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1. Introduction

Most existing precision assembly robots are very
expensive, so there is a clear need for simple, cost-
effective assembly automation. There is a trend to place
the complete assembly system inside of a clean room envi-
ronment, leading to the requirement for very compact,
modular assembly automation. Until now, there have been
developed a variety of different technical solutions for
dealing with the above mentioned trends.

The state of the art for precision robots can be
summarized as shown in Fig. 1.
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Fig. 1 Classification of precision assembly / manipulation
robots

The simplest classification is into serial, parallel
and hybrid structures, which in turn can be subdivided into
further categories [1].

The first category covers Cartesian robots. These
are typically very large in comparison to their components
to be handled and are often as a result, very expensive.
However, they do provide repeatability between 1 and 3
micrometers, as demonstrated by, for example, the “Sys-
melec Autoplace 411”.

The second category covers SCARA robots,
which have a large workspace in relation to their physical
size, but only achieve a repeatability of £5 micrometers,
even in the case of the most accurate designs. In the field
of parallel robots, there are few examples in industrial use.
The Mitsubishi RP-X is an exception, achieving a repeat-
ability of +£5 micrometers. The majority of developments in
this area are limited to university research projects, for
example with the Triglide robot [2], which has achieved a
better repeatability than 1 micrometer.

These existing solutions have the common feature
of being very expensive and very large and there is now
growing market demand for smaller, cheaper robotic de-

vices for positioning, manipulation and assembly. The de-
velopment of such robots is now being made possible by
new enabling technologies, in particular zero-backlash
microgears and highly dynamic micro-motors with inte-
grated incremental encoders, which are allowing proven
robot arm structures to be miniaturized.

The trend to miniaturization is leading to yearly
growth of the world market for products based on micro-
system technology of 20% and therefore the interest in
microproduction technologies is also increasing [3].

Let NaHybMan be the name of the Hybrid robot
for Nano Manipulation. It consists of two important com-
ponents (Fig. 2). The first one is a parallel reconfigurable
component which is able to succeed operations with mi-
crometer precision and have the role of assuring the posi-
tioning and orienting of the mobile platform. Let NaPaMan
(Nano Parallel Manipulator) be the name of this compo-
nent. The second one is a serial component constituted
with the use of piezo actuators and is capable to realize
operations with nanometer precision. After assembling the
whole system, it is capable of achieving operations with
nanometer precision.
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Fig. 2 The NaHybMan model

As it was mentioned above, the NaHybMan robot
variant is able of achieving micrometer precision opera-
tions through its parallel component and it gets to achieve
nanometer precision operations through its serial compo-
nent. Because the object that is supposed to be manipulated
may have very small dimensions, even unobservable di-
mensions, this must be localized first based on its physical
or chemical properties. Therefore, NaHybMan will have to
“follow” these properties until the detection is taking place,
a fact that implies the satisfaction of gripping conditions.
Thus results the novelty character in the means of mathe-
matical model which has to be developed similarly to
tracking systems. Therefore, a sensorial system must be



also considered in order to “search” the volume where the
manipulated object is predicted to be located.

The main goal of this paper is to develop mathe-
matical and virtual models for a new class of parallel re-
configurable robots (NaPaMan) that are designed with the
purpose to be used for nanomanipulation and/or nanoas-
sembly.

2. Theoretical aspects

Structural synthesis of parallel mechanisms could
be made if the relation of the number of degrees of free-
dom (DOF) is considered

M:(6—m)n—zsl(k—m)Ck -M, (N

k=1

where m is the number of common constrains for all ele-
ments, n is the number of the mobile elements, & is the
number of constrains which define a joint, Cj is the num-

ber of joints with (6 - k) degrees of freedom and M, is the

number of identical degrees of freedom.

In the case of parallel mechanisms without com-
mon constrains and also without identical degrees of free-
dom the relation (1) becomes

M= 6n—ZS:ka @)

k=1

Let N be the number of mobile platforms and D,

— the number of joints with (6-k) degrees of freedom which
directly connect the platforms of the mechanism. With
these notations it results

M=6(nl+N)—25:k(ck+Dk)

k=1

(€)

where n; is the number of the elements which compose the
loops which connect the platforms of the mechanism.

