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Abstract- In this paper, the requirements for a mechanical
manipulator for achieving reconditioning of mould and die tools
are determined. Reconditioning of mould and die tools involves
the following manufacturing processes; identification of defects,
cleaning of mould/die tool, deposition of material (metal),
welding of material (T1G/laser), rough machining and finishing
to specs, polishing and heat treatment, in sequential order.
Current technology trends in the reconditioning of mould and
dies is presented. The different defects that occur in mould and
die toolsthat can be repaired such aswear, craters, chipping, etc
are presented.

Using the knowledge of the different manufacturing process
and defects that occur in mould and die tools, specifications of a
mechanical manipulator for reconditioning of mold and dies are
determined.

Finally, suitability of 5-axis milling machine technology for
re-conditioning of mould and die tools is evaluated. Thisis done
by presenting current 5-axis milling technology.

Key words: Paralledd kinematics manipulator, serial
manipulator, hybrid manipulators, reconditioning of mould and
dietools, 5-axismilling.

I.  INTRODUCTION

Die and mould repair and refurbishing operationsnf@an
integral part of the day to day running of busiessmvolved
with die and mould manufacture and production. Repad
refurbishing operations are never taken lightly ibglustry,
due to the uniqueness of each part produced. Tie o
degree of difficulty is highlighted by the span sjecialist
know-how and variety of human skills required tosssfully
undertake the correction or repair. These spetialidlls
include know-how on metallurgy applied to die coustion
materials, process materials behavior and rheolGg and
CAM data manipulation and creation, material additi
(welding) and removal operations, surface finishigtg [1].

Automation of some of the manufacturing processes! un
repair and reconditioning of mould and die tool d@aprove
cycle times. In this paper, an overview of the mmevant
issues and technologies used to fulfill the curmepair and

refurbishing needs of the mould and die tools rdi@ming
industry are presented.

Using general terms, the process of repairing furléshing
dies and moulds can be surmised as follows anditdament
will assist in all the steps [1]:

-Notice and/or identify the problem.

-Establish the cause.

-Create a plan of corrective actions.

-Apply the actions.

-Apply systematic quality checks and evaluate ¢ffeaess
of each action.

In this paper, specifications for a mechanical rpalaitor
that can be used for reconditioning of mould arel tdols is
presented. The format of the final manuscript thit be
submitted will be as follows:

II. Failure modes of mould and die tools, Ill. Mdacturing
processes for reconditioning of mould and die tod\s.
Suitability of 5-axis milling machine technology rfo
reconditioning of mould and with tools, V. Some
commercially off-shelve systems, VI. Specificatiaf a
manipulator for reconditioning of mould and dielgand VII.
Conclusion

Il.  FAILURE MODES OF MOULD AND DIE TOOLS

Typical failures of moulds and dies are;

- Wear which is caused by the abrasive nature dériads
being processed flowing over a particular area.

Craters, caused by weakness on die /mould aregasctedd
to abrasive process material flow.

- Chipping, caused by sharp edges subjected to gvron
tempering and heat treatment, micro cracks on \eagd
substrates are susceptible to chip under variabk land
pressure shock processing conditions.

- Fissures, these can be cracks either perpenditaulthe
edge, in line with material process flow or horitally i.e.
perpendicular to the material process flow. Thggeear due
to variations in process die/mould temperature akwe
defective removal of machining induced stresses.



- Embossing, deformity caused by loss of die/mould Il

substrate hardness and associated bearing strelugthto
combination of defective heat treatment or lossetadf due
to high process temperatures and pressure.

- Burr, incrustation of the material being processee to
heat checking or same die material components mgbbn
each other.

