


Modelmaking

Larger parts can be made with some planning by splitting the file into parts,
which are then printed separalely and joined together afler printing. Given the
fairly high cos: of the materials, this is often where it becomes important to
consider less expensive modelmaking routes that involve an approach other
than rapid prototyping.

Material Cost

There is generally a trade-off between cost, surface quality and material
strength. Less expensive materials might be suitable for certain applications
where appearance rather than strength or flexibility is of importance. The cost
can be 2 significant issue if the model is large. The cost of the material also
needs to be considered ir terms of cost of support structure material (typically

a secondary material) and any secondary processing, such as secondary material
infusion for strength.

Level of Finish

There is both time and cost associated with the manual labour invelved in
finishing parts. This again is highly dependent on the purpose of the prototyge. If
the model is made simply to test fit and function, very Iittle or no finishing is
necessary. The most time-consuming models tend to be the high-fidelity
appearance models used for communication. This is where it makes sense Lo have
the best possible surface quality 1o begin with.

Service bursaus tend to olfer various levels of finishing. The basic level tends
simply to include removing the suppors structures and perhaps bead-blasting
the parts. A higher level of finish might include manual sanding to remove
staircasing. A still higher level might include further sanding and primer ready
for paint. If required, the service bureaus will completely finish the parts to any
level of production quality appearance, including high-quality surface paint or
electroplating.

Stucents can accomplish very high-guality resulis by using fillers and paint:
water-based products are usually the safer option. Chapter 18 on painting [page
154) shows how to finish a rapid prototype similar to those below to a smooth
glossy finish, such as this painted metallic finish (using water-based products).

Sanding, filling and painting will produce very
good cosmetic surfaces, as shown on the left.
The inside of the part on the right shows what

it would look like if painted without extra
preparation.




“owder-Based Technology

/2 layers and then hardened u.:unlg..r in the area deﬁned by the part’s cross
-= 27 The axtra powder surrounding the parts presents some inherent
mages. First of all it serves as a natural support structure. Secondly, the extra
“=7 s simply reused, thereby minimizing material usage. The powder also
= £anis 1o be nested easily, without the need for maore complex support
“T.res to bridge the parts. Powder-basad materials are used in industrial as
s _.hs,kt-:}p 3D printer systems, but the process and materials used in the two
—=snown in this book ditfer markadly from each other.

~=_strial System - Selective Laser Sintering (SLS)

- += Laser Sintering (SLS} is 2 rapid prototyping technology sold by 2D
“= Corporation, South Carclina. The technology has been arourd since the B
~7os and is therefore one of the pioneering methads of rapid prototyping. T’
“zustrial RP systems will produce parts in a wide range of materials that - IS "'i-
=—wwely sintered with a laser. It works by depositing a thin layer of powder = A
2 7 & build chamber, which is then selectively sintered {fused with heat) e oo '
-~ 22 laser, The process is continued layar by layer until the partis
“= The materials include a variety of consumer- and engineering-grade The sPro 240 Selective Laser Sintering machine is
- moypropylene for living hinges, glass-reinforced plastics for strength, used to create parts in a range of consumer
“omeric materials 1o produce arything from shoe soles <o gas«ets. 5LS and engineering grade materials.
~=.ces durable plastic and metal parts through direct laser simering that
- table for end use applications,

- —~~ter-Z Corporation

~=mon hes offered powde~based 3D printing since the mid-1990s.

- its tachnology is the use of corsumer inkjet printng on tao of 2
- zster powder, As the nikjet prints the cross section it applies a binder
== Tz orinted area together. This is repeated in fine increments, by

“ 7“2y lowering the build volume and applying a new fine layer of plaster. - gt : z Corporation’s entry-level ZPrinter® 150 (far left)

ultiple printhead approach, each layer prints very quickly, allowing and largest ZPrinter® 650 (left) both use plaster
+2zl build speed. Containment of the fine powder is a consideration,

N N powder and inkjet technology to produce pa
= read o be physically removed from the powder tray and dleaned i P . . ) . ©gy to produce parts
- coveder. quickly and cost-effectively.

