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1. Introduction

In the last three decades, parallel robots have been
increasingly studied and developed from both theoretical
viewpoints and practical applications, as the medical one.

Parallel robots are the structures with closed ki-
nematic chains, composed by an end-effector (the mobile
platform) with n DOF (degrees of freedom), connected to a
base by two or more kinematical chains called legs (that
can be a simple or a complex kinematic chains) [1-3].

For a like 3 DOF structure (Fig. 1), that is also the
object of this paper, Stan et al. approached relevant kine-
matic and control aspects in [4, 5].

In this paper, starting from another dynamic ap-
plications [6-8] and using ADAMS simulations, the influ-
ence of the load-rigidity correlation on the dynamic re-
sponse of the considered medical Triglide robot is high-
lighted; this approach compares two robot models (with
rigid and with elastic connecting rods), taking into account
adjustable load and adjustable rigidity of the rods AB
(Fig. 1). The resulting conclusions are useful for the accu-
racy of the medical robot applications.

2. Inverse kinematical model

The 3 DOF Triglide parallel robot (Fig. 1) is
composed by a base N connected at a mobile platform P,
by 3 glide actuators NA;; i=1, 2, 3 and 3 parallelogram
legs whit spherical joints (A;;, Ap, Bj, Bi).

The inverse kinematics of this structure supposes
to establish the joint variable vector q(qi, ¢», ;) of the

Fig. 1 Kinematic scheme of a branch from the considered
medical parallel robot [9]

actuators as against of the end-effector variable vector
Py(x,, ¥y, z,) of the mobile platform center against of the
system Nxyz. The actuators’ vector can be obtained from
equations of the type (Fig. 1)

q,.2 + q,2{(x,, + L, sin(,B[))sin(ai)—i-(y,; +
+L, cos(ﬁ,)) cos(ai)} +(xP +L, sin(ﬁ,))2 +
+(yp+Lycos(B)) +2,° L} =0 (1)

which a; and ;= 0°, 120°, 240°.

This kinematical model, elaborated and simulated
in [9, 10], was now extended to the rigid robot dynamic
modeling.

3. Dynamic simulation using ADAMS software

For the considered medical Triglide robot (Fig. 1)
[9], the influence of the load-rigidity correlation on the
dynamic response is highlighted further; using ADAMS
software, this approach compares two robot models (rigid
robot and robot with elastic rods), with adjustable load and
adjustable rigidity of the connecting rods AB.

The next prerequisites were taken into considera-
tion:

e kinematic and dynamic modelling is made in a
fixed system Oxyz whose origin O is described in
the system Nxyz by vector NO (0.14 m, 0.13 m,
1.11 m);

e robot task: to describe a circle with a radius of
50 mm in a tilted plane;

o the first model of rigid robot, whose mass features
are given in Table 1, is taken as reference, and the
second model with elastic rods with adjustable load
and adjustable rod elasticity (rods with &10 mm
and rods with 20 mm) is analysed; adjustable
roads’ elasticity (that has the main influence) was
obtained using ADAMS AutoFlex module, taking
into account only the natural frequency smaller than
200 Hz for @10 mm and than 500 Hz for 20 mm;

o the material used for the elements was aluminium;

o the adjustable load is achieved by adjustable exter-
nal mass: 0.5, 1.5 and 2.5 kg.

The simulations, in which the medical robot has
rods with @10 mm and external mass of 0.5 and 1.5 kg,
show that the difference between dynamic response of the
rigid robot model and the response of the robot model with
elastic connecting rods can be neglected; the relevant dif-
ferences interfere for the mass of 2.5 kg (Figs. 2 - 7).
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Fig. 2 The 3D model of Triglide robot with rigid (a) and
elastic (b) rods of J10 mm and external mass of

2.5kg
Table

Mass and inertial property of all elements in movement
Rod diameter | @10 mm 220 mm
My kg 1.1604701612 3.1118806449
Jo kgm® 1.1604701612 2.1977043525
J,,. kgm® 0.8136113354 2.2174092744
J.. kgm” 0.06326911582 | 0.1446727817
Jo, kgm® 0.028778040992 | 0.061550150231
J,. kgm’ 0.1256409378 0.3166311606
J.. kgm® 0.1564715156 0.3837917432

=4l

a I ' b |
Fig. 3 The 3D model of Triglide robot with elastic rods of

10 mm (a) and P20 mm (b) and external mass of
2.5kg

The dynamic ADAMS simulations, for the case of
2.5 kg, are graphically illustrated in Figs. 3-8 and highlight
the following properties.

e The displacement of the point P, (the centre of the
mobile platform), in the case of 10 mm elastic
roads, has a notable difference as against of rigid
roads’ case; this difference induces undesirable ef-
fects for speed and acceleration (Figs. 4, 5 and 6).
In case of rods with @20 mm, the both models
(rigid and elastic) give similar displacements (Fig.
4, b), with relative errors (Fig. 4, c) closed to zero
(neglected errors).

e Because the responses of motors are similar, only
the M3 motor response is illustrated in Figs. 7 and
8.