TABLE |

LIST OF TYPES OF DEFECTS FOUND IN MOULD AND DIE®ND SUGGESTED
REPAIRS

Picture Defect Suggested repair solution

T | Wear Build up :
— ) Large — Conventional Tig weld
o Small — Micro Tig weld
ol Finish off to required dimension an
surface condition, consider coating
A or surface treatment of area

Craters Build up :

Large — Conventional Tig weld
Small — Micro Tig weld

Finish off to required dimensions
and surface condition, consider

coating or surface treatment of areps

T Chipping | Remove brittle affected areas and

—~— than build up:
o Large — Conventional Tig weld
' g § s Small — Micro Tig weld
e / Finish off to required dimension ang
o surface condition, consider coating

or surface treatment of area

T Fissures, | Remove cracks affected areas and

i F ____\\ Crack than build up:
! 3 | lines Large — Conventional Tig weld
= ---_,‘.-?‘"/'f(l horizonta | Small — Micro Tig weld
e | Finish off to required dimension an
I surface condition, stress relieve and
= heat treat

—-.._ | Fissures, | Remove cracks affected areas and

— ™| Crack than build up:
.+ | lines Large — Conventional Tig weld
= | vertical | Small— Micro Tig weld
T Finish off to required dimensions
and surface condition, stress relieve
and heat treat
T Embossi | Remove sink affected areas and than
e Y ng, build up :
" | denting Large — Conventional Tig weld
=] | or Small — Micro Tig weld
sinking Finish off to required dimension an

surface condition, stress relive and
= heat treat

MANUFACTURING PROCESSES FOR RECONDITIONING
MOULDS AND DIES.

In order to generate requirements for a mechanical
manipulator to be used for reconditioning of mouhtsl dies,
it is necessary to know the processes involvedriaeroto
design a manipulator capable of undertaking thaslest Once
the defect has been identified, the processeddhaty are;

- Grinding /machining: this is required in orderdean the
affected area before it can be repaired.

- Deposition of material: this can be achieved lithex
conventional TIG welding or micro TIG welding, deykng
on the size of the weld and the time. Larger wedds
generally not good candidates for micro TIG weldbegause
of the welds produced using a micro torch. MicroGTI
welding seldom causes sink marks that compromisebttse
material because the weld is completed at a lograperature.
Micro TIG amps can be adjusted by 0.5 amps at a,tgoing
as low as 0.5 amps. Conventional TIG welding mightt at
20 amps. Micro TIG welding also requires the useaof
microscope and a micro-sized torch head that ishnsataller
than used in conventional TIG welding, allowing fineater
control of weld placement, especially in tight spdginishing
a welded area or restoring the original finish, nmid1G
welding saves time over conventional TIG weldinghei
done properly, micro TIG leaves no sink marks acotime
welded area and the part can then be hand-storkeddished
to required tolerance. While conventional TIG welglion the
other hand, requires some form of machining opanaEDM,
milling or grinding), to achieve desired tolerance.

- Finishing: this is done to achieve the requirexture for
the part. It can be accomplished by electro spayodition
process (ESD), polishing or milling.

IV. SUITABILITY OF 5-AXIS MILLING MACHINE TECHNOLOGY
FOR RECONDITIONING OFMOULDS AND DIES

The process of reconditioning moulds and dies regui
highly dexterous, mechanically reconfigurable anighh
stiffness machinery. This is what brings us to est# the
suitability of 5-axis milling machines for this press. 5-axis
milling machines make suitable candidates for the
reconditioning process, as they tend to have Hiffmesss and
are kinematically flexible, though in most casest no
structurally flexible or mechanically reconfigurabl

A minimum of 5 degrees of freedom are required litaim
maximum flexibility in tool work-piece orientationthis
means that the tool and work-piece can be oriergkedive to
each other under any angle. This is one of theyaisal
undertaken during the design of machine tools,nsuee the
kinematics provide sufficient flexibility in orieation and
position of tool and part. Some other design sjtibns of
5-axis machine tools are; orientation and positiath the
highest possible speed, orientation and positioniity the



highest possible accuracy, fast change of toolvemidk-piece,

Safe for the environment and highest possible ria@hter

removal rate.

