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ABSTRACT

The manufacturing of moulds and dies is achievedutth expensive and complicated manufacturing
processes. There is a need in the mould and did bodustry for technologically advanced
systems/machinery that will be able to facilitatecomditioning of moulds and dies at moderate casis
within short period of time.

The re-conditioning process requires highly dexsra@guipment, with high stiffness. Each worn out mould
or die has different defects, which requires différenechanical processing and positioning of the
reconditioning tools. Conventional machine tools aw®idial manipulators have been found incapable of
meeting the demands for high mechanical dextedgptation as well as high stiffness necessary farlcho
and die re-conditioning.

This paper presents, the design of parallel reganfible machine tool (PRMT) based on both applarati
and philosophy of re-configurability. The structuseinfluenced by 1) specifications for the repad re-
conditioning of moulds and dies, and 2) the martufawg processes involved.

1. INTRODUCTION

Serial manipulators have been used extensivelpjtiGtions ranging from assembly of vehicles tding
applications. However, these manipulators vibratelen high pay-load (low dynamic stiffness) and ®os
accuracy depending on their posture. As such, ¢hepot be used in applications that require higfmess and
high accuracy, such as manufacturing and re-camilitg of moulds and die tools.

Research in parallel manipulators has shown reeftiltégh stiffness and accuracy characteristicctvlzire
not dependant on the pose of the manipulator. lengisaged that parallel manipulators can provite t
necessary stiffness and accuracy to enable thdra tdilized in the reconditioning of moulds andsdielence,
parallel manipulators will be designed to be usedeaonfigurable machine tools in this regard.

Since these parallel kinematic machines (PKMs)hkas manipulators or PRMTs exhibit these necessary
characteristics, it is thus imperative to undertedésearch and development thereof. Reconfiguratalehime
tools (RMTs) have also emerged as a potential isolub meet the demand for rapid adaptation inciiweent
and future generation of manufacturing systemsheir parallel arrangement/configuration, these hivees have
features of high rigidity, high speed, compact ¢iice and high dynamic capacities. They are dedigvi¢gh
customized flexibility, provide high stiffness almver moving masses that reduce inertia effects.

The first design of a parallel mechanism was thedbaoplatform, invented by Dr. Eric Gough in thelgar
1950’s. This design saw its first industrial apation, when implemented as a tyre testing machioeral 1955
[1]. Some years later, around 1965, Steward puidishpaper on the design of a flight simulator dag®n a 6
DOF parallel platform [2]. Since then, parallel manisms have drawn interest from researchers both
academically and in industry, due to merits in ®rof high stiffness, high accuracy and high loadyiag
capacity over its serial counterpart. However, thesign of parallel mechanisms and improvement of
characteristics thereof, are hard tasks that reqiuirther research studies before wide industré& can be
expected. Experiments with real prototypes alsavstiat parallel structures currently do not leapeta their
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expectation: their accuracy is about an order ojmtade worse than for serial machines. The reaaogs(i)
the compliance of the ball screws in the prismgiats, (ii) the complexity of the construction Wwitmany
passive joints that all have to be manufactured asgkmbled with strict tolerance, (iii) the comjgieof
kinematic calibration of this structure, (iv) thagl forces that some passive joints have to reaisd, (v) their
limited workspace: legs can collide and the margsp@ joints which lead to joint limit constrairi8j.

L. E. Bruzzone et al [4], present a parallel rofootindustrial applications supplying force drivixsks. The
design exploits a task driven approach to fix thgpat force by steering the actuator’s torque wigpadance
feedback from the measurement of the joint co-@tgi®. Many machining tasks require at least 3 laiioral
DOF, as a result several 3 axis translational fErélnematic machines have been proposed [5], [H],
Several design methodologies for such mechaniswes tb@en presented. In one family [8], [9] theréhis Tsai
mechanism and its variants, in which the mobiléfpian is connected to the base by three extensihles with
a special arrangement of the universal joints tbstrain completely the orientation of the mobilatiorm. The
second family have fixed length struts with movafiolet point gliding on fixed linear joints. An exahe is the
HEXAGLIDE (ETH Zurich) which features 6 parallelgoplanar linear joints. Other examples are thgaHe
M (Toyoda), with 3 pairs of adjacent linear joihggig on a vertical cone [10], the LINAPOD, TRIGLEand
INDEX V100 [11], which use an architecture closethe linear DELTA robot, developed and patented by
Clavel in the 1980s [12]. R. Alizade and C. BayrHrf], present a procedure to synthesize the strestaf
parallel manipulators using simple structural gud classification of parallel manipulators basednumber
of mobile platforms, number of joints on the mobdtforms, number of legs and branches and tyges o
kinematic pairs is given along with examples. Yn,Ji. Ming Chen and G. Yang [14], classify parallel
manipulators with decoupled motion and introduce ¢hncept of Group Decoupling. An idea of sharinlg-s
chain composed by only passive joint is introduckdystematic approach based on this idea is pezpés
structure synthesis of 3 limb symmetrical 6 DOFafial manipulators with 3-3 decoupled motion. Twasses
of 3-3 decoupled parallel manipulators are obtginedwhich 7 noble structures are obtained. Various
applications for which these decoupled parallel imalators can be suitable are mentioned, such ibse f
alignment, light machining tools for deburring, ighing and grinding of curved surfaces, precisiesembly
tasks of heavy parts and fast micro- manipulatdnFang and L-W. Tsai [15], use the same methodoksy
[13], for the structural synthesis of a class oD@®F and 5 DOF parallel manipulators with identiGaib
structures. R. Katz [16] introduces design prirespfor reconfigurable machines. Based on theseiphas,
three types of reconfigurable machines were dedigmel presented for machining, inspection and asyem
operations. D. Zhang and Z. Bi [17], present aeseof novel reconfigurable parallel kinematic maekiusing
modular design methodology. A conceptual designtisduced, and detail configurations of potengialictures
are showed.

