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INTRODUCTION

This material is prepared to aid the teacher of Vocational
Agriculture to do more efficient instruction in farm forge work and to
be of help to'members in the all day, part-time and evening classes in
Vocational Agriculture throughout the state in performing the common
repair jobs needed on the farm.

The jobs are arranged in a logical teaching order. No one job
should be overlooked.

The farmer is not only a producer of agricultural products but
he is, because of necessity, a farm mechanic. Every farmer has the
problem of keeping the farm machinery in working condition. Many
situations arise where the farmer will have to do various repair jobs
or buy new equipment.

If there is money to spend, any farmer can go to the hardware
store and buy new equipment, but fortunate and economical is the
farmer who can also make new ones out of scrap iron. It is the
latter type of farmer who invests his spare money, which he has saved
through his own economy, to bridge the lean years that every farmer
knows will be his visitor sooner or later. Teachers of Vocational
Agriculture must have foresight and knowledge of this fact in order
to prepare boys to make a success of their chosen vocation, that of
farming.

Within recent years, the country blacksmiths have disappeared
rapidly. The smiths are becoming old and unable to carry out the
duties required of a blacksmith. It is quite evident that very few



2.

young men today are following this trade. In many sections of the coun-
try a farmer is compelled to travel several miles to a blacksmith. Some-
times he travels ten to fifteen miles.

The average farmer can save many dollars by having his own repair
shop and doing his own repair jobs. This would not be taking the work
away from the blacksmith, because the blacksmiths are leaving the work
to the farmers. By a thorough study of this book thé farmer, egricul-
tural instructor, or student can set up his shop and perform the needed
jobs. This work, as well as any other work that requires practice to
become skilled in, must be done carefully and performed several times
before becoming efficient. The farmer can teach his hired help some
of the fundamentel skills and on rainy days or rough winter days the
laborer could be employed. The amount of repair work that can be done
on the farm by the use of a forge is-unlimited.

Most people can teke seversl pieces of lumber, a saw, hammer,
end nails and make a box. But when one works with metal he must be
familiar with the properties of the metals to be worked with, their
reactions to heat and the use to be made of them. This cannot be
done by merely guess work, but by a thorough study of the skills in
forge work.

This matter of inventorying and surveying ferm machinery, tools
and equipment, and shop jobs cannot be over-emphasized, since farming
is becoming more of a business each day. A successful farmer today
needs to be as good a business man as a man who heads a factory. No
good business man attempts to carry out his work without careful

planning.
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Agricultural Instructors should encourage students to bring to school
scrap iron such as bolts, rings, rake teeth, old axles, Model-T magnets,
end with these perform many useful jobs in the shope.

The smount of forge work to be done in a community will depend upon
the type of farming being followed. For example, there would, in all
probability, be more forge work done in a general farming area than in a

cotton and tobacco section.

It is hoped that this material will aid in the establishment of
more forge shops throughout the state, even if the shop at the beginning
has only a few tools, and that every farmer and agricultural instructor

will reap some benefit.



PROCEDURE AND SOURCE OF INFORMATION

The author made a study of farm forge jobs that are most commonly
taught, done, and needed in the school and on the average farm in
Virginia. A list of these jobs was made and 48 of the most important
jobs were selected. The jobs were arranged in what seemed to be a
logical teaching order.

Job sheets which had previously been worked up in the Department
of Vocational Education, which consisted mainly of wood working jobs,
were studied in an effort to determine the best possible procedure
to follow in working up a job in the farm forge work.

The technical information of this study was gotten from
specialists in the Industrial and Agricultural Engineering Departments,
skilled mechanics in private and public employment, literature
available on forge work, and experience of the author.

This meterial was studied and assembled and illustrations made
to accompany the procedures.

Practically all these jobs have been tried out by the author.

To prove that the procedures and illustrations were correct, this

information was checked by a specialist in farm forge, Industrial

Engineering Department, V. P. I.

S A
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INVENTORY AND SURVEY OF FARM MACHINERY

dob 1

Dollars upon dollers are lost annually on the farm., This is due
chiefly to the putting off the repair jobs until time the machinery is
to be used. For example; when the harvesting is through with the
binder should be surveyed and all repair jobs listed. This should be
done very soon after finishing with that piece of machinery in order
that many of the repair jobs will not be forgotten. The repairing
should come during the fall or winter at some spare time. For machinery
and equipment that is being used continuously throughout the year, it
would be practical to survey every month or so. As the saying goes, "A
stitch in time saves nine®, that is true on & farm if anywhere. For
example; if a farmer takes his binder into the field and starts cutting
wheat, after several hours work, a roller or canvas wears out, which
was in need of repair at the end of last season. Suppose this farmer
had four men shocking wheat and was paying them at the rate of 20 cents
sn hour, during the course of a day or two he would lose several
dollars. Another example, suppose after the binder had cut several
rounds, a wheel would wear out and it would be necessary that the
piece be purchased from the factory. This may delay the cutting
several days and in the meantime a storm would come and ruim the wheat.
These are a couple of many instances that occur on many farms annually.
The form given here is merely a suggestion, but has proven very useful.

It is not as much the form as it is the making of the survey. Surveys
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should be made several times during the year for the different kinds of
machinery.

This form may be used by the student of Vocational Agriculture as
well o8 the farmer. Several of the more important parts have been listed
as an example. It is a very good idea to have the persons name who made
the inventory and the date it was made. In the event the inventory was
improperly made a definite check could be made on the individual at
fault. There should be a surplus on hend of the parts that are broken
quite frequently; such as shown in the last column, knives and guards
for a mower. This would save much time in a busy season. Space should
be left at the bottom for additional parts. In the event you need to
Jnow the name or serisl number just refer to your files and look in the

leaflet sent by the company.



Form I.
INVENTORY AND SURVEY OF FARM MACHINERY
MADE BY OWNER
DATE MADE
MOWER

Condition Number to
Parts Need- Esti- Time have on
to be ed mated to Actual hand while
checked _Good  Fair _repajr cogt MT'QQL”“M
Knife 4 <35 Feb. 230 10
g’___u.a__;d 3 1015 _IQ_ Py 1.2Q .__é__
Inner
Shoe
Quter
Shoe
0il I D

Pitmen




7.

Inventory and Survey of Farm Machipery

This is a master key of important farm machinery and parts to be used
when taking the inventory and survey of farm machinery.

Machinery - Parts
1. Mower Knife; guard; ledger plates; clips; inner and outer shoe;

2. Grain drill

3. Hay rake
L+ Plows
&. Feed mill

6. Grain binder

7. Corn planter

8. Manure
spreader
9. Wagon

grass boerd; Pitman; bearings; gears; pawls and springs;
levers; hitch, etc.

Furrow opener - hoe boots, bearings.

Feed mechanism - gears, chain wegr, cups, wheels.
Fertilizer ettachment - drive, gears, drop, feed control.
Hoppers; levers, wheel, and ratchet machinery, hitch, etc.

Teeth; wheels; levers; drive ratchet; hitch; rotating
cylinder and bearings; gears and ratchet.

Mold board; share; landside; beam; handles; hitch; coulter;
gage wheel; other accessories.

Grinding mechanism - plates, adjusting parts, spring
tension, nut wear, bearings, feed gates, cob crusher,
elevator or bagger.

Power transmission - belt, worm, pulleys, etc.

Canvas -~ buckles, straps, slats, etce.

Canvas roller alighment.

Roller adjustment on plstform canves.

Tying mechanism - needles, knotter, twine holder disc,
binder attachment clutch.

Timing of mechanism if repairs made; packers.

Driving mechanism.

Reel arm and slats.

Sickle guards; ledger plates and knives.

Furrow openers - runner type for wear, runner type for
bearings.

Dropping mechanisms - worm gears, plate, clutch, check
wire.

Fertilizer attachment distributors.

Wheel lubrication.

Fitch.

Runner gear - clean and lubricate, wheel pawls and ratchets,
apron, apron drive, gears and ratchets.

Spreading mechanism.

Body

Hitch

Paint and grease on running gear. Bed or body. Bolsters.
Coupling pole. Brake. Hitch.



Questions

1. When is the proper time to survey and inventory farm machinery?
2. Why should the survey be made.

3. Why is it advisable to have extra parts on hand?

8.



SURVEY OF FARM FORGE JOBS

Job 2

This survey pertains to metal work only. A similar form could be
made for other jobs on the farm as well. A4 survey of these jobs should
be done at various intervals throughout the year; however, there are
certain seasonal jobs in which a definite time should be set in which
to mske the survey; for example, sharpening ensilage cutter blades,
these should be sharpened well in advance of the time they are to be used,
as well as other jobs. There may be numerous other jobs to be added to

this list.

Need Jobs need Time
to be to be to be When

Suggested Jobs bought _repajred doge _ done
1. Fuel for the forge X May 1

2. _Cold chisels S

3. _Iron braces
4. Fittipg horge shoes
S.. _Gate hooks and hinges
6, _Stove hooks

7. Cuiting threads, pipe, etcs
8. Screw drivers

9. Pupches
10 W X_ | Mar.l

11 ep._mad X
12, Sharpen picks. X z

9.



Suggested Jobsg

Need
to be

bought,

1 d iron

Jobs need
to be

_repaired
X

Time
to be

_done

10.

When
done

Mar,l

la. orge

2 Bailed hay hook

Aug.l
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2.

3e

Suestiong

What are some of the seasonal shop jobs?
What are additional shop jobs that are not listed here?

Why should the time the job is to be completed be listed?



INVENTORY AND SURVEY OF FORGE SHOP TOOLS AND EQUIPMENT

gob 3

It is just gs essential that a survey and inventory be taken of the
forge tools and equipment as any other equipment on the farm or in the
school shop. Space should be left in the form for additional tools and

equipment that one may possess. This inventory should be teken annually.

No. Add. Date pur-

Tools & equip- on Repairs tools chased or

ment, in shop hand Make _Value =~ needed needed Cost _ repaired
I, Fire tools

1. Poker

——23 Boke
3s_Shovel
4. Dipper or

1. Straight
lipped
2, Link

3, Hollow bit
L. Pick up
5. Parrallel

Jawed

ITIT,Fammers
1, Cross peen
2. _Ball peen
—3s Sledge

IV, Chisels .
1., Hot chisel

with handle
2s_Cold chisel

3. Cold cutter

_V, Punches
1. Center
_2, Drift




Tools & equip-
ment in shop

No.
on

hand

VI. Others, Not

—Mentioned _____ ____

s Hordie

~Make

e

13.

Add. Date pur-
. tools chased or
Repairs Needed Cost repaired

_needed

2. Heading
tool

3. Fuller top
————2pd_bottom

4. Swege top

5. Flatier

6. Swage
block

1. Anvil, factory
- made

2. Anvil, home
~pade

3s _YVise

h

311 er

—. 6. _Grinder, hand

7. Grinder, power
8.__Grindstone

9. _Stock

10. Dies sizes

11, Mandrel r

12. Water tub

VIII.Minor Equipment
l. Steel square

— 2. Caliper Iule
3, Metgl files

—4s _Sandpaper

I

6. Welding flux
or borax

7. Goggles

9. Grinding wheel
dresser

P

10, Pipe wrenches
11, Monkey wrench




1.

2.

3.

Questions

Why is it essential that an inventory be made of the forge tools
and equipment?

When should this inventory be taken?

What are some additional tools that could be added to this list?
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FILING SYSTEM

Job 4

Every farm should have some form of a filing system along with
its bookkeeping. When a piece of machinery is purchased the name of
equipment, date purchased, whether second-hend or new, cost and the
condition, and from whom it was purchased, should be filed.