We can also assume three types of basic modules
(named basic legs) which can connect the platforms of the
mechanism [4]. Let a; be the number of the loops with
prismatic — universal — spherical (PUS) topology, let a, be
the number of the loops with prismatic — rotational —
spherical (PRS) topology, and also let a; be the number of
the loops with prismatic — 2 universal — 2 spherical
(P2U2S) topology.

In the case of parallel mechanisms which are used
in the field of manipulation and/or assembly operations, it
is common to consider

N=1.D, =0,k=1{l,..,5} 4
With these notations, the relation (3) becomes
M =6-a, —3a, )

Also, each loop contains only one degree of free-
dom. Thus, it results

M=a +a,+a,

(6)
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Integer solutions of the equations
M—-6+a,+3a,=0
(M

a,—-M+a,+a, =0

gives all variants of parallel mechanisms with assumed
hypothesis.

The system of Egs. (7) has many solutions. Also,
if other parameters are taken into consideration (the order
of the joints in the loop, geometrical parameters of the
loops, etc) the topology problem becomes very complex.
The relation (7) defines the topology of parallel robots in a
modular manner. Table presents variants of NaPaMan ro-
bots, solutions of (7), with a; =0 and 6 2 M >3.

Table
Solutions for NaPaMan robots
No | M a | a, Remarks
1 6 6 0 Stewart Platform
2 5 4 1
3 4 2 2
4 3 0 3

Also, Fig. 3 presents kinematic loops of those
variants (Fig. 3, a — robots with 6 DOF, Fig. 3, b — robots
with 5 DOF, Fig. 3, ¢ — robots with 4 DOF, Fig. 3, d — ro-
bots with 3 DOF). The major advantage when using this
type of displacement of the joints consists in the fact that
the weight of the moving masses is smaller. This happens
because the actuators are directly connected to the fixed
platform.

For a different order of the joints in the loop, the
variants shown in Fig. 4 are obtained: Fig. 4, a — robot with
6 DOF, Fig. 4, b — robot with 5 DOF, Fig. 4, ¢ — robot with
4 DOF, Fig. 4, d — robot with 3 DOF. The most important
advantage when using this type of topology is elimination
of the guides of the actuators mobile elements (actuator rod
guide). This type of NaPaMan robots will be named “Na-
PaMan — hexapod type”.
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Fig. 3 Variants of NaPaMan with fixed actuators: a—6
DOF, b -5 DOF, ¢ —4 DOF, d - 3 DOF
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Fig. 4 Variants of NaPaMan — hexapod type: a — 6 DOF,
b -5 DOF, ¢ — 4 DOF, d — 3 DOF
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3. Kinematics

General algorithms used to solve direct kinema-
tics in the case of parallel mechanisms consider that for
each independent loop of the mechanism one vector equa-
tion can be written [5, 6]. Thus, a nonlinear system of sca-
lar equations is obtained. Usually, this system of equations
can be solved only with numerical methods and for that an
accurate initial value of the solution is required. Of course,
this initial value of the solution is strongly related to geo-
metrical parameters of the mechanism. When the geomet-
ric parameters of the mechanism are changed also the ini-
tial solution must be changed. According to that, the kine-
matics of the parallel mechanism will be developed in a
modular manner, based on kinematics of the legs which
connect the platforms and in order to ensure an analytical
value for the initial solution. Each leg is in fact the right (or
left) side of one independent closed loop and can be de-
scribed by two coordinate systems: one attached to the
frame and the other one attached to the mobile platform

(Fig. 5).

Fig. 5 “Cut body” method

where Tj is fixed coordinate system, T}, is coordinate sys-
tem attached to the last element of the left side of the “/”
independent loop, T}, is coordinate system attached to the
last element of the right side of the “/”” independent loop.

The relationship between these coordinate sys-
tems is given by

H,, =114,(q;) )]
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for the left part of the independent loop and

Himr = H Air (qir)

for the right part. H,

iml >

A4, (q;) are relative transformation

)

H.

