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Machining introduction

" In machining we remove material using a defined cutting edge to produce parts with the desired dimensions.
" Because machining removes material from the stock, it is a subtractive process.
" This contrasts additive manufacturing, where we deposit material to produce the desired shape.

" Machining can provide

good dimensional accuracy
internal features

sharp edges

good surface finish

cost benefit for small batch sizes.
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Machining introduction

Material is removed in the form of chips that are sheared away by the cutting edgg¢

i
g ‘

t,— commanded
Shiny suriace  Chip thickness

Rough surface

Tool face w — chip width
Chip A — chip area
LY Toal V — cutting speed
Shear plane | . :
i s Rake angle V.. — chip velocity
[P Flank o — rake angle
. 2 F‘:elief or ¢ — shear plane
! I | clearance
i 8 b2 angle angle
Workpiece shear angle
A ——Workpiece

Chip formation video

https://www.youtube.co
m/watch?v=60Q798KIssr
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https://www.youtube.com/watch?v=6QZ98Klssr4
https://www.youtube.com/watch?v=6QZ98Klssr4
https://www.youtube.com/watch?v=6QZ98Klssr4

Machining introduction

Force is required to shear away the

rhin Rough surface Shiny surface

Tool face

'F. — cutting force acts in | Chip
cutting speed (V) direction ~ Shear plane
' F,—thrust force is |
“perpendicular to V direction
'R — resultant force is the
“vector sum of F, and F,

Tool

Rake angle
Flank

Relief or
clearance
angle

Shear angle
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Machining introduction

shiny surface
Tool face

o
1l
‘n
<

Rough surface

Chip
Tool
Rake angle

Flarlk

Relief or
clearance
angle

Power per unit volume is
“the specific energy, K,

Shear plane

Shear angle

Specific energy
(N/mm?)
MATERIAL SPECIFIC ENERGY
J/mm’ hp-min/in® Aluminum alloys 750
Al alloys 0.4-1.1 0.15-0.4 _
Cast irons 1.6-5.5 0.6-2.0 Stainless steels 4100
Copper alloys 1.4-3.3 0.5-1.2 _ _
High-Temp alloys 3.3-8.5 1.2-3.1 Titanium alloys 3550
Mg alloys 0.4-0.6 0.15-0.2 )
Ni alloys 4.9-6.8 1.8-2.5 Oriented strand board (OSB) 50
Refractory alloys 3.8-9.6 1.1-3.5 :
Stainless steels 3.0-5.2 1.1-1.9 Particle board 25
Steels 2.7-9.3 1.0-3.4 . . i
Titanium alloys 3.0-4.1 1115 Medium density fiberboard 35
(MDF)

Manufacturing Processes for Engineering Materials, 5™ Ed. tps://hal.science/hal-04274766v1/document 5
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Machining introduction

" The power input to shear away the chips produces
heat.

" The temperature increase at the tool-chip interface
can be hundreds of

Temperature (°C)

Tool

T io"é';,J

Warkpiece

Finite element modeling example for ball end
milling
https://www.youtube.com/watch?v=gqfbDo-M6k

Manufacturing Prgcesses for Enginéering Materials, 5™ Ed.
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https://www.youtube.com/watch?v=gqfbDo-M6kA
https://www.youtube.com/watch?v=gqfbDo-M6kA

Machining introduction

Because cutting tools are subjected to high:
" forces

" temperatures

" cutting speeds

they wear over time.

" Wear features are observed on the rake and
flank faces.

" Because temperature increases with cutting
speed, tool wear also increases with cutting

speed.

fama

Crater
wear
depth
(KT)

Flank Flark
WL face Depth-gf-cut line

Flank wear Depth-0f-cut line

Brax /0
Flank face

— —
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Rake face

Flank wear

Flarnk face

k)

Thermal
cracking

Rake faco

Rake face

Cratar wear

Flamk face

BUE

Flank face




Machining introduction

The wear rate also depends on:
" tool material
" tool coating
" cutting fluid.

Carbide
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Machining introduction

TiN
TiC + TiN

AlaOs

TiN

AlzOs

TiN

NG AlLO,

ST L = TG+ TIN

. 0 P e Carbide substrate

Coatings are applied to reduce friction and chemical reactivity.

Tt wam witdide - (TiN)  Gold 1n colons, (o
Lrihona, hybk N8 |
Tifomivan CWbide T (7:C) Colwer] grog W ealis ?r
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Machining introduction

Cuthg Pluds ae applied Ho
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Flood coolant
example
https://www.youtub

e.com/watch?v=rju

3ly6nji0
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https://www.youtube.com/watch?v=rju3ly6nji0
https://www.youtube.com/watch?v=rju3ly6nji0
https://www.youtube.com/watch?v=rju3ly6nji0

Machining introduction

We will introduce the primary machining operations
" Turning - rotating workpiece, tool moves over workpiece to produce round shapes (lathe)
" Milling — rotating tool, tool moves over workpiece to produce arbitrary shapes (mill)

