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I. LINEAR MEASURING TOOLS
A. Types: Semi precision – Steel scales / rules

1. Flexible – 6” or 12” Machinist scale in 64ths of an inch.

2. Rigid – Combination square set or hook rules are the most common types.

B. Reading the scale

1. Divides the inch into 1/8, 1/16, 1/32, & 1/64ths. These are the 4 most common divisions of the inch.
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C. Combination Square Set (Scale & 3 attachments) - Has a rigid steel scale with a groove on one side. Measures to 64ths.

1. Combination Square Head – Measures 45( and 90( angles. Has a bubble level and can be preset for measurements.

2. Center Finding Head – Finds the center of round objects.

3. Protractor Head – Measures 0( - 180( & a bubble level.

II. HAMMERS
A. Types

1. Hardface – The material being struck absorbs the blow and is deformed. The hammer does not change its shape. Examples = ball peen, claw, forming, etc.

2. Softface – The hammer absorbs the blow and is deformed. Examples = Mallets (wood, leather, plastic, etc), as well as dead blow hammers (brass, copper, rubber).

III. PUNCHES

A. Prick Punch - 60( point. Used for locating intersections or points of reference on sheet metal.

B. Center Punch - 90( point. Used for enlarging prick punch mark. To be used when drilling a hole.

IV. BASIC METALLURGY

A. Non-Ferrous – Metal which does not contain iron. It does not stick to a magnet nor does it give off sparks. 

Examples = Aluminum, gold, brass, lead, copper, etc.

B. Ferrous – Metal that contains iron. It is magnetic and will give off sparks when put to the grinder.

Examples = Steels, Stainless Steel, Cast Iron, etc.

1. Low Carbon – Carbon is an element when added to iron produces the alloy called “steel”. Carbon adds hardness and strength. Low carbon steel is the most common steel used and is often referred to as mild steel.

2. High Carbon – Steel with a higher percent of carbon content. Harder but not as ductile. Will not bend, it will break.

C. Hot Roll Steel – Low carbon steel that is covered with mill scale, slightly irregular in shape and is cheaper.

D. Cold Roll Steel – May be slightly higher in carbon, has been pickled in acid to remove the mill scale, rolled again to a +.001”, covered with a film of oil and is more expensive.

V. HACKSAWS

A. Teeth point away from the handle – cuts on forward stroke. 

B. Slight pressure on the forward stroke and none on the backstroke.

C. Use the whole blade, not just the middle.

D. At least 3 teeth should be on the work at all times.

E. Keep the work as close to the vise as possible.

F. Do not cut hot metal.

G. Cut made is referred to as the “kerf”.
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Raker and wavey are most common teeth sets. 24 TPI is considered a combination blade. 48 TPI is for hard metals.

VI. FILES
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Shapes – Flat, round, triangular, ½ round, square, are the most common styles. There are 12 shapes in all.

B. File cuts –

C. File grades of coarseness – smooth, second cut and bastard.

D. Use – Keep work close to vise. Cuts on forward stroke only, not on back stroke.

E. Use a file card to remove non-ferrous metal from file.

F. A file must have a handle on it. Do not bend a file, it will break before it bends.

VII. GRINDERS / GRINDING
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Process – Cutting metal.

B. Do not…

1. Grind non-ferrous metals, it loads up the stone.

2. Use gloves or rags, they may get pulled in by the stone.

3. Grind sheet metal under 3/16” thick.

4. Grind on the side of the stone.

5. Hold small pieces with your fingers. Use pliers.

C. Do…

1. Use eye protection. (Face Shield recommended.)

2. Cool metal in water to keep it from work hardening.

3. Use the face of the stone, move work back and forth.

4. Use the rest – put your fingers on it, not the metal.

5. Reface the stone if it is out of round or loaded.

6. Notify the instructor if the rest is more than 1/8” from the stone.

VIII. TWIST DRILLS

A. Types of steel drill bits

1. Carbon – Low speed – softer materials – shank not marked.

2. High Speed Steel (H.S.S.) – Harder, most common.

3. Cobalt – Hard, split point, shank end different

B. Sizes of drills

1. Fractional – 1/64” – 4”  General purpose. 1/64th increments.

2. Number, Wire Gage, Decimal Drill – Range from 

#80 (.013”) to #1 (.228”) – used for tap work, jet sizing, 

reamer work.