. are absolute transformation

matrices and 4;(g;),

matrices.
For an independent loop it results

H =H

iml imr (10)

Matrix (10) leads to six independent scalar equa-
tions. For the whole parallel mechanism, a nonlinear sys-
tem of equations (with 6n independent scalar equations,
where n is the number of independent loops) will be ob-
tained. This system of equations can be solved only with
numerical methods. Generally, the legs of the parallel
component have the same topology. It results that the rela-
tive transformation matrices for the left and right part of
each loop are formally similar. Therefore, for each topol-
ogy of the legs, a formal mathematical entity (named
LMM - Leg Mathematical Model) was developed. Simi-
larly a modular kinetostatic model was also developed.
This mathematical model leads to nonlinear system of
equations. Classic algorithms of numerical methods, e.g.
Newton-Raphson, can be used in order to solve this system
of equations.

4. Control algorithm

The control algorithm, that was developed, has as
goal to assure a precise (1pum) positioning and orienting of
the mobile platform for the NaPaMan part, and even more
precise positioning for the whole NaHybMan structure. In
Fig. 6, the control concept for the NaPaMan part is pre-
sented. This concept is hybrid force —position control algo-
rithm and was developed in correlation with the overall
concept for the whole structure, in a modular manner.

As any complex control system this is also built
up from interconnected elements.

A PC deserves the role of a human machine inter-
face (HMI). The input from the user comes from this PC.
For convenience, the input data can be introduced in mul-
tiple ways: numerical input from keyboard; incremental
input from keyboard; via joystick, with force feedback;
using the mouse, with less precision.

The input variables are Cartesian coordinates of
the end effecter of NaHybMan or of the mobile platform of
NaPaMan. For force controlled applications the forces
constraints (and/or maximum force limits) will be intro-
duced.

Also the graphical user interface (GUI) displays a
3D representation of the manipulator, and plotting coordi-
nates (both Cartesian and motor positions) versus time is
possible. The response from the force sensors is also visu-
alized here.

For position control the solution for inverse kine-
matics problem is necessary. Force distributions for differ-
ent actuators are obtained based on the stiffness matrix

F
K=—

% (11



where K is the stiffness matrix, F' is the generalized force
that actuates the mobile platform, X is the generalized dis-
placement of the mobile platform.
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Fig. 6 Control concept

Hybrid control is necessary for very high preci-
sion manipulation. This type of control is based on the ex-
istence of a rapid commutation between force and position
control.

These control strategies generate the input values
for the actuator controllers. Motor controllers are devices
that govern the electric motors. A motor controller might
include a manual or automatic means for starting and stop-
ping the motor, selecting forward or reverse rotation, se-
lecting and regulating speed, regulating or limiting torque,
and protecting against overloads and faults.

High precision linear motors assure reliable mo-
tion of the manipulator.

Feedback from the manipulator for closed loop
control comes from high precision sensors, both for posi-
tion and force.

5. Implementation

Implementation of the control algorithm is done
in MATLAB/Simulink. Matlab is a numerical computing
environment and programming language. Maintained by
The MathWorks, MATLAB allows easy matrix manipula-
tion, plotting of functions and data, implementation of al-
gorithms, creation of user interfaces, and interfacing with
programs in other languages. An additional package, Simu-
link, adds graphical multidomain simulation and Model-
Based Design for dynamic and embedded systems.

Implementation in Matlab raises distinct problems
especially in the case of implementation of direct prob-
lems, the solution of which in the case of parallel robots
leads to nonlinear equation systems.

In the case of NaPaMan this system of equations
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(given by (10)) has 18 nonlinear equations with 18 un-
knowns. For implementation in Simulink, the predefined
Matlab function Fsolve will be used. For the implementa-
tion in the virtual model, direct kinematic problem will be
resolved with the help of the Newton-Raphson method.

Utilizing the implemented model, it will be possi-
ble to develop a virtual model, useful in first stages of the
theoretical model testing.