All displacements of the motor’s are close varia-
tions (Fig. 7); this closeness can be observed also for the
motor forces (Fig. 8, c), but not in the case of the elastic
rods with 10 mm diameter (Fig. 8, a), in which the differ-
ences are very large; unlike the 10 mm diameter case, the
20 mm case assures a proper elasticity, for the given sys-
tem, and implicitly a better response that is close to rigid
case response.
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Fig. 4 The platform center polar-ray variation for rods with
10 mm (a) and with &20 mm (b) in the premise of
rigid rods (continuous line) and elastic rods (dashed
line); the difference between the polar rays afferent
to the elastic model and rigid model with 20 mm
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Fig. 5 The platform velocity variation for rods with 10
mm (a) and with &20 mm (b) in the premise of rigid
rods (continuous line) and elastic rods (dashed line)
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Fig. 6 The platform acceleration for rods with 10 mm (a)
and with &20 mm (b) in the premise of rigid rods

(continuous line) and elastic rods (dashed line)
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Fig. 7 Displacement variation in the M3 actuator for rigid
rods (continuous line) and for elastic rods (dashed
line) with @10 mm (a) and with &20 mm (b)

In the last case (with external mass of 2.5 kg), al-
though the weight of moving elements (6 roads, 3 driving
motors and the mobil platform) totalizes 3.11 kg for
20 mm roads‘ diameter (Table), unlike 1.16 kg for the
10 mm roads‘diameter, the dynamic responses of the robot
with elastical elements highlight a much better working
behaviour in the case with 20 mm roads* diameter (Fig. 3,
a and b). The large elastic deformations from Fig. 2, a and
Fig. 3, a, show that.
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Fig. 8 Driving force variation in M3 actuator for rigid rods
(continuous line) and for elastic rods (dashed line)
with @10 mm (a) and with &20 mm (b); detail of b
(c) and detailed force variation in the case of rigid
rods with 20 mm (d)

4. Conclusions

1. This paper presents the dynamic analysis by
ADAMS simulations (displacement, speeds, accelerations,
forces and rods’ deformation), considering three values for
external load (of 0.5, 1.5 and 2.5 kg) and two values for
rods’ diameter (of 10 and 20 mm).

2. Te results of dynamic simulations highlight that
the differences between dynamic responses of the parallel
robot with rigid rods and the robot with elastic roads are
negligible for the external load of 0.5 and 1.5 kg. The rele-
vant differences interfere, the external load of 2.5 kg, be-



tween elastic model with 10 mm roads’ diameter and with
20 mm roads’ diameter.

3. While dynamic response of the robot with elas-
tic roads of 20 mm diameter (and external mass of 2.5 kg)
is almost the same with the rigid robot response (the proper
elasticity assure a good system stability), the response of
the robot with elastic roads of 10 mm diameter (and the
same external mass) shows that the structure has control
difficulties.

4. In accordance with the previous conclusion, a
parallel robot of Triglide type can achieve a precise trajec-
tory in medical applications, if a good correlation between
roads’ rigidity, external loads and robot mass is accom-
plished.
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LYGIAGRETAUS MEDICININIO TRIJU SLYDIMO
KINEMATINIU PORU ROBOTO DARBO TIKSLUMO
KORELIACIJA IVERTINANT KRUVIO PASTOVUMA
DINAMINIO IMITAVIMO BUDU

Réziumé

Straipsnyje pristatoma lygiagretaus medicininio
trijuy kinematiniy slydimo pory roboto darbo tikslumo kore-
liacija, jvertinant kriivio pastovumg dinaminio imitavimo
blidu. Parodyta, kad $is naudojamas medicinoje robotas,
gali judéti tikslia trajektorija, jeigu yra pasiekta gera kore-
liacija tarp kelio pastovumo, iSorinio kravio ir roboto ma-
sés.

N. R. Rat, M. Neagoe, D. Diaconescu, S. D. Stan

DYNAMIC SIMULATIONS REGARDING THE
INFLUENCE OF THE LOAD-RIGIDITY
CORRELATION ON THE WORKING ACCURACY OF
A MEDICAL TRIGLIDE PARALLEL ROBOT

Summary

The paper presents dynamic simulations regarding
the influence of the load-rigidity correlation on the work-
ing accuracy of a medical Triglide parallel robot. It was
proved that Triglide parallel robot can achieve a precise
trajectory in medical applications, if a good correlation
between roads’ rigidity, external loads and robot mass is
accomplished.
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KOPPEJIALIA TOYHOCTU PABOTBI
MEJNILIMHCKOI'O ITAPAJJIEJIBHOI'O POBOTA C
TPEMSA KUHEMATUYECKNMU ITAPAMHA
CKOJIBXKEHHSA C YYHETOM CTABUJIBHOCTU
HATPY3KU ITP1 JMHAMMNYECKOM
NMUTHUPOBAHNN

PesmomMme

Cratbsl IpeaCcTaBIsieT KOPPEJSIIMIO TOYHOCTH pa-
00THI MEIMIIMHCKOTO MapauIeNbHOr0 podoTa ¢ TpeMs KH-
HEMaTHYeCKUMH NapaMH CKOJBKEHHS C YIEeTOM CTaOWIIb-
HOCTH Harpy3KH IIPH AUHAMHYECKOM UMHTHpoBaHHU. [lo-
Ka3aHO, YTO 3TOT pOOOT MOXKET OCYIIECTBUTH TOUHYIO Tpa-
SKTOPHIO NP UCIIONB30BaHUU B MEIMILUHE, €CIH JIOCTH-
HyTa XOpollasi KOppesuus M1y CTaOMIEHOCTBIO TPaeK-
TOPHUH BHEIIHEN HAarpy3Ku U Maccoi poOorTa.
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