If the machinery is new the company generally sends a leaflet
with it. This shows the different parts and their serial numbers.
Ir case a purchase of a second-hand piece of machinery is made, one
can write to the company and they will gladly send you the leaflet
containing the serial numbers, parts, etc. This will aid & person
in purchasing the desired part of the machinery. Any filing system
that is suiteble to the individual is goods It is not so much the
filing system as the matter of keeping records. The form given is

very useful.

For example:

Name of Equipment He orse

Date purchased __April 2, 1940
Second~hand X

New

Cost _$27.00

Condition Good,

Purchased from ____JohnDoe ___ ____
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FORGES

Job 5

There are various types of forges found throughout the country. Some
are made of brick and concrete and others are the various types of factory
mede. Since the home-made forge is quite practical, a separate job will
be given to the building of one. The forge is the most essential part of
the blacksmith's equipment. The kind of forge used will depend upon the
amount of work done, kind of work done, amount of money available to
purchase one with, and the desire of the individual.

The principal parts of the forge are blower and the tuyere; that is,
when the tuyere and fire pot are considered as one. Blowers are operated
by hand or electric power. Socme forges have the down draft system, which
is found chiefly in schools or shops where a large number of fofges are
being used. For the average school and farm shop it is not advisable to
use suche A 12" to 14" fan is sufficient for the average blower. The
tuyere is that part of the forge through which the blast is conducted
from the blower to the fire pot. Since it is attached at the bottom of
the fire pan, it serves as a grate as well as an air duct. Most of the
tuyeres are combined with the fire pan. Tt is very essential that a good
size fire pan be used, especially if any heavy work is being done. For
the school and farm shop a 14" long, 12" wide and about 5% deep fire pan
is sufficient. Regardless of the type of forge used it 1s always

advisable to line and glaze the fire pot.
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Although several different types of forges will be shown, it seems
only practical that a school shop be equipped with a hand blower, since

the farm shop would, in all probability, be equipped with the hand blower.

Figure No. 1
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Figure 1 gives a clear picture of the blower and tuyere. These two
essential parts are sufficient in the building of a home-made forge. The
blower is generally located close to the forge in order that the black-
smith may turn the blower while handling the irons in the fire. The
blower may be on a stand as shown, or may be fastened to a bench. In the
majority of shops the blower is on a stand similar to this one. This
tuyere iron is excellent, since it is supplied with a revolving pick to
remove the clinkers out of the side slots; therefore, the slots can

always be kept open without distmrbing the fire from the tqp.

Figure No. 2

Figure 2 gives a good view of the tuyere. This tuyere is called
the anti-clinker, because it is supplied with a revolving pick that
removes the clinkers out of the side slots. This type of tuyere prodpces

a circular blast rather than a straight up blaste.



Figure 3 shows two different shaped tuyere ironms. Both are very

desirable.

Figure No. 4

This tuyere iron does not have the anti-clinker but is very

usefulo

19.



~ TFigure No. 5
Figure No. 5 is a forge used in light to medium work. Where the
portability is desirable, such a forge would be useful. The hood
equipped for the attachment of a pipe for a flue is very desirable.

A forge this light is not desirable for the school sﬂop. In the farm

shop where heavy work is being done, such a forge would be too light.

Figure No. 6

Figure No. 6 is not equipped with a hood, and would need to be
used chiefly where the smoke would not interfere with other equip-
ment. A hood could be placed over No. 6. No. 5, and No. 6 are not

roomy enough to handle big pieces of stock.

20.



~ Figure No. 7

Figure No. 7 is a desirable forge for general use. It has a
desirable size fire pot and also has room enough for green coal to
be kept for ready use. Larger work can be dore in this type than

in No. 5 or No. 6. :

L

Figure No. 8

Figure No. 8 lacks the deep fire pot that is essential in a forge
where much work is being done. The deep fire pan enables one to build

a deep fire.

21.



Figure No. 9

This forge is very desirable where the down draft and the power

blast is used. By having the coal box on one side of the fire pot

and the water tank on the other, this makes the work very handy.

work can be done in this forge.

Heavy



Figure No. 10

This gives the electric blower, which has its advantages over the
hand blower, but in the school and farm shop this is seldom found. It

is built for heavy work and has the coal box and water tank very handy.

23.



Figure No. 11

Where the force blast and down draft system is used, this is an
ideal forge for two workers. The water tank is placed between the two
workers. The water tank is placed between the two and the coal box on
each individual one.

It must be remembered that these forges aré rather expensive. For
the person who has much forge work to do and has very little money to
invest, it is advisable for him to buy the blower and tuyere and build

a home-made forge.

24
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Quegtions

1., What is the chief disadvantage of No. 5 for a school shop?
2. Which is recommended, the hand or power blower?

3. Why should the fire pot be large?

References
Champion Blower Company



BUILDING A HOME-MADE FORGE
Job 6

Since factory made forges are rather expensive, it seems highly
important that some space be given to the meking of a home-made forge.
In spite of the forge being called home-made, there are two important
parts which must be purchased; the blower and the tuyere, when the
tuyere and fire pan are considered as one. The blower and tuyere are
described in the job on "Selecting A Forge."

The forge may be made from concrete or brick material, depending
upon the desire of the individual. If made of brick the top should
be gone over with cement. The height should be 2'é*. This again
would depend upon the individual, or individuals doing forge work.

A tall man would generally need a higher forge than a short man.

As for the arrangement of the top, some persons prefer having a
coal box built in on the right side of the fire pan, and a water
tank built in on the left side. The drawings given in this plan
provide for a coal box., If you follow this plan and decide to build
in & water tank, simply extend the width on the left side of the fire

pan. In the event one is pinched for space, the fire box and water

tank both could be left off. There should be space enough, however, to

lay the tools on while performing a job.

A plece of flat iron can be attached in front near the top edge,

on which to hang tools. This is a distinct asset to the forge worker.

26.
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Tt enables him to have the tools out of the way while not in use, instead
of having them lying around in his way.

This plan is one of concrete. Whether it be of concrete or brick,
care must be exercised in seeing that the blower and tuyere are built in
properly. The success of the forge work will depend largely upon the
blower and tuyere.

This plen also shows the hood and pipe outlet instead of the brick
chimey. This hood and pipe system is becoming very popular in many
high schools throughout this state. This has an advantage over the
chimney in that the forge can be built out from the wall, which provides
more room to work.

If the chimney type of outlet is used make sure that ample room is
1eft on both sides of the fire pan to work with long pleces of stock.
Where a chimmey is used, it is advisable to have a small hood extending

out over the fire pan.

Points to Keep in Mind While Building s Forge
1. Understand thoroughly the blueprint.

2. Decide definitely about the advisability of building in the

coel box and water tank.

3, Decide whether or not you want a 3% curb on the three sides.
Many forges are being built without this curbe.
L. Get proper heighte.

5, Bolt legs of blower to the floor.

6. Provide ample space to remove ashes.
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7. Build in the blower and tuyere properly.

8. Make sure the pipe for the outlet is large enough to draw well.

Procedures
1. Construct a 4" concrete wall. Leave an opening 9" wide through

which to remove the ashes. Leave an opening 6% x 8% or larger in the
left side through which to attach pipe from blower. A piece of flat
iron can be attached in front on which to hang tools. Exercise care in
removing inside forms.

2. After forms have been stripped, comstruct a brick support for
the iron hearth and set it in place. Place corrugated pasteboard
around hearth to allow for expansion. About 50 bricks will be required.

3. TFill space around hearth support with broken stone, old bricks
or sand up to within 7" of the top, tamp well. Pour a bottom for the
fuel box, and set forms for it in place.

L. Finish filling space with concrete, forming top of structure.
Build curb around three sides of top 4" wide and 3" high. The legs of
the blower should set on concrete blocks in which bolts have been
embedded. This should be done where they cannot be bolted to the con-
crete floor. The roof jack, pipe and hood for the smoke outlet should
be made of heavy galvanized iron #22 gauge. Five bags of cement should
be sufficient using 1:21:5 mix. Brick may be used instead of concrete

except for the tope.
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Quegtions

1. Why is it advisable to keep the forge out of the corner?

2. Which material would you prefer in making your forge from,
concrete or brick? Why?

3, Would it be necessary to use a hood to extend over the fire pan,

when a chimney is used? Why?

Reference
Drawings furnished by State Department of Education.
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LINING AND GLAZING THE FORGE

dob 7

The metal in fire bowls will burn out in time, but when properly
lined and glazed will last indefinitely. This job can be done with
very little labor and coste The forge is expensive enough that we
cannot afford to permit the fire bowls to burn out due to the neglect
of lining and glazing. Forges should be lined and glazed each year,

depending upon the use of the forge and the condition of the lining.

Tools - Small platform or box to mix the materials in, fire shovel,
poker.
Materials - Fire clay, cast iron turnings, common salt, sal ammoniac,

wood shavings, fire cinders, burnt sand.

Operation 1. Mixing Lining Materials

1. Mixtures

A. 20 parts clay (fire clay is preferred but is rather
expensive.

20 parts cast iron turnings.
1/2 part sal ammoniac
This makes a good lining materials

Be 20 parts clay (fire clay is preferred but is rather
expensive.

20 parts burnt sand or fire cinders.

1/2 part sal ammoniac.



Notice that two substitutions may be made for iron turnings,
depending upon the available material.
C. Clay is very good, but it has a tendency to crack if used by
itself.
2. Enough water should be added to the above mixtures to make a
plastic mass. The water should be worked in well. The mixture should be

pliable enough to work easily without crumbling.

Operation 2. Applying the Lining

1. Mix clay and water into a liquid solution. If the bowl has been
lined before, remove all loose material and wash bowl with the liquid
solution, then apply lining.

2. Apply the lining to the fire bowl with the hands. Use the hands
to shape the mass over the fire pan. The thickness will depend upon the

type of fire bowl.

Figure No. 1
In Figure 1, the bowl should be rounded. Therefore, more lining

would be required for Figure l.
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Figure No. 2
In Figure 2 the pan is rounded and requires less. But in

either type of pan attempt to make the lining about 2 inches thick.

Operation 3. Glazing the Fire Bowl
Materials - common salt, or graphite.
1. Lining should be permitted to dry three to four hours, and,
if possible, one day before being glazed.
2. Sprinkle salt on lining or whitewash with graphite solution.

3. Use shavings and start a small, slow fire.

Figure No. 3
4. There is a danger of cracking the lining if heated too rapidly.
5« Bake the lining thoroughly.
6. After being thoroughly glazed, you may build the forge fire.
7. Graphite may be made into a whitewash and applied to the lining
then heated as the above operation. However, many use salt in preference

to graphite since it is very economical and is generally at hand.



1.
2.
3.
he

1.

2.

34.

Questions .

Why line the fire bowl of a forge?
What will result if you heat the lining too fast while glazing?
Why shouldn't clay be used by itself as a lining for the forge?

When do you apply salt in this job?

References

%Repairing Farm Machinery and Equipment® - G. H. Radebaugh.
Individuals in Industrial Engineering Department.
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BUILDING A HOME-MADE ANVIL
Job 8

There is a necessity for an anvil in every farm shop. The cost of
purchasing a factory made anvil is sometimes prohibitive on a farm.
This home-made anvil can be made at a very low cost. On many occasions
in the school shop there is a -demand for several anvils. This could be
. taken care of by building a home-made one. Also this anvil can be moved
to various places in the shop. The one shown in the drawing is made
from a piece of railroad rail, so arranged on the frame work that either
side of the rail mey be placed up. (Figure 2) This is more advantageous
than placing the rail on a large block. By being placed on the form,
this provideé more room to work around, and also allows the narrow edge
to be placed up to do bending if necessary. Many times one can obtein
these rails at a railroad station. The matter of cutting the rail and

building the anvil is very simple.