Experimental study of the manipulator and the
control algorithm is done using a dSpace development
board. The main advantage of dSpace is that it is a real-
time system. Other advantages consist in the effortless
transition from a virtual control system to a physical one.
Trouble-free communication with the Matlab/Simulink
environment is managed by a Matlab module called Real-
Time Workshop, and also an HMI can easily be built up,
using ControlDesk, dSpace’s HMI development tool.

For experimental determination of positioning and
orienting precision a state space control system will be
implemented. In this sense a sensorial system that permits
the experimental determination of absolute position and
orientation of the mobile platform will be developed.

We consider that this type of approach offers
more exact data, compared with a control algorithm in
joint space, the case in which position sensors offer rela-
tive values as information, from every actuator. Based on
experimental research, it will be possible to optimize the
control algorithm.

6. Virtual models and numerical results

Usually a virtual model must be designed in order
to ensure a friendly way to cooperate with the customer.

Related to the virtual parallel mechanisms and in
order to ensure this property, the virtual model of LMM
must include an automatic way to find an initial solution
for the nonlinear system of equations. Without loosing the
generality of the problem, a leg with PUS topology is con-
sidered (Fig. 7). An analytical solution of the initial values
of the angular parameters of the joints of the leg means that
a solution of the inverse geometric model for the initial
position must be determined. This solution is also the ini-
tial solution for the nonlinear system of equations for the
whole mechanism.

/=1
Fig. 7 Virtual model of the PUS loop

Thus, for the leg from Fig. 7, it results

H=A,..,A4,
A'H = 4,,..., 4
A'ATH = 4., 4
A A ATH = A, A
A AT A AT H = A A,
AA AV A AT H = 4,

(11)




where H is the absolute transformation matrix, which de-
scribes absolute position and orientation of the mobile plat-
form (known for the initial position of the mechanism),
A(i=1,..,6) is the relative transformation matrix. The

elements of the 4; are functions of the joint coordinate ( g,

for the prismatic joint and #j for all other joints of the leg).
Using relations (11) a set of initial values for the parame-
ters which describe the leg from Fig. 7 can be found.

The NaPaMan is composed from a fixed platform
and a mobile platform that are connected by independent
designed modules. These modules consist of actuators,
passive joints and links. According to the number of the
independent modules that are used in the constitution of
the parallel component of the robot, it can result a variety
of different parallel robot topologies.

The main advantages when using a modular de-
sign consists of great flexibility, ease of maintenance, short
time for construction of a new robot structure with other
topology different than the previous one. The modular
manner when designing the NaPaMan ensures full recon-
figurability and is adopted because of the customers differ-
ent wishes.

Further, some characteristics of the main compo-
nents of the NaPaMan are presented. The components that
will be described are the ones that will be purchased from
specific companies and will be parts of the parallel robot,
such as the actuators, the universal joints and the spherical
joints.

The actuators used in the constitution of the Na-
PaMan are the M-235.52S model [7], made by PI, as
shown in Fig. 8. The M-235.52S is an ultra-high-resolution
linear actuator providing linear motion of up to 50 mm
with submicron resolution. It consists of a preloaded ultra-
low-friction, heavy-duty ball screw which is driven by a
high-power, low-vibration 2-phase stepper motor. The op-
erating voltage is 24 V and the electrical power is 4.75 W.
This actuator has a design resolution of 0.156 um with a
minimum incremental motion of 0.1 um, unidirectional
repeatability of 0.2 um and bidirectional repeatability of 1
um. It can achieve a maximum speed of 20 mm/s and the
maximum travel range is 50 mm. The maximum push/pull
force and lateral force is 100 N. It has a weight of 0.8 kg
and the operating temperature range is between -20 and
+65°C.

Fig. 8 The M-235.528S actuators

The universal joints used in the constitution of the
robot are the UJ-HD20 model from Belden universal joints
[8]. These joints are manufactured from quality, high-grade
alloy steel and can operate at angles up to 45°. The spheri-
cal joints chosen to be used when designing the NaPaMan
are the TBS6 model produced by THK [9].

