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Abstract: The paper presents the design and experimentadftastripod type-3UPRR pneumatic parallel manipulaidis
manipulator consists of three identical kinemaltiains (pneumatic axes) connecting the fixed badetemoving platform.
The tool center point TCP of the moving platformaisesultant of relocation of three pneumatic rsslleylinders independ-
ently controlled by servo-valves. For simulationrgmses a solid model of pneumatic tripod paralle@nipulator
in SolidWorks was constructed. Since the applicatib3-CAD in modelling kinematics and dynamics afgllel manipula-
tors is restricted further simulation was carriagt by means of SimMechanics library and Matlab-Sinkupackage.
The experimental research focused on determinireg ghecision of positioning of manipulator's enceefér point
of the moving platform during point-to-point contro

1. INTRODUCTION of freedom (3-DoF) and containing at least one npaisc
joint. In the group of 3-DoF TPM manipulators th@snh
The development of automation and robotics has in- common are — spatial parallel mechanism of thectire:
creased interest in multi-axis pneumatic systemgtware 3-PUU, 3-UPU, 3-UPS, 3-CPU, 3-PUS, 3-PCRR and plana
highly dynamic and reliable. However, due to ursfatitory parallel mechanism of the structure: 3-RPR, 3-PRR,
positioning accuracy of pneumatic servo-cylindengirt 3-PPR, 3-RRR (Company, 2000).
application in multi-axis manipulators is restrittedPneu-
matic servo-cylinders used in multi-axis electrepmatic 2. PROTOTYPE PNEUMATIC PARALLEL
systems and referred to as pneumatic axes perfperao MANIPULATOR
tions and function as supporting structure. Caatesina-
nipulators with pneumatic axes connected in setiesclas-
sified as open-loop chain kinematic mechanismssenal
kinematic chain elastic strains accumulate on @aer
pneumatic axes, which lowers the positioning aaura
of pneumatic manipulators. Parallel mechanism ¢toaed-
loop mechanism in which the moving platform is cected
to the fixed base by independent kinematic chakiise-
matic structure in the form of a closed-loop chéiimds
application in parallel kinematic robot (PKR) andrallel
kinematic machine (PKM) (Hebsacker, 2000). Manitoria
based on parallel kinematics structure can achlmtéer
accuracy of repeatability and they can apply larfgeces
than conventional serial manipulators because ehtgher
stiffness of their mechanical structure. By usiraygtiel
kinematics in machine tools, high stiffness andhhiga-
chine dynamics is achieved. With Stewart-Goughfétat
as a base, numerous kinematic structures of plmadieipu- , :
lators (Nonapod, Hexapod, Tripod) and hybrid malaipu , ; e =
tors (Tricept, Dyna-M, LinaPod) were formed. Themes Fig. 1. Prototype of 3-UPRR pneumatic parallel manipulator:

f ki tic struct f llel inulat lated 1 — supporting structure, 2 — rodless pneumatiadgt,
OoF Kinematic structures of parallel manipulatore aglate 3 — proportional directional control valve, 4 —warisal

to the kind of kinematic j:Oin'F and the_nymber ogt_&es of Cardan joint, 5 — moving platform, 6 — control panel
freedom (DoF). Six basic kinematic joints used arafiel 7 — positioning axis controller, 8 — axis interfaBe- axis
manipulators were presented by Merlet (Merlet, 2000 connector

In order to calculate degrees of freedom of parainipu-

lators the formula proposed by Tsai is used (T$8899). A prototype of pneumatic translational parallel ipan
The family of parallel manipulators includes tratisinal lator (PTPM) of tripod kinematic structure was consted

parallel manipulators (TPM) based on three degrees in the Division of Mechatronics (Kielce University
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of Technology, Poland) (Dindorf and taski, 2005).
The prototype of tripod parallel manipulator wittesto
servo-pneumatic precision positioning systems ésgnted
in Fig. 1. The manipulator possesses a supportmgtare,
fixed base, moving platform and three pneumatiedm
motions (servopneumatic axis). Each servo-pneunzadie
consists of: rodless pneumatic cylinder type DGPB600
with integral feedback transducebuflt-in Temposonic
encoders for continual positioning feedback to rthester
control unit),5/3 servopneumatic valve (directional propor-
tional control valve) type MPYE-5-1/8-HF-010B, axis
terface type SPC-AIF, positioning axis sub-conéollype
SPC-200 (the use of a sub-controller card pernatgrol

of up to four axes) and Ethernet/Can Bus interfdGae-
matic structure and structure control of the prgietof 3-
DoF pneumatic translational parallel manipulatershiown
in Fig. 2 and Fig. 3.

platform
!