Drilling — lathe: rotating workpiece, drill forced into workpiece to produce hole at part center
Drilling — mill: rotating drill, produces round holes by forcing drill into workpiece

) o Headstock
" Tapping — cut threads inside hole
pre— i Lathe ‘ Cutting tool 100! post

/ Tailstock

Spind|

e
Workpiece

Cross slide _
Carriage

11



Machining introduction

Turning video

https://www.youtube.com/watch?v=
8ESAXOnzEms

Grooving

12


https://www.youtube.com/watch?v=8EsAxOnzEms
https://www.youtube.com/watch?v=8EsAxOnzEms

Machining introduction

. . . . Depth
" Turning - rotating workpiece, tool moves over T ofcut -
workpiece to produce round shapes (lathe)
Feed, I —— Tool /
(&) Straight turning (b} Taper turning (c) Profiling

Feed, f

{d) Turning and (&) Facing () Face grooving
external grooving

" Depth of cut, d = (D, - D))/2

" Feed per revolution, f.

" Spindle speed, N

" (Average) Diameter, D = (D, +
D)2

| a form tool internal grooving
. -

" Cutting speed, V = DN Feed, f 4 -

" Feed, f=fN

Manufacturing Processes for Engineering Materials, 5 Ed. (j} Cutting off {k) Threading (I} Knurling 13

{g) Cutting with {h) Boring and (i) Drilling

Waorkpiece




Machining introduction

" Turning - rotating workpiece, tool moves over workpiece to produce round shapes

Ein(le:a ltarl-l:g) Back rake
angle (HA)} angle {(BRA] End cutting-edge
.Tll_ angle (ECEA)
J,Lh /— Hake face
B ' MNose «
= == ]
" - | | \_ Side cutting-
e I S g-edge
Side relief End relie! Flan T angle (SCEA) .
angle (SRA) angle (ERA) Amm e~
(a)] End view (D) Side view (c] Top view
Toolholder Insert Shank
Clamp Lockpin
screw
Seat
Clamp
Insert
Seat
or shim

Manufacturing Processes for Engineering Materials, 5" Ed. 14



Machining introduction

We will introduce the primary machining operations

Vertical spindle milling machine

3-axis vertical
milling
achine

Turning — rotating workpiece, tool moves over workpiece to produce round shapes (lathe)
Milling - rotating tool, tool moves over workpiece to produce arbitrary shapes (mill)
Drilling — lathe: rotating workpiece, drill forced into workpiece to produce hole at part center
Drilling — mill: rotating drill, produces round holes by forcing drill into workpiece
Tapping — cut threads inside hole

Spindle Holder

tool is clamped in a holder which is attached to the rotating spindle
tool-holder-spindle is moved relative to the workpiece using the three
orthogonal axes to remove material

Workpiece

‘ﬂ»li”f

Milling video
https://www.yout
ube.com/watch?

v=AxHexgNOHr
0

Machining Dynamics: Frequency Response to Improved Productivity, 15
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https://www.youtube.com/watch?v=AxHexqN0Hr0
https://www.youtube.com/watch?v=AxHexqN0Hr0
https://www.youtube.com/watch?v=AxHexqN0Hr0
https://www.youtube.com/watch?v=AxHexqN0Hr0
https://www.springer.com/us/book/9783319937069

Machining introduction

3-axis vertical milling
machine

Spindle (vertical
[/ axis)

Guideway
S

3-axis router

ACME LEAD SCREWS

Base

https://www.youtube.com/
watch?v=U99asuDT97| 16



https://www.youtube.com/watch?v=U99asuDT97I
https://www.youtube.com/watch?v=U99asuDT97I
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4-axis
horizontal
milling

machine

(horizontal axis
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A (rotation about x) — B
(rotation about y)

Machining introduction

5-axis milling
machine

A (rotation about x) — C
(rotation about z)

B (rotation about y) — C
(rotation about z)




Machining introduction

Square end mill, four flutes (teeth)

Example milling applications and tool

geometries
Square end Ball nose end Bull nose end mill
mill 1 mill 1 !

| | .

/ Helix /l/ /

~y angle / i Ball nose end mill, two
i i

i ' ' == S " Ball nose end mill,
two flutes,

indexable

Peripheral milling End milling Contour
milling

/
el Vi |
_ [ [

Insert

Axial depth

—>
of cut

1

\\

A

—+ T —+ ! Radia
X . X |
Radial depth depth }
of cut ]
Face mill,
Flat Nose Ball Nose Bull Nose Chamfer indexable
Machining Dynamics: Frequency Response to Improved Productivity, 19

2nd Ed.


https://www.springer.com/us/book/9783319937069

Machining introduction

The end mill must be clamped in the holder and the holder in the spindle Retention knobs/pull studs
" requires two interfaces
" tool to holder (collet, thermal shrink fit, hydraulic, set screw, ...)
" holder to spindle (CAT40, HSK63A, ...