Tools and Equipment - Claw hammer, nails, screws, wood saw, steel square,

fine chicken wire, steel brace and bit, wood brace and bit, cold cutter,

sledge hammer.
Materials - Rail, lumber, bolts, scrap iron, water.

Operation 1. Determining the Length
of Anvil.

1. The length will depend upon the individual's own desire.

2. The one in the drawing is 30%.



3. It is advisable to choose one of medium length, in order that

will not be bundlesome in the event you desire to move it.

Operation 2. Cuttinz the Rail
l. Take a cold cutter and sledge hammer and mark or chip all the

way around, where you want to cut.

2. Pour water on markings.

3. Turn face of rail up.

4. Place cold cutter on face of rail at the mark and hammer with
sledge hammer,

5, If this fails to break the rail, place a prize toward end of
rail that piece is to be cut from and be sure to put a solid block
directly under the mark of the rail.

6. Hammer the cold cutter while pressure is exerted on the prize.
This should break the rail very easily.

7. You may just mark with cold cutter and sledge hammer, pour
water on the markings, and pick up one or both ends and let it fall

on ground, it should break with the fall.

Operation 3. Bill of Material
l. 2 -2% x 8" x 32%
2 4 - 1% x 8" x 24"
3. 1 - Railroad rail 30"
4e 1 - Round headed machine bolt 6%
5, 2- Strap iron 13" x 6"

6. 4 - Bolts, tap and washers, 3*

36.
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7. 1 - Piece of fine mesh chicken wire 24" x 32" or wood to cover
same place.

8. 12 - 10 d nails.

9. 16~ Screws 2" long.

10. Small piece of material to hold chisels, punches, rule, file
and header, and steel square.

This bill of material is one of the many you may use. For instance,
you may use 2® x 10" x 30" for upright pieces if you so desire and
change other material accordingly. Any kind of lumber will be sufficient
for this anvil, depending entirely upon the kind you have at hand. Strap

iron is suggested, but if you do not have it at hand, build your anvil

accordingly.

Operation 4. Preparing the Rail
This deals entirely with the matter of drilling holes in the rail,

for the use in punching holes or in riveting. There may be other uses
made of them, these being the main ones. The number of holes will
depend entirely upon the desire of the individual making the anvil. For
general purposes, two punching holes of different sizes are sufficient,

with two or three counter sunk depressions for the use in riveting.

Operation 5. Building the Anvil
In general, the drawing should clarify most of the situation,

however, there are several points that should be called to your

attention.
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1. When deciding upon the length of cross pieces, always have in
mind the length of the rail, since it is advisable to have the rail
extending beyond the end of the frame. This makes the anvil much
handier for doing much of the ordinary work.

2., Where screws are available it is desirable to use them instead
of nails, as the screws would make it more stationary; however, nails
are sufficient.

3. Tools can be easily placed on each end of the frame, which
will not interfere with the work and will make them very handy. (Figures
3 and 7).

4e Always champer the top end of the upright pieces, as it will
make the working much easier. (Figure 1).

5., It is suggested that wire or boards be used as shown in
Figure 1. There may be times when you would need to lay some of your

work or tools in it temporarily.
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Suestions

What is an advisable length for the face of the anvil?
What metal is the anvil made from?

Can the anvil be moved about in the shop?

What advantages are there in having an anvil like this?

What use can be maede of the holes that are in the face of

the anvil?

1.

2.

References

"Farm Mechanics® - Mississippi Agricultural Experiment Station.

"Farmers Shop Book®™ - Roehl.



TOOLS AND THEIR USES

dob 9

Every person who works in forge has need at various times for certain
tools. The number and kind of tools depends entirely upon the nature of
the work. The majority of the blacksmiths work is done with the same
tools. I have listed a major portion of the tools used in a forge shop. .
However, those listed will take care of the majority of forge jobs done
on the average farm and in the school.

Tt is highly important that one familiarizes himself with the various
tools and their uses before attempting a job. It is not so much the
number of tools that counts in the production of work of a high quality
as it is the ability and skill of the workman. The number of tools used
by a blacksmith are small compared with those used by a mechanic.

In case of doubt about the use of certain tools the student or
jndividual should study carefully the uses mentioned. It is far better,
therefore, to learn a few things thoroughly than to learn many in a

slipshod manner and to be unable to use them later when they are needed.

For, 00
A. Fire Tools.
Figure 1. Poker,
Figure 2. Rake.

Figure 3. Shovel.

Figure 4. Dipper or sprinkler.



B.

C.

D.

E.

F.

Tongs.

Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10.

Hammers.

Figure 1l.
Figure 12.
Figure 13.
Figure 14.

Chisels.

Figu.re 15 .
Figure 16.

Figure 17.

Punches.

Figure 18.
Figure 19.

Proper and improper use of tongs.

Straight lipped.
Pick up.

Hollow bit or bolt.
Pick up tongs.

Parallel jawed.

Cross-peen hammer
Straight peen
Ball-peen hammer

Sledge hammer.

Hot chisel with handle,
Cold chisel.
Cold cutter.

Center punch.

Drift punch.

Other tools not classified above.

Figure 20.
Figure 21.

Hardie.

Heading tool.

Figure 22. Fuller top and bottom.

43



Figure 23. Swage top and bottom.
Pigure 24. Flatter.

Figure 25. Swage block.

A. Fire Toolge Fire tools are used in connection with the forge.
An individual can easily make his own fire tools after studying some of
the more fundamental jobs of forge. He can also substitute a tin can
with holes punched in the bottom for a dipper. The use is listed with

each tool.

©

Figure 1. Poker used to clean the coal and adjust the fire.

© =)

Figure 2, Rake - remove the clinkers and slag and build up fire,

e ——(]

Figure 3. Shovel.

Figure 4. Sprinkle edges of the fire.
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B. Tongs. - Tongs are used to hold the stock upon the anvil while
being forged. They are also used in placing the stock ir the fire and
in removing it from the fire. The kind of tongs used will vary with the
size and shape of the stock. Blacksmiths may have as many as 25 or 30,
but for the average jobs done on the farm only a few would be necessary.
The flat lipped and bolt tongs are the basic ones. Flat lipped are used
chiefly in holding flat or square stock, while the bolt tongs are used
in holding cylindrical stock. The size of the throat will determine the
size of stock to be used with those particular tongs, as the jaws must
fit pasrallel to the stock. Since a wide variety of tongs canmnot be
purchased, it is advisable for the forge worker to heat the throat of
the tongs to a cherry red and fit them according to the stock being

worked with,

gg:-@-

VVronq Wrong |

Figure 5. Proper and improper use of tongs.

Yigure 6. Straight lipped.
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Figure 7. Pick up.

Figure 8. Hollow bit or bolt.

Figure 9. Link.

Figure 10. Parallel jawed.

C. Hammers,- Most of the forge work is done with fhe hammer.
The bammer is the most important tool in the forge shop. Hammers are
mede from cast steel or tool steel. Hammers vary in weight from 1} to
/ pounds, depending upon the use being made of them. Sledge hsmmers

from 5 to 18 pounds. There are many different types of hammers used
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but the cross peen, straight peen, ball peen, and sledge hammers are the

more common ones used in the shop. One and one-fourth pound hammer should

be used by beginners in forge work.

Figure 11,

Figure 12.

Figure 13 .

T 1

Cross-peen. This hammer is used more frequently
in forge work than any of the others recommended.
It is used almost extensively in European
countries. The peen and face are slightly rounded.
The rounded face hammer is recommended over the
ball-peen hammer, because of the flat surface the

ball-peen has.

Straight-peen hammer is used quite frequently. It
has founded face and therefore would be recommended

over the ball peen.

(7)\

- ]

Ball-peen. This hammer is recognized more as a
machinist's hammer rather than a blacksmith's hammer.
Tt is objectionable in most of the forge work due to
its flat face, which leaves groves on the flat surface

when hammered upone.
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Figure 14. Sledge Hammer. This hemmer weights from 5 to 18
pounds, and generally has a long handle for the
purpose of using two hands when needed. The
sledge hammer is used chiefly in heavy forge work.
D. Chisels.~ The term "chisel®™ refers to both hot and cold chisels.
Chisels sre made of tool steel. These chisels are used in cutting both

hot znd cold metals.

Figure 15. Hot Chisel. This chisel is used in éutting hot
metale . :

Figure 16. Cold Chisel. The cold chisel is used chiefly
in cutting cold metal, however, it can be used
to cut hot metal.

Figure 17. Cold Cutter. This is somewhat similar to the cold
chisel. Both are used in cutting cold metal. The
cold cutter as a general rule is heavier and thicker
than the regular cold chisel. Therefore, the cold
cutter is used meinly in cutting heavy pieces of stock.
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E. Punchegs,~ Punches are used chiefly in punching holes through
stock. Although they are used in maerking stock and in punching one
piece of metal out of enother. Punches are made from tool steel. The
size of the punch depends upon the use being made of it. It is advisa-
ble to have seversl punches of different sizes end kinds at hand.

There are two main kinds; center punch, which is used in marking
stock and in punching one piece of stock out of another; and drift punch,

whic b is used in punching holes through stock.

Yy

=)
al

U

Figure 18. Center Punch Figure 19, Drift Punch

L=
Figure 20. Hardie. The hardie is used in cutting hot,
smell stock. The hardie fits into the hardie
hole of the anvil,

@ — ‘)_J

Figure 21. Heading Tool. Heading tools are used in forming <
and shaping heads of bolts and rivets. Only one
heading tool will be given, although there are

otherse.
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Figure 22. Fuller Top and Bottome The fuller is used in
forming grooves, scarfing and drawing out of
iron. It has two parts, the top and bottom
fuller. The bottom fuller fits in the hardie
hole of, the anvil. Many times the top fuller
is used without the bottom.

Figure 23. Swage Top and Bottom. The swage is a tool whose
shape is exactly opposite that of the fuller, and
’ is used to shape and finish cylindrical surfaces,
* or to form hot metal to a shape similar to the
swage. It is of two parts bottom and top. The
bottom fits into the lg-ile hole of the anvil.

. BN A

Figure 24. Flatter. The flatter is a finishing tool. Flatters

° are used to make a flat surface on the metal. They
should be used on stock when it is very hot, so
that the scaling off will not take place and leave
a rough surface. When using the flatter always see
that the anvil is free of scale.



Figure 25 .

Swage Block. The swage block is a very useful tool.
There are a number of different sizes of round,
square, and oblong holes in the block. It is used
for punching round, square and oblong holes in
heavier stock. In forming shoulders on round,
square and oblong pieces of stock, and in many
cases takes the place of the heading tool.

51.
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Questions

Why is it essentiel that one familierize himself with the

various tools and their uses?

2.
3.
sight?

1.
2.
3.
Lo

Why is it important that a job be done well?

How many of the tools listed could you identify at first

References

®Blacksmithing on the Farm™ - Industrial Book & Equipment Co.
"Farm Shop Practice" - Jones.
"Blacksmithing®™ - Selvidge and Allton.

*Farm Blacksmithing® - Friese.
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EQUIPMENT AND ITS USES

Job 10

A. Major Equipment.

1.

2.

3.

he

5

6.

T

Anvil

(a) Factory
(b) Home-mede
Vise

Drill
(a) Breast

Grinders

(a) Grinding wheel
(b) Grindstone
Stock and Dies
Mandrel Ring

Water tub.

B. ,Miscelleneous Equipment.

1.
2.
3.
be
5
6.
7.
8.
9.

Steel square

Caliper rule

Metal files

Sandpaper and emery paper
Welding flux or borax
Goggles

Hack saw

Grinding wheel dresser

Pipe wrench

53.
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10. Monkey wrench
11. Hand saw

12, Metals, steel, iron

A. Major Fquipment
[ T

~ . > 5(5

Figure 1. Anvil and Block.

