi T a4t~ de, dt | dSp dt yit2 yid* D>

where

Uy, and u,, - the gearing ratios with the dimension of
(m);uy,q and uy, 4- the dimensionless gearing ratios.

We shall notice that by differentiating the equations (10)
and (11) with respect to the generalized coordinates ¢, and Sp,
we shall obtain the expressions determining us,, uss, sy, Uss,
the values of which are inserted into the formulas (18) and
(19), and the real values of the angular velocities of the links 3
and 4 will be found.

For us), uss, ugy, uys from the expressions (10) and (11), we
obtain:

D E F M
U3y = =) U3z = c’ Uy =1 Uys =1
where
dA aB
D= d—(pz(cosqo3 +A) - Bd—(pzsm ®3;
. 1 . 2
C = Asin ¢4 +§sm 2¢5 (1 + B?);
dA as
E = E(cosrp3 +A4) - BESIH Q3
F = £,sin@, + f3us, sing; — usy;
L =4,sin@,;
M = fyu,s sing, — £3uss sing; — 1.
Inversely,
dA 1
d_<,02 = [2¢5(€,cos9, — Sp)] 7

[2(€3c050, — Sp)(—E2sing, — usy) +
dB
—— = (£,c059, — Sp) "[£,c050, +
do,

+B(£;sing, — us;)];

dA
a5, = [2£3(£,c050, — Sp)] " 2(£,c059, — Sp) -

(—€,5in@, — Usy) + £3uys sin 2¢, +
+A245(€,uy5sing, — 1)];

dB

—= = (£5c059, — Sp) ™ [£rus,co59, +
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+B (us,?,sing, — 1)].

The squared linear velocities of the points S; C, Sy are
determined in the same way:

2 _ 22 22, 12 — 42 2. 72 — 42 )
Vs, = x5, +y5; V& = x¢ +ye; Vs, = %5, +s,,

@1

where the values of Xg,, Vs,,%c, Ve, X5, and ys, - are
determined by differentiating the expressions (15), (16) and
(17) with respect to time ¢. We obtain:

. . . L
Xs3 = —@t; sing, — <p3?sm P3 =

, . t; ; .
= —@yf;sin@, — - Sings (u32(p2 + u3SSD) =
. . 3 .
==, (fz SIn @, — 7”32 Sin <P3) -

s 3 . .
-Sp 7u35 sin @3 ;

. , . ?3
Vs, = P22 COS @y + 3 - C0S @3 =

{
=, (fz cos @, + ?3u32 cos <p3) +
+Sp ?31435 sin ¢ ;

Xc == (fz‘Sin P2 — £3usz; sin ;) —
—SpP3uzs Sin @3;

Ye = @2(£2 €os @y + £3uz; cos @3) +
+Spf3uss COS P3;

. - by .
Xs, =5p _<P4751n§04 =S5p —

. Yy . : Yy
—PrUss > sin @4 —Spiys Pl SIN Py =

‘ Yy T
=S5p (1 - u45?sm <P4> - (p2u42?sm Py

) . s
Vs, = (Pcl-?COS Py =
£4 . .
=~ COS 9, (u42<p2 + u4550) =

.t . 1y
= P2~ UsaCOS Py +Sp ~ Ua5COS .

According to the expression (21), the squared velocities of

the points S;, C and S, take the following form:

2 . . €3 .
Vs, = [—(pz (fzsmqoz + 7u32 sin <p3) -

A

-Sp 7u35 sin <p3] +

. 43
+ [(pz (1?2605(,02 + 7u32 cos <p3> +
2

. '€3
+5p 7u35 cos <p3] ;

ch = [~ (£25in@, + £3us; sin ;) +

. 2
—SpPf3uUss sin <p3] +

+[@,(£2c089;, + £3u3; cos @3) +
. 2
+Sp?3uss cos @3]