CAT40 spindle

connection
Therma

| shrink
fit

ER collet
holder

HSK
e —
L4 D
Weldon/ '
set screw 22,
holder L

D

b S




Machining introduction

Chip thickness variation for up (conventional) and down (climb) milling for 50% radial immersion (a =r)

Up milling Down milling _
" feed per tooth (chip load),

f
=90 t
¢,=0 i Nﬂ!} " spindle speed, N
h.=0 4, =90 A . " diameter, D
) ) ¢ / I " number of teeth, m
l"_ &= xh I -
" cutting speed, V = aDN

" feed, f=fmN

ADOC

Chamfer milling [

Machining Dynamics: Frequency Response to Improved Productivity, L X+ 21

2nd Ed.



https://www.springer.com/us/book/9783319937069

Machining introduction

Face milling video
https://www.youtube.com/watch?v=90sNUi 06C4

22


https://www.youtube.com/watch?v=9OsNUi_o6C4

Machining introduction

We will introduce the primary machining operations
Turning — rotating workpiece, tool moves over workpiece to produce round shapes (lathe

Milling — rotating tool, tool moves over workpiece to produce arbitrary shapes (mill) l I

" Drilling - lathe: rotating workpiece, drill forced into workpiece to produce hole at f m

Drilling — mill: rotating drill, produces round holes by forcing drill into workpiece |

" Tapping — cut threads inside hole
Spot drill (center drill) video

https://www.youtube.com/watch?
v=09uNy/6nH8M

e Twist drill
: . __’&ﬁ

" Dxtraded chip from the wedge poit 23


https://www.youtube.com/watch?v=O9uNy76nH8M
https://www.youtube.com/watch?v=O9uNy76nH8M

Machining introduction

We will introduce the primary machining operations
" Turning — rotating workpiece, tool moves over workpiece to produce round shapes (lathe)

" Milling — rotating tool, tool moves over workpiece to produce arbitrary shapes (mill)

" Dirilling — lathe: rotating workpiece, drill forced into workpiece to produce hole at part center
" Drilling — mill: rotating drill, produces round holes by forcing drill into workbniece
" Tapping - cut threads inside hole |

Tool Rotation Tool Rotation

Twist Drill

Deep hole
drilling

Workpiece

Feed Direction

Feed Direction

Chamfer
drills

DRILLING REAMING

BORING COUNTERBORING

" cutting speed, V =

J'IZDN COUNTERSINKING TAPPING 24

” m 8



Machining introduction

Drilling and tapping video
https://www.youtube.com/watch?v=om6GQOKfoS1g

25


https://www.youtube.com/watch?v=om6GQKfoS1g

Machining introduction

Machining operations
" chip formation by shearing with a sharp cutting edge
" cutting force, power
" temperature increase, tool wear
" tool material, coatings, lubricant/coolant
" turning: straight turning, profiling, facing, drilling
" parameters: depth of cut, feed per revolution,
spindle speed, feed, cutting speed
" drilling: spot drilling, deep hole drilling
" tools: spot/center drill, twist drill
" parameters: drill diameter, feed per revolution,
spindle speed, feed, cutting speed
" milling: face, peripheral, chamfer, up/down
(conventional/climb)
" milling cutters: face mill, square (flat nose) end mill,
bull nose end mill, ball nose end mill
" parameters: spindle speed, feed per tooth, feed,
cutting speed, axial depth (stepdown), radial depth
(stepover)




CNC and CAM introduction

Tony Schmitz
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CNC and CAM introduction

Computer numerically controlled (CNC) machining A

{

N

" the part is designed using computer software to provide a digital model of the
desired geometry — computer aided design (CAD)

" the CAD model is used in computer aided manufacturing (CAM) software to
generate the instructions, or toolpath, for the CNC machine to produce the part

" the CNC part program, that includes the toolpath and other machine instructions,
is uploaded to the CNC controller on the machine tool

" the part is machined and inspected




CNC and CAM introduction

Computer numerically controlled (CNC) machining

https://www.youtube.com/watch?v=hMK7g Pp
Cv8

29


https://www.youtube.com/watch?v=hMK7g_PpCv8
https://www.youtube.com/watch?v=hMK7g_PpCv8

CNC and CAM introduction

ussp/Downloads/Customer Designs/Fusion Archives/1001.nc (Getting Started) - Brackets

Key CAM software considerations
" the instructions are provided using M and [
G codes — computer code that is 5 (Using high feed G1 660, fnscead of 0.

(Tl D=44.45 CR=0. )
. - 5 (T6 D=3.969 CR=08. TAPER=11l8deg - ZMIN=2.5 - drill)
interpreted by the machine tool controller pEEE 6 (T9 D-6.35 CRe.381 - ZWIN-2.5 - bullnose end mill)
T HN18@ G9@ G94 G17
— N15 621 I
- N2O G53 GO Z0.

