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Abstract
This paper aims is to present the realization gfrual model, as well as the experimental modebfonechatronic micro-positioning
and micro-measuring system on two axes, OX, ande®gectively. The paper also includes experimemsiilits on measuring the
gripping force developed between the fingers okekattrical micro-gripper, with two fingers, incorped into the experimental

model of a mechatronic micro-positioning system.

Index Terms:. flexible mechatronic system, micro-positioninggnaxgripper
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1. INTRODUCTION

Current micro-positioning equipment developmentiiectly
influenced by the evolution of measurement techgiel
manufacturing technologies of components made
semiconductor materials, as well as electro-meciahmicro-
systems fabrication technologies (MEMS). Seriedpetion
of micro-positioning systems requires high demaras
mechanical design, choice of materials, manufacguand
testing methods [1]. These high demands have dimtaence
on costs.

In positioning application development, it is nohoagh
simply to optimize individual components within asual
micro-positioning system, but innovative designnpiples
must be relied on [2].

Micro-positioning systems are powered by electriotors
platform with travel routes from a few millimetras hundreds
of millimetres. As guidance systems commonly uskero
bearings, generating frictional forces, their ratoh and
reproducibility is generally limited to 0.im (usually not
lower than 0.3um) [3].

For mechatronic applications it which it is neceggsa obtain
sub-micrometer resolutions, it is required to usetibnless
positioning systems, such as linear electromagnetitors,
electro-dynamic actuators or piezo-electric actigatn such
applications, electro-dynamic motors and linear ctete
magnetic actuators are less used because theyatemreot of

of

heat and produce magnetic fields that can interfiétie other
processes [4].

Increasing the competitiveness and efficiency of
manufacturing impose to current technological eongpt
configurations to meet increasingly stringent regpients on
performance accuracies that are geared towardsittre- and
nano-metric range, as well as increased automation.

In this regard, the National Institute for Researahd
Development in Mechatronics and Measurement Tecieniq
Bucharest has conceived, designed and developéskiald
mechatronic micro-positioning system with two akest meet
the requirements outlined above.

2. REALIZATION OF THE VIRTUAL MODEL OF
A MECHATRONIC MICRO-POSTIONING AND
MICRO-MEASURING SYSTEM

In order to realize the virtual model of the fleebmicro-
positioning mechatronic system, there has beeiblediad the
technical theme of the work, with technical chaedstics, the
scheme of the experimental model of the mechatreystem
(figure 1), and operation cyclorama (Table 1).

Thus, the technical features are: positioning amoyr +
0.00025 mm; sleds cycle: 0 + 200 mm on x and oload
transport on axis x: 100 + 200 N, load transporawis z is 25
+50 N, (electric or pneumatic) gripper, with thassibility of
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gripping and positioning parts up to 0.5 kg; posepply: 220
Vca/50 Hz (15V-CC motors, 24V-griper and controllevork
mass: 1250x780x750 (mm).

Figure 1 schematically depicts the experimental ehad the
micro-mechatronic system, highlighting its compdsen
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Fig. 1. Scheme of the experimental model of the mechatroni
system

M echatronic system components:
1& 10 —CC motors

2&8 -—linear axes

3&9 -—linear axes sleds

4 — Electric gripper

5 — Profiled fingers

6 — Piece

7 — Temperature sensor

11 & 11'- power

12 & 12’ controllers

13 — Piece presence sensor.

Overview of the mechatronic micro-positioning
system:

The mechatronic micro-positioning system mainlytdees the

positioning system made of two linear axes that are

electrically driven. The two axes of the designeditro:
positioning system are connected to two contragliérs linear
cycle for each positioning axis being 200 mm.

The electric gripper is mounted on the verticat skensuring
the grabbing of the piece in order to ensure mpasitioning.
The gripper fingers will be costumed depending fus shape
of the marks to be positioned.

Since positioning accuracy is of sub-micron sizpec#ic
environmental conditions are required and thusngptzature
sensor is mounted in the structure of the system.

The temperature sensor is included in the contirguit, in
order to warn or turn the system off when exceeding
ambient temperature which may compromise the acgura
Linear axis driving is ensured by CC motors andgraission
type screw-nut type ensures safety and positioacauracy.
In Table 1 is shown the operating cyclorama of thiero-
positioning system.