2 . '€4 .
Vs, = [SD (1 - u457sm <p4) -

S
~Pollaz 51n<p4] +
, ?s . ts ’
+ (pz?u42 cos<p4+SD?u45 COS @y -

2.2. Determining Kinetic Energy of a Planar Five-Link
Mechanism of RRRRT Type

Consider a planar five-link RRRRT type mechanism with
two degrees of freedom, whose dynamic model is shown in
Fig. 2. The mechanism is influenced by different forces and
moments, the input link 2 is influenced by the drive moment
Mp = M,, but the input link 5 - by the drive force Fy,
resistance force Fp and the gravity Gs. In the hinge C there
are acted the outside force F,, and the outside moment M,,,.
The gravity forces Gz and Gy, and moments of couple inertia
forces M; and My, are exerted on the gravity points S;and S,
of the links BC and CD, accordingly.

To derive the equation of motion of a planar five-link
mechanism with two degrees of freedom, we shall use the
Lagrange’s equations of the second kind

d [ ar aT
() M
dt (aq;) 29, red

da (aT) aT F
dt \dSp aSp = Tred

(22)

(23)

where

T- kinetic energy of a mechanism; M,.4 and F,..q — the
reduced (generalized) moment and force on the ¢,and Sp
coordinates, accordingly.

Figure 2. A dynamical model of a planar five-link mechanism of RRRRT type.

Kinetic energy of a 2-DOF planar hinged mechanism with
two input links (crank and sliding block) and two
connecting-rods, has the following form:

1. .
T = E(Iz(pi +maVE + I, 42 + myVE +
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+l5, 03 + msV5), (Nm), 24

where

I, - a given moment of energy of the link 2 relatively to a
center of mass, which coincides with a center A of rotation of
crank; ms, my and ms—the masses of the links 3, 4 and 5; V523,

Vs and V53— squared linear velocities S;, S4 and Dj; Ig,and
Is, - the given moments of inertia of the links 3 and 4;
('p§ and (pi— squared angular velocities of the links 3 and 4.

The values V&, Vi, V5, @5 and @F we insert into the
formula (24). We obtain:

1. . . .

T = E{IZ(PZ + m3[(—(p§(€zsm<p2 +
3 . . 43 . 2
+?u32 sin <p3) -Sp ?u35 sin <p3> +

'
+ <<p2 <£2cos<p2 + ?31132 cos (p3> +

. ’£3 2 . . 2
+(+SD?u35COS(p3> +153(u32(p2 +u358D) +

. 4y . ty 2
+m, (SD (1 — u45751n <p4) — PaUy; 7sm<p4> +
£ . N2
+:COSZ ®, (u42(p2 + u4SSD) +

. " N\2 .
+1s, (g2 + ussSp)” + ms”éz‘ﬂ%}- (25)

By transforming the formula (25), kinetic energy of a
mechanism will finally take the following form:

1, L 14
T= E‘P%’zz + ¢,Spl;s +§5[2)155' (26)

where
2

'
122 = 12 +m3 ‘E% +ZSU-§2 +

43
+ [2#2?cos(<p2 - <p3)] + I, uj; +
2
4
+myuz, Vi Is,u3, + msué,;

3
s =my ({’z 77«135505(‘% —@3)+
23
+Zu32u35> + 153u32u35 -

ty 5
—Mmy ?u“ SiIn@, — Iu42u4s '

- (sin @3 sin @, + c0s? @,)) + Is, UgpUys;
5
Iss = my Zugs + I, ujs +
1y . 2
+m, (1 — Uys 7sm <p4) +

fZ
+ fuﬁs cos? <p4> + Is, ufs.

4’
15 U.45.
4

€4 . 2 fézl 2 2
: (1—u45?sm<p4) + —uz5cos“ @, | +

In the formula of kinetic energy (26) I, Irs and Iss are the
reduced moments of energy, which depend only on the
geometry of masses and generalized ¢, and Sp coordinates.
These moments are de facto the reduced moments to the link
2(Ip,), to the link 5 (Iss) and to two links 2 and 5 (Is),
simultaneously.