- ornters increase in size and cost, they also tend to offer & gher
-7 zelter accuracy and more colours.




The simple and low-cost material is excellent for conceptual modelmaking, but
the strength of the parts as printed is somewhat limited in functional applications.
The strength can, however, be increased through post-processing. Plaster parts
have minute air pockets that can be infiltrated with secondary materials to provide
added strength. Salt water, wax, cyanoacrylate glue (super glue) or two-part
epoxy can be used for plaster infiltration. Z Corporation produces three different
infiltrants. Water Clear is a saltwater-based infusion system that models are
dipped into. For stronger and more functional prototypes the Z-Bond
cyanocacrylate infiltrant has been developed, and for even more structural
applications 7-Max epoxy-based infiltrant is used.

ZPrinter® parts can be produced in a full range of
colours. Shown are Reebok DMX shoe soles (right)
and Sea-Doo® Seascooter™ underwater

propulsion system (below) prototypes printed on
a ZPrinter®.

The printed part is removed from plaster build tray. Parts are infused with salt water, cyanoacrylate or

two-part epoxy depending on the intended use
and application.




Solid-Based Technology

armall-scale production of parts in real plastics
- , , ) m ) savas monay on injection-mould tooling.

ne predominant solid-based technology is known as fused deposition modelling {

-0OM), a process developed and patented by Stratasys Inc. This process works by |
“zeding a thin filament of ABS into a heated extrusion head. FDM is available both

=5 high-end industrial machines and smaller 3D printer systems.

ndustrial — Fortus

~ e Fortus™ range of FDM equipment from Stratasys can produce large
=uctural parts even for small-scale manufacturing or industrial fixtures. Parts can

= made in ABS, polycarbonate or Ultem engineering-grade plastic.

-2 Printer — Dimension uPrint

-ztasys also produces the Dimension uPrint® range of 3D printers (known as HP

—==gnjet 3D printers in Europe) for in-house prototyping. These are extremely

~==y 1o use as the materials are held in print cartridges, which can be replaced - onnters use real ABS plastic to
- =efly to change colour or add material. There is a separate cartridge for the -

>=zrial used for the support structure, _ ABS material spool cartridge loaded into the 3D

“epending on the machine model, the support structure is either an easy printer. A similar cartridge exists for the support
~-=zxaway material or a water-soluble material. The water-soluble type of structure material

~_cture is more suitable for thin-walled and delicate parts that may be damaged
= breakaway process.
-oport structures are either washed away in a special water-based solution
= ~oly peeled away in the case of the breakaway system,

Lawnmower prototype made by Fortus™ FDM.




Liquid-Based Systems

Liquid-based systems use photopolymers that are cured with an ultraviolet light
source. These can produce very fine layer thicknesses that in turn have very good
surface quality requiring little or no extra finishing. The heat deflection
temperature for some of the materials is quite low and should be considered.

Extrusion printhead traces the outline of the part
(in red) while also building a breakaway support
structure (grey).

Stereclithegraphy machines from 3D Systems,
such as this SLA7000, produce parts from
laser-cured photopolymers.

D Systems’ Stereolithography Apparatus

The first adcitive rapic protatyping technology was the Stereclithography
Apparatus (SLAL |Lwas invented in 1984 by South Carolina-based 30 Systems
Corporation and commercialized i 1988, alorg with the STL fils formst. SLA s
characterized by high surface quality and smoathness of the parts.

