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Course:
01.421

Agriculture Mechanics Technology

Unit 11:
Metal Fabrication
Lesson 1:
Identifying and Using Metal Working Hand Tools and Materials


Georgia Performance Standards: AG-AMI-11 (a-c)
Academic Standards: ELA10C1, SCSh9, ELA9RC2, ELA12LSV1, ELA9RL5, ELA10W3, MA1P1, SCSh2, SCSh4
National Standards:

Objectives: 

1.
Identify metal working hand tools and their use.

2.
Demonstrate the proper care and storing of hand tools

3.
Demonstrate the techniques for restoring worn, damaged, or abused tools to good working condition.
Teaching Time: Laboratory: 2 Hours
Grades: 9-12

Essential Question: What are the different types of hand tools and their uses?
Unit Understandings, Themes, and Concepts:

Students will learn how to identify metal working hand tools and their use. Students will also learn how to demonstrate the techniques for restoring worn, damaged, or abused tools to good working condition.
Primary Learning Goals:

Students will be able to identify and explain the techniques for restoring worn, damaged, or abused tools to good working condition.
Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods


____ Selected Response

____ Informal Checks


____ Self Assessment

References:

Burke, Stan & T.J. Wakeman. Modern Agricultural Mechanics.. Interstate 
Publishers, Inc. Danville, IL.  1992.

Agricultural Mechanics: Fundamentals & Applications, 6th Edition- Ray V. Herren

Modern Welding, Andrew D. Aithouse, Carl H. Turnquist, William A. Bowditch, and Kevin E. Bowditch    ISBN: 9781566379878
Modern Welding - 10th Edition  
Web Resources:

http://www.atinet.org/atinetscripts/slides/ShowAll.asp?ShowID=5
http://www.sasked.gov.sk.ca/docs/paa/welding/module_345.html
http://www.ehow.com/video_4951866_use-tap-die-set.html
http://www.ehow.com/video_4951902_remove-stripped-screw.html
http://www.nmri.go.jp/eng/khirata/metalwork/basic/bolt/index_e.html
http://www.boltdepot.com/fastener-information/type-chart.aspx
http://www.ajaxfast.com.au/downloads/AjaxRivetsHandbook.pdf
Materials and Equipment:

Tools requiring repair, reshaping or restoring

Replacement parts

Soft cloths

Solvent

Wire brush or wire wheel

Sand paper (medium and fine)

Light weight lubricating oil

Wood glue

Vise

Hand tools (hammers, handsaw, mallets, drills and punches)

Electric drill

Pedestal grinder

Wood and metal handle wedges
PowerPoints:
Ppt. GA Ag Ed Power Points: PPT.Reading_A_Micrometer_Mark_Zidon

Ppt. GA Ag Ed Power Points: Ppt. Measuring_Tools_Scott_Sommerlatte

Hand_Tool_Safety_Jay_Williams
Georgia Performance Standards:

AG-AMI-11:  The student will identify and properly use metal fabrication hand tools.


a. 

Identify metal working hand tools and their use.


b.

Demonstrate the proper care and storing of hand tools



c.

Demonstrate the techniques for restoring worn, damaged, or abused tools to good working condition.

Academic Standards:
ELA10C1 The student demonstrates understanding and control of the rules of the English language, realizing that usage involves the appropriate application of conventions and grammar in both written and spoken formats. 

SCSh9 The student enhances reading in all curriculum areas.

ELA9RC2 The student participates in discussions related to curricular learning in all subject areas.

ELA12LSV1 The student participates in student-to-teacher, student-to-student, and group verbal interactions.

ELA9RL5 The student acquires new vocabulary and uses it correctly in reading and writing.

ELA10W3 The student uses research and technology to support writing. 

MA1P1. The student solves problems (using appropriate technology).

SCSh2 The student uses standard safety practices for all classroom laboratory and field investigations.

SCSh4 The student uses tools and instruments for observing, measuring, and manipulating scientific equipment and materials.

Teaching Procedure

Introduction and Mental Set

Hand a student a hammer with a broken handle and a nail.  Ask the student to drive the nail in a board.  When the student is unable to do this, ask him/her why. 

Discussion


1. Explain to the students the importance of maintaining tools. 
2. Give the students a list of tools and locations where these tools can be purchased.  Have a student get prices for these tools and report back to the class.
3. Why is it important to maintain tools?

4. Demonstrate the proper way to restore damaged tools to good working conditions, always emphasizing safe operation of tools and explaining each step.

A. During the demonstration, give safety precautions for use of all tools.

B. When restoration is complete, properly store the tool.
5. Observe the students performing restoration skills, providing assistance when necessary.

6. When the students complete the restoration, the tools and the repair supplies should be stored properly.

Cold Metal Work
A. Cutting Cold Metals

1. Measuring and Marking Cold Metal
a. The most common measuring devices and their uses are listed below:

· The metal rule is made to measure metal. It is six inches in length and is graduated in 1/64, 1/32, 1/8, 1/4, 1/2, and 1 inch.

· The Framing square, try square, and combination square are important measuring devices for metal work. 

· The push-pull rule and steel tape rule is used where it is necessary to use long measurements. The push-pull rule is found up to 10 feet in length, and the steel tape rule is from 25 to 100 feet in length.

· The micrometer may be used if a high degree of accuracy is needed in measuring metal. It can measure to the thousandth of an inch. 

· Calipers are also instruments for measuring metal. The caliper is usually used with a rule or micrometer since the caliper does not have dimension numbers.

b. Marking devices for metal are as follows:

· The combination square serves as a marking gauge. It has a marker (a small steel awl with a fine point) in the head that is used to mark metal.

· The scratch awl is usually used with a straight edge. Its fine needle point can be placed against the measuring tool for accuracy.

· Scribers are marking tools made of high carbon steel. They are used for marking lines on metal in the same way the common awl is used.
· Dividers are sharpened so that either of the two metal points can be used to sit on the metal or scratch the metal. They can be made to mark circles, mark equal lengths, and to divide circles.
· The prick punch is sharp and pointed (15 degree angle to its center). It is used in layout work by locating hole center, marking reference points and making lines. Paper patterns can be placed on metal and the pattern transferred to the metal stock by piercing the paper as necessary.

· The center punch is used to mark the center of a hole and to make  an indentation

in the metal for a drill bit.

2. Cutting Stock

a. Hack Saw - Hack saw frames will usually take blades from 8 to 12   

    inches in length. The blades are available with 19, 24, and 32 teeth 
    per inch. They are 1/2 inch wide and • 025 inch thick. 

Suggestions for using blades are:

· When cutting mild steel or cast iron over 1/8 inch thick, use a coarse blade (18 teeth per inch)

· Hard steel, pipe, and heavy sheet metal can be cut with a medium blade (24 teeth per inch). Thin sheet metal and tubing should be cut with a fine blade (32 teeth per

inch). High speed blades are usually not necessary for ordinary 
work.**High carbon or tungsten-alloy blade is tough enough to 
resist breaking and does most jobs of a hacksaw. The high carbon 
blade is less expensive than an alloy or high-speed blade.

Steps for inserting the blade are:

· The blade is placed in the frame with the teeth pointing- away from the handle.
· Tighten the blade in the frame; the proper amount of tension will prevent

· the blade from snapping.
· Re-tighten the blade after it has been used for a short time.

The steps to follow in making the cut include:
· Mark the metal to be sawed and place it in a vise. The mark should be placed near the jaws, especially if the metal is thin. It may be necessary to use boards between the vise jaws to prevent scarring the work. 
· Mark over the original mark with a file.
· Hold the saw with both hands and start the cut by pulling it toward the body (backward stroke). The kerf may be started without filing a notch on the metal. As the saw is pulled backward a very small amount of pressure should be applied.
· The right amount of pressure should be applied as the saw is pushed' forward. No pressure should be used on the back stroke after the saw begins cutting. .
· Steady strokes from 40 to 50 per minute are considered the correct speedfor sawing.
· Never start a new blade in an old cut. The teeth are set; therefore, the cut is narrower than the new blade. One stroke may ruin the teeth.
b. Cold Chisel - There are four common types of cold chisels used for 
    cutting metal: standard flat, diamond point, cape, and round nose. 
· The standard flat chisel is the most commonly used.. It is used to

   cut sheet metal, bolts, nuts, rivets, and rods.

· The diamond point chisel is  used for cutting triangle grooves or for making square corners in grooves. 
· The cape chisel is used to cut out rectangular grooves or channels.