fixed base

Fig. 2. Kinematic structure of 3-UPRR pneumatic parallel
manipulator
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Fig. 3. Structure control of 3-UPRR pneumatic parallel
manipulator

Each of the three identical closed-loop chaindhefra-
nipulator consists of serial kinematic chains: ensal car-
dan joint (U), prismatic joint (P), formed by a fess
pneumatic cylinder and two revolute joints (2R)nfied
after universal cardan had been parted. The sfidedbess
cylinder was connected with fixed base by mearasrtdu-
lated joints of U cardan and the end cap of cylingdere
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connected by revolute joint R to the moving platior
The second revolute joint R was placed in tool eepbint
(TCP) of the moving platform. The presented cortsion

of the parallel manipulator ensures parallel positi
of the moving platform to the fixed base for optbposi-
tion of pneumatic cylinder. The kinematic structure
of a new prototype of 3-UPRR pneumatic parallel iman
lator is an interesting solution expanding the aechure
of parallel manipulators, type 3-DoF TPM.

3. MODEL RESEARCH ON PNEUMATIC
PARALLEL MANIPULATOR

Software — CAD (SolidWorks, Mechanical Desktop,
Solid Edge commonly used by constructors enables design-
ing solid models of complex mechanisms of pardiak-
matics. A solid model of 3-UPRR pneumatic paraitel-
nipulator obtained bgolidWorkds presented in Fig. 4.

Fig. 4. Solid model of 3-UPRR pneumatic parallel manipulator

A revolute joint R is connecting the end cap
of pneumatic cylinders with moving platform in pbihCP
and a U joint is connecting the slide pneumatiancidr
with a fixed base. In order to record geometric &ir-
matic relations holding for pneumatic parallel npatator
of 3-UPRR kinematics, its kinematic model presented
in Fig. 5 was used (Dindorf et aRp06). By means dby-
namic Designer Motionwhich possesses graphic interface
SolidWorksthe simulation of pneumatic parallel manipula-
tor's motion was conducted. In order to simulate tha-
nipulator’'s motion it was necessary to define thasib pa-
rameters, kinematic joints and motion restrictidee: solid
model a few composite relations were defined whach
abled assigning them kinematic joints. In some séseas
necessary to introduce joints describing the cansbn’s
stiffness. Relying upon material properties and shape
of particular solids, the mass of the solid modabkwalcu-
lated. The simulation of manipulator's parallel mmagism
motion was saved in avi format. The simulationsdzaned
on a solid model aimed at position analysis of Tt
of the moving platform. The position of TCP poieisults
from linear motion of pneumatic rodless cylindemde-
pendently controlled by servo-valves.



Fig. 5. Kinematic model of 3-UPRR pneumatic parallel
manipulator
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Fig. 6. Equivalent model of 3-UPRR pneumatic parallel
manipulator
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Fig. 7. Block-diagram of kinematic model of 3-UPRR pneumptcallel manipulator

The solution of manipulator's kinematic reversebpem
used in the design of control algorithm enabledetermine
lengths of the movable links,L,.L; (displacement of linear
pneumatic actuators) in relation to the coordinateend-
effector point PX,y, of tripod parallel manipulator:

L1=Jz2—u2+(m-w)2 )
L = |2 —U2+[\/(x+r%J2 +[y+r[~l‘/?§]2 —WJZ (2)
3)

- zz_uzw[“r%f{y_ra@z_W}z

where:x, y, z— coordinates of end-effector point;rP- ray
of the circle circumscribing the equilateral triéang
at the point where pneumatic servo-motors are fizedJ,
W — geometric dimensions of the manipulator for ithigal

position of P point for the pneumatic actuatorsthair
maximum stroket_,,L,.Ls - lengths of the movable links.
Since the application dfolidWorksin modeling kine-
matics and dynamics of parallel manipulators ifricted,
further simulation was carried out by means
of SimMechanics library of Matlab-Simulink package.
The library enables the construction of complex Imaec
nisms of parallel manipulators excluding mathenadtic
descriptions of their kinematics and dynamics. imuta-
tions based upo8imMechanicdbrary an equivalent model
of pneumatic tripod manipulator with its spatialemtation
indicated was constructed. ISimMechanicslibrary all
the solid elements of the manipulator were desdribe
by substitute geometry by means of ellipsoids asxigaed
both masses and inertial tensors.Matlab-Simulinkenvi-
ronment tripod-based parallel kinematic manipulat@s
connected with its control system. On the basisthid
scheme, the equivalent model of 3-UPRR pneumatialpa
lel manipulator was worked out (Fig. 6). The eqléwa
model retains kinematic joints and spatial origotatde-
fined in solid model inSolidWorks In order to create the
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equivalent model, it was necessary to define thevityr

centre of solids in central and local coordinates.
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Fig. 8. Workspace of 3-UPRR pneumatic parallel manipulator

The kinematic model of 3-UPRR manipulator obtained
by means ofSimMechanicdibrary is presented as simula-

tion block in Fig.7. The kinematic model was usedha-

lyse TCP trajectory of pneumatic parallel manipadat
The workspace of 3-UPRR pneumatic parallel mantpula

in Cartesian coordinates is shown in Fig. 8.