The technaology makes use of a UV laser that is cirected on to the surfaca of 2
vat of photopolymer. The laser traces the slices of the STL (stereclithography) files
on to the surface of the ligu'd, which is then locally cured by the energy from the
laser. The hardened section can be lowered and recoated with photepolymer so
that the next section can be created. This process continues until the entire part g ' — - e,

' " " . L I e s
has been created. Support structures ars generated during the build to support _ . w‘,.:-"' "‘J‘E‘:’,’ Rt
overnangs and vaids within the object, After printing, the support structurs is 3 D pamaiii e %"‘ﬁ% = s
removed. Tne smocth surface quality and fine feature detail is a function of the - : . : ' . X e X
fine layer thickness. 30 Systerns’ Viper™ SLA system, for example, builds at s e e - 25 .,.i_%’;" e
mere O.02mm layer thickness, eliminating most staircasing. There is 2 wide range The part is removed from the platen with a steel
of materials available for this process that mirric the material properties of same . ;
commaon pastic production materdals. The larger industrial systoms such a5 the :I:raper and IJ:he br?a;camﬂéay support structure is Large, accurate SLAs are commonly used to verify
iProf 2000 XL 5LA system will produce parts as large as 1499 x 762 x 508mm €n manually peeied or. part design prior to tooling production.
{5% x 30 = 20in).




Sbjet's FullCure® Materials range is composed of rigid materials with strength
- aracteristics that simulate ABS as well as polypropylene. There are also rubber-
«= materials that simulate the properties of thermoplastic elastomers or silicone.
~he PolyJet™ technology uses dual printheads to print modelling and support
~aterial simultaneously. The parts require no post-curing, but the support
—aterial has to be washed off. Objet parts are characterized by extremely thin
~vild layers producing high-quality surface parts. The Objet24 and Cbjet30
~-nters are the entry-level systems and produce parts in very fine build layers
~20.028mm. They are currently limited to printing rigid opague type materials.
“ne higher-end Eden350V™ printer produces even finer surface quality using
=vars of 0.016mm, and prints the entire range of materials including optically clear
~srts. At the very high end, Objet's Connex family of printers uses PolyJet
atrix™ technology, which can print multiple model materials simultaneously
- create what the company terms composite Digital Materials™. This also allows
-~ machine to simulate plastic injection moulding of parts with overmoulded
= zstomeric sections.

ummary

“asktop 3D printers have become very good and produce accurate parts

-~2+ can be used for a variety of prototyping needs. The industrial-type rapid
~-totyping and desktop 3D printer systems continue to converge In terms of
-_zlity of parts and material offerings. The high-end industrial systems will
-~ntinue to offer larger parts and more throughput, making them a reasonable

- ~2rnative to injection moulding for many small- to medium-scale production runs.

Office 3D Printer — Objet Geometries

Objet Geometries produces a series of cesktop 3D printing systems using
zcrylic-based phatopolymers that are cured irstantly with UV light. These systems
zis0 producs very smooth high-auality parts.

The Connex family of 30 printers from Objet
Geomelries can produse multizle parts, such as
the overmoudlded elastomernc wheel below,




ADHESIVES |

AND FILL

Safety Check

— Read Chapter 5 on health and safety, pay particular attention to hazardous

substances znd personal protective equioment
~— Read material labels and $DS for glues and fillers
— Water-based products are usually safer alternalives

— Students shou'd be aware of their schosl policy about materials

Glues

Medelmaking makes ample use of gluing as a form of assembly, as it is quicker
and easier than most types of machanical assermbly. Gluing is also the basis for
the adcitive modelling approach, where forms are assembled from their basic

Typical Modelmaking Glues

s

Type of Glue

' Typical Modelmaking

| Applications - Approximate Cure Time

Cyanoacrylate (Super Glue)

Epoxy (two-part)

White Glue (PVA = Polyvinyl
Acetale)

Spray Glue

elements, Selecting the proper glue is a function of both zpplication and materia.

Glue Stick

Genera! modelmaking alue. |

o . 93 Thin: 1-3 seconds
Dissimilar materials can be e .
o Gap filling: 1-2 minutes
joined.

Where extra glue volume is
needed. Dissirilar materials
! can be joined.

Set time varies from
5 minutes to 12 hours

Paper, cardboard, polysty-
- rene foam, foamboard, 1 hour
wood,

| For joining sheet materials.

