


A Starley knife and scalpal should be stocked with

extra blades snd used on a cutting mat,
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Rasps have large teeth and are essential for rough
shaping of wood and other soft matarials.

Ciftarent grit sandpapers are required for
rmocelmaking. A basic toolset ingludes
a range of coase o fine sendpaper

Maedle files are sold in kits and are for fine waork
and deatail,
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It is usetul to have both flat and round files
available.
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Pliers come in many shapes and sizes, including
diagonal, long ness and combination types.

Cutting Tools

Precision-cutting tools include the scalpel and the Stanley knife. These should be
stocked with an ample supply of sharp replacement blades. Make sure not to
leave knife blades exposed and to keep all knives and blades safely away from
children. Also wear eye protection, since a snapped blade creates a potential
hazard. A cutting mat is essential for safety and will extend the life of the cutting
blades, protect furniture and create a better and cleaner cut. Specialty cutters
such as the circle cutter or a mitre cutter are not essential, but can save time.

Files and Rasps

Hand-shaping various materials requires a good set of rasps and files. Rasps
will work effectively at removing large amounts of material from wood or foam.
Files also work on a variety of materials and are useful for removing burrs and
sharp edges on metal and plastic sheet. A workflow using rasps is shown in

Chapter 15 {page 135). These tools are always used in conjunction with a vice
to secure the workpiece.

Assortment of Other Small Modelmaking Tools
Other small hand-held tools include a hobby saw as well as pliers to hold small
pieces while gluing and also to bend or cut small pieces of metal or wire.

Sandpaper

Sandpaper varies in coarseness, or grit. The lower the grit number, the coarser
the paper. Sandpaper with grit below 100 is very coarse and will remove material
quickly and can therefore be used to shape a surface. The medium-grit
sandpaper of 240-320 will create a fairly smooth finish, whereas grit of 400-600
will start to polish the part. Different grits are therefore used in succession.




Rotary tools, such as this one made by Dremel,
include a wide array of small bits suited to
modelmaking work.

Hand-held drill, circular saw and jigsaw.

Drill press speed can be adjusted through a pulley
arrangement between the motor and spindle. This
should cnly be dene when the machine is stopped
and unplugged. The chart on the bottom of the

guard cover on this machine shows speed options.

Workshop teols can loosaly be categorized into three categories. Hand-held
power tools are quite commen and are sold for professional as well as home use.
Stationary power tools include hobbyist varistizs. The last category consists af
larger industrial macnine tools, Nevar operate any power or machine tool without
obtaining professional training and supervision. The following description o
various power tocls is simply an overview of what they are used for and should in
no way be interprated as a substitute for propar trairing and education in the use
ol thasa tools. As a general safety preparation:

—  Always wear safety glasses when using power toals

— Tl bhack lang hair and remove logse clothing and jowellery that could become
caught ir the machine

— Wear proper footwear

Hand-Held Power Tools

A retary hably tool is a varsatile medelmaking tool. It is supplied with 2 number
of tool bits ‘er cutting and grinding, as well as sanding. They are a useful addition
Lo rrcst basic toolkits, given their smal size and versatility. Dremel is a popular
brand of these tocls.

Larger hand-hald power taols include a cordless drill, a circular saw for cutting
sheet materials and a jigsaw for cutting more complax outlines in sheet materials.
Cordless versions now oxist of many of these types of tools, adding even more
mobility and flexibiliy.

Stationary Power Tools

Drill Press

The deill press (or pillar drill} is more accurate than & hand-held power crill and will
orovide mare guidance and contral during the drilling operation. Drill presses can
alzo be used with circular saws, drum sanders and countarzinks. The drill press is
either flaor or berch mounted and as an adjustable table that can be lowerad or
raised depending on the size of the werkpiece. The drill bits are mounted in
chuck that urns via & mator. The speed can be changed through a pulley
arrzngemeant on top of the maching, which should anly be agjusted when the
machine has stopped and is unplugged.

Different materials require different cutting speeds. Stesl, for example, needs
to be cut at a slower spasd than aluminium and alse requires that cutting ol be
used. A smaller diameter tool also requires a kigher speed than a large dismeater
tool, since the velocity at the tool perimeter is lower. Refer <o 2 drill spead chart
for recommended speeds.