2.3. Determining the Reduced Moment and Reduced Force
of a Planar Five-Link Mechanism of RRRRT Type

According to the Lagrange’s equations (22), (23), the
reduced moment and the reduced force can be derived from
the condition of equality between elementary works of the
reduced moment and force and elementary works of all
outside forces, with appropriate variations of the generalized
coordinates.

For a planar five-link mechanism under consideration, the
equality of the reduced power and amount of the reduced
powers, i.e. the power developing by the substituting force
should be equivalent to the amount of powers developing by
the forces exerted on the links of a mechanism under study.

Based on the above stated, we can write the equation of
power developing by all forces exerted on a mechanism

pP= MDZsz + G3Vs3 + Moyt @3 + Moy s +
textVe + GaVs, + (Gs + Fp)Vp =

= Mredz @, + FredSDa (27)

where Vs, Vcand Vg, - the linear velocities of the points S;, C
and S,, accordingly; ¢;=w;, ¢4=0,- the angular velocities of
the links 3 and 4 obtained by the formulas (18) and (19);
M, = M,- the drive moment; Gs, Gyand Gs— the weight of
the links 3, 4 and 5; M,,— the external moment; F,,— the
external force; F)p— the drive force exerted on a sliding block.

The linear velocities Vs,, Vcand Vs, of the points S;, C and
S, will be found by differentiating the expressions (15) —(17)
with respect to the generalized @, and Sp coordinates.

We shall notice that generally, for all points S;, C and S, we
have:

ts, = 4s, (92,5p); ¢ = €c(92,Sp);

354 = {754(‘102' Sp)-

Accordingly, the linear velocities of the points S;, C and S,
take the following form:

(28)

. deg, _des, dg,  dés, dSp _
27 dt  de, dt = dSp dt
= Vs, (0 ®2 + Us, Sp; (29)
y. = Ye_ dbcde,  dfcdSp
7 dt " de, dt  dSp dt
=Ve(p®P2 + UcSp; (30)
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. deg, _dfg, d, dfs, dSp _
57 dt  de, dt  dSp dt

= Vs, (0)®2 + US4SDa (31)

where

Vss(02) - Ve(p, and Vs, (e,)- the analogues of the linear
velocities of the points S;, C and Sy, accordingly, with the
dimension of m; Us,, U, and Us, - the analogues of the linear
velocities of the same points with no dimension.

The values of the analogues of the linear velocities are
determined by differentiating the expressions (15)-(17) with
respect to the generalized @, and Sy coordinates.

We insert the expressions (18), (19) and (29)-(31) into the
formula (27). After some transformations, we shall obtain:

My eq, 02 + FreaSp = Mp, @2 + G3Vs, (o) P2 +
Moy @2 (Uzy + Ugp) + Fexth(q;Z)(pz +
+G4Vs, (o) P2 + G3US3SD + Myt Sp (uss + uys) +
+FexcUcSp + G4US4SD + (Gs + Fpus, ¢, +

+(Gs + Fp)Sp, (32)

from which, the reduced moment M4, and the reduced

force F,.q — take the following form:
Myeq, = Mp, + G3Vs (o) + Mexe(Usp + Usp) +
FFext Ve t GaVs,(py) + (Gs+Fp)usy; (33)
Freq = (Gs+Fp) + G3Us, + Moy (uzs + Uys) +
+FertUc + GoUs,. (34)

Since the analogues of the angular and,linear velocities are
the functions of two variables @, and Sp, the reduced moment
M,¢q, and the reduced force Freq will also be the functions of
these variables — generalized coordinates.