The remainder of this paper is organized as folldwsection 2, gives a description of the concajptiesign
of the PRMT. Section 3 presents the intended kitiencapabilities of the PRMT. Finally, this papemcludes
with a summary of this work and a prospectus ahfer activities.

2. DESCRIPTION OF THE CONCEPTUAL DESIGN

The architecture of the PRMT is shown in Fig. 2vhjch is composed of 3 vertical column structuraé (
serving as a fixed base), 3branches/limbs, 3 bjacksrcular rod and a hexapod (serving as a tolaldr). Each
vertical column connects to a single branch/limbalngvolute joint and a prismatic joint, and eaddnih/limb
then connects to a square block by a revolute.jdinese three identical sub-structures are condedotgether
by a circular rod, which is fixed to the 3 squarldcks. The prismatic joints are actuated by linear
actuators/motors, allowing the branches/limbs iesiip and down the vertical column structures. fdwlute
joint connecting the branch/limb and the verticalumn structure, on the driver/master sub-struci(iue
vertical column and branch), is actuated by a madtbis will cause rotation of all 3 branches/limbs,s it is
called the “driver/master sub-structure”, as itves the rest of the sub-structures. The centrechftimb
connects to the hexapod, by a revolute joint. Tlkee&apod holds the tool and takes orientation of the
branch/limb. The mechanism with the circular rod #me three blocks is employed to increase thditigof the
entire structure, as opposed to having a singlestuisture.
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Figure 2.1: Conceptual Design of the PRMT.

The machine is 5 axis machine, 3 translational 2amdtational. The tool provides rotation about Haxis
and translation about the Y-axis. Translation ab¢@ind Z-axis and rotation about Y-axis will be yided by
the work-piece table. The hexapod provides theahttwl with 6 degrees of freedom, coming from ¢spéerical
joints. Prismatic and revolute joints each prowadgingle degree of freedom.

It is envisaged that by using three identical smbetures as opposed to one sub-structure, the PRMT
become dynamically stable and this would mean rimluor possibly elimination of vibration. The hecal
also offers some advantages with respect to stifrend speed, due to the use of high- resolutitratacs.
These positioning operations can be performed fathsettling times than conventional stacked nautis
systems. The use of direct drives avoids the réaluéh overall system stiffness that is causedrbpgmission
system elements and thus leads to an increaseeim#éithanical bandwidth of an increase in the mechln
bandwidth of an axis by a factor of 5 to 10 in camgon with conventional axes with transmissiontesys [11].

3. INTENDED KINEMATIC CAPABILITIES

Machining Degrees Of Freedom will be modularizedoading to the adopted design approach. Modules
contributing to the DOF are referred to as Motionddles. It should be noted that for turning anadreutting
operations the work piece rotates about its axfslenthe cutting tool performs linear traversestn into the
material. On the contrary, in most other machinimpgrations the tool rotates while the work pieewdrses
linearly into the cutting tool to perform the nesay cutting action [18]. The following absoluw®e-ordinate
system, which is fixed to a stationary point onitiechine base, will be used to reference cuttiniams.
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Figure 3.1: Absolute reference frame for kinemBi@F

For milling, drilling, reaming, tapping, engravingolishing and grinding operations, modules prawdihe
following DOF will be available. All rotary movemtnmay be either clockwise or anti-clockwise:

» X translation module: attributed to work table
e Y translation module: attributed to cutting tool
e Ztranslation module: attributed to cutting tool
« Arotation module: attributed to cutting tool
* B rotation module: attributed to work table

e C rotation module: attributed to cutting tool

For turning and thread cutting operations the feillgg DOF will be available

e Ztranslation module: attributed to cutting toofrcage
e Xtranslation module: attributed to cutting tool
» B rotation module: attributed to cutting tool

For a given operation, only the required Dédgilable from the complete range will be selectedylting in
machinery with precise kinematic capabilities.