· The round nose chisel is used similarly to the diamond point in

   that oil grooves or channels can be made by its use. It cuts an 

oval groove.
The steps in cutting flat metal are:

· Mark the metal with an awl, soapstone, scriber, or chalk. Metal 1/8 inch thick or less can be placed in the vise and cut with a flat

    
chisel by holding the chisel at about a GO degree angle. The 

cutting line should appear just above the jaws of the vise.
· Place the chisel at one side of the metal to start the shearing point; at the same time place the cutting edge at an angle to the work.
· Drive the chisel with a machinist's hammer. Use entire hand to hold chisel firmly.
· For metal that is thicker than 1/8 inch, a 3/4 inch wide chisel and a  2-1/2 pound hammer should be used. Larger chisels and hammers may be used as the metal increases in thickness.
· Thick metal should be placed on the cutting edge of the anvil. 
· First cuts should be made on each side of the metal. The cuts are Made from the side to the center.
· The metal is turned over and the same cut is made on the reverse 
    
 side. After the cut is completed on both sides without cutting 

through the metal, it may be bent back and forth until it breaks.
The steps in cutting round iron are:

· After the iron is marked, it should either be clamped in a vise or held on the cutting edge or shoulder of the anvil for making the cut.

· The rod or round iron should be cut from both sides, each cut being 1/3 the distance through the rod.
· Break the rod at the point of the cut by bending it back and forth across the vise jaws or over the edge of the anvil. 

· After some practice the chisel head can be hit with heavy blows without hitting the hand. The chisel should be grasped above the bevel and held loosely in order that, the hand will not be endangered if the hammer slips off the chisel head.

The standard flat chisel is sharpened at about a 70 degree angle
 Soft metals. and sheet metals can be cut more. rapidly if the
 chisel is sharpened to a 45 degree angle. Heavy sheet metal such 
as oil drums and metal water troughs can be easily cut with a 
slitting chisel. 
c. Bolt Cutters - One of the fastest methods of cutting round iron from 
    about 3/16 to 3/4 inch thick is to use a bolt cutter. This metal 
    cutting tool should be used properly; that is, the bolt or rod cutting
    capacity that is stamped on the handle should be observed.

The procedure for using the bolt cutter is as' follows:

· The rod or bolt is placed as far back in the jaws as possible:
      The Handles are pulled together without twisting. When 
       using large cutters, one handle should be braced against
       the floor. Note: Hardened steel should not be cut in the 
       bolt cutter.

d. Cold Cutters - Cold cutters function the same as cold chisels except
     for the fact that the cold cutter resembles an anvil hardy on one end 
     and a hammer on the other end. It also has a handle which is used to 
     keep the cutter on the  metal while it is being hit with a large 
     machinist's hammer. It takes two students to use a cold cutter,   

     whereas one can cut with a cold chisel.
The cutting procedure is as follows:

· The marked metal is placed on the anvil shoulder. The metal 
      is cut about 1/3 of the way through on both sides. It is 
      bent back and forth over the edge of the anvil until it 
      breaks.
3. Cutting Different Types of Metal
a. Tool Steel - It is advisable to test tool steel to determine whether or 
    not it is in the softened stage before attempting to cut it. The saw 
    blade or chisel may be dulled if the steel is too hard. Usually tool steel is nicked with a high carbon hack saw blade. Tool steel can be broken by sawing about one fourth the way through the rod or bar and then breaking it in a vise with the hammer. Heavy hammer blows should be directed toward the backside of the vise.

b. Thin Metal - Very thin metal may be cut with a hack saw by placing it

     between two pieces of board in a vise. The cut should be made 
     through the boards and metal. The boards and metal can be clamped 
     to a table top instead of being placed in a vise. Sheet metal is cut 
     with metal snips and metal cutting shears. Snips are used very often 
     in cutting this metal. Sheet metal of 20 gauge or less can be cut with 
     the scissor-like tool if it is soft.

4.  Bending and Shaping Metal
      Much of the ornamental iron work is accomplished through working with 
      cold metal. There are numerous projects that can be made in the

      agricultural mechanics shop by bending and  shaping cold metal. Some of 
      these projects are braces for farm equipment, gate and door hardware, 
      shelf framing and supports, metal projects requiring ornamental design,
      and hardware for truck and trailer beds. 
a. Bending Cold Metal
· Flat iron and bars can be bent and shaped up to 3/8 inch in
   
 thickness without heating. Round iron can be bent up to 

about 5/8 inch in diameter" Thick metal, both flat and 

round iron, should be heated before bending. It takes less 

physical strength to bend and shape hot metal than cold 

metal. If the metal is too thick, or too hard, extra stress is 

placed upon the  vise, jigs, and other equipment used to 

shape it. Good judgment,  therefore, must be used in 

determining whether or not heat is necessary for shaping 

the metal.
b. Tools Necessary for Bending and Shaping Metals

· The most common tools used to shape cold metal include:

· Blacksmith's vise
· Machinist's vise
· Anvil
· Bending jigs
· Measuring tools
· Piece of pipe and rod
· Sledge hammer
· Blacksmith's hammer
· Machinist's hammer
· Adjustable Jaw wrench
· Marking tools
· Ball peen hammer
· Tools for shaping metal may be of different size. Flat iron
 less than ¼ inch thick can be bent with a 1-1/2 pound
 hammer very easily, but when the iron exceeds 1/4 inch in 
thickness, a 2-1/2 pound hammer may be necessary to shape
the metal. It is very important to use the proper size jig; 
otherwise, it may be damaged if the metal exceeds the size 
recommended for the jig.  Generally, metal bending should 
be a type of work that requires the use of heavy duty 
blacksmith's or machinist's vises. The  sledge hammer 
should not be used against a vise, and it should 
  
 not be used on the anvil if the weight exceeds the weight 

of a heavy machinist's hammer. Heavy duty adjustable


wrenches are preferred to light weight wrenches.
5. Bending and Twisting Metal
The procedure for bending metal is listed below:
· Measure and mark the place for bending or shaping. The metal is
 placed between metal fillers in the jaws of a heavy duty vise. The 
fillers are to protect the metal from being marred, a practice 
that is not always necessary.
· Use a ball peen or machinists' hammer to bend the metal to the 

desired angle. Metal should be bent from the top of the vise. 

Check the degree of angle with a try square, T-bevel, or a 

template during the operation.
· Make a round bend (an eye) by following the steps: 

· Select a piece of round stock (pipe or rod) the  same 

diameter as the eye desired.
· Place the flat metal and round stock in the  vise. The flat
 metal should extend at least half way the distance of the
 diameter of the round stock.
· Bend the metal over the round stock which is  level with the

vise jaws with the aid of a hammer.

· Extend the bent end of the flat stock to the bottom and 

center of the round stock and repeat the bending step.

· Place the end of the V-shaped stock at the top edge of one 

vise jaw and repeat the bending step for the third time. 

Each time the flat stock is placed in the vise, the straight 

part should be parallel to the vise jaws. If the straight part
 of the flat stock is bent, the stock is placed parallel to the 
inside of the vise jaw before bending. A hammer must be
 used in the first three bending steps.

The procedure for twisting metal is given below:
· It is necessary to select metal stock longer than the exact 
measurement needed because twisting shortens the stock. Cut the stock to the proper length after it is twisted.

· Clamp the bar or flat iron in the vise between two metal 

fillers. The two ends that are free of the twist should be 

held by the vise and wrench at the same distance from 

where the twisting will begin. 
· Use an adjustable jaw wrench to twist the flat or bar
 metal the desired number of turns. Proper twisting will 
 give the metal strength, whereas excessive twisting will
 cause the metal stock to be weaker. When twisting long
 metal stocks, a close fitting piece of pipe slipped over the
 stock will prevent it from bending. The pipe should be the
 length of the twist.

6. Bending and Shaping Metal According to a Drawing or 
    Pattern

· Metal ends are usually shaped with a hammer and anvil, plus 

the   use of a file or grinder. To flatten the ends of flat 

iron, the metal end is placed on the anvil face, and the end 

is shaped or flattened with a ball peen hammer. If the 

metal is to be  decorated, the peen part of the hammer
should be used on the end, or any , place on the flat surface. The ends should be shaped before the metal is placed in the vise or jig. The end shape may be drawn on an actual size drawing or pattern.
· A pattern or actual size sketch is very important to the 

student when using jigs or bending forks. 
The steps are as follows:
· Use a piece of string or copper wire by starting at one end 

of the drawn object and follow the pattern through curves 

and bends to the opposite end. This method of measurement 

will determine the length of metal needed. If necessary, the 

ends should be shaped and peened. 
· The end bend should be started on an anvil.

· The bending fork or jig should be placed in a vise and 

secured firmly. If the posts are adjustable on the jig, they 

should be adjusted to the thickness of the stock to be bent.

· The curves and angles are formed with the bending jigs or
 forks by use of the hands, pipe, and hammer. Sometimes it 
is necessary to slip pipe over the iron to give extra support
for applying pressure. Usually, stock that is more than 1/4 
inch thick must be bent in a vise.