2.4. The Differential Equations of Motion of a Planar
Five-Link Mechanism of RRRRT Type

To derive the differential equations of motion of a planar
five-link RRRRT type mechanism with two degrees of
freedom, in accordance with the equations (22) and (23), we
find partial and total derivatives of kinetic energy (26). We
shall obtain

o _ 106z, % 10555 g2,
0@2_20(1) + ¢2 +26q)ZSD' \
aT
20, =L¢5 + IZSSD:
(35)

6(/)
0125
ZSD o, SDi

ar o1, al
_( - ) L, + ‘P +F22‘PZSD+

aT 10I, . 0lys . 10155
— =2 @,Sp +-=252
aSp zasD(p +as 2D-i_zas 5
aT .o
5 = Ls®3 + IssSp;
D

(36)
d aoT _ " 125 %
E(@) = ls@, + 95p 20,5, + 25p @5 +
+I55Sp + ZITSZSD + %q)ZSD,
where
a_(Pz - 22(")2)‘6_(102 - 25(¢2)‘a_(p2 — 155(¢2)

N IZZ(SD)'E = Iy5(s) and e Is5(sp) —

are determined by differentiating the expressions /,, I55 and Iss
with respect to the generalized @, and Sp coordinates. We
have:

2

! 3 !
Ly2(p,) = 2I5,uspus; + 21u32u32m3 -

{
—2m3¥, 73 (1 —uzp) sin(p, — @3) +

2

+2myUy Uy — 2 L 21541142u42 +

o
+2MsUs,Usy;

2

3 ’
Lr5(p,) = M3 7 (uzpuss + uzsusy) +

@3) —

—@3))] +

i !
+s, (uzouss + uzsuz,y) —

’€3 ,
+4; > (uzscos(¢p; —

—u3s(1 — uz,) sin(gps

fZ
—my (u4zsm(p4 + uj,c05¢,) —

2
4, , ) .
+ > (UhaUss + Uystls,) (SiN@ssing, +

+c05%@y) + UgpUys(UzCcOS@3SINQ, +
1y, COS @ SIN Q3 — Uy, SiN2¢@,)] +
s, (UapUss + Ugstyy) + MgUsy;

2

3
I55(p,) = 2M3 Zu35u’35 +

£
+2I5, uzsuzs +my [2 (1 45?45incp3> .

by, 44
) (_77«14551“‘104 - ?u32u45coscp3) )

£2

+ f (2ug5uss cOS? @y — UgpUfsSIN2¢p,) +
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+215, us5Uys;
! fg !
Lsp) = 2153u32u32(sD) +ms 2Zuszu3z(sD) -
43 .
— 24, > (uzs — uss) sin(p, — ‘P3)] +
2

r 4 ’
+2153u32u32(5D) + 2Zm4u42u42(sp) +

+215, UgpUyy(sp) + 2MsUspUgy(s,)s

’€3 B
Lrssp) = M3 [fz > (uas(sD)COS((Pz —@3) —

—Uss(Uzs — Uzs)sin(@s — @3)) +
4, ,
+Z (u32(SD)u35 + uss(sD)uaz) +

+1, (uéz(sD)uss + ués(sD)usz) -

44 .
—my [? (Usa(sp)Sines +

4,
Uy lys(sp) COS @y) — % (u4z(sD)u4s +

+u45(SD)u;2)(sin @3 sin @, + cos®@,) +

FtgpUys (Uss(s,)COSQ3SINQ, +

+Uys(sp) COS Py sin @3 +
+u45(SD)sin2cp4)] +

+i, (uf;z(sD)uz;s + uf;s(sD)uz;z);
£2 ,
Iss(sp) = 2ms Zu35u35(sn) +

+2153u35ug5(SD) +

Yy .
+my, [2 (1 - u457sm(p4) .

7 £4 . 2 ‘€4‘
" Uas(sp) 5 SINPs — Uss - COSQ4 | +
4

+2
4

! 2
Ug5Ugs(sp) COS™ Pg —

7S /
- Zu455m2@4) + 215, Us5Uys5(sp))-

Inversely,

U, Uy,, Uss, Uys- the analogues of the angular velocities of
the links 3 and 4;

uéz(SD), uﬁu(SD), ugs(sD),ugs(SD)— the mixed analogues of
the angular accelerations.