(Face3)
N38 T1 Mé
(Aluminum Only Max Depth of Cut = @.1@8")

M@ oo -

Example GO1 (linear interpolation):
GO01 X1 Y1 F20 TO1 M0O3 S500

N35 57008 M3

N48 G54

N45 M8

Ne8 GB X170.892 ¥32.02

N&E5 G643 Z37. Hl

: : : T : 9 N78 T9

single line gives the machine a series of
21 NB® Gl Z21.945 Flele.

instructions to prepare for a milling S e
24 N95 X11.2 F2667.

operation: T
27 N1l1@ G3 Y838.864 Ie. J14.211
28 N115 G1 X11.2

I e ey e e
0 00 =] 07 LN B W 2

29 N120 GlE G3 X6.735 Z21.945 I0. K4.445 F1lO16.

36 N125 GO Z37.

GO01 — Perform a linear feed move
X1/Y1 — Move to these X and Y —
coordinates

F20 — Move at a feed rate of 20
TO1 — Use Tool 1 to perform the
operation

MO3 — Turn the spindle on

S500 — Set a spindle speed of 500

The purpose of CAM is to use your part geometry and selected tools
(face mill, end mill, drill, etc.) to produce that geometry from the stock
model (rectangular block, forging, casting, additively manufactured
preform).

CAM output is a part program. The exact format of the program
. . n n r machine’ ntroller (Fanuc, Siemens, H N
The line could be considered a block. depends on your machine’s controlier (Fanuc, Siemens, Haas). It

httpsi/ AWW, AUEOQ@SK. COMIDI @ ereledSA SiQn-3 @/DIOg/CN( f,'a""’ ' §$nhﬁt -Q(Q@%Q/for thefﬁ%@&t%ﬂl&@@&@%@”dj@@St the progra%
e

U Ul DIU JD J C A mMmarhina v



https://www.autodesk.com/products/fusion-360/blog/cnc-programming-fundamentals-g-code-2020-update/
https://en.wikipedia.org/wiki/G-code
https://en.wikipedia.org/wiki/G-code

CNC and CAM introduction

Key CAM software considerations

" the instructions are provided using M and G codes — computer code that is interpreted by the machine tool
controller

M codes are machine codes that might differ between CNC machines. These codes control functions on your CNC

machine such as coolant and spindle directions. Some of the most common M codes include:

Code Meaning

MO Program stop. Press Cycle Start button to continue.

M1 Optional stop. Only executed if Op Stop switch on the CNC control is turned ON.
M2 End of program.

M3 Spindle on Clockwise.

M4 Spindle on Counterclockwise.

M5 Spindle stop.

M6 Change tool.

M8 Coolant on.

M9 Coolant off.

M30 End program and press Cycle Start to run it again.

https://www.autodesk.com/products/fusion-360/blog/cnc-programming-fundamentals-g-code-2020-update/ 31



https://www.autodesk.com/products/fusion-360/blog/cnc-programming-fundamentals-g-code-2020-update/

CNC and CAM introduction

Key CAM software considerations
" the instructions are provided using M and G codes — computer code that is interpreted by the machine tool

controller
Canned cycles allow you to perform a complicated
. . . . . N70 G98 G83 X1. Y1. Z-1.04 R0.06 QO0.15 PO FS. N70 Z0.06
actlon_ m_o_nly a few Ilne_s of code without typing e bt
each individual instruction. N80 GO1 Z-0.19 F9.
N85 GO0 Z0.06
) N90 Z-0.11
Example G83: N | | NS5 GO1 7:0.34
Create a hole by peck drilling using only two lines N100 GOO Z0.06
code. Represents over 20 lines of code. e
N110 GO1 Z-0.49.
N115 GO0 Z0.06
G98 is a tool return to the initial position. N120 Z-0.41
s N125 GO1 Z-0.64.
.l‘ll N130 GO0 Z0.06
N135 Z-0.56

N140 GO1 Z-0.79
pmmmmmmmymm e e Initial Rapid Height (21.0) | N145 G00 20.06

! N150 Z-0.71
i J; a Feed Plane (R.1) N155 GO1 Z-0.94.
Y
l Peck Increment (Q.25) BERthalE. 000
v ¥ N165 Z-0.86
5 | N170 GO1 Z-1.04.
¥ ---1---Depth (Z-1.) N175 GO0 Z0.25

https://www.autodesk.com/products/fusion-360/blog/cnc-prog
ramming-fundamentals-g-code-2020-update/



https://www.autodesk.com/products/fusion-360/blog/cnc-programming-fundamentals-g-code-2020-update/
https://www.autodesk.com/products/fusion-360/blog/cnc-programming-fundamentals-g-code-2020-update/

CNC and CAM introduction

Typical sequence of activities for a CNC part program
1. Start the CNC prograN

Load the required tool
3. Turn the spindle on

N

Turn the coolant on
Move to position above a par

6. Start the machining process/

Turn the coolant off
Turn the spindle off
9. Move away from the part to a safe location

ok

0 N

10. End the CNC progra

https://www.autodesk.com/products/fusion-360/blog/cnc-program
ming-fundamentals-g-code-2020-update/

Block
%
00001 (PROJECT1)
(T1 0.25 END MILL)
N1 G17 G20 G40 G49 G80 G90
N2 T1 M6
N3 $9200 M3
N4 G54
N5 M8
N6 GO0 X-0.025 Y-0.275
N7 G43 Z1. H1
N8 Z0.1
N9 G01 Z-0.1 F18.
N10G41 Y0.1 D1 F36.
N11Y2.025
N12 X2.025
N13 Y-0.025
N14 X-0.025
N15 G40 X-0.4
N16 GOO Z1.
N17 M5
N18 M9
(T2 0.25 DRILL)
N19T2 M6
N20 S3820 M3
N21 M8
N22 X1.Y1.
N23 G43 Z1. H2
N24 Z0.25

N25 G98 G81 Z-0.325 R0.1 F12.

