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PROCESSES

An Introduction to Electron Beam Melting
with Ti6AI4Y-ELI for the Orthopaedic Device

Industry

Manufacturing of both off-the-shelf and custom omhopasdic
devices 15 closically known as a matenial- and labor-intensive
process. For safety and longevity purposes, materials utilized in
orthopacdic apphcations are required to meet stingent performe
ance criteria As a cesult, the use of high strengrh marernials thac
are typically dithicult to proces is necessary. Certain amplant
applications call for low-volumes or custom production, seme-
thing that is not well adapted o today’s manufactunng wech
nigues. The devianions from standard processing techniques nec-
cusary to produce short run devices or devices designed for an
inclividual patient can make such implants unproficable loss-lead-
ers for device manufscturers.

With the trend for mvore efficient and Aexible metal manufzctur-
ing comes 4 new technique called Eleceron Beam Melong
(EBM). EBM is a relatively new manufactunng method capable
of producing fully-dense metal parts. Poneered by Arcam AB,
the EBM rechnology relics on use of a high power electron beam
i provide the energy neccssary to melt powdered metal i an
addivive, layered fashion. Taking a file directly from a CAD envi-
ronment (o a fully dense titanium part is now a possibilicy, elimi-
nating the need for expensive processes such as tooling, machin-
ing, forging. casting and their associated long lead times, Typical
parts can be taken from the designer’s desk o a solid meral part
in a macter of hours or days instead of weeks to months. The
agility of this manufacturing method allows frecdom and cost-
elffectivensss for low-run parts cthar has not been seen before.

The EBM Process starts by distributing a 100 pm layer of hine
metal powder on a sted platform. An electron beam scans areas
as defined by the computer model, fully melting the powder in
the arcas scanned, after which the seeel platform is lowered by
100 pm and a new layer of powder is distributed on top of the
previously meloed laver. This process continues, layer by layer,
until a complete part is produced. Figure 1 shows the machine
used i the EBM process.
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The powder used
has been prodisced

by a gas aromiza-

tion process and contains particles ranging from 45 pm o 100
pm in diamseter. The EBM process has been shown o produce
qualicy parts using powders produced by other processes, such as
plasma retating clectrode processing. Although this artcle focuses
on the production of TidAMV-EL] pars, cthe EBM rechnology
has been applied o the production of cohali-chrome alloy as
well.

The melting and forming of moanium parts mandares thar chis be
done in a vacuum chamber, which also minimizes chemical reac-
tions between the melting mecal powder and che surrounding
atrmosphere. This feacure s excremely beneficial in producing
objects out of TeAIYV-EL] matenal, because the low levels of
interseitial elements such as O, M and H can be conmrolled dir-

ing; production,

In a recent stucly, several matenal propertics were examined in
order to confirm char EBM-produced marerial meets the per-
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formande criteria currently
used for orthopaedic
implans, Chemical com-
pOsiElan, MICrostrciure
amdd temsile serengeh were
chosen because they are
specilied in the ASTM
standards wsed vo regulare
arthopacdic implant mate-
rials. Fatiguwe behavior was
also examined because it 1s
ane of the key perform-
iee requirements for
arthopacdie implant appli
cations, Table 1 lists prop-

ertics for EBM produced
parts as manubictured by Medical Modehng LLC as well as the

property requirements for the two prnapal ASTM speafications

appleed o Tos ALY matenals for orthopaedic implants.
Mechanical properties shown for pants produced ar Medieal
Muodeling are on teit specimens that have been through a hot iso-
statie presavng (HIM axcle following production and prios 1o gest-
ing.
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[here are many manubscturing methods and processes capable of

producing implant devices from TiGAMY-EL] material. The mos
prevalently used manufacturing methods for prodscing these

devices include:
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PROCESSES

1) Investrent cast shapes from raw marerial ingos
2 Forged shapes from wroughe bar, and
3 Machined shapes from wrought bar or plate produc