The anvil is.the plece of equipment upon which the heated metal is
forged to shape. Anvils are generally made from wrought irﬁn, and have
a steel face welded to the iron. 2 thin coating of lead is usually on
the base of the horn. Sizes of anvils for a school and farm shop range
around 150 pounds to 250 pounds. Wood bas; is generally used, however,
in some school shops a cast iron base is useds The height of en anvil
is around 3 feet, as shown in the figure. A person doing forge work
should familiarize himself with the various parts of the anvil. Parts

of the anvil shown in Figure 1 are: 1 - horn; 2 - face; 3 - body;



L - base of horn; 5 - pritchel hole; 6 -~ hardie hole.

; .
':_’_—__-j ’
_
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Figure 2. Vise.

There are several types of vises. Home-made vises are somet imes
made for light work. The vise is used for holding both hot and cold
metal. The size of a vise is based upon the width of the jaws. For
school and farm work it is advisable to have jaws from 4® to 5" wide.
The height of the vise will depend upon the individuals using it.
About elbow high is a very good workable height. The vise, shown in
Figure 2, is used for general blacksmith's work. This vise has a leg
extended to the floor or nearly so which takes up much of the strains.
The bench vise is fastened to the top of the bench, thereby placing

all the strains on the top of the bench.
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Figure 3. Drill.

The drill is used to drill holes in iron or steel. In Figure 3
the breast drill is shown. This drill is very handy in that it can
be moved from place to place. The post drill is ususlly mounted upon
a post extending from the ceiling or on the wall. Most drills have
both hand and automatic feeds. More detailed information on drilling

is given in the job ®Drilling Through Metal.

T 9o
. Ry
‘l .
PR
7

Stocks and Dies ~ These are taken up in the job on "Cutting

Threads™.

564
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This is used in shaping rings and circular objects when a circle or
part of a circle is desired. The top diameters are one inch, two inches,

end five inches. They range in height from 32 to 50 inches.

Water Tub. This will depend upon the desire of the individual. It

should be at least twelve inches deep and twelve inches in diameter.

- o— R R Y

B. Miscellsneous Equipment., i" o
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Figure 6. Steel Square.

The steel square may have many uses. To a certain degree of

accuracy, one may check board feet with a square.

Cri”,”,llx}'i1 ;

——

Figure 7. Caliper Rule.

This rule is used in measuring the diameter of stocke.
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Metal Files. These are taken up in the job on Files.

Figure 8. Goggles.

These are very essential when any grinding is being done on the

grinding wheel. They should be worn whenever the grinder is being

used.

Figure 9., Hack Saw.

This is taken up in more detail on the job, "Cutting Cold Metal®™.

Figure 10, Grinding Wheel Dreaser.

This is taken up in the job on "Grinding Wheels"™.
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Figure 11. Pipe Wrench.

These wrenches are invaluable in the school and farm shop. Care
mst be taken to prevent straining the wrench. The wrench should be
according to the size of job being done. In the event you cannot get
a good hold with your hands, a piece of pipe may be slipped over the

handle which would give a good leverage.

L Y . B NS

Figure 12. Monkey Wrench.

This wrench is also very useful on the farm and in the school shop.
The same leaverage may be used with a piece of pipe on this wrench as

with the pipe wrench.

Welding Flux or Borax. There should always be a sufficient amount

on hend. This is inexpensive and a large quantity is not necessary.

Sand Paper and Emery Cloth. This material is used not only while

tempering steel, but also in smoothing surfaces of wood and metal.

HBand Saw. This is used sometimes in the forge work, especially

in the ironing of wagon frames, single trees, etc.



Scrap Iron and Steel. There should always be some scrap iron handy.
Much scrap iron is lying around on practically every farm that could be

useful in the forge worke.
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Questions

1. What are some of the highest price pieces of equipment?
2. What is the mandrel ring used for?
3. What do you consider the most important pieces of

equipment?

References

l. ®Blacksmithing on the Farm"., Industrisl Book & Equipment Co.
2. "Farm Shop Practice™ - Jones.
3. "Blacksmithing® - Selvidge and Allton.

L. UFarm Blacksmithing® - Friese.



BASIC EQUIPMENT AND TOOLS FOR THE FORGE SHOP

Job 11

The equipment and tools, as a whole, for a farm forge shop will
vary with the locaelity in which one lives, but the basic equipment snd
tools will vary only slightly. One should consider several things
before equipping a forge shop. The initial cost is an importent item.
The amount and character of work likely to be done is also very
importent. Although every farmer cannot profitably own blacksmithing
equipment, many farmers can. He may not be financially.able to provide
for all the basic equipment and tools at the beginning. This can be a
gradual process of building up as you would increase the fertility of
your land. One may need to start with a hammer, and a home-made anvil,
and from this build his forge shop. One who is able to equip, I would
suggest the following list as basic. The same list would apply to a
high school shop. Increase as the need arises. All simple jobs can be

done with the following:

Eaquipmept
A, Major
1. Forge 3. Vise
2. Anvil 4. Grindstone

B. Miscellaneous Equipment

l. Steel square 3., Borax or welding flux
2. Metal file L. Pipe wrench and monkey wrench.



B.

C.

D.

E.

F.

Fire Tools
1. Poker
2. Rake

3. Shovel

Tongs
1. Straight lipped

2. Hollow bit

Hammers

1. Cross peen

Chisels
l. Cold chisel

2. Hot chisel

Punches
1. Center punch
2. Drift punch

Hardie

63.
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Questions

Which one of the tools do you consider the most importent?

2, Should a farmer buy all the basic equipment at the

beginning? Give reasons for and against.

1.
2.
3.
be

References

"Farm Blacksmithing®™ - Friese
"Blacksmithing®™ - Selvidge and Allton
®*Farm Shop Practice™ -~ Jones

"Farm Mechanics® - Crenshaw and Lehman
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LOCATION AND PLACEMENT OF TOOLS AND EQUIPMENT IN THE
FORGE SHOP

Job 12

The si;e of the farm shop, and the kind of tools it should
contain, depend upon the size of farm, amount of repairing to be
done, and upon the ability and inclination of the farmer.

For the smell farm, a hendy shop may be fitted up in any
suitable space which is aveilable in one of the farm buildings.
There must be proper space in which to work. The room must have
plenty of light.

Some shops are large enough to house complete equipment for
the ordinary jobs on the farm. Such as the binder, mower, tractor
and farm car. Such a shop mey be in a building by itself; it may
be part of another building, or it may require addition to the present
structures.

Some farmers partition off one end of the implement shed.
Others prefer to establish the shop in connection with the farm
garage, so that the shop heater will take the chill off the garage
when desired. Some shops are found under a tree, while others may
be found under a high porch of a dwelling house.

We 211 agree that a basement farm shop is the least desirable
because of the difficulty in getting heavy work in and out, the lack
of good light, and danger that dampness will rust the tools and sup-
plies. Shop located under the porch is not so desirable where the
forge is being used, since there is considerable danger of fire. Under

the tree seems sufficient only in the case of emergencye.
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Wherever the shop is located, it should have plenty of natural
light, that from north and east windows being easier on the eyes.

Where electric current is available, plenty of artifical light should
be provided. Extension cords should be used when close up light is
needed. Sockets should be availeble for connections to operate any
shop machines. Artifical light is importent, since emergency repairs
must often be made at night. A shop that receives only a small amount
of direct sunlight can be much improved by whitewashing or painting
the ceiling and walls a dead white, so as to reflect and diffuse the
light.

The shop floor may be of wood, concrete, or packed earth. Wood
is very satisfactory to work on but will not support tractors and heavy
machines. Packed earth is very good, but usually gets dusty and dirty
and loses small objects easily. Concrete is recommended as being‘the
most satisfactory farm shop floor, in the long run.

The arrengement of the shop equipment will depend on the work to
be done, on the lighting, on whether the workman is right or left
handed, and so on. The forge, anvil, grinder, and post drill should
never be placed in a corner, as this would interfere with work on binder
and mower knives, and on long rods or timbers. For a right handed man
there should be plenty of room at the right, while for the left handed
man the open space should be at the left. The farm shop should be laid
out with the intentions of adding more equipment later.

The arrangement of tools will vary according to the type of shop.
For the average shop, the following is very satisfactory.

A. TPire tools - located around the forge.

B. Tongs - located around the forge.
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C. Hammers - If you have several, place the one used most frequently
at the forge, others placed either on wall or in cabinet.

D. Chisels and punches around anvil.

E. Hardie - At anvil.

F. Steel square - At anvil,

Every shop should contain a tool cabinet. Onethat has a special
lock on it, which contains the more valuable tools, and those not fre-
quently used. This could easily be placed on the side of wall. Tools
not mentioned above should be placed either in the tool cabinet or hung
along the wall.

The placement of equipment will depend upon a number of conditions
as has already been mentioned. Regardless of the shop, the more valuable
tools and equipment should be placed under special lock, since they are
rather expensive.

Forge, located near the wall but not in a corner. Leave ample room
to work long pieces.

Vise, on work bench along wall. Advantage if near anvil.

Anvil, front of forge so you can mzke half turn from forge, horn
facing to left.

Drill, on side of wéll with ample room to work.

Grinder, probebly at one end of work bench or entirely off to

itself.

Mandrel ring, near anvil.

Miscellaneous equipment should be placed along the wall and in

the cabinet.
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Figure 1 shows plan of shop in the end of a large garage, with

farm car in shop, and truck and tractor in other room.
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Figure 2 shows floor plan of a shop fitted up in one end of an
implement shed. The portion shown for implement shed may be the
other part of the shop for a school in which the wood work is done.

Tn such a case the partition, with the tools on, would not be there

e
i

(7

| Implement shed

Figure 2.

and the tools would be where the arrow points.
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Figure 3.

Figure 3 shows the tool rack with the tools removed. This should
be done in every shop in order that the tools may be placed in their
proper place after being used. A quick check up on the tools can
easily be made. It is a very good plan to paint the background white

and paint the shape of theqtools black.



1.

3.

1.

Questiong
Why should the forge be kept out of the corner of the shop?

Is it advisable to have a tool cabinet in a shop? Why?

Should the more expensive tools be kept under a lock?

References
"Cornell Extension Bulletin®.

"The Farm Workshop and Woodlands" - E. C. Atkins Company.

71.
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SELECTING THE FUEL FOR THE FORGE

Job 13

The selection of fuel for the forge fire is gquite an important
problem, since the success of blacksmithing depends largely upon the
fire. Trying to build a good fire without good fuel is like atimepting
to build a house without a foundation. Many farmers, as well as stu-
dents in high school find it difficult to weld at times. The majority
of the difficulties that arise in welding are due to the poor quality
of fuel. Many individuals assume that there is very little difference
in the kinds of coal used. A careful selection of fuel for our forge
work would eleminate much expense and time.

Coal - Coal is burned for its heat energy. Soft coal (bituminous)
is used in preference to hard coal, because hard coal does not burn so
freely and burns to ash without forming coke, which is necessary in the
forge. Soft coal is used in forge work, but it is quite difficult
problem to obtain the very best grade of coal. The best grade of soft
coal is called blacksmith's coal.