N26 G80

N27 Z1.

N28 M5

N29 M9

N30 G91 G28 Z0
N31 G91 G28 X0 YO
N32 G90

N33 M30

%

Description

Start of program.

Program number (Program Name).
Tool description for operator.

Safety block to ensure machine is in safe mode.

Load Tool #1.

Spindle Speed 9200 RPM, On CW.

Use Fixture Offset #1.

Coolant On.

Rapid above part.

Rapid to safe plane, use Tool Length Offset #1.
Rapid to feed plane.

Line move to cutting depth at 18 IPM.

CDC Left, Lead in line, Dia. Offset #1, 36 IPM.
Line move.

Line move.

Line move.

Line move.

Turn CDC off with lead-out move.

Rapid to safe plane.

Spindle Off.

Coolant Off.

Tool description for operator.

Load Tool #2.

Spindle Speed 3820 RPM, On CW.

Coolant On.

Rapid above hole.

Rapid to safe plane, use Tool Length Offset 2.
Rapid to feed plane.

Drill hole (canned) cycle, Depth Z-.325, F12.
Cancel drill cycle.

Rapid to safe plane.

Spindle Off.

Coolant Off.

Return to machine Home position in Z.
Return to machine Home position in XY.

Reset to absolute positioning mode (for safety).

Reset program to beginning.
End Program.

Purpose
Start
Program

Change
Tool
Move
To
Position

Machine
Contour

Change
Tool

Move
To
Position

Drill
Hole

End
Program

33
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CNC and CAM introduction

Key CAM software considerations

" work holding — the starting material must be clamped on the machine table in a|:

known location

" the starting material is called the stock model in CAM — can be any shape (blue

block)
" its location is defined as the Work Coordinate System (WCS) in CAM

" WCS ong i . ) «a« el (corner of transparent
| B [ ,’;I“D @Q&H/° ® 2 edEEWMARE = I!
block) |

AAAAAAAA

\ N

nng 19

B0 BLoeHOs & °
=

® ® eHHE HWE@BRR = &

Example: o= ol n o
Gb4 — Work Offset Work Offset X Y Z
This code is used to define a fixture offset which G54 14.2567 6.6597 2.0183
determines the distance from a machine’s internal G55 0.0000 0.0000 0.0000
coordinates to the WCS. You can program G56 0.0000 0.0000 0.0000
multiple offsets if a job requires machining G57 0.0000 0.0000 0.0000
multiple parts at once (G55, G56, etc.) G58 0.0000 0.0000 0.0000
G59 0.0000 0.0000 0.0000

https://www.autodesk.com/products/fusion-360/blog/cnc-programming-funda
mentals-g-code-2020-update/

34
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CNC and CAM introduction

Work holding video

https://www.youtube.com/watch?v=J1VtofzVG2
4

Work locating video
https://www.youtube.com/watch?v=r7-eEj_qg5M



https://www.youtube.com/watch?v=J1VtofzVG24
https://www.youtube.com/watch?v=J1VtofzVG24
https://www.youtube.com/watch?v=r7-eEj_qq5M

CNC and CAM introduction

Key CAM software considerations
" process definitions in CAM includes planes for: rapid motions, feed motions, stock top, feature locations in CAD

© 2D ADAPTIVE : ROUGH OUTSIDE TOP

Ul A= &
: — Clearance Height v Tool
{----1------- —1 Clearance Height Toolpath i Tool Select...
Centerline +—| Rapid Height #2 - @1/2" fiat (112 Flat End I...

*—| Fead Height

-------—— Rapid Height Coolant Flood v
SIS —{Feed Height 74 |
i : — Top of Stock — ¥ Feed & Speed
StEde:;;!—" a1l — XY Stock Allowance A h""‘--.. Preset Default Preset v
E[——E Stock Allowance Cut Direction Spindle Speed 3055.77 rpm
L H—EIEFWEF X+ Surface Speed 399.999 ft/min

Ramp Spindle Speed 3055 rpm

Cutting Feedrate 36 in/min
" machining parameters — E—
" axial depth of cut, stepdown T ey
" radial depth of cut, stepover LosdOu Foodrals |36 i
" Spindle Speed Ramp Feedrate 36 in/min
" feed per tooth D
(i ] oK Cancel

" feed in motions e =
" feed out motions ; .