· The object or project should be checked frequently by 

placing it over the drawing. If a bend is too short, a vise 

may be used to straighten it.
7. Filing Cold Metal

a. 
Shaping Cold Metal - The file is used for smoothing and
 shaping metals. Shaping actually includes three types of 
file use: sharpening of tools, smoothing metal surfaces, and 
cutting metal to the desired form and dimensions.

b. 
Testing Metal - The hardness of metal can be determined 

by using a regular mill file. The degree of hardness will 

determine the type of metal cutting tool and/or the type of 

hack saw blade to use in the cutting operation
Selecting the Proper File

a. 
The parts of a file include:

· Point
· Heel
· Tang
· Body
· Edge teeth
· Belly

b.
 File Sizes - File sizes are determined by the length of the
 file (in inches) excluding the tang or the distance from the point to the heel. A 10 inch mill file is used for general purposes. A 12 inch flat file is best for tough work.

c.
 File Teeth - There are two major kinds of file teeth. The 

single-cut file has chisel-like teeth running at an angle 

across the belly and body of the file. Double-cut files have
 
two sets of teeth or chisel cuts that cross each other.

The double-cut file cuts faster than the single-cut file, but 
it leaves a rough surface.

d. 
Grades of Coarseness in Files - The six grades of 


coarseness include:

· Rough
· Coarse
· Bastard
· Second-cut
· Smooth
· Dead-smooth

The most commonly used files are the bastard, second-cut, 
and smooth. File coarseness is also determined by length. 
For example, a 10 inch smooth-cut is coarser than a 6 inch 
second-cut.

e. 
File Shape - The shape or style is determined by their 

different uses. The most common are mill, flat, square, 
round, half-round, and taper or three-cornered files.

· Mill files are made with only single-cut teeth. They 

range in size from about 4 to 16 inches. They are 

widely used.

· Flat files are double-cut about 4 to 16 inches in 

length. They are tapered similar to the mill file and are widely used for surface filing. Square files have four filing sides instead of two as found on the mill and flat files. They are used mainly for filing slots and surface filing. Round files are usually used to file round or curved surfaces. These files are tapered from the shoulder to the point. Half-round files have one flat side and one round side. They are always

double-cut" on the flat side. They can be used to file 
flat or curved surfaces.

· Tapered files are found in many shapes. The triangle, 

cantsaw, and crosscut files are the most popular. The 

tapered files are used for "filing saws. The web and 

pruning saw files have double triangle or diamond
 shaped sides. The crosscut saw file has a round back 
with two flat sides.
Methods Used in Filing

The handle is held in one hand by placing the thumb or forefinger 
on top of the handle and gripping the handle firmly with the 
fingers. The other end of the file is held between the first two 
fingers and thumb, applying light to moderate pressure as needed. If heavy pressure is required, the file is held by the fingers and the back part of the thumb. The file can be held more securely if the stock is clamped in a vise to accomplish better work. Vibration may damage the file teeth. If there is a possibility of the file slipping off the stock and marking or damaging the jaws of the vise, the stock should be clamped between two pieces of board.
Steps to Follow When Using the File

· The stock (metal) should be clamped slightly above 
the jaws of the vise to eliminate vibration while filing. The area to be filed on the stock should

be about elbow height. Chattering can be eliminated if the stock is placed near the jaws of the vise.

The proper file should be selected to cut the stock. For ,example. if the surface is to be filed flat, a flat file should be used. Usually the best position to file a stock is to stand at one side of it. Stand facing the work so that pressure can be applied on the forward stroke. For flat surface filing the metal should be stroked by holding the file at a 90-degree angle to the side of the stock. Make a slow full-length stroke by placing the file point on the stock and

push it forward; lift it on the back stroke. Moving the file back and permitting it to slide over the metal will dull the teeth faster than pushing the file forward. About 30 strokes per minute is the proper speed to file metal. Long surfaces can be kept flat if the filing is done diagonally on the stock. The work should be checked during the filing process with a proper type

of square to see if a desirable cut is being made. A T-
bevel square can be used to check the accuracy of square (90 degrees) stocks.

f. 
Making a Fine Finish 

After the stock has been clamped high enough in the vise to 
clear the fingers, each end of the file is grasped and the file is placed on the metal nearest the body. Use a mill file for drawfiling. Steady pressure is applied as the file is pushed forward. No pressure should be applied to the file if it is dragged back over the work. Actually. when drawfiling the file is pushed sideways for cutting. Hold the file flat while the moderately slow strokes are being made on the

stock. Use a wire brush to keep the file teeth clean. The
 file may be partially cleaned by tapping it on the work
 bench. The file length can be used by using a different place on the file for each forward stroke.

g. 
Testing Metal for Hardness - The metal stock  is held 

firmly as the file is pushed forward over its surface
 an inch or two.

· Extremely Hard Metal - The file will slide over the 

metal leaving the rile dull and shiny. The file must be 

harder than the material being cut. The file should 

not be used on hardened steel.

· Hard Metal - The file may barely cut into the metal 
but it is dulled if considerable pressure is used.

· Medium Hard Metal - This type of metal makes up a
 quantity of the cutting tools; therefore, it is filed.
· Soft Metal - The file teeth bite into the metal very 

easily and become clogged with metal particles. Soft
 metal is cut very easily and does not dull the file.

Very little pressure is applied while filing soft metal.

· Cast Iron - An old file should be used to cut through 

the outer surface before using a new file. The outer
 surface of cast iron is considered hard. If scale

is present, it should be removed with a chisel and hammer before attempting to file the surface.
h. 
Cleaning and Care of the File
· Cleaning the File - Small metal chips clog the teeth 
of a file at the time it is pushed over the metal surface. These small chips tend to scratch the surface being filed, thus the process of cleaning should be followed during and after the filing job is complete. Small particles of metal are more easily removed if the file is rubbed with chalk before filing. This is a practice to use when filing soft metals. A regular file card (brush) is used to clean the teeth. Brushing should be parallel to the teeth.

· Care of the File - Files should be stored in racks 

away from other metals. If they rub or fall against

 other files and tools, the teeth will be damaged.
 Files are very brittle and may be broken if allowed to fall on concrete floors or other metals. They should also be kept away from oil and paints due to these materials clogging the teeth. Most files should be stored in a dry place; moisture may cause the file to corrode. 
8.
Drilling Holes

One of the most important tools in any metal shop is the drill. It is

true that one of the most widely used methods of putting together

metal is welding it; but bolts, screws, and rivets also play a very

important part in farm machine construction and repair. Drilling

holes in cold metal, therefore, is necessary in the machinery industry

and in the farming operation.
Types of hand drills used in cold metal work:

· Portable E1ectric Drill - Cold metal that is less than 1/2 

inch thick can usually be drilled with ease by using a


portable electric drill. The portable drill used for most cold 

metal work has a chuck that will accept a 1/2 inch or 

smaller straight shank twist drill. This type of drill can be 

mounted in a drill stand for the purpose of heavier and more
 accurate drilling.

· Hand Drill - The hand drill is usually used for drilling holes 

¼ inch or less. This drill is used for light metal work. Holes 

For small screws, bolts, and rivet~ can be drilled with this 

too1.
· Breast Drill - The breast drill is used to make holes in cold 

Metal up to about 1/2 inch; that is, if the metal-is soft and
the twist drills are sharp. This drill can be used for about 
the same purpose as the portable electric drill.

· Post Drill - Post drills are used to drill large holes in metal.
Due to the slow method of turning it by hand, the post drill 
will cut harder metal than other types of drills.
Types of Drill Bits

· Flat - This bit has no flute. It is flat On both sides with 

two cutting edges. The bit will cut soft to medium hard 

metal.
· Straight Fluted - This bit or drill has two straight flutes
 Extending the length of the body. It will cut copper, brass, 
and other soft material.

· Twist - This drill is one of the most commonly used in metal 

work. The two-lip twist drill will cut different thicknesses 

of solid metal. Three- and four-lip twist drills are made to
 enlarge holes.

Twist Drill Shanks and Parts

· The types of shanks are:

· Straight
· Square or Bit-Brace
· Bit Stock
· Taper or Morse
· Blacksmith's
· Ratchet
· The parts of a twist drill include:

· Shank - Top part held by chuck 

· Body - Part where grooves are ~ut
· Flute - Grooves that run along the body
· Tang - Flattened end of shank
· Cutting lip – The cutting edge
· Web - Metal in center with flutes on each' side
· Margin - Outer part of cutting edge
· Point - Cone shaped cutting end

Identifying the Size of a Twist Drill

· Fractional - This drill measurement is most commonly used 

in agriculture mechanical shops. Diameters of drill bits are 

determined by fractions of an inch. For example, they range 

in size from 1/64 of an inch and usually do not exceed one 

inch !n diameter.

· Alphabetical - The sizes of drills are also determined by
 letters A through Z. The letters actually are given in size 
in fractions of an inch which are measured by thousandths 
(.234".to .413").