Tablel. Operating cyclorama of the micro-positioning sgste

No. | Functioning cycle phases Parameters
crt.
1 Connecting to network
Computer initiation
Axes powering, position sensar,
optical barrier
Software loading
2 System initiation— Displacement
in reference position 01
3 A — gripper dies opening
4 1 — horizontal displacement x=120 mm;
z=100mm
5 2 —vertical displacementx=120mm;
(descend) z=160mm
6 B — dies closing Piece grabbing
7 3 — vertical displacementx=120mm;
(ascend) z=58mm
8 4 — horizontal displacement x=190mm;
z=58mm
9 C- dies opening Piece depositign
10 | 5 — horizontal displacementx=120mm;
(recessing) z=58mm
11 | 6 — vertical displacement (retreatx=120mm;
z=100mm
12 | D —dies closing
13 | Return to the reference positiox=100mm;
01 y=100mm

Also, for the realization of the virtual model, thehas been
established the product designation, i.e. positigrprecision
in measuring, characterizing surfaces in complextorespace,
intelligent mechatronic system for determining g@lbb
constants of measurements of optical systems vathptex
software algorithms, system calibration of induetiv
displacement sensors and penumo-electric sensoeskifetic
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scheme of the experimental model of the mechatrsystem
is depicted in fig. 2.

Z axis
gripper
screw-nut 1 1
mechanism <
I
e A i
. xaxis
screw-nut
mechanism

Fig. 2: Kinetic scheme of the experimental model of the
mechatronic system

The main part of the flexible micro-mechatronic iiosing
system consists of the ensemble of the two elettfinear
axes.

The design of the two electric linear axes was queréd
individually for each axis for horizontal or vedicmounting.
Figure 3 presents a linear axis, highlighting @shponents.

Fig. 3: Mechatronic ultra precise x/z axis

1- Ultra precise actuator for x/z axis; 2- Support x/z axis
actuator; 3- Guiding Support for x/z axis;

4- Precision nut element; 5- Precision screw elgntnUltra
precise sensor; 7- Positioning support element

In figure 4 a) & b) are presented the assemblhefx-z axes,
vertically and respectively horizontally, by offeg an
example of the driving of the forces and momentstlom
mechatronic axis [xz].

mixg

Fig4. Representation of the vertical assembly a) aad th
horizontal assembly b) for the mechatronic lineas a

The designed positioning system is made up of imeal axes
mounted vertically so that they will build the XZafesian
system of the assembly.

In figure 5 is presented the virtual assembly of tmear
positioning axes and the gripping system mountedthan
linear axis Z, highlighting the linear axis X.

Fig.5: Assembly of the linear positioning axes, highliggt
component elements:1- mechatronic OZ axis; 2- ntewhia
OX axis; 3- micro- high-tech grabbing device; iking
element

In figure 6 are presented the linear positioninggsaxthe
grabbing system, the piece repository and the alpbarrier
mounted on the worktable of the mechatronic micro-
positioning system.
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In Figure 10 is depicted the whole virtual model tbe
mechatronic system.

Fig6 Virtual model: linear x-z axes, electric grippedan

optical barrier mounted on worktable made of alimm Fig. 10 Virtual model of the mechatronic micro-positioning

system

The virtual model of the mechatronic system for nmic
positioning resulted in the realization of the expental
model.

3. REALIZATION OF THE EXPERIMENTAL
MODEL OF THE MECHATRONIC SYSTEM FOR
MICRO-POSITIONING

3.1. Overview of the mechatronic system for micro-

Fig7: Horizontal and vertical axes system, grabbingesyst
and temperature sensor, mounted on the worktable

_ _ _ _ positioning
In figure 8 is presented the virtual model of thectic ) _
gripper, on which are placed dies and grabbingefiagof The experimental model of the mechatronic systenmificro-
cylindrical pieces. positioning was conceived, designed and built indutar

fashion and is placed in the laboratory of INCDMTM
Bucharest. The experimental model was based onitagi
such as: studies and assumptions on componentsyatems
for the integration of micro-components: guidangstams,
micro-actuators, micro-sensors, micro-transducersgcro-
controllers and computer units, high performanced an
programmable functions that ensure operational - self
regulation and intercommunication, conceptual medahd
design assumptions and micro-mecatronics mechatroni
systems, examples of constructions used in thectane of

Fig8: Virtual model of the electric gripper, on whictear technological / micro-technological and control and
placed dies and grabbing fingers of cylindricacpi measurements; the design of the mechatronic syitenitra-
precise positioning; the realization of the virtmabdel of the
In figure 9 is presented the detail: virtual gratgbsystem, in mechatronic micro-positioning system.

open position.