CNC and CAM introduction

Key CAM software considerations

F Select Tool X
" process definitions in CAM includes tool selectio —
1-6 o 1-6 Description
B 7 & ';'.113 f FD @ 2-7 ﬁ 2" Face Mill
£+ Name Cornerradius ~ Diameter Flute length Overall length  Type Vendor
v All
E Au i A d Intro to 2D Machining v19 Product id
~ Documents
B8 o ® inro 1020 Machining vie- <+ Be o - P . : . : : =
MILLING TURNNG  ADDMVE NSPECTION PABRCATION unLTES ~ Intro to 2D Machining v19 % n T M) 00sin ain oeein i ace mil Product link
e 5 rodut
. /,\ S Gl (i H 5 ; si 95 :
wawracrune + 753 E Q @ O ®L W 2, @7 o & \g Q @ Iy @ @ Setupt » §  2-ouzru3 (2 Flat end Ml 0in 05in 095in 3in flat end mill -
serue~ 2 0~ DRLLNG™ | MULTAXS™ | WODFY WaNAGE ¥ nerecT+ | seiecT~ st » § 3-ous 2 e fatend i) 0in 0.25in 075in 25in flat end mill 2in
<« BROWSER ol - R - : . . g
4® 0 monDuscngve \ < Lical » ! 4- @0.312" L1.2" (5/16 x 5/32 Dia 45° Chamfer)  0in 0312in 0.098in 17in chamfer mill Shaft diameter
B un q iy » § 5038 ur /s Fatend i 0in 0375in 1in 25in flat end mill -
D, By o » | s-ovzrur e spotorit 0in 05in 1in 3in ot drill Overall length
D@D o « Fusion 360 Library 2 - pot Drill) p 2in
® suiL Holders - Standard Taper Blanks  * | 7-ous ussasoniy 0in 0.1251in 125in 145in drill Length below holder
v:!v:; s o | B Suttcs Sample Holders (Inch) I 5 - @3/8" L1.4" (3/8 Flat End Mill) 0in 0.375in 1in 35in flat end mill 0.85in
Tool Holder - Sample Holders ghsozusl?:r length
Transparent @ Sample Probes (Inch)
Programmed Pont @ Sample Probes
8 toove: Sample Profile Tools (Inch)
Show points =] j
— = - Sample Profile Tools (Metric) B
v @ stock Sample Tools - Inch Cutting data
Mode Standard - Sample Tools - Metric Defantt Preset
Colorizaton Comparson . Taps - ANSI
Transparent ()
e Taps - ISO
Stoponcolision @
o bian GO Turning - Sample Tools L
Tolerance 0.008in Tutorial - Inch
$P-EHYQTQ BE@ & Tutorial - Metric
135PM
" 10/27/202 L 1/41in

" when the machine-spindle-holder-tool is selected, a dynamic system is defined

" the cutting force causes vibration because the tool is not rigid, which affects the machining process
" this dynamic system should be considered when selecting machining parameters
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CNC and CAM introduction

F Autodesk Fusion 360 (Education License) o x
L R I oo 2D Machining vig*

CNC machining 5D 605 8IHOT 4T © ¢

serve~. 2

heahk =

ORLLNG® | MULTHAXS® | MODFY® ACTONS ¥ ANAGE ™ WSPECT® | SELECT~

" CAD - digital model e \

0 vnesn .
n Ry N BE-E aro- T EEeTer-
CAM - toolpaths A e e e e
[ Botn setups compiete MANUFACTURE E é @ <@ @ 0o @ g é @ o @) ‘g Q& H lﬂri @ @ e
Ao i S seruer 27 E DRLLNG  MULTMAXS™  MODFY ™ ACTON MANAGE nsPECTY | sELECTY
%0 < BRO\ ° &
" M/G codes o
> @ [T1)Facetop s . :
D @ Mo oussep B e 2 &
> @ (TSI Rough pockets top - =
. ost-processor s
- S SRR
p p D @ machanteriop @ Dsvey | G o | gy Stastos
. D @ [mespotcritop Rapdout v @ Tool
" work holdin s (e —
4 . o
. 3 @ [T5] Rough circular pockets. Programmed Pont ()
> @ [T5] Rough middie pocket b
" work coordinate system! @ ==
3 @ (T3] Finish middie pocket bo. # ‘Show ponts. @
D @ [ Chamerbotom < e oy o
" stock model
° + 6flx a- -2 C-e Hoge Standara S

" See the CAM example gl
(extra instructional
materials)