== taon to the general safety preparations listed above: i

-=ver hold a workpiece by hand, instead secure it by clamping it solidly
= ne work table
- = oack long hair and remove loose clothing and jewellery that could become
“=_ghtin the machine 1
" ~zn drilling large pieces, secure them on the left side of the work bed as - = not operate the bandsaw without adequate training anc supervision -
-~ zutra safety precaution. A dislodged piece will then hit the back columr - wazys keap your fingers and hands away from the path of the blade in case
w el i i i+ ; H .
- — = notwear gloves that can become caught in the rotating spindle i o ) ) _ Different types of drill bits fram left to right;
) : '2m sure that safety guards are in place and that the verlical guide/guard is countersink, twastdrill, space 2rill anc ho esaw,
~ iziertry to stop the drill by hand : . .
= usted to an appropriate height above the workpiece
*= 2 push stick to push material through saw
“-=ver change blades without stopping and disconnecting power to machine

soz7on ta the genersl safety preparations listed above:

- = not operate a drill press without adequate training and supervision . w
b

-~olug the machine before changing specds
“=move chuck ey before starting the machine

Zamdsaw Seroll saw

~ne of the most versatile power tools for modelmaking purooses. - ool saw is similar 2o the table saw and is one of the mare versatile power
- oousedtocuta variety of materials, including plastica, pulystyrene foam, o mOd_Elmak_‘ing' The seroll saw _has the beneﬁt . b'E'n_g i tD creste an
~=thane modelling board, wood and metals. A 36cm (14in} bandsaw is a =zl opening, Sinca the sawlhlel'l-:!e i remaovable IF can be ||_‘.sertec| into a hole
. _ . -z to craate the cut from inside, 1T a scrall saw is not available, s hand-held
-=d feature in many small "'”.D.rkShD_PG' The bandsaw blade is TE_P'S'DnEd - zzn usually be used. Scroll saws have an upward and dovenward stroke that
=20 two wheels that ratate it in a circular path. A saw-blade guide has to “2= 12 pull the workpiece vertically, It is therefore important to maintain a goad
- == usted to be almost flush with the top of the workpiece, before cutting. - tre warkpiece. This invelves both using the machine's hold-down foot and
"~ = bandsaw can be used to make straight or angled cuts, as well as curved

“7is power saw can do the jobs of most other saws put together. A thin

) _ _ The bandsaws is a varsatile shoo tool for sawing
== wil allow the bandsaw to work like a jigsaw and cut the mast intricate detail, - tion ta the general safety preparations listed above:

straight as well as being useful for contoured cuts.

- = net operste the scroll saw without adequalte training and supervision
— = ways keep your fingers and hands 2way from the path of the blade in case
ouslip
— == the held-down device and sufficient pressure 1o keep workpiece secure
- .zver change blaces without disconnecting power to machine

“z~ding Dise, Belt and Post Sanders
== =nary bal sanders arc useful for flattening and creating curves or for




Modelmaking

suitable for fine detail work and fitting. Smaller desktop machines are usually
combined into one unit. Belt and disc sanders are usually used after the bandsaw
to create the final edge finish. The outline is cut using a template, leaving
aporoximately 1-2mm (' in) extra for sanding.

The post sander is a useful tool ‘or sanding cavities and concave shapes.
It can also be used to shape circular openings after scroll sawing. For the
small warkshop, this tool can be substituted with a drum sander fitted on
to a drill press.

In addition to the general safety preparations listed above:

Do not operate power sanders without adequate training and supervision
Make sure to have a dust-collection system running and wear a dust mask
Always keep your fingers and hands away from the sanding surfaces

The clearance between the sanding surface and work table should be
adjusted to be minimal to prevent material from being pulled into the crack




achine Tools

“oois, but reguire an exceptionally high laval of training and supervision.
~=7 used in & safe, professionally supervised situation, then manual machine
= are still very useful as they produce very accurate parts. The cutting speeds
- ==ds have to be controlled and are & function of the material and cutting
- =ten. Materisl is not removed in one pass, instead il is taken off in steps
= «ng rough and final finishing cuts. A rough cut involves removing a larger
-t of material than the final cut, but does not have the same fine finish.

