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Class 2: Fabrication

Movie Break!
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Today's Agenda

 Whis fabricati : -
= Intro to Fabrication

= Additive

= Subtractive

= Forming

= Will’s List of Twelve Tools to Own
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Intro to Fabrication
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Fabrication

= Building stuff
= Making things

= Getting what you want out of
the material you want
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Fabrication
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Fabrication

Additive Subtractive Forming
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Fabrication

= Additive
= Subtractive
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CNC: The Game Changer

= Computer Numeric Control
= Invented 1940s

= Practical 1970s
= Universal 2000s
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Choosing your method

= Tolerance

= Surface finish

= Speed

= Ease of design

= Variability (intentional)
= Material viability

= Availability
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Precision

Traditional

Flame cutting

Hand grinding

Disk grinding or filing

Turning, shaping, or milling

Drilling

Boring

Reaming or broaching

Grinding

Honing, lapping, buffing,or polishing

Nontraditional

Plasma beam machining it isss s O
Electrical discharge machining
Chemical machining
Electrochemical machining [
Laser beam or electron beam machining ‘
Electrochemical grinding
Electropolishing

[ Less frequent application
EEEEER Average application

L 1 i I 1 l |
2.0 0.5 0.2 005 0.02 0.005 0.002

+Tolerance (mm)
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Precision

Human hair width!

Traditional

Flame cutting

Hand grinding

Disk grinding or filing

Turning, shaping, or milling

Drilling

Boring

Reaming or broaching

Grinding

Honing, lapping, buffing,or polishing

Nontraditional

Plasma beam machining it isss s O
Electrical discharge machining
Chemical machining
Electrochemical machining [
Laser beam or electron beam machining ‘
Electrochemical grinding
Electropolishing

[ Less frequent application
EEEEER Average application
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urface Finish

B 0 5
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METAL CUTTING
sawing |
planing, shaping —
drilling I
milling [ e N,
boring, turning !l [ [ [ |
broaching I aa
reaming [
ABRASIVE
grinding I I S S
barrel finishing [ S ] —
honing [ I

electro-polishing
electrolytic grinding
polishing

lapping
superfinishing
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Today's Agenda

 Whis fabricati : .
= Additive

= Subtractive

= Forming

= Will’s List of Twelve Tools to Own
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Additive
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Additive Manufacturing

= 3D printing —_—
= Not covered today |

= Welding
= Covered today!

= Other types of additive manufacturing
= Not covered today
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Additive: Welding

= Using heat to join pieces of same*
material with filler**

= Metal Welding
Spot/resistance
MIG/Wire Feed*
TIG — Tungsten Inert Gas*
Oxy-acetylene*

= Laser

= Friction
= Plastic

= Ultrasonic

= Thermal

= Chemical

= Others
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Additive: Welding

= Heat source
= Electrical arc

= Shield molten metal
= Flux
= Shield gas

= Add material
= Wire feed

= Filler rod

Gun trigger \

Shroud
Gas diffuser

\/( Contact tip

/ Shielding gas
¥ s Droplets

Welding wire

wWeld

Weld pool

The welding circuit consists essentially of the following elements:
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Additive: Welding

Dimensions N
= Weld penetration determines strength Direction

of travel
= 2mm min thickness — wire feed /

= Thinner with TIG

45° work angle 5°-15°
travel angle

45° from
surface

Prepare, prepare, prepare
= lmm max gap

Torch has to fit
Different weld shapes

Material selection
= Mild steel (such as 1018)

= Aluminum
= Stainless

= Thermal Expansion
= Tack weld
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Fit Up Demo
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Today's Agenda

 Whvis fabricati : ’
 Additi

= Subtractive

= Forming

= Will’s List of Twelve Tools to Own
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Subtractive Manufacturing

= Cutting
= Milling
= Drilling
= Lathing
= Sawing

= Grinding
= Grinder
= Precision Grinding
= Polishing

= Others
« EDM

= Plasma
= Laser
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= Milling & Drilling

= Sharp spinny thing moves

= Lathing
= Workpiece moves

= Sawing

= Saw moves through material

[
R Tool — chip
contact

T~

Plastic
zone

R(=R")
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Movie Break!
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Swarf

= Not making this

WIKIPEDIA

‘The Free Encyclopedia

Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia
‘Wikimedia Shop

~ Interaction
Help
About Wikipedia
Community portal
Recentchanges
Contact Wikipedia

¥ Toolbox

» Print/export

w Languages
A
Azarbaycanca
Calala

Atticle  Talk

w0~ @M

Create account & Login

Read Edit View history Q

Swarf

From Wikipedia, the free encyclopedia

This article is about the manufacturing waste. For the English band, see Swarf (band). For the archaic term for waste oil or grease, see Swarfega.

I @ This article needs additional citations for verification. Please help improve this article by adding citations to reliable sources. Unsourced material may be challenged and removed.
(Ctober 2008)

Swarf, also known as turnings, chips, or filings, are shavings and chippings of metal — the debris or waste resulting from metalworking operations including milling and grinding. It can usually be recycled, and this is the prefered
method of disposal due to the environmental concemns regarding potential contamination with cutting fluid or tramp oil. The ideal way to remove these liquids is by the use of a centrifuge which will separate the fluids from the metal,
allowing both to be reclaimed and prepared for further treatment.