4. EXPERIMENTAL RESULTS

The experimental research focused on determining

the precision of positioning of manipulator's efffidetor
point of the moving platform during point-to-poiatntrol
(Laski and Dindorf, 2007). The position and ori¢iata
of manipulator's end-effector point is dependergrupon-
trol of three pneumatic linear actuators (rodlegiders).

The maximum velocity of pneumatic actuators was
acceleration did not exceed

Vmae=1,5m/s, but their

ama=10m/$. The exemplary trajectory of end-effector from
P; point of coordinates [0,25; 0,44; 639,36] mm topBint

of coordinates [-91,46; 0,61; 408,22] mm, for thassiload
m= 0,2 kg, is shown in Fig. 9.
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Fig. 9. Trajectory of the end-effector from point ® point B
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Fig. 10a and 10b presents the velocity and acdi&lara
trajectories of the analyzed end-effector poinCirtesian
space. The solution of manipulator's kinematic reve
problem was conducted by means of Matlab/Simuliagkp
age and toolbox SimMechanics. To control end effect
from P, point to B point in the Cartesian space XYZ it was
necessary to control pneumatic linear actuatorsrifer to
change their positions according to the trajecfimgsented

In Fig. 11a and the velocity corresponding to tfagettory
given in Fig.11b.

a)

Velocity [mls]
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Fig. 10.Trajectories of velocity (a) and acceleration
(b) of the end effector point of a nmayplatform

The positioning accuracy of 3-UPRR manipulatord-en
effector point from the position selected plandhe posi-
tion measurement plane for different control velpci
of linear pneumatic actuators was analyzed. Fopthipose
of the analysis 5 measurement series of maniptldapoisi-
tioning accuracy were conducted. They comprisedd8s-
urement points fixed on measurement plane of theen
sions of 12x10 mm with a mapped grid of 2mm. Thalyan
sis was based upon the European Standard EN 22983:
(Industrial Robots - Performance Criteria and Relatest
Methods), which is the equivalent of ISO 9283: 1998
Fig. 12 presents the distribution of P points oasueement
plane situated at the distancez=490mm from
the manipulator's fixed base. The points were daterd
at the velocity of linear pneumatic actuatorg=0,15Vpay.
On the basis of computations it may be concludedptsi-

tioning accuracy of the analyzed prototype of 3-BPR
manipulator isAxy =2,095:1.32mm.
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Fig. 12 Distribution of points on measurement plane
at the distan@e= 490mm from the fixed base

The results of positioning accuracy obtained
for different trajectories of end-effector point the control
of linear pneumatic actuators withswelocity were very
similar. The differences in positioning accuracguié from
different velocities of linear pneumatic actuators,
for example for the velocity 1y the positioning accuracy
is Axy = 1.3920.893 mm, while for the velocity of zy
the positioning accuracy reachiesy = 3.616:2.025 mm.
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5. CONCLUSIONS

The paper presents the prototype of tripod pneemati
parallel manipulator of 3-UPRR kinematic structure.
The tripod pneumatic manipulator consists of a suiimg
structure, fixed base, moving platform, prismat@ngs
(P-joints) — three servo-pneumatic axes, Cardamtgoi
(U-joints) and rotary joints (R-joints). The sing&ervo-
pneumatic axis of the manipulator is composed ofess
pneumatic cylinder integrated with magnetostrictimeas-
urement of position, proportional directional cahtvalve,
axis interface and axis connector, positioning axiatrol-
ler. The aim of the project was to carry out motists
and simulations on a virtual model of tripod matépor as
well as conduct experimental research on a prototyp
pneumatic parallel manipulator of 3-UPRR kinematics
Both the model tests and the experimental reshtigvghat
the pneumatic parallel manipulator of 3-UPRR typHil§
the constructional assumptions and has satisfadtiory-
matic and dynamic properties. Further research il
directed towards improving the control accuracyeofi-
effector's trajectory by means of fuzzy logic cohsystem
(FLC) with real time interpolator and dSPACE softeca
The research conducted on the prototype of therpaga
parallel manipulator of tripod kinematic structui® an
original contribution towards development of paghkine-
matic structures of pneumatic manipulators. Thesgmied
prototype of pneumatic parallel manipulator wilhdi its
application in both manufacturing and rehabilitatima-
nipulators.
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