S Awooo nstructor suparvises & studerit using a
- . b woed-tuming lathe.
sworking lathes and metalwaorking lathes are two different types of machine
- coerate on the same principle, The workpiece is rotated, also known as
-= zgainst a cutting tool that remaoves material to create radlial symmetry,
~zmole, bowls or cylindrical and conical shapes. The size of a part is limited
= maximum diameter that can be swung above the bed while turning. This is
“-2an of the dlearance between the bed and the revolving headstock soindle.
“repiece can be mounted directly onte a faceplate, held in a chuck or
== the two mounting ends. Proper set-up and mounting is highly The meta[wc:rkfng lathe is a high-precisi{jn
_.fiutun the shapel {?f the part_and the operation. It is therefore very machine that moves the cutter alc}ng three axes to
- “=ntto geta technician to advise and guide you through the steps.
= woodworking lathe, the cutting tools are held and guided by hand., cut circular items. In this case the brass workpiece
“=zrz that the accuracy 's dependent on skill, Material is rernwcd.gradually is held in a 3-jaw chuck. A clear poiycarbona‘ce
s, Templates are usually used to check the ferm, but only while the X ) . o
~= 'z wrned off and the spindle has stopped turning. There are a wids guard is folded down duri ng the machlﬂmg.
o7 cutting tools that are suitable for different types of cut and detail,
-o= o wmals include gouges for material removal, chisals for detailing and
“= 1ocls to cut deep grooves or to separate the part.
- metal-cutting lathe is a much more complicated piece of machinery.
- =13 tools are guided znd held in a carriage that can be accurately
“=3 using a hand wheel or a power leadscrow. This is & precision toc
- measurements are caleulated and measured using the dizls and settings
“zchine. Metal-cutting lathes are also used to machine serew-threads.
- “2ols are used for roughing cuts and for finishing cuts. The cutting tools This bowl-shaped vacuurn-forming mould was
sc=cific to the matenial being turned. made on the voad-turning mill using a computer
-== sea the safety reminder at the end of this section as well. el el s i




A knee mill can be used to create a variety of
accurate cuts.

Modelmaking

The Vertical Mill

The vertical mill resembles a drill press, except that it has three axes that allow the
operator accurately to move a cutting tool relative to a fixed workpiece while
cutting. Smaller desktop mills simply have a movable XY table, whereas larger
knee mills allow the table to be raised and lowered as well, to accommaodate
larger workpieces. The accuracy of the movement is based on manual or
electronic indicators. The head on the mill can be swivelled to perform angled
cuts. A rotary axis can be added to machine circular shapes with a mill (similar

to turning).

The end mill is the standard cutting tool for the milling machine and is
available in two- or four-flute designs. End mills come in different diameters and
lengths, suitable for 2 variety of cutting operations. The end mill can be used to
mill holes, slots, pockets and surface cuts. For example, a pocket can be milled by
lowering the end mill into the material and then tracing the contour of the pocket.

Machine tools are very complicated and involve a high level of understanding
of materials, fixturing and set-up, as well as tool selection and machine setting.
Machina shop technicians go to school and study this subject in detail, followed
by significant industry training. It is paramount to understand that whereas this
equipment is useful and a valuable teaching tool, these are dangerous and
powerful tools that can easily cause very serious harm or death if treated casually
or without proper training and supervision.

In addtion to the general safety measures listed in this book:

Do not operate any machine without adequate training and supervision
Never attempt a sel-up or operation that you have not been trained to do
Know exactly where the emergency stop and off switches are located

Make sure all safety guards are properly in place

Always wear safety glasses

Tie back long hair. Remove loose clothing and jewellery that could become
caught in the machine. Do not wear gloves

Never touch or try to remove shavings by hand while the machine is running
Never reach around or behind the workpiece, nor attempt to do any
rmeasurements while the machine is running




Such parts as these can be printed in a matter of

hours, allowing students to incorporate more
detail into their projects.

Rapid Prototyping

Safety Check
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The rasolution of an STL file is 3 Juncton of a
number of trangles that anproximate the shase.
The file on the bottom is three times largar than
the ane on top, bt would create 2 smoother
surface.

Miedelmaking

Data Translation

The 3D CAD file must first be translated into a format that the rapic prototyping
system can read. This is known as an STL (stereolithogra phyl file format and
comes pre-packaged with most of the typical software programs used for CAD.
The STL file is simply an approximation of the original solid using a triangulated
surface mesh that is easy to import and manipulate in the rapid prototyping
system. It is important to set the tessellation quality to be gppropriale to the
surface being generated. A sphere, for example, will require more triangles than
a flat plare.