- . - 30 seconds
i Bonds to most materials, 3 s

- Glue paper and paper
templates on to other
materials {non-permanent).

30 seconds

Hot Glue

| Fubber Cement

|
- For cardboard and

foamboard mock-ups. 10-20 seconds

. Bonds skin instantly; eye
- irritant: wear eye protection. |
| Use in well-ventilated area.

E— _—

Eye and skin irritant: wear
. gloves and eye protection, |
| Use in wellventilated area,
| S |
| May cause eye irritation, but |
| is generally considered a
- safer glue.

— —
| Flammable and undar

oressure. Eye and skin _
irritant: wear eye protection.

Normally considered a safer
- glue. i

Can burn skin. Will melt
polystyrene foamn.

- Glue paper and paper
¢ ternplates on to other
i materials (non-permanent).

10 seconds

: possible skin irritant: wear
- eye protection. Use in




Cyanoacrylate (super glue) (bove) is sold in larger
containers in habby shops. The gap-filling variety
tends to be more useful as general-purpose glue,
while the thin formula will wick between very
tight-fitting parts, creating very smooth joints.

Glue sticks, rubber cement, white paper glue and
hot glue (above centre) all work on paper. Spray
glues (above right) should be used with extreme
caution and in well-ventilated environments.

Epoxy two-part glues are available in many
formulations and set times (right). A very strong
glue for dissimilar materials but also creates
mora mess.

Tapes

Tapes are used for a variety of purposes. They are used for masking off areas
during painting. They are used to hold parts together temporarily as well as
permanently. Tapes are also used as guides for sanding or clay sculpting, as will
be shown in Chapters 10 to 20 on materials. Drafting tape is a general-purpose
tape for modelmaking that does not peel paper or leave glue residue on models:
it is therefore preferable to masking tape. Double-sided tape is used to mount
parts together both temporarily and permanently. It is also used for holding down
softer materials during CNC machining or to stick sandpaper to sanding
templates. There are many different grades of double-sided tape availzble as well
as special-purpose varieties.




Foamboard

Safety Check

— Read Chapter 5 on health and safety
— Use sharp blades and dispose of in a sharps container
— Use a steel rule as a guide and cut on a cutting mat

Foamboard is a sheet material consisting of a Styrofoam core laminated between
two layers of smooth paper, producing a lightweight yet rigid structure. It is
available in various thicknesses typically ranging from 3mm to 13mm ('4in to “4in),
with 6mm (4sin) being the most common choica. It is easier to work with and
produces neater and stronger models than corrugated cardboard. This is because
the foam centre produces a uniform solid edge that is also easy to cut. The best
source for foamboard is the local art shop, which usually carries a range of
thicknesses and sizes, but craft and stationery shops also tend to carry a small
selection. Different colours are available, but the standard white is mostly used
in practice because of its neutral colour.

Most geometric shapes can easily be created in foamboard. More advanced
organic shapes can also be approximated by a series of cross sections as shown
in the previous chapter (see page 89).

Foamboard is used to study both form and function. The product’s internal
configuration is often prototyped by using real parts such as batteries, motors and
other electronics in conjunction with foamboard. This gives the design team

a good idea of assembly and fit. The Sonos ZonePlayer 120 is a wireless digital
amplifier whose casing was developed by Y Studios in San Francisco. The
designers made extensive use of foamboard in the design process, which allowed
them to explore functional as well as visual aspects through this low-fidelity
material. The assembly sequence was, for example, explored to test the viability
of the product design intent. Real speaker connectors were added to study

how they interfaced with the back panel and the circuit boards within, Thinner
cardboard was used to simulate circuit boards, with polystyrene foam blocks
standing in for electronic components. This exam ple shows how low-fidelity
materials can be modified rapidly, thus keeping the design process fluid. The
designer gets a good feel of the proportions and complexity early in the process
before the design progresses into 3D CAD development.

Formbeard & aeailabla in vricus colows and
-hickrsgse,
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