The experimental model of the mechatronic microijsng
system for positioning and micro-positioning wasigeed to
be integrated in the following applications: prémis
positioning in measuring, characterizing surfacgesomplex
vector space and temperature, determining globadtaats of
measurements of optical systems with complex sofwa
algorithms, inductive displacement sensor and preum
electric sensor calibration.

Fig. 9: Detail - virtual grabbing system, in open position The mechatronics system for micro-measurement aietbm
positioning consists of the following subsystemmedar
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positioning vertical axis; gripper with two fingersontroller;
beam sensor; temperature sensor; positioning sepsmress
software; electric actuator subsystem; processwsao
support mass.

The main part of the mechatronic system is the anicr
positioning system, consisting of two linear axelectrically
powered. The two linear axis of micro-positioningtem are
connected to the two controllers C-863.10 moded; lihear
stroke for each positioning axis is 200 mm.

Linear axis drive is provided by CC motors, and the
transmission screw-nut type ensures safety andtiquisig
accuracy. The linear electric axis transforms maoamtmof
rotation of CC motor 24 V, in the translational reavent by
screw-nut type mechanism, the displacement increised,2
pm.

linear axis,

In figure 11 is shown a

components.

highlightings i

Fig. 11: Linear electric axis

The component elements of linear axis are:
CC motor

Screw drive

Platform of mechatronics axis — z/x
Positioning sensor

Connection cable to controller

abhwN R

In general, the linear axis of sub-micronic premisihave
linear racing limited to avoid aggregation of esror

The system flexibility lies in the possibility ofounting two
electric axes both horizontally and in the vertipine; the
displacement errors are corrected by the spestfitvare.

3.2. Assembly of electric linear axes
By design, the mechatronic axes are designed fersimgle
positioning direction, horizontally or verticallyounted.

In order to achieve the accuracy guiding speciéied to avoid
guides torsion, axes must be mounted on a flahserf

The assembly of linear electric axes has been aetidy
positioning each other so as to materialize the awes of
movement in a vertical, x-z (figure no. 12).

Fig. 12: Mounting and assembly of two linear mechatronic
axes in horrizontally plane

The linear axis x is fixed with screws and nutschmannels
“T*of the work table, as can be seen in the figiie

Fig.13: Mounting and assembly of mechatronics linear @xes
vertical plane

Fixing the horizontal axis, with screws and nutschrannels
“T* of the work table.

In order to achieve the positioning system, the liwear axes
are mounted in the vertical plane forming a Caatesystem
XZ. The linear axis Z was set on the table of thexs, in
vertical position, through the screws (figure 14).

Fig.14: Assembly linear axes in vertical plane

Fixing the horizontal axis, with screws and nutschrannels
“T* of the work table.

In order to achieve the positioning system, the liwear axes
are mounted in the vertical plane forming a Caatesystem
XZ. The linear axis Z was set on the table of thexXs, in
vertical position, through the screws (figure 15).
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For the safety of electric linear motion sleds ased groups
of Hall effect sensor, which informs about the fosi of an
object relative to a reference point.

Since positioning accuracy is of sub-micron size, use a
temperature sensor mounted near the system. Tetupera
sensor (Figure 17) is included in the control dirdn order to
warn or stop the system when ambient temperatuweeebed
that may compromise accuracy. Sensor, with no ngpparts,
greatly increases reliability compared to other eg/pof
electromechanical sensors and in addition can legusdely
protected.

Fig. 15 The two linear axes, mounted in the vertical plane Two electric linear axes
model M403-8PD (Physik
Electric linear axes are precisely machined, witlghh Instrumente)

precision guides, embedded in passive aluminiunoyall
support, having high stability with a minimal wetghllowing

movement of 25 + 200 mm.

temperature sensor

" Electric gripper
LEHZ 32K2-22,
connected on
controller

Linear guides with re-circulating ball bearingsseres high
rigidity of the system; the platforms of linear ax@an carry up
to 20 kg and push / pull up to 50 N.

To protect the equipments, on the sled are mounizu / * optical

/ ‘electric
h . . barriers panel
contact sensors with Hall Effect, sensors that iplhighly PXI 8106 Computer \

accurate automation opportunities.

The proper functioning of the linear axis is onlyspible in ~ Inductive sensor
combination with a controller and appropriate seftev The
two linear axes of micro-positioning system arermwied to

two controllers (figure 16) C-863.10 model; theeim stroke Fig. 17 The system’s components, mounted on the worktable
for each positioning axis is 200 mm.

The electric gripper LEHZ 32K2-22 was assembledttos
table of vertical axis through connecting piecéguffe no.18).