3. Letter, Alphabetical Drills – A (.234”) to Z (.413”) – special use drills, tap work, reamer.

C. Lengths

1. Short Drills – Stubby, special use, restricted space areas.

2. Long Drills – Extended shanks, special use, deep pilot hole.

3. Jobber Length Drills – Average, length increases with diameter.

D. Shanks

1. Straight Shank – Most common up to ½” diameter. The drill body and shank are the same diameter. Always tighten at least 2 of the 3 chuckholes.

2. Reduced Shank – The shank is smaller in diameter than the drill body. Dangerous if not used properly. 

3. Taper Shank – Usually morse taper. The most accurate and strongest. The tang prevents the drill from twisting.

IX. DRILL BODY

A. Flutes – Helical grooves running along opposite sides of the drill. They form the correct cutting angle at the cutting lips.

B. Margin – Ear shaped tabs running along outside leading edge of the flutes. Determines the exact diameter of the hole. Runs the entire length of the drill.

C. Cutting Edges or Lips – They must be equal in length and angle (59(). The degree may vary according to the type of drill. Unequal edges will produce a triangular shaped hole.

D. Dead Center or Web – At the tip of the drill. It is the width of the web at its narrowest point. It does not cut.

E. Land – Area behind the cutting edges, slopes back away from the cutting edges at a 12( angle.

F. Heel – The back edge of the land.

X. USE

A. Rate of Feed – Depth of cut per revolution

B. RPM - #80 to ½” drills – fastest speeds

½” and over – slower speeds (check chart on drill press)

C. Use a pilot drill when drilling a hole over 3/8” in diameter to allow for the dead center. The pilot drill must be larger than the dead center of the larger drill. 

D. Step drill when drilling a hole over 3/8” in diameter. Start with a smaller bit and work your way up to the 3/8” or larger size. This will result in a cleaner cut and less damage to the work or drill bit.

XI. PROCEDURE

A. Locate (layout and measure)

B. Prick punch – check – center punch

C. Select drills – check condition of drills – Pilot drill, Step drill for safe, easy drilling.

D. Select proper speed from chart on drill press.

E. Secure work in a vise or clamp – check for clearance.

F. Make sure you have eye protection on.

G. Drill – curl off an even chip, Lighten up prior to completing hole.

H. Clean up

I. Check drill and sharpen only if necessary

XII. PROBLEMS

A. Drill does not cut – STOP – It will work harden the metal and burn up the drill. Check to make sure the drill is turning the right direction.

B. Margins are dull – rough cut

C. Cutting edges chipped – regrind edges

D. Cutting edges unequal – Use gage to check when grinding.

E. Drill jams in metal – shut off drill, back drill bit out. Use less down pressure on the bit.

XIII. MICROMETER (Mike) – divides the inch into 1000 equal parts
A. Types

1. Outside Caliper – Most common caliper. Attachments can be added to measure pipe, threads, tapers, etc.

2. Parts

a. Frame – usually in one-inch increments. Ex. = 0-1”, 1-2”

b. Anvil – Hard steel button on the inside of the frame.

c. Spindle – Hard steel end. Advances 1/40th of an inch per revolution. Connected to the thimble. 1/40” = .025”

d. Barrel / Sleeve – The inch is divided into:

i. 10 parts. Each part = 1/10th of an inch. 1/10” = .100”
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Each tenth (.100 or 1/10”) is divided into 4 parts and marked off with lines.

e. Thimble – Rotates and advances .025” per revolution. Numbers on thimble range from 0-24. Measures 1000’s.

f. Slip Ring / Ratchet – Insures uniform readings, prevents, over tightening. 

g. Lock – Secures thimble to maintain reading.

3. Care – Hold correctly – one hand

a. Keep clean and calibrated with a standard.

b.  Do not…

· Lay on a slanted desk or surface.

· Spin them open or closed

· Leave them closed.

· Over tighten them.

· Measure moving parts.

b. Always…

· Notify instructor of any irregularity

· Be gentle – do not force the micrometer