To analyze a machine tool, it is necessary to aeathe
kinematic structure of the machine tool. To do th&s
kinematic chain diagram must be set up, from whisb
groups of axes can be distinguished: the work-p@reying
axes and the tool carrying axes. In [8], the gdneaae is
presented, where the analysis of the kinematicttre and
the setting up of kinematic chains in a machind tam be
broken down into four stages;

A. The POM Group Inc.[3]

The POM Group developed a process called DirectaMet
Deposition (DMD) that fabricates fully dense méefabm the
ground up” using powdered metal and a focused .|&3&ID
is designed for 3-dimensional, unmanned laser-aided
powdered metal fusion. It automatically constru@®
components directly from computer aided design (CABta.
The key to the technology is an optical heat ensmyrce, in
this case an industrial laser that is used to thirdabricate
metal parts. The laser creates a melt pool on tistsate
material into which the additive materials, in p@wdorm, are
injected in exactly measured amounts and meltexhifay a

- proceeding from the shape of the be obtained, theetallurgical bond. The rapid cooling charactersitf DMD
cutting tool to be used and process of shaping thereate a fine grain microstructure, which resuitsai fully
material, the number and type of kinematic grougs a dense product with superior mechanical and metitat
determined for the formative, indexing and feed-inproperties.
motions.

- Knowing the nature of the operative motions, the The POM advantage is a patented closed-loop fe&dbac
structure of each kinematic group is examinedsystem that ensures product quality and dimensistadulility
separately. The internal and external constraimés a during fabrication. If the actual geometry deviafesm the
established in each group, and the devices aralffmn required geometry, this is detected by process osens
setting up and regulating the parameters of theleveloped for DMD Closed Loop Technology. The Ctbse
operative motion. Loop optical feedback system continuously monitorgeal

- The remainder of the kinematic scheme, usualljtime the size of the weld pool and adjusts prosesbles
consisting of the controls and kinematic groups forsuch as powder flow rate, CNC velocity and lasevgro
handling motions, is considered. The melt pool information for the layering is manid by

- The kinematic chains of the machine tool are set u® CCD cameras. The process PC compares the informat
after deriving the set up formulas for the changarg about the actual geometry with the desired geomatrg

sets and certain other setting up devices.

The applications for 5-axis machine tools are digskin
positioning and contouring, for more details anffiedénce on
the two see [2]. Due to the large number of thécaby
possible configurations, a specific 5-axis machitiebe most
appropriate for a special set of work-pieces.

Five-axis milling offers reduction in a number atsps,
and this helps to increase the accuracy and retthaciot size.
Some of the disadvantages of 5-axis machines aj;gdrice
and additional rotation axes cause additional jwosirror.

The purchase of a 5-axis must be preceded by aymdf

study of the range of products which have to be himea.
This along with a 5-axis machine being most appab@ifor a

special set of work-pieces and the disadvantagese p

limitations in using 5-axis machine tools in theordition of
moulds and dies process.

V. SOME COMMERCIALLY OFFSHELVE SYSTEMS

Below some commercially off-shelves systems ar

presented, in order to identify the current stdtéeohnology
development in this field.

controls the layering process accordingly. The w$e3
cameras in a 3x12@rray allows a controlled DMD process in
3D mode as well. As a pre-condition for this, it shibe
possible to observe the melt pool with at leastainera
(interference contours). POM has 6 and 5-axis syste

B. Optomec Inc.[4]

This company commercialized the LENS process. The
LENS process is a CAD driven, additive manufactyrin
method where material is deposited layer by lagebuild a
fully 3D part. First the engineer designs the pesihg CAD.
The resulting STL file is then processed usingpgtaprietary
PartPrep software which turns the CAD data intagéal tool
path. This tool path drives the laser, at the hefithe LENS
process, in 3D space. The LENS Work Station Control
software controls the manufacturing process withahility to
adjust processing parameters in real time.