[ >> >e >

Tokrance o8

LA ] Sa N @ intro to 20 Machining v19* @ =
MLLNG TURMNG  ADDTVE NSPECTON  FABRICATION unLTEs
e F ] @ @0 BOMOS H° ® R Q@SHE HERD = Oy
seup~ - - DRLLNG® | MUTLAXS® | MODFY® ACTIONS + MANAGE » NSPECT+ | SELECT=
1 «« BROWSER ol ,
(Using high feed G1 F5000. instead of GDl 4 ® (B oD uschinngvis O e e e A
(T1 D=44.45 CR=8. - ZMIN=17.5 - face mill) e =
(T6 D=3.969 CR=0. TAPER=118deg - ZMIN=2.5 - drill) = 5 ¥ 080 S J
(T9 D=6.35 CR=0.381 - ZMIN-2.5 - bullnose end mill) 2 v Clearance Height 1
N1® G9B G4 G17 b ®Eh toiea
i 4 EE From  Retractheignt .
N20 G53 GO Z6. Both setups complete oftset |04 g
A [ o setups no chater
(Face3) S v Retract Height
N30 T1 M6 e B From  Stocktop -
(Aluminum Only Max Depth of Cut = @.188") D @ mnracetp G T .
N35 57680 M3 PO ) fouon cutaite op |
his v e
NGO GO X170.092 Y32.82 D O muFmshoutsdetop Fom | stockiop .
N65 G43 237. H1 b IR e e ottt [on 3
NTO T9 D @ [420Chamtertop
28 W75 G@ Z27. D @ mespoteratopRapitout v Bottom Height
21 NE@ Gl Z21.945 F1016. D @ [onthoushtopeepa From  Selected contours) .
22 N85 G18 G3 X165.647 Z17.5 I-4.445 Ke. 4B sw2 O =
23 H98 Gl X141.2 D 8@ Mirieie Cheecit Hiatel) 2
218 W12 IR D @ (S Rough crculr pociets o oK | [ Cancel
25 H100 G17 G2 Y60.442 I9. J14.211
el o b D @ (S Rough mdde pocketde
27 NL18 G3 YB8.B64 I6. 114,211 D @ [ Fish crouer poctets
% M D @ [ Fnish mde pocketbo
29 N126 G1B G3 X6.755 Z21.945 I8. K4.445 F1016. O Q@ e Ceemerbli
30 M125 G@ Z37.
31 NFORMATON ol
2 (Face3) ol BB Q

Line 1, Column 1

- 74 Line INS  G-Code ¥

Spaces: &
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Speeds/feeds and workholding

Tony Schmitz




Speeds/feeds for milling

Spindle speed: Q [rpm] = 12 [in/ft] x V [sfm]/ (Tt X D [in/rev])

" Q- spindle speed [rpm]

" V- cutting speed/peripheral velocity [surface feet per minute]
" D - tool diameter [in]

" Pay attention to units if converting to metric

Feed rate: f [ipm] = Q [rpm] x f, [ipt] X N [teeth]
" f-linear feed rate [inches per minute]

" Q- spindle speed [rpm]

* f, - feed per tooth [inches per tooth]

" N - number of teeth

®" Feed rate

" Feed per tooth
Chip load

" Spindle speed




Speeds/feeds for milling

Splndle speed: Q [rpm] = 12 [in/ft] x V [sfm]/ (11 x D [in/rev])
Q - spindle speed [rpm]
" V- cutting speed/peripheral velocity [surface feet per minute]
" D - tool diameter [in]
" Pay attention to units if converting to metric

Hardness Feed Per Tooth
Feed rate: f [ipm] = Q[rpm] x f, [ipt] x N [teeth] Material Bin S tEda 7% T T

= - linear feed rate [inches per minute] Aluminum 2011,2024,6061,7075 -- 800 | 0016 .0026 | .004 |.0055| .007 | .009

" Q- spindle speed [rpm] Free Machining 12L14, 1215,11L17 | 80-160 150 | .0006|.0015|.0022| 004 | .005 | .0055
= f, - feed per tooth [inches per tooth] Low Carbon Steel 1008, 1018, 1020 * *
" N - number of teeth Medium Carbon Steel 4140, 8620 * *
Tool Steel, H.S.S A2,D2,M2,M42 L "

Cast Iron 120-175 | 200 |.0005|.0014 | .002 |.0035| .005 | .0052

Stainless Steel 300 Series -- 130 | 0005 0013 |.0019|.0033| 004 | 0044
Stainless Steel 400 Series * *
CAUTION: Recommended ranges are typically for highest Stainless Steel 15-5, 174 * *
material removal with a stiff setup and adequate Titanium BAL-4V * *
lubrication/chip evacuation. Inconel 625, 718 " =

DOES NOT guarantee Copper, Bronze 120-160 | 450 |.0009|.0018|.0026|.0045| .006 | .0065

" Stable vibration in every setup/machine Brass (360 half hard) = 700 |.0013|.0022|.0038| .005 | .007 | .009

" Optimal tool life



Speeds/feeds for milling

Spindle speed: Q[rpm] = 12 [in/ft] X V [sfm]/ (11 x D [in/rev])

Feed rate: f [ipm] = Q[rpm] x f, [ipt] X N [teeth]