· Numerical.  Alphabetical and numerical drills are often used 

by machinists. Drills #80 to #1 range in sizes from .0135" 

to .228". The #1 drill (.228") is a few thousandths smaller 

than 1/4 inch, and the #80 drill is a fraction larger than a 

human hair.
The Effective Cutting Speed

The speed of a drill is calculated by determining how many feet the

outer surface of a drill will travel per minute. If the standard cutting speed for a high carbon steel bit is 30 feet per minute while drilling mild steel, then the outside surface of the bit would travel 30 feet in the steel per minute. Thus, if the bit were laid on its side and rolled on the floor, it would cover a space of 30 feet. High-speed twist drills should be used to cut harder metal than can be cut by carbon steel twist drills. High-speed drills are identified by a marking (HS or high-speed) on the shank. The carbon steel may not be identified by a marking on the bit.

Use of Cutting Lubricants for Different Metals
 Oils are used to reduce the heat at the lips of the drill and float

metal chips away while the cut is being made. If ordinary machine

 
oil is used, it will interfere with the cutting by excessive lubrication;

therefore, cutting oils should be used, especially if a lot of drilling is done at One time. Excessive heat will draw the temper from the drill and soften it.
Special oils used on certain types of metals are listed below:

· Wrought iron and malleable iron - 
Cutting oil
· Hard steel or tool steel- 


Cutting oil
· Brass or bronze-- 



Cutting oil or dry

· Cast iron- 




Dry

· Copper- 



Milk, hard oil compounds or Dry

· Aluminum- 



Kerosene or Lard Oil compounds
Drilling a Hole in Cold Metal

· Steps to observe when drilling cold metal include:

· Use a scribe or scratch awl and mark a cross (+) on the metal at the center of the hole where the metal is to be drilled.

· Dent the metal where the two lines cross by using a center punch.

· Check the dent to see if it is centered where the two lines cross, then hit the punch with a heavy blow to form a large dent for the drill.

· Select the proper size and type of twist drill. It may be necessary to use a twist drill gauge to determine the exact size needed. The drill should be placed firmly in the drill chuck either by hand for a keyless chuck, or by the use of a key for a keyed chuck.

· The work or stock to be drilled should be held firmly in a vise or held by clamps.
· Lubricate both the drill and hole while drilling. The type of lubricant used depends upon the type of metal being drilled.
· Apply steady pressure to the drill so that a smooth even cut is made as the bit passes through the metal. Hold back on the pressure as the point begins to pierce the underside of the stock. To drill holes more easily, use a two drill method. Select a drill the size of the web of the large drill and make the first hole (pilot hole), then follow with the large drill.

· Remove chips and shavings with a brush, blunt tool, or air when drilling a hole. If the flutes become clogged with either chips or shavings, the drill body may be twisted and broken. Steel produces shavings and cast iron produces chips during the drilling process.
· Other things to observe when drilling holes in cold metal 

· When using any type of hand drill the first precaution to observe is to hold the drill straight. Any leaning or side pressure may break the drill bit.

· The stock must be firmly secured to prevent shifting while the hole is being drilled.

· As the drill point passes through the metal, pressure must be lessened on the handle or handles.

· Usually, the larger drill bit should turn slower than the smaller drill bit. Cutting lips can be dulled or burned if too much speed is used on certain hard metals. 

· If the speed is too slow, the drill bit will have a tendency to dig into the metal.
· Drilling stocks should be placed in a position that will not permit springing. If the metal springs, the bit may break.
· When drilling large holes, it may be necessary to drill a small pilot hole before drilling a large hole. Drilling is usually easier if a larger twist drill follows a small hole; this is especially true when drilling hard metal.
· Very thin metal can be drilled without bending it out of shape if it is clamped in a vise between two pieces of board while drilling the hole.
· The drill press is a very important power tool for drilling thick or hard metal. Much more pressure can be applied by using a drill press than by using hand drills; therefore, it is used more than any other drilling tool. One of the limitations in using ~he drill press is its limited mobility. It cannot be moved and used in different places as can the hand drill.

9.
Bolting and Riveting

· The major purpose of using bolts is to fasten metal to metal or to 

Fasten other types of materials with metal.
· Bolts are used for the following reasons:

· Where it is necessary to dismantle a metal structure.
· To give strength or permanency to a metal object.
· To fasten covers that conceal engine or motor parts that 

may need repairing occasionally. 

· To make adjustments on machinery so that the machine will
 operate properly.

· To reduce the cost of cutting and welding for large repair 

jobs.

· Using Bolts are Used to Join Metals and other Materials

Bolts can be passed through unthreaded holes or into threaded 
holes for joining metals together.
· Machine Bolts should be used if the piece of metal is to be 
disassembled frequently, should be used in the  place of carriage bolts, that is, if the bolt head does not create a 
problem. The head of this bolt can be held with a wrench when  tightening or loosening the nut. 

· Stud bolts (bolts without a head  and threaded on each
 end) are usually used for special purposes.  One end of the 
stud" bolt has a nut screwed on it after the other end is screwed into a hole. Stud bolts are seldom used in holes that are unthreaded. If they are used under these conditions, the bolt requires a nut on each of its threaded ends.

· Carriage bolts are usually used to join metal to wood, but
 they can be used to join metal to metal. This oval head bolt
 has  a square shank that sinks into the wood to keep the bolt from turning while the nut is being removed. Some metal holes are cut square to receive the shank of a carriage bolt. This bolt is used more successfully in hardwood construction.

· Machine screws are used in a similar way as the different
 types of bolts except they are purchased without nuts.
 Therefore, if they are used in threadless holes, it is 
necessary to find nuts for the screws. 
· Cap screws are also used to fasten two pieces of metal 


together, but they are screwed into threaded holes. Stove
 bolts are used to join metal together. They are threaded 
the entire length of the bolt.

· Bolt Threads
· Bolt threads are classified as Unified (National) Coarse
 (UNC), or Unified (National) Fine (UNF). Threads on
 different kinds of bolts are:
· Machine - UNG and UNF


· Carriage – UNG
· Stud - UNC and UNF
· Machine Screws - UNG and UNF
· Stove Bolts – UNG
· Cap Screws - UNG and UNF
· Common Types of Washers Used with Bolts for Joining Metal to 

Metal or Joining Metal to Other Materials

· Flat washers are used to protect the metal or other 

material from the bolt head or nut. They also give the bolt 
      head and nut more supporting surface. 
· Lock washers are normally used between the metal surface 

and nut to prevent the nut from backing off the bolt. They 

form a tension between the nut and the material to 

eliminate nut and bolt movement.

· Types of Machine Screw, Cap Screw, and Bolt Heads
· Machine screw heads arc slotted for screw-drivers. The 

heads are round, oval, fillister, and flat

· Cap screw heads are slotted for common and Phillips 

screwdrivers, hexagon shaped, socket (holes within head for
 special wrench use), and fillister. The heads are made flat, 
oval, or round.
Steps for Joining Metals Together or Joining Metal with Other 
Materials

· The top piece of metal is center punched at the point where the

metal is marked with a scratch awl.

· The proper size twist drill is selected to make a hole for the bolt. 

If the hole is too small, a long tapered reamer may be used to 

enlarge it.

· The two ways to drill holes in metal that is to be joined together 

are:

· Clamp one or more pieces of metal together and drill all 

aligned bolt holes at the same time.

· Mark the two pieces of metal separately and drill the holes
 separately; then place a bolt in the two drilled holes and 
drill the reaming holes.

· Nuts are usually drawn tightly when bolting metal together. 
Proper pressure on a nut will not damage the threads or lengthen the bolt. A bolt may be stretched by applying too much pressure on the head or nut, or it may be twisted into the hole. Most machinery nuts require a given amount of

pressure applied by torque wrenches. Many nuts of this type 
are held in place by cotter pins.

· Bolts on vibrating machinery are secured by lock washers 

under the nut. 
· When metal is attached to wood, flat washers may be used 

between the bolt head or nut and the wood surface. A wing 
nut is used where tightening pressure can be accomplished by the thumb and finger. Lock washers are usually· not used

with wing nuts.

· It is very important that the proper size and type of

 wrench be used on bolt heads and nuts. Adjustable
 wrenches are considered good square nut wrenches. A 
socket or box-end wrench is usually considered best for use

on hexagon head bolts and nuts. Opcn-end wrenches are

 used on either the square head or hexagon head. Pipe 
wrenches should be used on pipe or round rods. Wrenches 
with ratchet handles are used where a large number of bolt

work is done.
Riveting Metal
Rivets are used to join or hold metal parts in a permanent position.

Riveting metals together is a convenient way to repair farm machinery
and equipment, if both pieces of metal are not too thick.

· Rivet Head Types and Rivet Sizes Most Commonly Used
· Button
· Cone
· Tinner’s
· Flat
· Truss
· Pan
· Round top countersunk
· Flat top countersunk

· Rivets of 1/8, 3/16, 1/4, 5/16, and 3/8 inches are commonly used 

Sizes for farm machinery and equipment.