The terms "swarf" and "chips” are also used to describe the waste shavings, sawdust, and cuttings from woodworking operations. as well as waste in constructed piping. such as welding metal or slag waste that is produced and
trapped within the pipe during its assembly, and sometimes in masonry.[1]

Contents [hide]

1 Cutting hazards and safety precautions
1.1 Cuts, splinters, punctures, airborne chips
2 Chip breaking
3 Machine cleaning and chip handling
4 Recycling
4.1 Requirements
5 References

Various examples of swarf, including a block of &
compressed swarf

Cutting hazards and safety precautions [edit]
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General CNC Workflow

Computer Actuator-
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Milling

= Materials*
= Plastics, Aluminum, Brass: Easy
= Mild Steel: Hard
= Tool Steel and Stainless: Really hard

= Tool access
= External shapes are arbitrary
= Internal shapes must have curvature

= Clamping

= Security without deformation
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Milling

= Factors in fabrication
= *Feeds & Speeds
= *DOC - Depth of cut
= *Chip load
= Tool size

= 4:1 aspect ratio
= 1:3 vertical fillet ratio
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Movie Break!
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Milling

= Cutter shapes

g
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= Design ‘from the side’

Square Keyseat D rill/Mill Ghamf_er
L h " Corner Concave
Slitting T-Slot Rounding Radius

Square End Ball End

L

Rounded Edge Tapered

oA
Ic!p

Dovetail Chamfer Convex Radius
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Milling

LA LA L.

Hooray! Ehhhhhh Nope nope nope.

Undercut Impossible undercut with
adjoining features
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Milling

Ld bl

Hooray! Ehhhhhh Possible but why

Features on multiple sides Features on many sides,
undercuts, thin walls
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Lathing

Workpiece moves with fixed cutting tool

Having a manual lathe is often enough
Excellent for highly concentric parts

Design from the center-plane
Spindle speed

selactor Spindle Tool post
(with chuck)
Headstock Compound
assembly rest

L]

-l--
-*"‘

e

Cross
slide

Carrioge

Ways

i Tailstock quill

Tailstock assembly
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(Optional) Movie Break!
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Lathing
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Higher Order CNC

= Good for very complex parts

= Many of the same design constraints
still apply

= Very difficult to program
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Sawing

= Millions of types

= My favorites for metal work
= Vertical Bandsaw
= 0-8 teeth engaged
= Horizontal Bandsaw

= Miter saw (cutting for aluminum,
grinding for steel)
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Grinding

= Like cutting, but doesn’t rely on
sectility

= Angle Grinder
= Bench Grinder

= Precision (CNC) Grinding
= Finest tolerance of ANY conventional
fabrication process

= 0.002 mm precision!

= Polishing
= Optical clarity!
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Subtractive: Other

= Electro-discharge machining
= Plasma cutting

= Laser cutting

= Water jet cutting

= Other other
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Today's Agenda

= Forming

= Will’s List of Twelve Tools to Own
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Forming
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Forming

= Can be done at home
= Shearing
= Punching
= Bending
= Casting
= Molding

= Probably not at home
= Forging

= Diffusion Bonding
= Other
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Forming at Home

= Shearing

) Punching ® ,‘ .

= Bending
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Forming: Molding

= Injection Molding
= High volume
= Expensive to get molds

= Hand molding
= Mill or 3D print molds

= Thermosets
= Low temp thermoplastics

Feed hopper — Heaters — I Barrel /- Stationary platen
\ / /o ) ’,-( ~— Movable platen
/ Reciprocating scraw / Mold /
/ f / A / /— Tie rods (4) Clamping
v / / | / / \ /- "
/ / Nozzle B / / cylinder
; A

/ f
J — \

] ’
m/ﬁ".’.’“/m/n—.»-—h- ;
-n/—/.v/-v/u/:"' /. i

Nonreturn —
valve

Cylinder for screw-ram
\

_\~ Motor and gears
for screw rotation

P 7’ s 7 7’ /
Clamping unit ~——————— >{
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Forming: Casting

= Sand casting
= Lead

= Aluminum

= Plaster casting

= 3D printed ‘burnout’
filaments/resins

reaarray .. #

Flask placed over
One half of the pattern the first pattern O™ REH D mould

IS PSS B

Flask placed over  g¢her half the mould
Other half of the pattern the second pntharn (drag)

“- -

Assembled molds Casting thmugh the gating Th“c::uﬂ:“d
system
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Forming

= Forging Set-up Bonding
. . . Assembling ) High temperature
= Diffusion Bonding of blanks in layers High pressure

= Other 334333

ERE R R |

Blanks with inner Diffusions processes
structures (e.g. cooling channels) In the joining
plane

)

Final Product

A monolithic
block is generated

Joining plane

+ Homogeneous structure
« Highly polishable
* Very high mechanical strenth
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Today's Agenda

= Will’s List of Twelve Tools to Own
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Will's List of Twelve
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Will's fé} of\“\\‘fwelve
Tools 1o Own
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The List (1-6)

1. Razor blades
Good lighting
Calipers
Driver set

Allen key set

o ok Wb

Tweezers
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The List (7-12)

7. Nalil file (or key files) — ‘
8. Pliers ~ & 2

9. PPE
= Glasses

= Hearing protection
= Gloves

10. Dremel
11. Drill / Impact Driver

12. Soldering station
= with heat gun

Hackaday.io



Today's Agenda
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Engineering is about iteration.

It's good to try stuff, even if it
doesn’t work out the first fime.
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Questions? Office Hours!

Will Fischer
will@wfisch.com
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