Example:
- : Hardness Feed Per Tooth
" Aluminum workpiece (800 sfm) Material Bhn SFM 1/8dia % 38 W % 17
) 1/2".d|a§r2niztgr11:§rrplg1e end mill (0.0055" per tooth) Aluminum 2011,2024,6061,7075 | - | 800 | 0016|0026 .004 | 0055] 007 | 009
" 3teeth P Free Machining 12L14, 1215,11L17 | 80-160 | 150 | 0006 |.0015|.0022| 004 | .005 | .0055
= £=100ipm Low Carbon Steel 1008, 1018, 1020 * *
Medium Carbon Steel 4140, 8620 * *
Example: Tool Steel, H.S.S A2,D2,M2,M42 * #
" 300 series stainless steel workpiece (130 sfm) Cast Iron 120-175 | 200 | 0005! 0014 002 | 0035! 005 | 0052
- 1/2".d|a£r2niztggzarb|de end mill (0.0033" per tooth) Stainless Steel 300 Series - 130 |.0005 | .0013|.0019].0033 | .004 | 0044
= 3 teeth B pm Stainless Steel 400 Series * *
= £=10ipm Stainless Steel 15-5, 17-4 * *
Titanium 6AL-4V * *
Inconel 625, 718 * *
Copper, Bronze 120-160 | 450 | .0009| 0018 |.0026|.0045| .006 | 0065
Brass (360 half hard) - 700 | 0013 .0022|.0038! 005 | .007 | .009

Online calculators
https://www.machiningdoctor.com/calculators/chip-load-calculator/

https://idcwoodcraft.com/pages/chipload-calculator?srsltid=AfmBOopi6apWNDgXHI1z6qHo004TvP9APusgQF
vymbNpEkTrsdQaulg3Z



https://www.machiningdoctor.com/calculators/chip-load-calculator/
https://idcwoodcraft.com/pages/chipload-calculator?srsltid=AfmBOopi6apWNDgXHI1z6qHo004TvP9APusqQFymbNpEkTrsdQauIq3Z
https://idcwoodcraft.com/pages/chipload-calculator?srsltid=AfmBOopi6apWNDgXHI1z6qHo004TvP9APusqQFymbNpEkTrsdQauIq3Z

Workholding

Workholding, or fixturing, is a method for securing a workpiece during a machining operation
" vise

" toe clamp
" vee block

" vacuum fixturing
" tab/picture frame
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Workholding

Work stop

Vise

" most common workholding method for milling
" prismatic parts

" frequently used with parallels

" traditionally hard, flat steel jaws are used

" work stops.

Parallels change height of part
from table
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Workholding

Soft jaws can be used to hold parts with complex geometries. Extended size jaws can be used to clamp longer or taller
parts.

Soft jaws

45



Workholding

Toe clamps can be used to clamp a variety of workpiece geometries to a table or other standoff.
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Workholding

Vee blocks can be used to clamp round components or produce an angle on a prismatic component.

Endmill

Workpiece

{
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Workholding

Vacuum plates can be used to hold workpieces down with low profile hardware. Often used to hold plates flat for machining.

e e LT T ;
s :I.a-.%a_. :
! ! ﬁ ™
: N
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Workholding

Tabs/picture frame can be used to hold small or thin parts within a larger piece of stock. The stock acts as fixture for oddly shaped
parts. Tabs are removed by secondary process.

Tab

49



Work coordinate systems

The work coordinate system (WCS) defines the position and orientation of the XYZ axes of the part program.
" This is the coordinate system in which we program our CAM operations.

How do we select the location of our WCS?

" meet drawing requirements

features which are easy to find for setup on the machine

examples are an edge, corner, hole, bisection between planes, or bolt pattern.
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Work coordinate systems

" When machining multiple sides of a part we need to transfer a known feature.

OP10 OP20

" Can use the hole location from OP10 to re-find the part when we turn it over from OP20.
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Work coordinate systems

Every machine has an associated coordinate system (machine coordinate system).

Typically, the origin of the machine coordinates (machine home) is at the XYZ travel limits.

*" The movement in the coordinate system is always based on how your tool moves, not the table.
" This coordinate system may not be intuitive to the operator.

" We need to translate between machine coordinates and work coordinates.

T Column
‘ [Z'AKiS]

X+

Table

(XY Axes) When the table moves to the left, the tool
“moves” to the right.
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Work offsets

" We translate between machine coordinates and work coordinates using work offsets.
" Using a probe or edge-finder, the workpiece origin can be found in machine coordinates.
" Awork offset is used to measure the difference between the WCS and the machine home.

20.000 Y

£ &
MACHINE
HOME

10.000

WORK OFFSETS
PART X v 7
HOME
G54
G54 -20.000 -10.000 -12.000
G55
G56
G57
G58

53
G559



Work offsets

Multiple WCSs can be used
" to reference different operations or features

" to reference multiple parts.
MACHINE
HOME Y
20.000

p I
>.000 5.000 X
! 12.000
G54 G55 g WORK OFESETS
X Y yi
G54 -20.000 -5.000 -1.000
G55 -12.000 -5.000 -1.000
G56
G57
G58

54
G59



group assignment

e do your lab's safety training

e test runout, alignment, fixturing,
speeds, feeds, materials,
and toolpaths for your machine

t

assignmen



individual assignment

f \ )

| ACAUTION |

make (design+mill+assemble)
something big (~meter-scale)

extra credit: don't use
fasteners or glue

extra credit:
- include curved surfaces
- use three-axis toolpaths

t

assignmen
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