The following geometrical dimensions were con-
sidered:

- the fixed and the mobile platform have the follow-
ing geometry (“f ” is used when referring to the fixed plat-
form and “m” is used when referring to the mobile plat-
form) (Fig. 9)

- the mobile platform has the same geometry with the
fixed platform and has the following dimensions

A4,8,=C,D, =E F, =160 mm
B,C,=D,E, =A,F, =8 mm
- the distance between the fixed platform and the mo-

bile platform when the actuators are situated at their initial
position is 360 mm.
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Fig. 9 The geometry of the fixed and mobile platform

Using the properties that were described previ-
ously, a CAD model was developed. The components used
in the structure of the parallel robot (fixed platform, mobile
platform, prismatic joints — actuators, spherical joints, uni-
versal joins, links between the joints) were designed and
modeled in Solid Works.

i ¥
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Fig. 10 The NaPaMan with 6 DOF and vertical actuators
for different orientations of the mobile platform
(NaPaMan 6x PSU)



In order to make difference between the diverse
variants, further it will be utilized the following notation:
NaPaMan (n x PSU + k x PSR). For example, the variant
from Fig. 10 will be notated NaPaMan 6 x PSU.

Fig. 10, a, b, ¢, d presents the variant of NaPaMan
6 x PSU with 6 DOF with vertical actuators for different
orientations of the mobile platform according to the travel
range of the actuators.

In order to demonstrate reconfigurability property
of the NaPaMan, Fig. 11 illustrates four variants of parallel
robots with vertical actuators (Fig. 10, a — NaPaMan with 6
DOF — NaPaMan 6 x PSU, Fig. 10, b — NaPaMan with 5
DOF — NaPaMan 4 x PSU + 1 x PSR, Fig. 10, ¢ — Na-
PaMan with 4 DOF — NaPaMan 2 x PSU + 2 x PSR, Fig.
10, d — NaPaMan with 3 DOF — NaPaMan 3 x PSR). Nota-
tions P, S, U and R come from prismatic, spherical, univer-
sal and rotational respectively.

a b
¢ d

Fig. 11 The NaPaMan with vertical actuators: a — 6 DOF,
b -5 DOF, ¢ — 4 DOF, d — 3 DOF

As we had also mentioned before, NaPaMan is a
modular parallel robot. To clearly present this feature of
the robot, another variant of NaPaMan was designed, but
this time, the order of the joints in the loop is different.
Thus, the actuators are mounted between the spherical
joints (that are connected to the fixed platform) and the
universal / rotational joints (that are connected to the mo-
bile platform). This variant of NaPaMan is the “hexapod
type” and it is also respecting the reconfigurability feature.
In Fig. 12, four variants of the NaPaMan with the topology
described above are presented, (Fig. 12, a — NaPaMan
“hexapod type” whith 6 DOF — NaPaMan 6 x SPU, Fig.
12, b — NaPaMan “hexapod type” with 5 DOF — NaPaMan
4 x SPU + 1 x SPR, Fig. 12, c — NaPaMan “hexapod type”
with 4 DOF — NaPaMan 2 x SPU + 2 x SPR, Fig. 12, d —
NaPaMan “hexapod type” with 3 DOF — NaPaMan 3 x
SPR).
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Fig. 12 The NaPaMan “hexapod type”: a — 6 DOF, b — 5
DOF, ¢ —4 DOF, d - 3 DOF

The following numerical results were obtained for
the NaPaMan robot variant with vertical fixed actuators. It
was also intended the implementation in Matlab of solving
the inverse kinematics problem, that will be utilized in the
future works to develop control algorithm of the NaPaMan
robot.

For solving the inverse kinematics, positions of
the motor elements were determined with respect to the
end-effector’s position.