4. CONCLUSION

In this paper a conceptual design of parallel nafigarable machine tool to be utilized in the redibioning
of moulds and dies is presented. The architectnceimtended kinematic capabilities are discusseduture
work, simulation and modelling will be carried antorder to analyze and determine the PRMT perfoaea
There are factors that cause kinematics model pediace not to coincide with the performance ofgtaotype
and these are;- unknown length of struts, incoroectnection points of the struts are used, machase is
flexible and correct location of spindle is unknoj#8]. Thereafter, a prototype will be built andther testing
and will be carried out on the PRMT, in order tdimjize it and validate the actual results with gimulated
results.



Mechatronics 2008, June 23 — 25, University of Licie Ireland 5

REFERENCES

[1]
2]
3]
4]
5]
6]
7]
8]
9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17)

(18]

[19]

V. E. Goug, S. G. Whitehall, Universal tyrettesachine, In Proc.®®Int. Tech. Congress FISITA, pp 117- 132, 1962.
D. Stewart, A platform with six degrees of freegdProc. Inst. Mech. Engrs, 180-1 (15), pp 371-,38%5.
H. Bruyninckx, Parallel Robotsyww.roble.info/robotics/parallel/pdf/ParallelRobdtgpdf, 2005.

L. E. Bruzzone, R. C. Michelini, R. C. Molfino,. Moppi , Innovative parallel architecture for-faacontrolled
industrial application, Proc. of the IASTED Intl. @fo Modelling, Identification and Control (MIC2009p 711-713,
Innsbruck, Austria, 2001.

J. M. Herve, F. Sparacino, Structural synthesfgarallel robots generating spatial translatios" Int. Conf. on Adv.
Robotics, Vol 1, pp 808- 813, 1991.

M. Carricato, V. Parenti-Castelli, Singularity+de fully isometric translational parallel manipatas, The Int. J.
Robotics Res., Vol. 21, No. 2, pp 161-174, 2002.

X. Kong, C. M. Gosselin, Type synthesis of linganslational parallel manipulators, Advances inli®t Kinematics,
Kluwer Academic Publishers, June, pp 453-462, 2002.

L. W. Tsai, S. Joshi, Kinematics and optimizatiof a spatial 3-UPU parallel manipulator, ASME Joal of
Mechanical Design, Vol 122, pp439-446, 2000.

R. Di Gregorio, V. Parenti-Castelli, A translatal 3 DOF parallel manipulator, in Lenarcic, Advwaes in Robot
Kinematics, Kluwer Academic Publishers, June, pp 491988.

T. Toyoma, Y. Yamakawa, H. Suzuki, Machine haosling parallel structure, United States Patent :%1@15,729,
1998.

G. Pritschow, K. H. Wurst, Systematic desigmeftapods and other parallel link systems, AnnaGI&P, Vol 46:1,
pp541-548, 1997.

R. Clavel, Delta, a fast robot with parallel gaetry, In Int. Symp. Industrial Robots, LuasanneitZerland, pp 91-
100, 1988.

R. Alizade, C. Bayram, Structural synthesispafallel manipulators, Available at: httpwivw.sciencedirect.com
Mechanism and Machine Theory 39, pp 857- 870, 2004.

Y. Jin, I-M. Chen, G. Yang, Structural syntisesf a 6DOF 3-3 decoupled parallel manipulator"IEToMM Worl
Congress, Besancon, 2007.

Y. Fang, L-W. Tsai, Structure synthesis oflass of4 DOF and 5 DOF parallel manipulators witterdical limb
structures, The International Journal of RobotiesBarch, Vol 21 No. 9, pp 799- 810, 2002.

R. Katz, Design principles of reconfigurable chines, Int. J. Adv. Manuf. Technol., DOI 10.10004s70-006-0615-
2, 2006.

D. Zhang, Z. Bi, Development of reconfiguralparallel kinematic machines using modular desigrpraach,
http://www.cden2006.utoronto.ca/data/10033.pdf

Crandell C.M; CNC Machining and Programming: Amtdoduction, Second
Edition; Industrial Press INC, New York, 2003
0. Masory, J. Wang and H. Zhuang, “On theaacy of a Steward platform-part II: Kinematic

calibration and compensation.”, IEEE émtational Conference on Robotics and Automatiotanta, pp 725-731,
1993.