Steps in Riveting Metal

· Mark (+) the centers of rivet holes on the metal and center punch 

each hole.

· Use a twist drill the size of the rivet to make the hole.

· Countersink the holes if countersunk rivets are to be used.

· If the rivet is too long, cut it 1/Hi inch to 1/8 inch above the 

metal surface. This short projection is flattened to form a rivet 

head. If a rivet set is used, the part projecting above the metal 

should be 1-1/3 times the diameter of the rivet. 
· Before the rivet is cut, it may be drawn against the metal by 

inserting; the rivet set hole and tapping the set with a hammer.

· When heading a rivet, the first few hammer blows should be made
 Straight down on the rivet; then the rivet set should be used to 
form the head.

10.
Self-Tapping Screws

As a self-tapping screw is driven into a hole, it cuts threads on the
 stock. This type of screw is used on sheet metal, soft steel, plastic, 
asbestos, and plywood. The head styles arc similar to the common screws 
and bolts. Tapping screw ends are tapered so that they will enter the
 hole easily and the thread will begin cutting threads in the stock.

Some of the many head styles are:

· Slotted
· Frearson Recess
· One-Way
· Phillips Recess
· Clutch Recess
· Hex Head

Steps in Installing Tapping Screws

· Locate the place for a hole 
· Prick punch the location. 
· Drill the hole by using a drill slightly larger than the root 

diameter of the tapping screw. Most machinists handbooks list

the sizes of drills for various sizes of holes. The size of drill may 
be determined by placing the drill behind the screw point or root.

11.
Tapping and Threading

Many machines and other metal objects are assembled with bolts and
Nut and rods. There are numerous agricultural mechanical projects that 
require the use of various sizes and types of bolts. Numerous farm 
structures and machinery are either braced or adjusted by metal rods. Cutting and reshaping threads is a common task around most shops.

Water and gas pipes found in most building structures are made of 
Wrought iron, usually galvanized. In order to fit pipe within a building or 
structure, it is necessary to cut and thread the pipe so that it can be
 joined with pipe fittings. Equipment used for threading pipe is different
 from equipment used for threading bolts. The pipe die cuts a tapered 
thread, which makes a tight connection when screwed into a fitting. It is 
also heavier equipment than that used to thread rods and bolts.

· Tools Required for Threading and Tapping
· Dies of different sizes 
· Die - A die is a tool used to cut male (outside) 

threads on round-rod metal, so that it can 
 
receive nuts with the same thread or be
 screwed into a hole containing the same 
thread as the bolt or. rod. The die is held in a 
die stock while being used. The die stock also 
holds the guide. 
The three Kinds of dies are: 
· The solid die

·  the round split die

·  the two-piece die. 
*The solid die cannot be adjusted. The split die can be expanded or made smaller by an adjustment screw on one side. The two-piece die has two threadcutting jaws that can be adjusted in a round collet.
· Taps of different sizes

· Tap - This tool is used for cutting threads 

inside a nut or inside a hole. The threads of the 

nut or hole must be of the same type as the 

bolt or rod that is to be used with it.
There are three kinds of taps used in 
making threads inside holes. They are:

· Taper - The taper tap is used to make 

threads in holes that are drilled through

 the metal.
· Plug - The plug tap is a very important 

tap in agricultural mechanics' shop. It is 

used to follow the taper tap in making
 threads in holes that are not drilled all 
the way through the metal.

· Bottoming - The bottoming tap is not 

tapered at the bottom, and the threads

are the same size from the top to bottom. It is used to follow the taper and plug tap in holes that do not pass through the metal.
· adjustable tap wrench

·  reamer or punch

·  File

·  oil.
· Die stock (handle)

· Vise

·  file 
·  oil 
· Three Common Types of Threads

· USS or N. C. taps and dies are used for cutting 

United States Standard or National Coarse threads. 

(The term "USS" is becoming obsolete.)

SAE or N. F •.taps and dies are used to cut Society of Automotive Engineers or National Fine threads. (The 

term "SAE" is becoming obsolete.)

Steps in Threading a Bolt or Rod

· Bevel the edge of the bolt by using a file or grinder.

· Place the bolt in a vise to hold it firmly while threads are 

being cut.
· Select a die of the proper size and place it over the bolt, 

guide first, and apply pressure as the turn is made
 clockwise.

· After the first complete turn, apply a lubricant and 

thereafter apply the oil about every third turn. (When
 threading cast iron, oil should not be used. )
The die may be turned the desired length of the thread, 
except in the case of small diameter dies when the die 
flutes fill with loose metal and begin tearing the threads. 
The loose metal may be punched out of the flutes or the die
May be turned back one-fourth turn each full turn. The 
backward movement breaks the chips that form on the 
forward turn.

· Remove the majority of all chips from the flute before 

removing the die from the bolt.

· If the bolt is being cut for a particular nut, try screwing it
 on a bolt of the same size in diameter and the same type of 
threads being cut or cut a few threads and try the nut on 
the bolt. Hardened steel rod should not be threaded with a 
die. The die must be harder than the metal it is to cut.
Steps in Tapping a Hole

· Select a twist drill for the proper size of hole to be 

threaded. The size of a drill is usually determined by a 

chart 
or by using the second visible thread on a taper tap. 

A hole that is too large will give incomplete threads. A hole 

That is too small will cause too much pressure to be put on 

the tap.

· Secure the stock or nut being tapped so that it will not 

move from the tapping position.

· Supply a downward pressure on the tap at the same time it
 is turned in the hole. 

· After the tap begins to take hold of the metal, the 

pressure is released.

· Apply a lubricating oil to the tap operation as applied in the 

die operation.

· The flutes of a tap can be kept clean in most cases if a one-

fourth counterclockwise turn is made after each full turn.

· Clean the tap flute before removing it from the hole.
· Rethreading is necessary when the threads are marred on a 

bolt. The same type and size of die is used to correct the 

threads as those used to make the original threads. The use
 of the die is the same for threading and rethreading a bolt.
· The bolt, rod, nut, or stock must be held in a vise or other 

methods can be used in such a way that all movements will 

be eliminated while threads are being cut. Usually bolts, 

rods, and holes are threaded in a vertical position.

· The following precautions should be observed while using
 the screw plate set.
· If a tap breaks in the metal, it may be advisable to

grind it level with the surface and leave it in the 
metal. Taps are made of a very hard metal and

usually cannot be removed by drilling.

Due to the hardness of the metal in taps and dies,

the small sizes are very easily broken. Also, small 
taps must be held completely straight while tapping a 
hole. 

12.
Removing Broken Bolts

Many agricultural mechanics shops are not supplied with the various types

and sizes of bolt extracting equipment that is necessary to remove any kind

and size of bolt. Most bolts break at the surface of the hole, thus eliminating

the use of any type of pliers or wrenches to extract the part left in the hole.

· Equipment that may be used to remove bolts is as follows:

· Hand drill and drill bits

· Standard cold chisel, diamond point and round-nose 

chisels

· Ball peen or blacksmiths hammer

· Starting, center, and peen punches

· Adjustable and tap wrenches

· Hacksaw and screwdrivers

Methods Used to Remove Broken Bolts

· Screwdriver - Steps in using the screwdriver are:

Saw a slot across the broken bolt or cut a slot in the
 end with a cold chisel. It may be necessary to cut 
into the base metal to make the slot deep enough

for a screwdriver. A screwdriver is used to back the 
broken bolt out of the hole.

· Punch and Chisel - If the screwdriver fails to break 

the bolt loose, a round nose punch or a flat chisel can 

be used by placing either the punch or chisel on one 

side of the end of the stud (bolt) and tapping lightly.
· Screw Extractor - If the bolt is too tight to be
 backed out of the hole with a punch, then it may be 
necessary to use an extractor. 

The steps to follow are:
· Dent the center of the broken bolt with a 

center punch.

· Drill a pilot hole into the center of the stud,
 then follow the pilot will with the size of drill 
that is found on the shank of the screw 

extractor. Use the proper size screw 
extractor with a center punch.

· Apply pressure to force the fluted end of the 

extractor in the hole and then turn it counter-

clock.-wise.

· Broken bolts may be removed by welding nuts on them 

and backing them out with a wrench. The use of 

penetrating oil may aid the extraction of broken 

studs, especially if the studs are rusty. If the 

threads inside a hole have been damaged, it may be
 necessary to re-tap the hole before using it.
· Screw extractors are easily broken if too much
 pressure is applied while backing out a broken stud. 
If an extractor breaks, it may be necessary to 

remove it with a cold chisel or punch by breaking it 
into small pieces.

Summary

Summarize the data.  Give a restored hammer and nail to the student and ask him to drive the nail into a board.

Why is it important to maintain tools in proper working condition?

Evaluation

Using the evaluation checklist, evaluate the students= performance restoring hand tools.
Individual Learning Activity

Lesson:
Identifying and Using Hand Tools
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.
Identify metal working hand tools and their use.