The requirements of a good Blacksmith's coal are:

1. Best grade of bituminous coal.

2. Free of sulphur, slate and earthly matter.

3. Should produce but little ashes and cinders.

L. Should coke easily and the coke should not be consumed quickly.

Coal that meets the above requirements should, when dampened and
packed down around the fire, readily change to coke, which is light weight

material that burns with a clean, intense flame.
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Ordinary stove or furnace coal will not always work satisfactorily
in a forge. Many schools are compelled to use the same coal for their
forge work as is used in the heating plant of the schooi. Also on the
farms, many farmers find it necessary to use the same coal that is used
in their furnaces or stoves. Since this situstion is somewhat general
throughout the state and many other states, it is necessary that we
substitute something for this cozl when we are welding. This substi-
tution is only necessary when we find it difficult to work with the
present supply of coal.

Sulphur, is the element in this impure coal that prevents the
welding of metal. When the impure coal is heated, the sulphur oxi-
dizes and forms a skim over the particles in the iron that prevents
those particles from going together. Therefore, in selecting our fuel
it is necessary that this element be eliminated.

Coke - At first thought, one would assume that coke, which has
the impurities removed, would be a good fuel for forging. Commercial
coke produces an intense heat that would in a short while burn our
forges out. For this reason pure commercial coke is prohibitive in
farm forge work. The coke that is found in the forge firevby heating
the green coal, is very good, but this is only made by heating the
green coal, and if it were impure coal the sulphur would be present,

in this process of coke forming.
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Charcoal - Charcoal is the very best of fuel to use in welding. This
cozl is pure and produces an excellent heat. The best charcoal is made
from hard wood. This coasl is made in various localities. However, one can

purchase a smell quantity at a very low cost.

Summary

Soft, (Bituminous) coal is the practicel coal to use in forge work.
Only the very best grade of this coal should be purchased. In the event
that one is so situated that the obtaining of the ve;y best grade of
soft coal commonly called "blacksmith's coal" is impossible, he should
substitute charccal, when there is any welding to be done. Impure coal
contains sulphur which prevents the welding of metel. In purchasing the
very best grade of soft coal it is adviseble to ask for blacksmith's cosal.
To meny deslers, it is known as such. 0il is not in practical use as yet
for forge fuel. A careful selection of forge fuel will determine to a
great extent the success of farm forge work.

A one-hundred bag of blacksmith's coal can be bought for approxi-

mately 75 cents. Charcoal would be very reasonable also.
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Questions
Why is the average grade of coszl used in furnsces, not suitable

for forge work?
What fuel is recommended as a substitute for welding purposes?

What effect does sulphur have upon the metal while welding?

What is the chief csuse of the difficulties that arise in
welding?

References
"Farm Shop Practice™ - Jones

"Blacksmithing on the Farm" - Jarvis and Abbott
"Farmer's Shop Book" - Roehl

"Farm Blacksmithing" - Friese
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BUILDING, MAINTAINING, AND OUTING THE FIRE

dob 14

A good fire is the first requirement for good blacksmithing.
Approximately fifty percent of the poor work that is done by blacksmiths
can be traced to a poor fire. The kind and size of the forge fire
depends upon the kind of job being done. If a person were sharpening
a digging iron, he would need a much larger fire than if he were shar-
pening a cold chisel. A good fire depends to a great extent upon the

quality of coal used.
Tools - fire tools.

Materials - coal, shavings or fine kindling, matches, paper or kerosense,

and water.

Operation 1. Build he F

1. If there has been a fire in the forge previously, push the coal
and ashes to the side of the fire pot.

2. Turn blast to remove any particles that may be in the tuyere.
Make sure a good blast comes through. Close the blast.

3. See that the tuyere is closed.

L. Place a handful of paper in the fire pot, then add fine
kindling or shavings on top of paper. If you have no paper, add a few
drops of kerosene to the kindling or shavings, depending upon the one

you usee.
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5. Lift shavings slightly from side of fire pan and place lighted
match there as shown in Figure 1.

6. Cover the fire gradually with coke left from previous fire.
If you didn't have fire recently, use coal and add gradually. While
adding fuel, turn blower gently to provide draft.

7. TWhen a live bed of coal is formed, rake coal onto it on three
sides, leaving the side to you slightly open, for the insertion of the

iron to be heated, and used to hold the iron while being heated.

Operation 2. Maintaining the Fire

1. Heat should be concentrated towards the center.

2. As the coal changes to coke push it to the center and add more
green coal, Maintain a mound about 5" high.

3. Allow enough air to maintain a gradual heat. An over-supply
of air may ruin the metal.

L. Keep outside surface of the mound damp, to prevent the spreading
of flames.

5, It is important to keep a deep fire because the iron being
heated should have burning coke below, around, and above it. The only

way to keep a deep fire is to keep a high mound.
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Figure 2. Cross Section of a Good Fire.

6. The size of the pieces to be heated will determine the size of

the fire used. Use a fire that will heat only that portion of the stock

that is to be worked.
7. If a small fire is wanted and it tends to get too big, add wet

coal on the sides. If there is already enough fuel add water to the

sides and pack down with a shovel.

8. If clinkers are formed over tuyere or elsewhere in the fire,

rake or push them out and bank fire again.
Operation 3. Outing the Fire

1. Cut off blast or outside draft.
2. Rake fire from center of pen to the sides.

3. Move tuyere, to remove ashes in bottom of pan.
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Questions

What is the first requirement for good blacksmithing?
Why should you close the tuyere before starting the fire?
Why do you not want to bank the fire high on all sides?

Where should the heat be concentrated to?

References
*Farm Shop Practice®™ - Jones.
#"Farm Mechanics® - Crenshaw and Lehman.
"Farm Mechanics" - Cook, Scranton, and McColly.
"Farm Mechanics® - Mississippi Agricultural Experiment Station.

nFarm Blacksmith® - Friese.



METALS AND THEIR USES

dob 13

79.

Whether it be the farmer, student, or teacher, it is highly impor-

tant that he be familiar with the different metals, their properties
and uses. For example, if a person wanted to make a cold chisel, he
would certainly want to know what metal to ask for; if he were buying
it from a hardware company, or elsewhere. One should not only know
what metal to ask for, but must know the qualities of the metal in

order that the job will be successful.

I. The Commercial Forms of Irom
1. Cast iron.
2. Chilled irom.
3. Wrought iron.
4Le Steel
a. Mild steel.

b. Medium steel.
c, High steel.

IT. Origin and Uges

Iron and steel products are derived from pig iron. Pig iron is
derived from the iron ore, through the smelting process. This iron

contains from 3.00% - 4.00% catbon.

1. Cast Iron. Cast iron is made by re-heating pig iron and
pouring it into castings. Due to very 1little processing involved in



making cast iron, it is rather cheap and is used extensively. Much use is
made of this iron on the farm. It is very hard and brittle and cannot be
bent. Cast iron will bresk or crack easily when striick a hard blow with
the hammer. This iron can be drilled and sawed easily; however, cast
jron cannot be forged or welded in a forge fire, but can be oxyacetylene

welded. The carbon content is 2.50% - 3.75%.
Uses - machine frames and stands.

2. Chilled Iron. Chilled iron is cast iron that has been made into
special molds, and in the process of cooling, the outer portions were
cooled more rapidly than the inner portions. Therefore, making the

surface very hard and wear resistant.

Uses - plow shares and mold boards, as well as bearings on many farm

implements. Carbon content 2.00% - 2.50%.

3. Wrought Iron. This iron contains from .02% - .04% carbon.
Tt is derived by the processing of pig ironm, which takes out practically
all the impurities and in turn is called pure iron. Wrought iron can
be bent cold, also welded in forge fire or electric. This iron
corrodes very little. When wrought iron is subject to very much
hammering, while cold or while not heated at the proper temperature, will
cause internal cracks and weaken the metal considerably. When heated
to a full red and quenched in water, it will not harden. Wrought iron
is used more frequently by a blacksmith than any other metal, due to

its variety of uses.



Uses - Chains, links, hooks, rivets, etc.

L. Steel. Steel is derived by heating wrought iron and adding the
desired amount of carbon needed.
(a) Mild Steel. Mild steel, commonly known as low-carbon
steel or machine steel. It is stronger than wrought iron and forged
readily without breaks or fractures. The carbon content being less than

.30% and generally around .10% - .15%.
Uses - Chains, rivets, screws, pipes, bars.

(b) Medium Steel. Medium steels have a carbon content of

+30% to0.60%. Used where much strength is required.

Uses - Automobile parts, farm implements.

(c) High Steel. Commonly known as tool steel and has a
carbon content of .60% - .90%. This steel is used for the meking of

pick axes, smithing hammers, punches, cold chisels, etc.
IITI. Chemic B d Th Influ

Carbon, manganese, silicon, sulphur end phosphorus, with the addition
of iron, are present in all carbon steel. Carbon has a greater influence
on the mechanical properties of steel and iron than any other element.

As the carbon content increases, the strength and hardness beconme
greater, while the percentage of elongation and reduction of area are

lowered. Steels containing over 1.00% of carbon are used only for appli-



cations requiring great hardness. The range in carbons in commercial
steels is from .05 to 1.50%. In referring to the carbon content, it
will give one a very good idea of the kind of metal needed. However,
he should thoroughly uﬁderstand the need. In buying metals for farm
forge work, one should know the use, carbon content, and the commer-

cial form of the metal to be used.

Exampless
Use Carbon Content % Commercial Form
1. Cold Chisel 80 - 90 Tool steel

2. Chain 1ink 02 - W04 Wrought iron
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Carbon Content Name of
Per Cent Metal Uses

3.00 - 3.75 Cast Iron Machine frames, stands

3.00 - 3.75 Chilled Iron Plow shares, mole boards,
bearings.

02 - 04 Wrought Iron Chains, rivets

«30 and less Mild Steel Pipes, screws, plates,
barse.

«30 - .60 Medium Steel Machine parts requiring
high strengthe.

.60 - .90 High or tool Anvil faces, punches,
cold chisels, rock drills,

steel. rivet sets, springs, axes,

knives, shear blades.

.90 - 1.50 Very high Wood chisels, lathe tools,

files, reamers, razors,
saws for cutting steel.
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Questions

What effect does the increased amount of carbon have on

What is wrought iron?
Fhat are the main uses of chilled iron in farm forge work?

fhat would be the proper metal to use in meking a chain

References

fFarm Shop Practices™ - Jones.

"Steel®™ - Campbell.

"Farm Mechanics" - Crenshaw & Lehman.
"Blacksmithing on the Farm" - Jarvis and Abbott.

"Frought Iron® - Aston and Story.
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HEATING METAL

Job 16

It is of importance that this job be given careful consideration.
Many times money is spent on metal and in a few minutes the metal is
ruined because of the improper heating. One can spend time on a job
and at the very last moment spoil the whole thing by over—héaﬁing.
For example, if while making a cold chisel you were to heat it to
white color the steel would be practically useless. This is one of the
meny instances that occur daily, especialiy with those individuals who
are inexperienced. Only generalized information on the heating of
metal is given here ; as more detziled information will be given when
the individual jobs are taken up, such as welding, tempering, and
others. Generally the amount of heating depends upon the kind of metal
and the job to be performed. Since the majarity of the forge work is
done with heated metal, it seems highly important that we have a

thorough knowledge of such.

Tools - Fire tools; other tools depending entirely upon the job being

done,
Materials - Depending upon the job.

zrchdg;eg
1. Always cut off blast before inserting irons or fixing the
fire.
2. TIrons should be placed in the fire in a horizontal position.

Dont point metal down. Make sure that blast does not come in direct
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contact with the iron.
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Figure 1.
Shows proper insertion of metal into fire.

3, There should be burning coke below the irons, on both sides of
them, at the end, and on top.

Lo Oxidation of iron takes place when the metal comes in direct
contact with the blast. Some oxidation will always take place, but
by keeping plenty of coke on all sides as in Figure 1, this will be
1limited. The result of oxidation is the forming of a scale on the
jron that comes off in the process of hammering. A good blacksmith
always keeps this seale wiped off his anvil.