The build process uses a high power solid stater las
focused onto a metal substrate to create a molahpuool in
a protective Argon atmosphere. Metal powder is tingscted
into the melt pool to increase the material volunide
substrate is then scanned relative to the deposé#jparatus
to write lines of the metal with a finite width aridickness.

eRastering of the part back and forth creates @pa#nd fill to

complete the layer of material to be depositedaliinthis
process is repeated many times until the entireeabbj
represented in 3D CAD model is produced. Optomec hias



the LENS 850R and the LENS 750 systems. These rsgste
offer up to 7 Axis of motion.

C. Trump system Precision Machinery Co., Ltd (TPM) [5]

TABLE Il
SPECIFICATIONS FOR MECHANICAL MANIPULATOR

This company has the LO 180 and LC 180 Laser depost

Welding Systems. They state that their systemscanepact

and portable designs, which makes it easy to t@hgp do
service on site. TPM provide special welding matsras well
as techniques aimed at avoiding air-holes. They leynp
amplitude modulation (where the single pulse shegqe be

modulated), a new and advanced technology whichraugs
the welding quality. The systems are easy to opeatl offer
large memory for the welding data.

D. Sciaky Inc.[6]

They have developed a new generation (NG1) Electrg
Beam Welder, which provides advantages in enerfigiericy,
welding rate and cycle time. The improved systesments

are;

Control- the new PC based control system uses ristig)
CNC motion and process controls. With the capabilftmore
than 10 Axis of motion control, the system synclizea the

process parameters. Capabilities include processitonimg

1
Process Kinematics Dynamics
No. of axis:4-
axis
Workspace*:
(0.6m x 0.9m x
Checking for defects | 0.6m)
No. of axis: 5-
axis
Workspace*: Max. Power: 2kW
Cleaning (0.6m x 0.9m x | Max. Torque30N.m
(Grinding/Machining) | 0.6m) Max. Force:10kN
No. of axis:4-
n axis
Workspace*:(0. | Max. Power: 2kW
6m x 0.9m x Max. Torque30N.m
Welding 0.6m) Max. Force:10kN
No. of axis: 5-
Finishing axis
(Milling/Drilling/Rea Workspace*: Max. Power: 2kW
ming/Tapping/Engravi| (0.6mx 0.9m x | Max. Torque30N.m
ng/etc.) 0.6m) Max. Force:10kN
*workspace depends on the size of the work-piece

with data acquisition, networking and off-line pragming.
Open architecture allow for
diagnostics, hard drive and three levels of progeaeess for
security are included.

Electron Beam Gun- the electron beam package peead
improved, narrow beam geometry that produces soiperi
depth-to-width ratios and operational stability.eTflaments
can be changed out in 10 minutes at the end ombiegj of
any chamber cycle.

Optical Viewing System-
resolution, precision gun optics with CCD camerd amonitor.
Optic focus, shutter and iris controls and an ebeit
adjustable crosshair are built in.

this system features high-

easy upgrading. System

VIl. CONCLUSION

Having studied the methods or processes involved in
reconditioning of moulds and dies and mechanicphbdities
required for machines to be used in the processifspations
for a mechanical manipulator that can be used ersepted.
The design of the proposed manipulator will be Hasa
optimizing 5-aixs machine tool capabilities and ueidg or
eliminating its limitations. Based on the desigedfications
presented in this paper (Mobility and Kinematicsa®sis of
Novel 5-DOF Manipulators for Mould and Die ToolsarP1)

Lean Design- the system has smaller footprint Whicrbnd recommendations made in [1], conceptual desanthe

requires less shop space. Implemented a new, noon@act
and flexible vacuum system.

VI. SPECIFICATIONS FOR THE MECHANICAL MANIPULATOR FOR

RECONDITIONING OF MOULDS AND DIES

The table below list kinematics and dynamic speatfons
required for the different manufacturing processkes
recondition of moulds and dies. The maximum torqueyer
and force were calculated using methods and vdewd in
charts in [7].

manipulator are presented in (Mobility and Kinemositi
Analysis of Novel 5-DOF Manipulators for Mould ardle
Tools: Part 2).
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