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Abstract: The paper presents the dynamic analysis for a translation coupling within a robot cinematic
element. Based on the schematic of the elastic structure comprised of the coupling M and tool S and on
the external links of the coupling it is emphasized the equation of the frictionless vibration movement. It is
presented the dynamic response of the system under the conditions of subcritical damping. This depends
on the shape of the pushing force variation at the tool bearer level. Thus are provides the premises for

structural optimization of the robot size.
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1. INTRODUCTION

The role of dynamic processes within complex
cutting — welding operations performed by robots has
increased significantly lately due to increased demands
regarding the dimensional and shape precision of work
surfaces and also due to appearance of new materials
with special properties. This is further magnified under
the conditions of introduction of large scale automation
of such technological processes by using robots.

Solving certain problems related to the dynamic
phenomena is required both for design and for
construction and use of industrial robots. First of all it is
necessary to ensure conditions for relative movements
between the robot arm with the tool mounted on its end
and the work surface [1]. The stability of such relative
movements consists in: the absence of vibrations in the
technological system comprised of work surface —
cutting/welding tool - robot arm, maintaining constant
contact between tool and workpiece and precise
movement without skipping of the mobile components of
the robot.

2. ESTABLISHING THE DYNAMIC ANALYSIS
MODEL

It is considered the mobile point M as current point
that generates the trajectory (C). Corresponding to fig. 1,
M belongs to the mechanical structure of the robot and it
is characterized by parameters (r, 0) with respect to a
fixed reference system (x0y).

The point M is considered as a translation coupling
belonging to the robot which performs a relative
translation movement alongside guide G (Fig. 2).

It is also considered the elastic system comprised of
the translation coupling (M) and the work tool (S) with
the structure form Fig. 3a and external links
corresponding to the schematic from Fig. 3b.
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Fig. 1. Geometric parameters of point M.
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Fig. 2. M translation coupling within a cinematic element
belonging to the robot.

The forces are:

F; — pushing force component in longitudinal
direction of the tool (S)

F; — pushing force component in transversal direction
of the tool (S)
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Fig. 3a. Schematics of the elastic system comprised of coupling
M and tool S.

Fig. 3b. External links of schematic.

F;— friction force inside guiding (G)
N — guiding reaction

F, — elastic force

F,— damping force

Corresponding to the fundamental law of dynamics
we have:

R=ma. (1)
The current position of mobile point M is given by:
r= (r + x)cos 0 + (r + x)sin 0/ 2)
Also:
p=r+x
06=0 3)
z=0

represents the position of M in polar coordinates.

The speed and acceleration of the study point can be
determined with (4), (5):

Vo=p=r+x
Vo=16 ; “4)

V:

z

(1] .2 (1] (1] .2
a, =p—po =r+ x—(r+x)6
a9:2p9+p9:2(r+xj+(r+x)9. 5)
a, =0

The movement equation in polar coordinates is:

ma, =F
{ P P . (6)
mae = Fe
Or more detailed:
(1] (1] .2
m[r+ x—(r+x)9 }:Fl +F,+F,+F,
(N
m{2{r+ xj + (r + x)G} =F,+N
We also have:
F,=-K-x,
F =—c-x, ®)

F,=-pN- sgn(r+ xj,

where:
m — tool mass,
¢ — damping coefficient.
K — clastic constant.
p — friction coefficient between tool and guiding.

£r+ xj - relative speed of tool with respect to guide,
N=m{2(r+ xj+(r+x)9}—F2. ®

Under these conditions, the general equation of
vibration movement in this case is:

m{;; T (m)q _F-
- p{m{Z(;% ;J +(r+ x)'é} - Fz} (10)
sgn(;+ ).cj—Kx —ex.

The frictionless vibration movement is a second order
differential equation [2]:

(1] L] .2 .2 oo
mx+cx+[K—m9 }czFl+r9 m—-mr. (11)

The solution of the differential equation under the
assumption of sub-critical damping can be determined by



arranging the equation (1) under the form of a first order
linear differential system:

xX=x
oo (o2 o o2 . (12)
x{e —i}c—ix—kre +iF1
m m m
i:mz
with: n (13)
£ 220
m
where:

o — natural frequency;
o — damping factor.