5, Irons heated in a deep, compact fire, heat much more rapidly

and oxidize or scale off less than when heated in a shallow, burned

out fire.



6. Use just enough blast to keep the fire burning well.

7. Always heat metal slowly, in order that the temperature will be
evenly distributed at the proper place.

8. If heated too rapidly, the inner portion of the iron will be
cooler than the outer portion, which will result in cracking or splitting
of the outer portion when hemmered upon. This is due to the fact that
when iron or steel is heated the particles increase in size with the
degree of heat.

9. After the iron has been in the fire a while, remove it to see
how the heat is progressing.

10. Small thin parts heat much more rapidly than heavier and thicker
parts. To prevent burning the thinner parts, they may be pushed on
through the fire to a cooler place, or the position of the irons otherwise
changed to meke all parts heat uniformly.

11. If two pieces are being heated at the same time and one is
heeting more rapidly than the other, remove from the fire and let cool
slightly, then insert again.

12. Always aip tongs in water at various intervals to prevent them

from over-heating.

13. Dip punches or other tools in water when they become hot from

working with hot metal.
14. TIn selecting tongs to work with in heating metal, always select

the tongs that most nearly fit the materials being worked with. The size

of the throat of the tongs vary considerably.



15. Best heats to work with:
(a) Wrought iron - bright yellow.
(b) Mild steel - good bright red.
(c) Tool steel - cherry red or low, dark orange.
(d) Above .90 carbon - cherry red (light)

16. Always hold iron in a shaded or slightly dark place to deter-
mine color. As a general rule, it is dark enough under the hood of the
forge. Generally, most forges are in a shaded position.

17. Heating metal above these heats in most cases will cause the
metal to crystallize, or burn.

18. The higher the carbon content, the less heat should be applied,
since carbon alloys with iron and forms compounds that resist much
heating.

19. Metals have a critical temperature, which we determine by
colors. Colors are given above in Number 15. If heated above critical
temperature, the grains will become large and will require special
attention to bring back to normal or may be ruined. See Jjobs on

annealing and hardening.

88.



Questiong

1. Why keep the iron in nearly a horizontal position in the fire
while heating?

2. What is the effect of using too much blast?

3. How can one prevent the blast from coming in direct contact
with the iron?

4e TWhy should you dip the tongs into water quite frequently while

heating metal?
5, Why should metal be heated slowly?

Referenceg

1. "Plain and Ornamental Forging®™ - Schmarzkopf.
2. "Farm Shop Practice®" - Jones.

3, "Blacksmithing® - Selvidge and Allton.

L. "Fare Mechanics" - Crenshaw and Lehman.
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MEANS OF IDENTIFYING SCRAP IRON ON THE FARM

Job 17

Within recent years, many farmers have sold considerable amounts of
scrap iron from their farms. Much of this metal was sold at a very low
price. Many farmers have sold iron that could have been put to a very
good use on the farm had they been able to identify the metal and known
the use that could be made of it. For example, & magnot from an old
T-Model Ford mskes the very best of cold chisels and punches. Also
proken reke teeth cen be made into excellent hay hooks or meat hooks,
and old files into wood chisels. There are many others that could be
1isted. There are two important ways of identifying scrap iron on the
form. One is by grinding on the grindstone or grinding wheel, end the
other is by heating. In most cases, heating would be more accurate in

identifying.
I. Gring 1

To a certain degree of accuracy, one can determine the grades of
iron and steel by the use of the grinding wheel. The higher the carbon

content of the metal, the brighter and more explosive are the sparks.

- - e — -

Figure 1, Wrought Iron - Golden Yellow Streakse.



Figure 2e

Figure 3.

Mild Steel.

Bright streaks are divided

or forked by slight explosionse

Medium Steel.
brillisnt.

More numerous and more

9l.
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Figure 4. High Steel (Tool Steel) - Explosions produce
short bushy clusters of sparks beginning close
to the end.

II. Hesting

For most blecksmiths on the farm it is advisable to use this method,
especielly if the grinding wheel is not in a very good condition. After
going through these procedures the metal will not be injured by heating
and plecing in water as the metsl can be re-heated and allowed to cool

gredually which will bring it back to normal.
Tools - metal file, metal, tongs.
Procedures

1. Heat one end of the metal to a cherry red.

A i

.. Cherry red’ |

Figure 5.
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2. Insert cherry red end in water immediately and cool in water.

i

Figure 6.

3. File the end which was heated and cooled.

Figure 7.

If filed easily, the metal has a low carbon content, as the carbon
content increases, the hardness will increase. 2 good grade steel will

not scratch when filed.
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Questions

1. Of what value is the knowledge of being able to identify scrap

iron on the farm?
2. How can you distinguish between wrought iron and tool steel

when grinding on a wheel?
3, If carried out acfording to directions, would the metal be

injured in the heating process?

References

1. "Farm Shop Practice® - Jones.

2. "Steel®™ - Campbell.

3, "Farm Mechanics" - Crenshaw and Lehmen.
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MEASURING STOCK

Job 18

There are meny occasions on the farm as well &s in the school shop
that require the measuring of stock. A thorough knowledge of this job
before sttempting many jobs will be very beneficiel. For example, if
you wented to make a clevis or hay hook, you would first of &ll want tc
know the length of the stock to be used. There are several things to
be considered in measuring stock.

1. The length or size of the completed materisal.

2. Amount to be drawn out.

3. BAmount to be upset.

4. Proper position to measure from.

Tools - caliper rule, steel square.

Materisls - stock, string or a flexible piece of wire.

Marking Stock

‘In the process of measuring one must mark the stock. Two means of

marking, one with chalk and the other with a center punch.

1. Chalk or good soapstone. Use chalk when you are working with

cold iron. Will burn when heated.

["’ T T T
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Figure 1l.



2. Center punch. This marking is used more frequently than any

other in the forge work. You can see the marks after heating as well

as before. { - e ——— s

|

h
f

i

Figure 2.
Qperation l. Measuring Straight Stock

1. Without upsetting or drawing out. When there is no drawing

out or upsetting or any other form made, then use exact measurement as

it ise.

Figure 3.

2. Measuring stock thet is to be upset. The allowance in this
figure is 2" for upsetting, however, this does not hold true in all
cases. The length allowed for upsetting will depend upon the smount

+> be done and for what purpose.

YA . Z'” :
|
|

Figure 4.
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3. Measuring stock that is to be drawn out. The same rule holds
true in drawing out as in upsetting. That is,the allowance for upsetting
is determined by the amount and purpose. Always allow extra as you can

cut off rather than add on.

Figure 6. Figure 7.
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1. Always meassure in the center of the stock.

2. As shown in Figure 6, where angles are formed it generally takes
more metal, however, in the center of angle the length always remains the
same.

3. In measuring irregular shaped stock, small wire can be bent into
the desired shape &nd then straightened out and measured. Also a pilece
of string may be used, if the shapes are suited. (Figure 7.

L. Thesimplest method of determining the length needed for pieces,
successive parts of which are straight, or portion of circles as shown
in Figure 6, is to calculate separately the length required for each part
and then take the sum of these with necessary allowances. In this_calcup

lation the basis should be from the center line.

Operation 3. Measuring Rings or Bands

1. Use fine wire or string and place on center of stock. Then
straighten out and measure. (Figure 8). Fine wire will hold in plece

better than string.

Figure 8.



2. Length required for rings or bands may be calculated by taking
three times the inside diameter plus four times the thickness of the
stock. If the ring is to be welded, an allowance must be made for the
weld equal to the thickness of the stock. The method of obtaining the
length of stock is very close to the exact fraction of an inch. For
general shop work, it is quite practical. If you intend to weld a 10"
by 4" ring, you would need 10%“ of stock. This is not as exact &s

Number 3.

3'x4" = /2"
4";{/&" = "
. / 4" Totol
lerngth
of
; Stock
Figure 9.

3. Another method of calculating the length of rings or bands is
shown in Figure 10. 3-1/7 times inside diameter of the ring plus
thickness or diameter of the stock. As was mentioned in No. 2, if the
ring is to be welded, an allowance must be made for the weld equal to
the thickness of stock. For & welded ring 8-3/4" by 3" would need 9"

of stock. This method will determine the length to the hundrédth of an

inche.
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IS JT45 x 64

e
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S50-28
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(-R5)=49.89

Figure 10.

Operation 4. Megsuring the Width of Stock

1. Caliper rule is one of the best ways of meesuring the thick-
ness of stock. (Figure 11) This shows the round stock. Figure 12

shows square stock. Any shape of stock may be measured with this rule.

Figure 12.

2. You may use steel square if the caliper rule is not &t hand.
Thig is not as accurate as the rule. For general purposes, the square

serves very well.



Questions

1. Why would you use the center punch in preference to chalk for
marking materiel that is to be heated?

2. What is one method of measuring rings or bands?

3. Would you allow for extra material if you were plenning to
upset the materisl? Why?

L. What is the best tool used in measuring the width of stock?

*

References »

1. "Plain and Ornamental Forging" - Schwarzkopf.
2. "Blacksmithing® - Selvidge and Allton.
3, "Farm Shop Practice™ - Jones.

4. "Farm Blacksmithing" - Friese.
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HOW TC USE THE HAMMER

dob 19

Success in blacksmithing depends largely upon the ability to strike
effectively with the hammer. The beginner in forge work should familiar-

ize himself with the various hammers and their uses.

Operation ). Proper Grip

1. For the average work grasp the handle about two-thirds of the

distance from the hammer.
2. When light blows are to be delivered, grasp nearer the hammer.

3, When excepticnally hard blows are to be delivered it is some-

times necessary to grasp nearer the end of the handle.

Figure l.

Operation 2
The kind of blow will depend upon the nature of the work and the

size of hammer used. The type of work done will, to some extent,

determine the size of hammer used. For beginners it is advisable to
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use 1-} pound hammer. More experienced persons use l—% to 4 pounds. A
heavy hammer on light work is awkward as well as a light hammer on heavy
work. To direct the blows accurately, always strike one or two light
taps first, to get the proper direction end feel of the hammer, and
then follow with quick, sharp blows.

1. Wrist blow is struck largely with the wrist action. (Figure 2)

This is used chiefly in light work or finishing work.

Figure 2 .

2. Elbow and wrist blow is used where moderate blows are required.

Much of the forge work is done with this blow. (Figure 3).
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3., Shoulder, elbow and wrist are used in delivering heavy blows.

(Figure 4) Heavier hammers are freguently used when heavy blows are

required.

Figure 4e
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Questions

1. What is the disadvantage in using a light hammer on heavy stock?

2. What is the recommended size of hammer for the beginner in

forge work?

3. Why should you strike one or two light taps before striking

heavier blows?

References

1. *Plain and Ornamental Forging® - Schwarzkopf.

2. "Farm Shop Practice®™ - Jones.



CUTTING METALS

Job 20

A great many jobs done in the farm forge require cutting of some
kind, whether it be hot or cold. The method used in cutting metels
will depend upon the tools available, and the kind and size of stock.
The hardie is used more often in cutting hot metal than any other
tool. However, outside of the shop the cold chisel is used the most

frequently, with the hack saw ranking second.
Tools - hardie, hack saw, cold chisel, hot cutter and hammer.
Materials - tool steel, wrought iron.

Operation 1. Cold Cutting

A, Hardie and Chisel.
1. Before cutting, always mark the exact point where the cut
is to be made.
2. Smell pieces of wrought iron and mild steel 3/8" and less
may easily be cut without heating.
2, Place stock over hardie, and deliver the blows at that

point. (Figure 1) Cut about two-thirds through and then place cut

edge of stock on edge of anvil and bresk off. (Figure 2).