The EBM method of manufacruring represents a dth method of
a nvcar et shape configuration for production of an orthopasdic
implant device. Table [ shows 3 comparison berween these four
near net shape processes in the manufecrure of an implane device.
The Ili_"l.i.:llilil::.' anad :.|'l-|.'-c'-|3 of the EBM ProCess Opem gy ,|EI:I']i|_.j_-
tion possibilities in che ormhopasdic implane industry thay wild
have previously been unachievable, These span applications for
ofi-the-shelf as well as custom implancs and associaned instru-
mentation and include:

Shart Run Implants of Low or High Complexit
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With the ability to quickly “print™ any combinarion of parts
within the same processing batch, the EBM process is capable of
producing any number of implanes with varying shapes and sizes
with a short bead time. Since no pam-specific production tesling
is nocded in the EBM process, chere i no sddivional cosr o
change-over time associaned with swicching berween pam models
of sizes, This beature of the process makes ic ideal for producing
short run, bow volume implant pares, Ic allows che manafacminer
o produce these low volume pams on an as weeded basis with
rvre lavorable costs and lead times,

Of-the-Shelf Implants of Highly Complex Form

Several applications for haghly complex implans produced in
citaniwm alloy are aceually cast as opposed w machined because
of their difficult to manufecoare shapes, As rested, EBM pars
have berter mechanical properties when companed 1o the stan-
dards for imvestment cast ttanium parts, This benefic combined
with the ability to make very complex shapes makes EBM an
-3 BONEZOMNE * Sprng 2007

Figrere 3: Avetirbrular cuf In‘:-.r-.'.-'l']r:'r'.-.l' in TeaAMNVEEES -."l--u.--J'.lll-_: o Com-
pex bureking dexign, (Courtesy Medical Modeling LLC)

interesting manufacmring process for complex, frecform imiplant

geormerrics, such as seen in Figure 3.

Off-the-Shelf Implants with Integrated Porous Coating

EBM manufacruring offers 2 unique approach 1o porous coating
by allowing for singularly formed components with an integraved
ingrowth surface area. Traditional application of porous coatings
can b |.||.-'. rill'll;:l|.|| [ ||'.:; |.-|.||»;,'|i.|| ||r|||,|\';|i|;-.. of ||'||,' i|||5:-]_1r|-_ |I.'I'\.|
may lead o problems an che interface such as shedding of the
porous surface, By having the porous structure completely inte
grased ar che time of implant manufacturing, this isswe is avoid-
eid. The eliminarion of complex secondary coating processes
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structures in arcas thar are oypically difficulr or impossible w0 coat
using rradicional r:,-|_'|'|:|i|_||,||,--\.

Offrhe-Shelf Porous Lamice Structures

When a design calls for reduction in the volume of tanium o
be used or for purposes of tissue ingrowth, a roughened or
porous surface strscture can be produced with EBM.
Applicarions far this technology strerch bevond standard compo-
nents such as spinal cages and may be an ideal, low weighe, high
sirengrh scaffold scrucure for graft marerials, such a3 that seen in

I'Lplm Ao,

Custom Implangs, Trials and Osicotomy Guides
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allowing for grearer manufecruning agiline. By allowing direct pro

ducrion from the CAD environmenrt a number of advancapgess are
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When Surface Quality Counts [iu
Count on Guyson

Guvson automated blast systems deliver consistent
quality results and lower processing costs. From
standard models to custom-engineered Systems,
we have set the pace in blast cleaning and surface
finishing productnity for over bl years

Call today for Free Blast laboratory testing
to make your start to a better fimish.

+ Cosmetic Finish » Shot Peen
v Deburr ¢ Etch, Prep
+ Descale v Deflash
v Clean v Strip

800-633-6677 Toll-Free, U.S. & Canada E-mail: tsinfo@guyson.com EI uvs on.n Et