For the robot with 6 DOF the unknowns are the
generalized coordinates ¢,, (i = 1, ...,6) and Xp Vg7

(i =1, ..., 6) the coordinates of the points B,, belonging to
the mobile platform of the robot with respect to O,g,.¢

coordinate system, are given (Fig. 13).
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Fig. 13 Kinematical chain of the NaPaMan with 6 DOF
and vertical actuators



Fig. 13 presents an arbitrary kinematical chain of
the robot with 6 DOF where r denotes the position vector
making the link between O,g,., coordinate system and

)

iy1z1 coordinate system, /2 denotes the distance between

B, and B; and r, denotes the radius of the circle that de-

fines the fix platform’s hexagon of the robot with 6 DOF.

O.0y0-0 18 the fix coordinate system, attached to

the base of the robot with 6 DOF, with the centre in O and

O,1,121 1s the mobile coordinate system, attached to the

mobile platform of the robot with 6 DOF, with the centre
in O 1-

Solution algorithm of inverse kinematics for the
NaPaMan with 6 DOF is based on:

- finding X VpsZys the coordinates of the points

B,, belonging to the mobile platform of the robot with
respect to Oy, coordinate system (i = 1, ..., 6), knowing

1y, the radius of the circle that defines the mobile plat-

form’s hexagon of the robot with 6 DOF and the hexagon’s
angles;
- finding x, ,y, .z, by multiplying the coordinates

vectors of the points B, with R, the transfer matrix from

coordinates system O

iytzt 10 Oygy0-0 coordinate system:

cycl cyslchp—sych cwsOch+sysp
R swcl sysOsgp+cycd cysOch—sysp
—s6 cOsp clcg
0 0 0

(12)

— N e R

where ‘¢’ and ‘s’ denote ‘cos’ and ‘sin’ and v, 0, ¢ are
Euler’s angles.
- finding the ¢; parameters using equation of the

sphere

q; =ZBii\/(L2—(xBi _xAl-)z_(yBl- _yA,-)2 (13)

where x,,y,,z, are coordinates of the points 4;, belong-

ing to the fix platform of the robot with 6 DOF, with re-
spect to O,,.¢ coordinate system (i = 1, ...,6) and L is

the length of the segment 4,B;.

This algorithm of solving the inverse kinematics
was implemented in Matlab/Simulink. In order to get nu-
merical values, a trajectory was assumed and implemented
in the solving block. The following values were introduced
in the solving block: r4 = 185 mm; rp = 97.30 mm; L =
=333 mm; 2 = 30.5 mm.

Fig. 14 presents the values of the generalized co-
ordinates, ¢; (i = 1, ..., 6) in a simulation obtained in Mat-
lab/Simulink using the algorithm described above. The
mobile platform is performing a movement along z axis
following the position vectors 7. = [0,0,360,177, Vinal =
=10,0,500,1]", » = () with a linear variation and Euler
angles: w =0°, 8 =0° ¢ =0°.

Fig. 15 presents the values of the generalized co-
ordinates, ¢; (i = 1, ..., 6) in a simulation where the mobile
platform is performing a movement along x axis following

the position  vectors  Fuiw = [0,0,360,11,  Fpuu=
=[50,0,360,1]" , » = 1(¢) with a linear variation and Euler
angles: w =0° 0 =0° ¢ =0°.
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Fig. 14 Actuators displacement when the mobile platform
is moving along z axis
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Fig. 15 Actuators displacement when the mobile platform
is moving along x axis

7. Conclusions

The hybrid structures can be successfully used for
realizing the automated nanomanipulation and nanoassem-
bly.

Utilizing a parallel component, the needed preci-
sion can be considerably improved.

The manner of reconfigurable construction of the
parallel component is increasing the number of possible
applications in which these robots may be used.

The control algorithm can be also developed into
modular manner.
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KINTAMOS KONFIGURACIJOS MODULINIO
LYGIAGRECIOJO NANOMANIPULIATORIAUS
PAGRINDINES PROJEKTAVIMO KRYPTYS