2.
Demonstrate the proper care and storing of hand tools

3.
Demonstrate the techniques for restoring worn, damaged, or abused tools to good working condition.
Minimum Requirements:
1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Identifying and Using Hand Tools
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Identify metal working hand tools and their use.

2.
Demonstrate the proper care and storing of hand tools

3.
Demonstrate the techniques for restoring worn, damaged, or abused tools to good working condition.
Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.
Group Learning Activity Rubric

	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Identifying and Using Hand Tools
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.
Identify metal working hand tools and their use.

2.
Demonstrate the proper care and storing of hand tools

3.
Demonstrate the techniques for restoring worn, damaged, or abused tools to good working condition.
Minimum Requirements:
Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option
1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.
Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Teacher Notes
Essential Question: 
What are the different types of hand tools and their uses?
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Tool Identification 
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Electrode Holder:Electrode Holder.
(Arc Welding) welding12.jpg 
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Ground Clamp:Ground Clamp. 
(Arc Welding) welding11.jpg 
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Soap Stone:Soap Stone. Used for marking on metal. Resists heat.
(Arc Welding) soapstone.jpg 
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Leather Welding Gloves:Leather Welding Gloves
(Arc Welding) welding9.jpg 
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Welding Helmet:Welding Helmet. 
(Arc Welding) welding7.jpg 
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Arc Welder:Arc Welder. Supplies AC, DC+, and DC-.
(Arc Welding) arc1.jpg 
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Wire Brush:Wire Brush. Used for cleaning metal parts and welds.
(Arc Welding) brush1.jpg 
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Welding Clamp:Welding Clamp. 
(Arc Welding) clamp4.jpg 

[image: image21.jpg]



Vise Grip 'C' Clamp:Vise Grip 'C' Clamp. Used for clamping metal while welding.
(Arc Welding) Clamp5.jpg 
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Slag or Chipping Hammer:Slag or Chipping Hammer.
(Arc Welding) welding10.jpg 
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Machinist's Vise:Machinist's Vise. Used for holding metal.
(Cold and Hot Metal) vise1.jpg 
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"C" Clamp:'C' Clamp. Used for clamping metal parts.
(Cold and Hot Metal) clamp1.jpg 
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Engineer's Hammer:Engineer's Hammer. Typically about 2 pounds in weight.
(Cold and Hot Metal) hammer5.jpg 
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Rubber Mallet:Rubber Mallet. Used to drive parts with out damaging them.
(Cold and Hot Metal) mallet1.jpg 
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Ball Pein Hammer:Ball Pein or Machinist's Hammer.
(Cold and Hot Metal) hammer8.jpg 
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Blacksmith's Hammer:Blacksmith's Hammer. Used for shaping metal, usually while heated.
(Cold and Hot Metal) hammer9.jpg 
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Tinner's Hammer:Tinner's Hammer. Used to set rivets and work sheet metal.
(Cold and Hot Metal) hammer7.jpg 
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Drift Punch:Drift Punch.
(Cold and Hot Metal) punch1.jpg 
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Cold Chisel:Cold Chisel. Used for cutting metal.
(Cold and Hot Metal) chisel1.jpg 
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Anvil:Anvil. Note Hardy hole on the right side.
(Cold and Hot Metal) anvil.jpg 
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Files & Rasp:Flat Bastard File, Flat Mill File, Half Round Wood Rasp, Round Bastard File (Top-Bottom). Files are used on metal and rasps are used on wood. Note surface detail.
(Cold and Hot Metal) file1.jpg 
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Forge:Forge. Used to heat metal for shaping.
(Cold and Hot Metal) hot1.jpg 
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Hack Saw:Hack Saw. Used for cutting metal.
(Cold and Hot Metal) saw5.jpg 
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Machine Thread Die:Machine Thread Die. 
(Cold and Hot Metal) die1.jpg 
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Machine Screw Die:Machine Screw Die.
(Cold and Hot Metal) die2.jpg 
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Shear.:Shear. Used for cutting sheet metal.
(Cold and Hot Metal) shear2.jpg 
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Hydraulic Shear:Hydraulic Shear.
(Cold and Hot Metal) shear1.jpg 
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Grinder:Grinder. Used for shaping and sharpening metal.
(Cold and Hot Metal) grinder.jpg 
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Drill Press:Drill Press. Used for boring holes in metal, wood, and plastics.
(Cold and Hot Metal) spower6.jpg 
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Sheet Metal Brake:Sheet Metal Brake. Used for bending sheet metal.
(Cold and Hot Metal) brake.jpg 
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Tapered Shank Twist Drill:Tapered Shank Twist Drill.
(Cold and Hot Metal) drill1.jpg 
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Die and Stock:Die Stock (top) and Die. 
(Cold and Hot Metal) die4.jpg 
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Machine Thread Taper Taps:Machine Thread Taper Taps. National Course (Top) and National Fine (Bottom)
(Cold and Hot Metal) tap4.jpg 
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Tap Handles:Tap Handles
(Cold and Hot Metal) tap3.jpg 
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Gauges:Sheet metal and screw pitch gauges (L-R). The sheet metal gauge is used to determine the thickness (gauge) of sheet metal. The screw pitch gauge is used to determine the thread/inch of a thread (pitch).
(Cold and Hot Metal) gauge2.jpg 
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Standard Screwdriver:Standard Screwdriver
(Cold and Hot Metal) screwdriver1.jpg 
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Phillips Screwdriver:Phillips Screwdriver
(Cold and Hot Metal) screwdriver2.jpg 
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Calipers/Dividers:Outside Calipers, Inside Calipers, Dividers (L-R). Calipers and dividers are used for measuring. Dividers can be used to scribe circles on metal.
(Cold and Hot Metal) metal1.jpg 
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Adjustable Wrench:Adjustable Wrench
(Cold and Hot Metal) wrench1.jpg 

[image: image52.jpg]



Pop Rivet Tool:Pop Rivet Tool. Used to install pop rivets.
(Cold and Hot Metal) rivet1.jpg 
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Bent Nose Pliers:Bent nose pliers. Similar to needle nose in shape.
(Cold and Hot Metal) plier2.jpg 

[image: image54.jpg]



Combination Square:Combination Square. Combines 90 and 45 degree angles and a level. Most models contain a small scratch awl.
(Cold and Hot Metal) square3.jpg 
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Scratch Awl:Scratch Awl. Used for marking on metal.
(Cold and Hot Metal) awl.jpg 
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Aviation Snips:Aviation Snips. Left and Right (Green, Top).
(Cold and Hot Metal) snip3.jpg 
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Straight Snips:Straight snips are a general purpose snip used to make straight cuts.
(Cold and Hot Metal) snips Straight.jpg 
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Hex Keys:Hex Keys.
(Cold and Hot Metal) wrench2.jpg 
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Duckbill Snips:Duckbill Snips are used for making straight cuts. The narrower blade allows easier manuvering.
(Cold and Hot Metal) snip2.jpg 
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Aviation Snips:Aviation Snips (Straight)
(Cold and Hot Metal) snip1.jpg 
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Drills:Auger bit, Spade bit, Carbide Tipped Masonry Drill, Twist Drill
(Cold and Hot Metal) drill4.jpg 
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Sharpening Stone:Sharpening Stone. Used for honing the edge of a cutting tool. Notice two sides have different grits.
(Cold and Hot Metal) stone1.jpg 
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Oxygen Regulator:Oxygen Regulator. Note pressure range.
(Gas Welding) welding6.jpg 
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Acetylene Regulator:Acetylene Regulator. Note pressure range
(Gas Welding) welding5.jpg 
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Torch Tips:Torch Tips. Rosebud heading tip, cutting tip, welding tip (Top-Bottom).
(Gas Welding) welding4.jpg 
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Tip Cleaner:Tip Cleaner. Used for cleaning welding tips.
(Gas Welding) welding2.jpg 
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Welding Goggles:Welding Goggles. Used for Gas welding.
(Gas Welding) welding8.jpg 
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Retractable Steel Tape:These tapes come in lengths from 6 feet to 30 feet with blade widths from 1/2" to 1".
(Measuring/Survey) RetractableSteelTape.jpg 
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Tape Clamp Handle:The clamp handle is attached to a surveyor's tape and used to pull it tight.
(Measuring/Survey) tapeClampHandle.jpg 

[image: image70.jpg]



Rod Target:The target slides up and down on the rod and is used to locate the rod reading in the telescope of of a level.
(Measuring/Survey) Target.jpg 

[image: image71.jpg]



Tripod:The tripod is used to support a transit, level, or other instrument. The legs are adjustable and the legs end in a sharp point that will penetrate the ground.
(Measuring/Survey) tripod.jpg 

[image: image72.jpg]