Rapid prototyping software then creates a series of sections, or slices, taken
vartically through the model. These sections will be used to procuce the 3D
maodel. Each slice must be described as an endlosed area, which is printed
sequentially one layer on top of the next until the entire volume has been created.

The software also has to determine if there are aress where a section is
unsupporied during the printing cycie. This hapoens when the geometry is
overhanging or otherwise unsupported from below. The rapid prototyping
systerns therefore need some way in which to adc support structure during the
printing process in order to prevent the model collapsing while being built. Part
orientation during the build is a major consideration since it affects how much
support structure is required.

CatalietEX softwans w uses to prepons o set for
erinz g an g Dimension 30 printes The satware
creatas suncart structure eutomaticslly,

Technology Considerations

There are many differences between the various rapid protetyping technalogies.
The following overview of the fundamental technologies and systems is not meant
to oinpaint specifications, since thay cantinue to evolve and improve. |t does,
howaver, highlight some of the inharent advantages and limitstions of various
systems. Itis warth considering many different issues when selecting a process for
prototyping as in most cases it is a matzer of trade-off betwean cost, speed and
rnaterial properties.

What is the Difference between Industrial RP Systems and
3D Printers?

When rapid prototyping (RF) systems first emerged in the late 1980s, the high
cost and complexity confined them to service bureaus or large corporations with
cedicated prototyping facilities, At that time 3D solid modelling software was also
expensive and less common than 2D drafting programs. The next ten years saw a
drastic reduction in cost of solid madelling software and as it started to become
the norm, the demand for rapid prototyping parts grew substantially. Mow RP
technologies started to emerge to tap into this larger market. Consequently, the
cost, size and complexity of rapid pretotyping equipment dropped significantly,
to the point that schocls and design offices can now afford to own and operate
their own machines. The smaller systems are generally referrad to as 30 printers
and are intended 1o be easy to use and networked in an office environment.
Whereas the industrial systerns have tendad to have larger build volumes, more
rraterial selection and better resolution than their 3D printing counterparts, thers
is rapid convergence in terms of these cualitics that keeps making 3D printing
ver more accessiole and desktop-friendly. There are some limits though — at he
tire of writing the 3D printer systems offer very imited elastemeric or clear olastic
part capability, although this is possible with higher-end systerns. 30 printers can,
however, be used to print a 3D pattern in order to make silicone moulds (see
Chapter 17, page 147) from which clear or flexible prototype parts can be
produced, although this does recuire extra work.

Some incustrial systems are now starting to com pete with mass-production
lechnologies sucn as injection moulding. The resulting benefit is greatar
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Tacturing flexibility since no tooling is required. Tool-free production means
- nave the freedom to make changes more easily, get up and running faster

-~ 2 not have to worry about sink marks, draft angles and a host of other injection-
—-. zing issues associated with steel tooling. The onus on the industrial systems

—~zrefore to reduce post-operative procedures, while increasing accuracy and
“~.ghput in order to be competitive.

--aM aT’Eﬂa1 The staircase affect is more visible on 2 gradually
curved surface and with systems that use thickar
systems are classified according to the different material technologies build layers.
- us=: photo-curable liquids (photopolymers), solid powders or extruded
=== = The material selection is an important aspect of prototyping. The range
~ =tzrial properties needs to be considered carefully in the prototyping
“==3, as there are associated trade-offs in cost, strength, surface quality and
-~ fitis a works-like prototype that is to be handled and subjected to loads,
~=ed to have more strength than if it is a looks-like prototype made mostly
=~ and tell. The looks-like prototype on the other hand will need a high-
-=smetic finish if it is to be used for trade shows or other promotional
-~ = such as pictures for packaging. This level of prototype may instead
= = material and process that provides a better surface finish. Another
- -=-27 'sthat many photopolymers are sensitive to heat and may deflect,
“=rm, even at modestly elevated temperatures. The heat deflection
~=rzture (HDT) data therefore should be examined to see if it is applicable

=

-—-ototyping application.

~teractive electronic products, rapid prototypes are perfect because

-~ - components can easily be incorporated. For casings that are meant to

=ztedly ass.emblled and d_lsassemb_led, itis adu::sable to use th.readed brass i) Bty s Ear B Rrel uth Hinacied
~ =7 are typically inserted into plastic bosses using a soldering iron. They can

brass inserts. These allow easier cpening and
- = .22 into oversized holes with cyanoacrylate glue (see page 79). closing of the housing using machine screws,

.
=
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