Fig. 16: Controllers of the two electric linear axes

The control was selected so as to be able to reddbeocess
the reference signals and limit sensors and inanéahe
position encoding to ensure proper performancéefservo -

control system.

Fig.18: LEHZ 32K2-22 Gripper, connected with a controller,
ensure automatic loading —unloading of the parts

The electric grippers are mounted on the vertitedige of
micro-positioning system. It provides for catchitige piece
for micro-positioning, enabling support of a paithwa mass
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up to 0,5 kg. The gripper fingers will be indivalized by
shape of the parts that will be positioned.

In figure 19, are represented comparatively, tmual model
and the experimental model of micro-positioning hetonic
system.

Fig. 19: Virtual model and experimental model of micro-
positioning mechatronic system.

The innovative character of this mechatronic prodis
achieved by modularity and flexibility, is intendexb for
applied research and for technological applications

4. MEASUREMENT  OF
CLAMPING FORCE

The clamping forces developed by the fingers ofctele

micro-gripper, included in the gripping system ahicro-

positioning mechatronic system, were measured aticst
conditions, using a compact force transducer [5].

VALUES FOR

The compact force transducer, can measure statidymamic
compression forces up to 50kN. This force transduse
suitable for micromanipulation, pharmaceutical agtions,
press connection processes, etc.

This force transducer, was chosen to determinevdihees of
the clamping force, because the material from whighmade
(stainless steel) and the compact and robust desiyride a
high stability, in particular in a micro-measuremdield,
enabling reliable measurements.

The tests consisted of measuring the clamping fdeseloped
by the fingers of micro-gripper at the catchingaft.

The part of handling is considered to be the faraasducer,
together with gauges used to vary the size of ibeep

In the closed position, between electric grippevgaemain a
distance of 29,5 mm. Maximum opening of the jawslettric
gripper is 49,25 mm. The force transducer used tfar
experiments has a height of 27,9 mm. In order ty ttee size

of parts to be handled, to achieve measurement® wused
gauges ranging in size between 2 + 6,6 mm.

For each value of thickness of the workpiece, weagle three

measurements of the clamping force. In table 2 are

summarized the average values obtained for the pitegm
force, depending on the size of the workpiece.

Table2 — The average values obtained for the clampinggfor
depending on the size of the workpiece.

No. Average value for clamping
crt. | Workpiece thickness | force
[mm] [N]

1 29,9 52,43333
2 30,0 51,94667
3 30,1 49,92333
4 30,9 51,30333
5 31,4 52,41667
6 31,9 41,50333
7 32,4 43,46667
8 33,9 47,08333
9 34,1 44,70000

In figure 21 are shown the trend of change the ageer
clamping force depending on the dimensions of thekpiece.
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Fig. 21: The trend of change the average clamping force
depending on the dimensions of the workpiece.

Although the first three tests seemed that the glaghforce
will decrease uniform, as you increase the sizéhefpiece, at
the end of nine tests it was found that the vamatian not be
considered uniform of the clamping force.

The linear evolution of a clamping force dependinghe size
of the part is shown in figure 22.
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Fig. 22: The linear evolution of a clamping force depending
on the size of the part

From the graph shows that the trend of clampingdds to
decrease, as you increase the size of the workpietethis
trend can not be considered an uniform decrease.

CONCLUSIONS

It was shown the realisation mode of virtual modeld
experimental model of a micro-positioning mechaton
system. Consisting of two linear axes electricdliyen, with
linear maximum stroke of 200 mm the system is ailfle
mechatronic  product, multifunctional, integrated in
technological platforms.

The innovative character of this mechatronic prodisc
achieved by modularity and flexibility, is intendexs for
applied research and for technological applicati®mecific
applications that can be integrated micro-positigni
mechatronic system are: precise positioning of &owua
components, to measure and micro-processing;
characterization of surfaces in complex vector epaad
temperature; integration in intelligent mechatrosystems to
determine global measurements constants of opsigstems
with complex software algorithms; calibration systeof
inductive sensors for displacements and air powseadors.

The micro-gripper used in the gripping system astekally
powered, realised in compact design, having reduced
dimensions, but allowing relatively large variasownf the
stroke, obtaining at the same time values of thmping force
equivalent to air gripper widely used.

Although the first three tests seemed that the pglagforce

will uniform decrease, as you increase the sizthefpart, at

the end of nine tests it was foundthat the vanmated a
clamping force can not be considered uniform. Tlaenping
force Fota de strdngere have average values in the range
41.50333 + 52.43333 N, which is a difference oOBON, for
dimensions of a workpiece within the range 29.94:13mm
(that is a variation of 4.2 mm).
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