The system becomes:

We denote:

20 1 . 02 0 (1)
[A]: 0 -0’ —2a ’{B}: 6 +iFl—’” (1
m

The system is:

{&}:[A]-{q}+{3} (16)

The general solution of the system is:
t

{q} = el {qo } + J.e[A](t_G){B(G)}dG . (17)

0

In order to determine the function, the following must
be performed [3]:
- compute [A4]t

0 t

[4} = [éz—mz]t —2at|’ (18)

- compute the chareacteristic polynomial:
N -t

_ .2 — <2 _
|s1—At|— —(6 _wz} s+20f |75 + 2outs

.2
—(9 —032}2.

In case of subcritical damping the solution is obtained
by solving the characteristic equation:

(19)
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[ .2
—2at+2itVw? —a’ -0
2 b

S0 = (20)

in which:

.2
 =—o—\a’+0 -0,
- 2n

P
p,=—a+Va’+0 —o’.

We have:

o2
s, =—at—itNo' —a* -0 =pt,

2
= p,t.

(22)

D

s, =—at+itVe’ —a’ —
The characteristic polynomial is:
R(x)=ax+b. (23)

For determining coefficients a and b, the following
system must be solved:

{R(Sl): e’ . (24)

R(s,)=e"
We get:
eplf _ e[’z’
o)
Y21 tpz ) (25)
b: pleﬂz _pzell
Py~ P2
The matrix el? becomes:
nt _ ,pat 0 1 pat _ it 1 0
[k _ _e e 2 pe pye _
¢ R([A]f) PP, {9 -’ *Z(X:lJr PP, {0 1}
p]e"zt ,pzew el _ Pt
_ Pr=D, Pr= D,
et ,pzepzf [éz,mz] pleml —pze”“ o P
Pi—D, Pr= D> PP
(26)
The system solution in this case is:
pat _ pit pit _ Pl e
x(t)zple Py? x(0)+e ¢ x0)+
Pr— P> b= P
1 pi(t=0) _ py(t-o) o2 1 .
+JL- r(G)G (G)+—FI(G)— r(o) |do.
0 b~ D, m
27
In case of subcritical damping we have:
—at e*(lt .
x(t)= (pcos pt —asin pt)x(0)+ sin pt x(0) +
L0 ofio) s 1 . -
+ —Ie sin(p(t — o)) — F(c)6 (0)-r(c)do.
(28)

For uniform rectilinear translation movement:
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with:
p=Vo’-0 —a’. (30)

Equation (29) represents the dynamic response of the
system in the given conditions.
If it is considered the variation of the force as:
t

F=K —Kye ", 31)

where:

K;, K; — constants that depend on the thickness
variation of the work material;

T, — time constant

The dynamic response of the system in the case of
alternative uniform rectilinear translation frictionless
movement will be [4]:

. K p Ke™
x(t)=(4)x(0)+(B)x(0)+ LR —
(0= (A0} (B)3(0)+ 22~
. K, -
(as1npt+pcospt)— 3 e 7+
oc—lJ +p’°
TP
Kzefo" 1.
+——5——|| a——|sin pt + pcos pt |,
TP
(32)
where:
—ot
A= (pcos pt—aosin pt),
i (33)
B= sin pt.
p
In case of uniform rotation movement

(r =R=ct;0= ctj we have:

.2
—[RO +K1Je‘”
(

3 3 -\asin pt+ p cos pt)—

t
K,e K,e™
- 2 + 2 (34)

1 ’ 1 ’

2 2
o-——-| +p o-——| +p
[ 217] [ ij

1.
(G—T—Jsm pt+ pcospt |

p

3. CONCLUSIONS

The dynamic response of the system in the presented
case was obtained for a translation and rotation
movement in the absence of friction

The differential system solution depends on the shape
of the pushing force at the tool-bearer level

Thus are created the premises for
optimization of the robot size

Based on the dynamic response obtained, it can be
performed stability analysis in case of subcritical
damping

structural
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