106.
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L. To make a smooth break, do as shown in Figure 1l,except cut
about one-fourth of the thickness. Then reverse sides, Figure 3, and cut
about one-fourth of the thickness. Break off as shown in Figure 2. 1In

cutting, you may substitute the cold chisel, or cold cutter for the hardie.

F:I.gu.re 3.

5. Cold chisels are used very often in cutting rivets and
bolts. Whenever cutting out old rusty bolts from farm implements, it
is much essier to cut.at a slight angle. It can be done much quicker.

B. Hack Sew. |

1. Make sure the blade is fastened securely in the hack saw
frame in order that it will not twise and break.

2. Hack saws are used to cut wrought iron, cast iron, low and
high carbon steel and nails and rivets.

3. When sawing heavy meterial, use blades that have 16 to 18
teeth per inch. In sawing small stock use a finer tooth.

L. Place stock into vice with the mark near the jaws, in order
tﬁat the stock will not bend while sawed. Springing back and forth may
cause blade to twist and break.
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5., Notch the mark with a chisel, punch, or file. The notching
will aid in getting the saw started at the proper place.

6. Run the saw evenly, using long strokes. Apply slight
pressure on the forward stroke and release on the backward stroke, which
in turn will lengthen the life of the blade.

7. In cutting tool steel stock, you may saw ebout one-fourth
of the way through and place upward in the vice. With a few blows with
the hammer it should easily break off. Special blades should be used
in cutting tool steel.

8. The same generasl principles of cutting metal by the use of
the hack saw applies to the cutting of metal outside of the vice as well

as in.

Operstion 2. Cutting Iron apd Steel While Hot

1. Medium steel, tool steel and large pieces of wrought iron
should be cut while hot.

2. Mark before cutting as described in cold cutting.

3, Heat metzl to cherry red heat.

L. You may use the same methods as are shoen in Figures 1,
2 and 3 of cold cutting. Also the cold chisel, and hot cutter are used
in addition to the hardie in the cutting of hot metal.

5, There is another method used in cutting hot metal that

requires some skill in doing. That method is shearing off.
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(2) As shown in Figure 1, cold cutting, you place the stock
on the hardie at the mark where the cut is to be made. Strike several
blows with the hammer until the metal at the cutting point becomes thin.

See Figure 4. Use the shearing off blow. This blow requires skill and

must be well directed.

Figure 40

(b) Do as shown in Figure 1, except that you turn the metsl
while delivering the blows, in order that the metal will be cut on all

sides. Place stock on edge of anvil and strike with the hammer.

(Figure 5).

Figure 5.
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6. Cutting of steel with a carbon content above .20 should be
done by the hot method. Cutting of this high carbon steel requires no
special treatment other than that described in the operation of hot
cutting. Cast iron and chilled iron having a carbon content of 2.50 to
5,00, when heated to a cherry red will crumble. Therefore, this metal
mst be cut cold. The use of the hack saw is the best method of cutting
such metal. The cutting of a railroad rail, which has a high carbon
content, can be done as explained under the job on "Making a Home-Made

Anvil®,



1.
saw?

2.

3.

be
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Questions
Why wouldn't you colé cut tool steel, except with the hack
What tool would you use in cutting nails, rivets, and bolts?

What color should the metal be when cut hot?

When shearing off on the hardie, why should you be careful and

hit on opposite side of the hardie?

1.

3.
be

References

"Farm Mechanics™ - Cook, Screnton and McColly.
"Farm Shop Practice™ - Jones.
"Blacksmithing™ - Selvidge and Allton.

"Plein and Ornamentel Forging® - Shwarzkopf.



DRAWING OUT

Job 21

Drawing out is the process of making a piece of metel longer and
thinner. This job is very importent, since many forge jobs require some
drawing out. Drawing out is usually done while the metal is hot, but
some can be done while the metal is cool. However, when the metal has
been heated, do not hammer after it has become fairly cool; as cracks may
be formed internally. As was mentioned in the job on heating metals,

the following should be the proper heat for working these metals.

Wrought iron - White
Mild steel - Yellow
Tool steel - Cherry Red or Dark Orange
Higher steel - Cherry Red
The size of the hammer depends upon the size of stock being drawn
out. Also the weight of blows varies with the size of material and the
amount to be drawn. The weight in every instance should be sufficient
that the force of the blow be transferred throughout the entire thick-
ness of the metal.
Important points to keep in mind in drawing out stock.
1. Work at the proper heat.

2. Deliver proper blows.
Tools - tongs, hammer.

Materials - Piece of stock.
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Operstion 1. Drawing Out Stock on Face of the Apvil

1. Heat metal to the proper heat, depending upon the kind of metal.
The heat should be uniform.

2. Stock should be turned frequently to insure proper distribution
of heat.

3, Place heated stock on the face of the anvil, Deliver blows, with
the face of the manner parallel to face of thé anvil. Many beginners
have a habit of striking down znd forward with the blow. Pushing forward

with the blow has no advantage whatever.

4. Between blows turn the stock so that the blows fall alternately
on the sides and top; keeping the work in the desired form.

5, Keep slag off the envil at all times.

6. In drawing out metal always draw to a square or four sided form

first, which should be the approximate size of the drawn out stocke.

(Figure 1).

=

Figure 1.

7., After it is drawn sufficiently on four sides then make it

distinctly eight sided, by hammering on the corners of the four sides.

(Figure 2).



%

Figure 2.

8. Mske it round by rolling the stock slowly on the anvil and
hammering rapidly with light blows. (Figure 2).

9. When stock becomes blue, re-heat, hammering on stock when not
properly heated will cause cracks in metal.

10. Too light a blow tends to set up uneven forging strains, which

may later, in hardening, form breaks or fractures in the grain.

Operation 2. Drawipg Out_Stock on the Horp of Apvil

1. Heat as described in Operation 1.
2. Place heated stock on horn of anvil. (Figure 3) Strike blows

directly above the horn. Bottom fuller may be used in place of the

anvil horn. ‘

Figure 3.
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3. Then place the stock on the anvil, and proceed as in Operation 1,

by drawing to a square, then eight sided, then round. (Figure 4)

Figure 4.
Overation 3, Drawipg to A Polnt

1. Round points should be made square first, as in the drawing out,

then octagonal, then round.

2. Stock should not be held flat on the anvil. (Figure 5) The

back end of the stock should be raised. (Figure 6).

’

]

Figure 6 .

Figure 5.

the

3., Hammering should be done with toe of the hammer lower than

heel. (Figure 6).



L. The hammering should be done on the far edge of the anvil, so
that the toe of the hammer will not leave marks in the anvil face.

5. By rolling the pointed end of the stock on the face of the
anvil, or some other flat surface, and watching the point, you can tell
whether it is straight and the point is centered. If the point wabbles,

it is off center.

116.



1.
2.
hammer?

3.

1.
2.
3.
be

117,

Quegtions

Why turn the stock between blows?

Why should the pointing be made with blows from the toe of the

Why should the pointing be done at the edge of the anvil?

References

"Ferm Mechanics® - Cook, Scranton, McCally.
"Blecksmithing on the Farm® - Jarvis and Abbott.
"Farm Shop Practice" - Jones.

n"Blecksmithing® - Selvidge and Allton.



UPSETTING STOCK

Job 22

Upsetting is a common operation in forge work. Upsetting is the
shortening or enlarging of a piece of metal by decreasing its length
and increasing its width and thickness. It is quite fundamental in
forge work as it is a preliminzry step in many jobs, such as welding,
making a bolt, making a clevis and numerous other jobs. Again the
kind of metal being forged determines to a great extent the ease of
the operation. Tool steel is more difficult to upset than wrought
iron, indicating that the higher the carbon content the more difficult
the operation. In any forge job we camnnot over-emphazsize the proper

heating of metal. It is impossible to upset metal to any great extent

without heating.
Tools - tongs, hammer.
Materials - stock, water.

Procedures
1. Mark 1" where stock is to be upset to. (Figure 1)

‘Figure 1.

118.
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2. Heat stock to cherry red as described in job on "Heating Metal¥.
Do not heat any farther than the mark in Figure 1. Sometimes it is
impossible to heat only a limited amount.

3. If heated below mark in Figure 1, then cool back to the desired
point by dipping in water. (Figure 2). This should be done quickly, but

is not always necessary.

Figure 2.

4. Place the stock on the anvil in a perpindicular position,
forming right angles to the face of the anvil to prevent the stock from
bending. (Figure 3). Heated end up. A better job can be done when in

this position.

Figure 3.
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5. Strike the heated end with heavy blows. (Figure 4). Heavy blows
give even upsetting. Light blows simply flatten and burr, instead of
upsetting throughout. (Figure 5). Strike with a couple light blows at

first to get the dirsction. Then strike heavy blows.

B eI

gt o e
T e

J

‘Figure 4. Figure 5. Figure 6.

6. If stock bends, place over the anvil and straighten. You must

not wait until the bend is too great.

Figure 7. Figure 8.

Figure 7. Time to straighten.
Figure 8., Too great a bend, takes too much time to straighten.

Figure 9. Proper placing of stock on anvil to straighten.

7. When upsetting a 5" piece of stock. Figure 10, upset from each

end as in Figure 11l.
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Figure 10. Figure 11.

8. In upsetting stock, the heat should be uniform in the portion
that is to be upset.. Figure 12 shows ends hotter than center. Figure

le, proper heat.

Figure 12. . Figure 13.

9. In heating long and heavy pieces of stock where it requires the

use of hands to hold the stock, it is necessary to place the heated end

on the face of the anvil., (Figure 14) Otherwise heated fragments may

-burn hands.

I

!
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10. Sometimes the stock is placed in the vise and upset. Consid-
erable heat is lost in this procedure.
Sometimes long stock is taken in two hands and used as a ram,

swinging the heated end against the side of the anvil.

122.
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egtio

1. Why place heated end of stock up?

2.

Why should the end of stock be perpindicular to the face of

the anvil?

3. What effect does light blows have in upsetting?

4.

Why should you place the heated end of the stock on the face

of the anvil on certain jobs?

1.
2.
3.
Lo

References

"Blacksmithing™ - Selvidge and Allton.
"Farm Mechanics®™ - Cook, Scranton, McCally.
"Farm Shop Practice® - Jones.

"Blacksmithing on the Farm" - Jarvis and Abbott.



124.

PUNCHING HOLES THROUGH METAL

Job 23

Many farm shops do not contain a drill. Therefore, it is quite
essential that we familiarize ourselves with the proper method of
punching holes through metal. Even if you had a drill, there are times
in which punched holes would be necessary. It is sometimes easier to
punch a hole in a piece of iron than to drill it, and for some purposes
a punched hole is better. In certain jobs, drilling is the more satis-
factory, but on certain other jobs punching is the more satisfactory.
For instance, in forming an eye on the end of a bar in making a hook

or clevis, punching makes a stronger eye.
Tools - center punch, drift punch and hammer.
Materials - piece of stock.

Procedures

1. Mark stock, with a center punch preferably, where the hole is to

be made.
2. Heat the stock to a cherry red heat.
3. Place the heated stock on the face of the anvil, but not over

the pritchel hole. Punching over the pritchel hole would stretch and

bulge the iron.
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4. Place punch on the mark made for the hole. Strike several heavy
blows until you have punched about 2/3 of the way through. The size and
kind of punch will depend upon the supply you have. TFor punching holes
the flat bottom drift punch is preferred. The punch with a handle would

be preferred as it would relieve you of excess heat of the punch.

‘Figure 1.

5« Turn the stock over, and place punch opposite the first punch,
if metal is red hot, there will be a dark spot. Drive the punch back

through to the other side. (Figure 2).