Rod Scale:The scale shown is in feet, 10ths of feet and 100ths of feet and is the one commonly used for surveying.
(Measuring/Survey) Rod3.jpg 
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Surveying Rods:Philadelphia Rods measure the distance from the ground to the target. Direct Elevation rods are adjustable and read in direct elevation (numbers get bigger closer to the ground). The laser target is used to adjust the direct elevation rod to the height of the laser beam.
(Measuring/Survey) Rod2.jpg 
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Global Positioning System Receiver:GPS receivers have a wide range of applications from navigation to surveying. They used satellites to determine horizontal and vertical position. Accuracy ranges from 15m to 2cm.
(Measuring/Survey) GPS.JPG 
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Open Reel Tape:Open Reel Tape. Used for building layout. Typical lengths 100'-300'
(Measuring/Survey) tape1.jpg 
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Vinyl Flagging Tape:Colored tape used to mark survey points. Can be tied to stakes, trees, etc. 
(Measuring/Survey) VinylFlaggingTape.jpg 
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12 Point Combination End Wrench:A combination end wrench with a 12 point box end. A 12 point wrench requires less rotation to reinstall the wrench on the nut.
(Mechanics/Machinery) 12ptMetricCombo.jpg 
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Box End Wrench:A box end wrench is closed on the ends and must be slipped over the nut to use it. Commonly the ends are either of different sizes or of different angles.
(Mechanics/Machinery) BoxWrench.jpg 

[image: image79.jpg]



Open End Wrench:The open end wrench can be inserted on the nut from the side, however it will not hold as well as a box end wrench. End are commonly of different sizes or of different angles.
(Mechanics/Machinery) OpenEndWrench.jpg 

[image: image80.jpg]



6 Point Combination End Wrench:Combination end wrenches contain both an open end and a box end (of the same size). A 6 point box end will hold the nut better than a 12 point wrench.
(Mechanics/Machinery) 6ptCombo.jpg 
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Adjustable End Wrench:Adjustable end wenches come in various sizes denoted by handle length (ex 6", 10", 12").
(Mechanics/Machinery) AdjustableWrench.jpg 
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Socket Driver:Socket drivers are used with small (commonly 1/4") drive sockets in applications where low torque is required.
(Mechanics/Machinery) SocketDriver.jpg 
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Sliding "T" Handle:The sliding "T" handle is used to drive sockets and can be used in a "T" or "L" configuration.
(Mechanics/Machinery) SlidingThandle.jpg 
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Flex Handle:The flex handle is used with sockets where high torque is needed. The drive is swiveled so the flex handle can be used at other than 90 degree angles.
(Mechanics/Machinery) Flexhandle.jpg 
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Speed Handle:Speed handles are used to drive sockets when low torque and high speed are required. 
(Mechanics/Machinery) SpeedHandle.jpg 
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Deep Socket:Deep sockets (6 and 12 point) are used to drive nuts where the bolt protrudes beyond the point a standard socket can be used. 
(Mechanics/Machinery) 12ptDeepSocket.jpg 
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12 Point Socket:Twelve point sockets can be used to drive both square and hex nuts. However, the have less bearing surface on the nut and will tend to slip.
(Mechanics/Machinery) 12ptSocket.jpg 
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6 Point Socket:The 6 point socket is used where maximum torque will be applied to the nut or bolt head. Since the shape of the socket matches the hex nut it is less likely to slip or deform the nut under high torque stress. Sockets are sized by the sized of the drive and nut (ex. 1/2" drive 3/4" socket)
(Mechanics/Machinery) 6ptsocket.jpg 
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\\




Ratchet Handle:Socket ratchet handles are described by the size of square drive (ex. 1/4", 3/8", 1/2", 3/4") and are used to turn sockets.
(Mechanics/Machinery) ratchet.jpg 

[image: image90.jpg]



Torque Wrench:The torque wrench has a sock drive and is used to apply a precise amount of torque to a nut or bolt. Torque wrenches may have a dial indicator, digital readout, or simple slip when the preset torque is reached. 
(Mechanics/Machinery) TorqueWrench.jpg 
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Spark Plug Gap Gauge:Used for setting the gap of a spark plug. This gauge is round so it can measure the closest gap.
(Mechanics/Machinery) SparkPlugGapGauge.jpg 
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Feeler Gauge:The feeler gauge contains a series of blades of different thicknesses. These are used to measure tolerances (ex. ring gap).
(Mechanics/Machinery) FeelerGauge.jpg 

[image: image93.jpg]



Battery Post Cleaner:The battery post cleaner is used to clean the connections to a lead acid storage battery. It has wire brushes shaped to clean both the post and the battery clamp.
(Mechanics/Machinery) BatteryPostCleaner.jpg 

[image: image94.jpg]



Ring Compressor:Ring Compressors are used to hold the rings of a piston in place while the piston is inserted in to the cylinder.
(Mechanics/Machinery) RingCompressor.jpg 
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Compression Gauge:The compression gauge is used to measure engine cylinder pressure.
(Mechanics/Machinery) CompressionGauge.jpg 

[image: image96.jpg]



Gear Puller:Pullers are used for removing gears and bearing from shafts. They come in different configurations including 2 and three jaw.
(Mechanics/Machinery) gearPuller.jpg 

[image: image97.jpg]



Oil Filter Wrench:Used to remove "spin on" oil filters.
(Mechanics/Machinery) OilFilterWrench.jpg 

[image: image98.jpg]



Cotter Pin Puller:The pointed and hooked end of this tool is used to grab the "eye" of the cotter pin and remove it.
(Mechanics/Machinery) CotterPinPuller.jpg 

[image: image99.jpg]



Gasket Scraper:Used to remove gaskets from engine blocks and other machinery.
(Mechanics/Machinery) GasketScraper.jpg 

[image: image100.jpg]



Mallets:Mallets. Soft head and Rawhide (L-R). Used to drive parts without damaging the surface. Rawhide mallets are used with wood chisels.
(Miscellaneous) mallet2.jpg 

[image: image101.jpg]



Fence Pliers:Fence Pliers. Used for working with wire fencing and fence wire fasteners.
(Miscellaneous) pliers1.jpg 

[image: image102.jpg]



Engraver.:Engraver. Used for marking tools and other objects. Carbide tipped.
(Miscellaneous) eng1.jpg 

[image: image103.jpg]



Safety Glasses:Safety Glasses (Clear).
(Miscellaneous) glasses.jpg 

[image: image104.jpg]



Putty Knife:Putty Knife. 
(Painting) knife1.jpg 

[image: image105.jpg]



Water Pump Pliers:Water Pump Pliers.
(Plumbing) pliers1.jpg 
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Pipe Wrench:Pipe Wrench
(Plumbing) wrench3.jpg 
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Pipe Reamer:Pipe Reamer. 
(Plumbing) plumb3.jpg 

[image: image108.jpg]



Pipe Vise:Pipe Vise.
(Plumbing) vise3.jpg 
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Pipe Die:Pipe Die.
(Plumbing) plumb2.jpg 
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Die Handle:Pipe Die Handle. Note built in ratchet.
(Plumbing) plumb1.jpg 
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Pipe Tap:Pipe Tap
(Plumbing) tap2.jpg 
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Pipe Cutter:Pipe Cutter.
(Plumbing) cutter4.jpg 

[image: image113.jpg]



Plastic Pipe Cutter:Plastic Pipe Cutter. Used to cut small diameter PVC and CPVC Pipe.
(Plumbing) cutter1.jpg 
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Tubing Cutter:Tubing Cutter. For cutting small copper and steel tubing.
(Plumbing) cutter5.jpg 
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Flaring Tool:Flaring Tool. Used for copper tubing.
(Plumbing) tube1.jpg 
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Propane Torch:Propane Torch. Used for soldering.
(Plumbing) torch1.jpg 

[image: image117.jpg]



Copper Pipe Tools:Fitting cleaning brush, pipe cleaning brush, Paste Flux, flux brush, and solder (L-R). Used for soldering copper pipe.
(Plumbing) copper1.jpg 
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Hand Screw:Hand Screw. Used to clamp wood projects.
(Wood/Construction) clamp6.jpg 

[image: image119.jpg]



Pipe Clamp:Pipe Clamp. Used for clamping wood or metal parts.
(Wood/Construction) clamp3.jpg 

[image: image120.jpg]



Bar Clamp:Bar Clamp. Used for clamping wood and metal.
(Wood/Construction) clamp2.jpg 

[image: image121.jpg]



Wood Chisel.:Wood Chisel. Note hollow ground edge.
(Wood/Construction) chisel2.jpg 

[image: image122.jpg]



Framing Hammer.:Framing Hammer. Note length and face and straight claws. About 22 oz. 
(Wood/Construction) hammer1.jpg 

[image: image123.jpg]



Curved Claw Hammer.:Curved Claw Hammer. Used for finishing work. Face is smooth and rounded. Typical weight 13-16 oz.
(Wood/Construction) hammer2.jpg 
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Shingler's Hatchet:Shingler's Hatchet. Used to installing wood shingles or shakes.
(Wood/Construction) hammer4.jpg 

