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Safety

- Respect the machines

- Common Sense
— Wear safety glasses
— Avoid loose clothing
— Restrain long hair
— Never wear gloves
— Never wear shorts or sandals
— Stay alert
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Shop Etiquette

» Vehicle Projects Machine Shop
— Clean up / Vacuum
— Oil machinery
— Leave notes when necessary
— Report broken tools




Shop Etiquette

» COE Shop
— ALWAYS leave machines cleaner!
— Ask for help, if needed

— Come prepared
Tooling list
Plan of action
Dimensioned drawings

— Check out CNC machines in advance
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Basic Terminology

Spindle speed

adjustment )
X-axis

adjustment

- Mills in the Head —_ b
Shop T Quill 0 -A Spindle
“vertical knee .3
. ’ Worktable COLUMN
mills” (aka
Bridgeports)

Y-axis adjustment

Knee (z-axis) adjustment
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Basic Terminology ﬂ T

- Coordinates

+X

— With respect to workpiece

l

/

absolute

O O O

incremental

- Digital Readout (DRO)
— Displays coordinates

— Absolute or incremental,
standard or metric
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Basic Terminology

- Feeds and Speeds (F/S)

— Spindle Speed (speed) [rpm]: Speed (rpm)
that tool rotates

— Feed Rate (feed) [in/tooth or in/rev]:
Amount of lateral movement occurs during
each rotation of the tool

— Surface Speed [sfpm — surface feet per
minute]: How fast edge of tool moves with
respect to workpiece
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Basic Terminology

- Cutting
— Conventional (up) milling

For roughing cuts, or if
workpiece cannot be
positioned securely

On CNC mill, “tool right”

— Climb (down) milling
For finishing cuts
On CNC mill, “tool left”

Spindle@n

=

Feed direction

lSpindIe r@]

—

‘ Feed direction
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Basic Terminology =
— End mills /
—xY

Rouging End Mill (aka Rougher)

Finishing End Mill (aka Finisher) 4 flute

———

Ball End Mill
— For internal radii

L —
Corner Rounding End Mill
— For external radii \ @
Chamfer Mill

And, many, mm
—
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Basic Terminology

- Tooling
— Fly cutter

Basic Terminology

- Tooling
— Center Drill =
Keeps holes accurately positioned
—TWISt Drill (———— S

— Reamer ( =
Usually pre-drill to 1/64™ under

— Adjustable Boring Bar
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Basic Terminology

- Tooling
— Collets

End mill goes into collet, and then
into spindle

— Jacobs Chuck
Mainly for drill bits
Usually not as accurate as a collet

— Mill wrench
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Basic Terminology £
- Indicating
— Dial indicator /

— Testindicator ——
— Edge finder N

Pointed edge finder — for
locating a hole
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Basic Terminology

» Fixturing

— Vise

— Clamping Kit
T-slot nuts
Flange nuts
Coupling nuts
Step blocks
Step clamps

— Parallel Bars
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Basic Terminology

 Fixturing
— V-blocks

— Collet blocks

— Rotary table
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Before Machining
- Tramming the head

— X-axis B

Locking screws

Adjustment screw

Before Machining !

Tamming the head
— Y-axis

Before Machining

Tamming the head

Tramming fixture

Dial indicator

Before Machining
- Tramming the head

Tramming fixture

Dial indicator




Before Machining

- Tramming the head

1. Preload dial indicator against table by
raising knee

2. Check height on either end of circle
defined by fixture (put mill in neutral)

3. Loosen locking screws (not completely)

4. Make adjustment (beware of backlash
and split the difference)
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Before Machining

= Squaring the vise
— Similar to tramming
the head

— Try to avoid
overcorrection:
approach the goal
slowly

Dial (test) indicator

Smooth vise surface

.

Before Machining

- Squaring the vise

Start at one end and zero indicator

Move to other end, read indicator

Loosen vise clamping nuts slightly

Tap with mill wrench (split the difference)

Tighten vise clamping nuts and repeat
procedure

Ak
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Indicating

= Using an edge finder
— Useful for locating a straight edge
— Remember to compensate for tool radius

'. “1: -

Edge finder

Stock

Vise
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Indicating

. Using an edge finder

Indicating

Using an edge finder
1. Insert edge finder/collet into spindle

2. Turn on mill (avoid high speeds — stick with 1600
or below)

3. Approach edge of part

4. When edge finder is visibly concentric, you have
found the edge

5. If edge finder makes noise and comes off center,
you've gone too far

6. Remember — You must compensate for the tool
radius when setting the DRO!

Indicating

- Using a dial (test)
indicator
— Useful for finding

the axis of a
cylindrical surface

Test indicator

Stock Vise

V-block

“ g |

Indicating

Using a dial (test) indicator
1. Move stock so that axis is almost directly
under the spindle

2. Ensure that indicator never loses contact
with stock or bottoms out (this involves
adjusting the indicator screws)

3. Put mill in neutral and rotate spindle around
part

4. Move x and y axes so that indicator has
consistent reading around part
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Calculating Feeds and Speeds

= Machinery’s Handbook

— Can use formulas from here to calculate
proper spindle speed

» Chart

— Use this if you don’t feel like doing any
math

- Calculate feed (for CNCs) using
formulas from Machinery’s Handbook

- Proper F/S makes a big difference!

Calculating Feeds and Speeds
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Machining

- Always lock axes for straight cuts
(unless on a CNC)

- Make sure nothing is tangled in cutter

» Always know locations of stop and E-
stop buttons

Maintenance

» Clean up
— Vacuum and sweep chips
— Limit use of air hose

Always wipe up this
area (behind the
worktable)




Maintenance
» Clean up

Vacuum (aka R2D2)

Maintenance

- Oil machines
— Ways: 1-2 pumps on the way oiler
— Spindle bearings: Fill after each use

Note: COE shop staff does this weekly, but it's your
responsibility in the vehicle projects shop

DO NOT use way oil for the spindle bearings!
— Worktable and vise: wipe down with oil after each
use
— Parts: Apply fogging oil or WD-40 to prevent
corrosion

Maintenance
< Oil machines

Oil ways
here
(pump)

Oil spindle bearings here

Maintenance
< Oil machines

Way oil

Rag




Questions Conclusion

- Now, make some parts and learn to use
the CNC mills in the COE shop

— Ask someone who knows, or check out the
user manual

- Never be afraid to ask for help
- Experience is the best way to learn
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