Reziumé

Operacijos, atliekamos surenkant vis labiau popu-
liaréjancius miniatifirinius objektus, didina prietaisy, galin-
¢iy mazesniu nei vieno mikrometro tikslumu pozicionuoti
ir surinkti mikrodetales, poreiki. Kartu iSaugo poreikis pro-
jektuoti robotus, kurie gali sékmingai atlikti Sias operaci-
jas. Tokioms operacijoms atlikti rekomenduojama naudoti
hibridinés konstrukcijos robotus. Hibridiné konstrukcija
sudaryta i$ dviejy bloky, kuriy pirmasis yra kintamos kon-
figtracijos blokas, galintis atlikti operacijas mikrometro
tikslumu, o antrasis — pjezopavara, galinti atlikti operacijas
nanometro tikslumu. Pagrindinis Sio straipsnio tikslas —
aprasyti hibridinés architektiros roboty, skirty preciziniam
valdymui ir surinkimui, projektavimo principus, ypa¢ daug
démesio skiriant jo lygiagretiesiems blokams.

R. Pacurari, A. Csiszar, C. Brisan

BASIC ASPECTS CONCERNING MODULAR DESIGN
OF RECONFIGURABLE PARALLEL
MANIPULATORS FOR ASSEMBLY TASKS AT
NANOSCALE

Summary

The trend to miniaturization in the field of objects
assembly and manipulation is leading to increasing de-
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mand for devices that can precisely position and assemble
microcomponents with an accuracy of less than one mi-
crometer. Therefore the interest of designing such robots
that are able to successfully succeed with these operations
is also increasing. For this kind of operations, hybrid struc-
tures are recommended. The hybrid structure is composed
of two components; the first one is a parallel reconfigur-
able component which is able to succeed operations with
micrometer precision and the second one is a serial com-
ponent constituted with the use of piezo actuators and is
capable to realize operations with nanometer precision.
The main interest of this paper is the basic design of a ro-
bot with hybrid architecture for precision assembly and
manipulation but is focused mainly on its parallel compo-
nent.

P. ITanypapu, A. Licucsap, L1. bpucan

OCHOBHBIE ACIIEKTBI TIPOEKTPOBAHU A
I[MEPEKOHOUT'YPUPYEMOI'O MOZIYJIBHOI'O
ITAPAJUIEJIBHOI'O HAHO MAHMUITYJISITOPA

PezwomMme

TenaeHnus K MUHUATIOPU3AIMN B 00JacTH cOOp-
KU OOBEKTOB U MaHUITYJISIIMU C HUMH IPUBOAUT K yBENHU-
YEHHOMY CIPOCY Ha YCTPOHCTBa, KOTOPbIE MOTYT C TOYHO-
CThIO MEHbIIE OJHOTO MHKpPOMETpa MO3HINOHUPOBATH H
coOpaTb MUKPOKOMIIOHEHTHI. [103TOMY yBeIMYMIICS WHTE-
pec K MPOEKTHPOBAHUIO POOOTOB, KOTOPBIE MOTYT YCIIEIl-
HO CIIPaBUTHCSI C ONEpalMsIMU Takoro poxa. Jis Belmon-
HEHUSl TaKOro BHJA ONepanuii peKOMEHIyIOTCSl TMOpu-
HBlE KOHCTPYKIMH poOoToB. I'mOpuiHas KOHCTPYKLUS
poboTa cocTonT U3 ABYX OJOKOB, NMEPBBIN N3 KOTOPHIX SIB-
nseTcs OJIOKOM € TIEpEMEHHOW KOH(Uryparmei, crocoo-
HBIIl OCYIIECTBUTH ONEPALUH C TOYHOCTHIO JO OJHOTO
MHKPOMETpA, a BTOPOH — MBE30BIKOK, CIIOCOOHBIN OCY-
IIECTBUTh OIEPAlMM C TOYHOCTHIO OJHOTO HAHOMETpA.
Ilenp 5TOM CTaTbU ONUCATh OCHOBHBIC ACIEKThI IIPOEKTH-
poBaHHsI pOOOTOB TMOPHUIIHOIM apXUTEKTYphl, HperHa3Ha-
YEeHHBIX Ui NPEIM3MOHHOW COOpKM U ee yIpaBleHUs.
OCHOBHOE BHMUMAaHHE IIPHU 3TOM YJEJIEHO MHapaulebHBIM
KOMITOHEHTaM.
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