[image: image125.jpg]



Bars:Rip Bar, Pry Bar (Top-Bottom).
(Wood/Construction) bar1.jpg 
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Forstner Bit:Forstner Bit. Used to make flat bottom holes in wood.
(Wood/Construction) drill3.jpg 
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Back Saw.:Back Saw. Sometimes called a miter saw. Used for fine cutting.
(Wood/Construction) saw6.jpg 
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Coping Saw:Coping Saw. Small fine blade is used for cutting intricate shapes. Cuts on the draw stroke.
(Wood/Construction) saw4.jpg 
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Hand Saw:Hand Saw. Used for cross-cutting if teeth are sharpened as shown on left. Cross-cut saws generally have 10-16 teeth/inch. Rip (with the grain) saw if teeth are sharpened as shown on the right. Generally 6-8 teeth per inch.
(Wood/Construction) saw3.jpg 
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Keyhole Saw:Keyhole Saw. Used to cut holes in wood.
(Wood/Construction) saw1.jpg 

[image: image131.jpg]



Wood Vise:Wood vise. Note: Screw releases allowing rapid adjustment of the jaws. Jaws are smooth to prevent damage to the wood.
(Wood/Construction) vise2.jpg 

[image: image132.jpg]



Files & Rasp:Flat Bastard File, Flat Mill File, Half Round Wood Rasp, Round Bastard File (Top-Bottom). Files are used on metal and rasps are used on wood. Note surface detail.
(Wood/Construction) file1.jpg 
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Jointer Plane:Jointer Plane. Note very long tail (right of handle). Used to smooth the edges of lumber for joining. 
(Wood/Construction) plane1.jpg 
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Sliding "T" Bevel:Sliding 'T' Bevel. Used to mark angles.
(Wood/Construction) construction2.jpg 
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Jack Plane:Jack Plane. Note extended tail (right of handle). Used for rough shaping of wood with the grain.
(Wood/Construction) plane2.jpg 
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Block Plane:Block Plane. Used to plane the end grain of lumber.
(Wood/Construction) plane4.jpg 
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Nail Sets:Nail Sets. For countersinking nail into wood.
(Wood/Construction) wood1.jpg 
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Rafter Marking Square:Rafter Marking Square. Notice rafter and degree markings.
(Wood/Construction) square1.jpg 
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Try Square:The Try Square (for trying square) is a simple square with a rule (often in 1/8 markings) on the tongue.
(Wood/Construction) square2.jpg 
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Smoothing Plane:Smoothing Plane. Use for planing the flat surface of lumber with the grain. (No tail.)
(Wood/Construction) plane3.jpg 
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Framing Square:Framing Square. Also called steel or carpenter's square. Used for framing structures. Tables on the square aid in cutting rafters, determining board feet, cutting octagon beams, and braces.
(Wood/Construction) square5.jpg 
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Counter Sink:Counter Sinks. Used to prepare a hole for flat head wood screws.
(Wood/Construction) drill2.jpg 
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Level:Level. Used to determine level or plumb.
(Wood/Construction) level1.jpg 
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Torpedo Level:Torpedo Level. For small projects. Some have a magnetic strip to hold level to machinery.
(Wood/Construction) level2.jpg 
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Jig Saw:Jig Saw. Sometimes called a Saber Saw. Various blades are available to cut wood, plastic, and metal.
(Wood/Construction) power5.jpg 
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Palm Sander:Palm Sander. Used for finish sanding.
(Wood/Construction) power3.jpg 
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Orbital Sander:Orbital Sander. For finish sanding.
(Wood/Construction) power2.jpg 
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Belt Sander:Belt Sander. Used for course sanding.
(Wood/Construction) sander2.jpg 
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Router:Router. 
(Wood/Construction) power1.jpg 
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Electric Drill:Electric Drill.
(Wood/Construction) power4.jpg 
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Electric Drill:Electric Drill (Battery powered.)
(Wood/Construction) power6.jpg 
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Sander:Sander. A combination of a belt and circular sander on a single stationary tool.
(Wood/Construction) spower1.jpg 
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Circular Saw. :Circular Saw model typically used for light construction.
(Wood/Construction) power7.jpg 
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Power Miter Saw:Power Miter Saw. Used to cut angles in small size lumber such as molding.
(Wood/Construction) spower3.jpg 
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Band Saw:Band Saw. Used for making curved cuts.
(Wood/Construction) spower5.jpg 
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Radial Arm Saw.:Radial Arm Saw. Used for cross-cutting and ripping of lumber. Can cut compound angles.
(Wood/Construction) spower2.jpg 
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Table Saw.:Table Saw. 
(Wood/Construction) spower4.jpg 
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Drills:Auger bit, Spade bit, Carbide Tipped Masonry Drill, Twist Drill. Auger bit, Spade bit, and twist drill are used for wood. 
(Wood/Construction) drill4.jpg 
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Marking Gauge:Marking Gauge. Used to make marks parallel to the edge of a piece of wood.
(Wood/Construction) gauge1.jpg 
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Chalk Line:Chalk Line. Used to mark straight line. The tool contains a reel of string and colored chalk
(Wood/Construction) construction1.jpg 
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Drywall Sander:Drywall Sander. Used for smoothing drywall after taping.
(Wood/Construction) sander1.jpg 
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Drywall Saw:Drywall Saw. 
(Wood/Construction) saw2.jpg 
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Drywall Trowel:Drywall Trowel. Used for taping and patching drywall.
(Wood/Construction) trowel1.jpg 
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Drywall Hammer:The drywall or sheet rock hammer is used to drive nails in drywall. The hatchet end is used for trimming.
(Wood/Construction) hammer10.jpg 
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Stapler:Stapler
(Wood/Construction) stapler.jpg 
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JOB 13-1

Forming and Fastening
b Cold Metal

GOALS

1. To demonstrate the ability to cut and bend flat
stock, round stock, and pipe. S

2. To identify and be able to use the common
fasteners used in metal working.

REFERENCE

Working in Agricultural Mechan)’cs‘, ““Forming and
Fastening Cold Metal,’’ Chapter 13, pages 149-167.

PROCEDURE

1. ~ Complete the exercises that follow.’ _

2. Follow all safety rules when handling tools and
- materials. ' '

3. Label your materials and turn in for grading.

KEY POINT

1. Study tools and materials found in the shop as
well as those discussed in the reference text.

ACTIVITIES -

1. Identify the tools by their correct name.
2. Label all parts of each tool.

Yool A

(3)

(5)

(-
{Name of Tool)

(6) Primary uses are to cut:

Tool C

(D
{Name of Tool)

(6) List the shapes of steel that can be shaped with
this tool.

@ .@37
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Continue turning the die stock
clockwise and add cutting oil
after each turn. Down pres-
sure is no longer needed
because the die will draw
itself on the work.

thread

die stock
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vise

Cutting the Thread with The
Stock and Die

Back up the die after the threading has started in order to break up the
chips,

Back up one turn and go forward two turns until the desired thread
length is obtained.

Remove the die by turning counterclockwise.

Brush and -clean the threads and screw the desired nut on the boit or
rod.

Clean, oil, and properly store the die and die stock after the job is
completed.
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SKILL SHEET - THREADING HOLE FOR 3/8" STUD WITH NATIONAL
COARSE THREADS

Materials Needed:
Vise
Tap assortment and tap wrench
Metal stock or nut with 5/16" diameter hole drilled in it
Cutting oil or tap lubricant
Tap drill size chart

NOTE:
If the threaded hole is to be for a 3/8" stud with National Coarse threads,
refer to the tap drill size chart and note that the drilled hole must be 5/16"
in diameter. Also note there will be 16 threads per inch.

Procedure and Illustration:

A. Secure the metal stock or nut in a vise.

B. Use a3/8 x 16 N. C. taper tap.

C. Start the tap carefully and use cutting oil or tap lubricant on the tap.

.D. Turn the tap wrench one or two
turns to the right, then back the
tap out about one-half turn to
break the chip. \ N

E. Complete the tapping process N SN
by turning the wrench to the '.
right. _

F. Remove the tap by turning to . turn slowly
the left when the threads are to the right
completed. Q%.

keep ta SR
squI::xrep % - tap wrench
with hole A4

\,__/
l 3/8 x 16 NC.

use lubrication taper tap

when required

vise
metal stock
or nut

G. Properly clean, oil, and store the tap after job is completed.

B ®
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National Coarse (NC) National Fine (NF)

Size of Tap Drill Threads Tap Drill Threads
Bolt Thread Size Per Inch Size Per Inch
3 ' 47 48 45 56
10 25 24 5/32 or 21 32
1/4" 13/64 0r 7 20 7/32 or 3 28
3/8" 5/16 16 21/64 24
1/2" 27/64 13 29/64 20
5/8" 17/32 11 37/64 18
374" 21/32 10 11/16 16
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