By inserting the values of (35) and (36) into the equations
(22) and (23), after some transformations, we obtain:

. . 1 .
L2200, @2 + L25sp)Sp + Elzz(q)z)(P% +

+12655) 9250 + (Ias(sp) —

1 .
~lss(p2)) 3 = Map (37)
Iss o Sn? + Las(sy) @27 +
1 U T
+ (125((92) - Elzz(sb)) ¢zt + > Iss(sp)Spf +
+155(tp2)(1b2SD€ = Fpp?, (38)

where in the equation (38), the multiplication of all members
by factor of £ (unit length) is caused by the necessity of
presenting all members of the differential equations (37) and
(38) with a same dimension (N-m).

The non-linear differential equations of second kind (37)
and (38) can be solved with respect to ¢, and Sp_and the laws
of motion of the input links 2 and 5 can be determined by the
Runge-Kutta method, or by using numerical methods
developed for solving such systems.

By way of example, we shall consider the case, when the
sizes of the links of a mechanism are as follows: £,=0,060 m,
£3=0,200 m; £,=0,140 m, the motion of a sliding block
H=0,060m; Sp,=€4p,=0,160 m; the number of rotations of

crank is n, =60 min'; accordingly ¢, =6,28 sec™* and

Uu5,=0,019 m; the law of motion of the second input link
(sliding block) Sp = Sp(t) is shown graphically (Fig.3); the
masses of the links: m, =0.5kg; m; =1,8kg; m, =
1,3 kg; ms = 3 kg; accordingly, G, = 49N ;G; =17,6 N ;
G, =126 N ; G5 =294 N ; the external force F,y =
150 N; the external moment M,,, = 200 Nm; the drive
moment Mp, =M, =420 Nm; the drive force Fp, =
300 N;I, = 0.026 kg -m?, I; = 0,082 kg - m?,1, =

0,063 kg - m2.

Figure 3. The law of motion of the link 5 (a sliding block).

By solving the differential equations (37) and (38), we
obtain the laws of motion of the input links 2 and 5, as well as
the angular and linear velocities and accelerations of these
links.

Figures 4-7 illustrate the graphs of changes in motion (Fig.
4, 5) and velocity (Fig. 6, 7) of the input links in the ideal (Fig.
4,a; 5,a; 6,a; 7,a) and real (Fig. 4,b; 5,b; 6,b; 7,b) mechanisms.
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Figure 4. The graphs of changes in motion of the input link (crank).

Figure 5. The graphs of changes in motion of the input link (a sliding block).

Figure 6. The graphs of changes in the velocity of the input link (a sliding
block).

Figure 7. The graphs of changes in the velocity of the input link (crank).

Thus and so, by solving the differential equations (37) and
(38), there have been obtained the displacements and
velocities of the input links of a crank and a sliding block.

Comparative analysis of the results gives reason to
conclude that a planar five-link hinged RRRRT type
mechanism with two degrees of freedom must be studied in
both kinematics and dynamics, which allow for assessing
performance of the ideal and real mechanisms.

3. Conclusion

Based on the analysis of the planar five-link hinged
RRRRT-type mechanisms with two degrees of freedom, which
are used in the special-purpose devices, there have been
determined the positions, velocities and accelerations of the input
links and their points. There have been determined kinetic energy,
the reduced moment and the reduced force of a mechanism. Also,
there have been derived the non-linear differential equations of
second kind, which allow for determining the laws of motion,
velocity and acceleration of the input links of a mechanism. The
example considered was the solution of dynamic problems for
the case, when all the links of a mechanism are rigid. The results,
which are given in graphs, have allowed for making a
comparative analysis of the ideal and real mechanisms.
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