6. Cool the punch and re-heat the stock.

7. Place the stock over the pritchel hole and drive the burr or

slug out. (Figure 3).
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Figure 3‘

8. Place the stock over the hardie or pritchel hole and drive the
punch through from each side alternately until the hole is the desired
size. (Figure 3). Always keep the metal at a good working temperature,
re-heating as may be necessary.

9. During the process of punching, occasionally dip the punch in
water to prevent over-heating.

10. If the punch sticks, drop a little dry powdered coal into the
hole.
11. If the punch upsets during the process of punching, it is due

to the over-heating of the punch. Remove it, draw it down, and temper

before using again.



Qgestiogﬁ

1. Why shouldn't you punch all the way through without reversing
sides?

2. Why is it wrong to place the stock over the pritchel hole for
the first punch?

3. FWhat causes the punch to upset while punching?

L. What is proper temperature to heve the stock while punching

holes through it?

References

1. "Farm Mechanies" - Cook, Scranton, McColly.
2. "Blacksmithing™ - Selvidge and Allton.

3. "Farm Shop Practice™ - Jones.

4e "Farmer's Shop Book™ - Roehl.

5. "Farm Blacksmithing™ - Friese.
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DRILLING THROUGH METAL

Job 24

The drill is one of the most useful pieces of equipment in the farm
or school shop. Many repair jobs can be done by simply splicing a piece
of metal rather than heating and punching the holes. Also the drilling
of a hole is generally a neater job than punching, for certain purposes.
Meny times pieces of machinery are discarded which could otherwise be
repaired and in turn, considerable money could be saved. For the average
farm and school shop the hand post drill is the most useful. The self-
feeder has its advantages and the hand feeder has its advantages, but in
general, we find more hand feeder drills. For the farm and school the

hand feeder is satisfactory.
Drill Bits am Chuc

Twist drill bits are sold as carbon-steel drills and high-speed
drills. The carbon-steel drills are softer and need to be sharpened
more often, but are very satisfactory for the farm shop. The high speed
drills are more expensive but do not need to be sharpened nearly as
often. Blacksmith drill bits, Figure 1, haye a straight round shank

with a flat side.

Figure 1.



A Reamer is used in enlarging a hole for some particular purposee.

See Figure 2. These shanks are adapted to the carpenter's brace.
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Figure 2.

Chuck is the part of the drill that holds the bit. There are
different chucks, but for the blacksmith's drill bits there is one
kind which holds the straight round shank with a flat side shown in

Figure 1. The flat side prevents the bit from slipping.
Sizeg of Dr

The sizes will vary with the type of work being done. It is
 advisable to have bits from 1/16" to 3/4* for the farm and school shop.
The smaller bits would be used chiefly in the drilling through thin
metalvas for riveting and drilling out old rivets, while the larger

would be used for drilling holes for bolts and rods.

br Drill

Hard steel - Turpentine or kerosenee. 7
Mild steel - Lard oil, screw cutting oil, or machine oil.
Cast iron - Nothing.

Brass - Nothing.

129.
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Wrought iron - Lard oil, machine oil, or screw cutting oil.
The reasons for the use of these liquids are twofold: First, they
aid in keeping the drill bits cool,and secondly, they make the bits cut

easier and smoother.

Drilling

Procedures

1. Wark place to be drilled. A cross section of two lines makes
accurate work. (Figure 3). WMake a deep center punch mark at place

marked in Figure 3. Figure 4 shows center punch at the marked location.

i -
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Figure 3. Figure 4.

2. If stock is round, place in a wooden "V® block. .This holds
the stock steady and lessens the chance of breaking the drill by

turning of the stock. (Figure 5).

i - )




3. Always place stock on a wooden block, Figure 6. Unless table

has a hole in it. Wood is used to prevent drilling hole in table.

Figure 6.

L. After a turn, lift the drill and see if the drill is in the

exact location.
5. Turn, feed, and start drilling.

6. Lubricate as often as needed. Experience will determine the

amount.

131.



Quegtions

1. What are the suggested sizes of bits to keep on hand?
2. Why should round stock be placed in a "V" shaped block?

3. Is it necessary to have a piece of wood under the stock while

drilling?

References

1. YFarm Shop Practice" - Jones.
2. "Repairing Farm Machinery® - Radebaugh.

3. "Blacksmithing®™ - Selvidge and Allton.
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RIVETING

dob 25

There are many occasions in the farm shop when riveting is necessary.
Much repair work can be done that would prevent the purchasing of some

new pieces of machinery.
Tools - hammer, clippers.

Materials — rivet.

Procedures

1. Holes may be drilled or punched through stock. It would depend
upon the circumstances as to whether the holes would be punched or
drilled.

2. Place pieces close together and determine the length of rivet
to be used. Leave about thickness of rivet in length beyond the hole
for heading. If riwet is too long, any method of cutting soft steel may
be used.

3, Place rivet through holes, turn stock over and rest head of
rivet against solid piece of metal. Press pieces close together and
strike hard blows with hammer directly on top of the rivet. After the
pieces are held together gsolidly, then hammer at an angle in order that
a good solid head is formed. Figure 1 shows rounded head formed by

delivering final blows at angle.
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Figu.re 1. Figure e

Figure 2 shows the rivet after being counter-sunk. In counter-
sinking one may tzke a bit slightly larger than the hole for the rivet
and drill slightly for the counter sink. Rivets are generally counter
sunk when the surface where the riveting is done must be smooth.

4e In case riveting is done where play is needed between pieces,
such as a pair of tongs, place a piece of heavy paper between pieces
when riveting.

5, Heated rivets mske a good job but are not frequently used.



1.
2.
3.

1.

2.

Quegtions

Is riveting usually done with heated rivets?

When would it be necessary to do countersinking?

What material is a rivet made from?

References

"Farm Shop Practice" - Jones.

nBlacksmithing®™ - Selvidge and Allton.
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TEMPERING

Job 26

Tempering is the process of reducing the hardness or brittleness of
tools. It is the giving of the required degree of hardness, toughness
or softness to a piece of steel, or the giving to a tool the degree of
hardness required for the purpose for which the tool was made. The
process of hardening and tempering are closely related; one is opposite
the other. A tool is hardened before it is tempered. If a piece of tool
steel is heated to a cherry red and then cooled quickly by dipping in
water or other solution, it will be made very hard, the degree of hard-
ness depending upon the carbon content of the steel and the rapidity
of cooling. The higher the carbon content, the harder it will be, and the
more rapid the cooling, the harder it will be. Remember that you cannot
temper wrought iron, and low carbon steel will tempér but very little.

Tn addition to the steel becoming very haerd, the steel is also brittle,
and has but little strength, as compared to its strength under other
conditions. Teppering involves the removing of a certain amount of the
hardness and brittleness to allow the tool to do the work required §f it.

The common baths used in cooling the metal are, water, brine, and
0il. Water is the one most commonly used. The water should never be
over TO°F. and the best temperature is around 60°F. It is not satis-
factory to have a bath too cool, as well as, too warm. Brine baths
are used under certain conditions. Salt or saltpeter are used in
meking the brine. This solution produces great hardness. 0il is used

where a high degree of hardness is not required, and where it is more
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desirable to have toughness rather than hardness. O0il has less tendency
to warp or crack steel than either water or brine.

Steel must be heated in order to remove the brittleness. For
general purposes, the proper degree of heat to temper a tool is deter-
mined by temper colors. Every tool is first given a high degree of
hardness and brittleness by heating to proper heat, and plunging a
portion of the tool into water, or other liquids. A tool with this
extreme hardness and brittlemess is not fit for use, but if it is
heated up slowly the hardness will be drawn. The hardness may be re-
duced until it will conform to any requirement of the tool. In order
that this may be made clear, the description of tempering a cold chisel
will be given. Other tempering would be done fundamentally the sanme.

Since there are so many different alloys of steel today, it is
advisable to use water in tempering in preference to other solutions.
This is the most useful and practical.

Tools - tongse.

Materials - emery cloth, or file, and cold chisel.

Procedures
1. Heat the sharpened or forged end §lowly and carefully up to
about 1", to a cherry red. (Fig. 1) While heating frequently turn
the chisel in order that it will be thoroughly heated. The color should
be seen in the shade of the forge or in e slightly dark place, as the

cherry red will not show up well in a bright light.

| |
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>

Cherry red

Figure 1.
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2. Dip the heated end in the water immediately, to about the
depth of %“. (Figure 2). Move it slowly back and forth, and slightly
up and down. Moving back and forth brings the chisel in contact with
cool water. The up and down motion prevents the fracturing of steel
at any definite water line. This fracturing is due to the contraction

of one portion away from the other at the water line.

===
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Figure-z.

3. The portion of the chisel dipped in the water should be cool
enough to place your hand on. This should not be practical, but after
a little tempering your judgement will be satisfactory.

L. After the chisel is cool, remove from the water immediately,
and quickly polish with a piece of emery cloth, a file or a piece of

0ld grind stone, to remove the scale.

®
E = 8]] .
This heot %empersf, Hard and ‘

or softens brittle needs

' A tempering |

Figure 30



139.

5. The tempering is accomialished by the heat which is left in
the uncooled portion of the tool, that moves down to the cutting end
and softens it. When the heat is moving down the shank of the tool,
colors are detected. First color to pass down will be light or pale
straw, followed in turn by dark straw, brown, red, purple, dark blue,

and light or pale blue. (Figure 4.)

| /L;;L‘i@hf or. pale blue

AN
Dark blue
~Purple

Brownred -
&.Dark straw
) Light or pale straw

Figure 4.

6. When the color representing the required degree of hardness
for the tool reaches the end, plunge into water immediately. (Figure 5)
Keep the whole chisel under water until cooled. For ordinary cold
chisels, purple or dark blue are the proper colors. For other tools,

see charte.
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<t Li‘qh\‘ or pale blue
Dork blue - ~

Figure 5 .

7. After being cooled, test to make sure it is properly tempered;
if not repeat the process. If the tool chips or breaks when used for
the purpose intended, it indicates that it was not tempered enough
and the tool is too hard. If the tool dents or bends it indicates
that it was tempered too much and is too soft. In either case repeat
the tempering process, and watch carefully the colors, remember that
the yellow or straw color tempering, produces the greatest hardness
and pale or light blue the softest temper or degree of hardness.

8. Method of testing. Cut a piece of wrought iron, or an old bolt

or some iron similar.
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GUIDE FOR TEMPERING TOOLS

Applications Temper Action of
color File
Lathe tools, surgical instruments Pale yellow File will

Razors

hardly work

Thread cutting tools and dies

Straw yellow

File will
work

Drills for iron Full yellow
Carving Knives and Springs Dark Straw

Punches and dies, wood working Deep Straw

tools, Sledges, blacksmith's hand or

hammers, stone drills

Brown yellow

Stone Drills (hard stone)

Dark Blue
Table Knives,shears, cold chisels,
(for 1light work) and twist drills. Purple
Cold chisels, punches, digging iron,
pick and maddocks, General tempering,
Hammers. Blue




Important Points To Keep In Mind In Tempering

1. Heat to cherry red. Notice heat in shaded place.

2. Move tool up and down slightly and back and forth in water.

3. Never have water over 70°F. or below 60°F.

4. Polish tool immediately, and watch carefully the colors.

5. Temper at the desired color.

6. Test immediately after tempering.

7. 1If not tempered properly, follow same procedure again and
watch desired colore.

8. When tempering, a small amount of carbon is lost and if
repeated too many times, the tool will be ruined.

9. Different grades of tool steel will have different degrees
of hardness when quenched at the same color. Therefore, it may be
necessary to experiment with the first piece of a new lot of steel,

in order to secure the desired degree of hardness.
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2.

Questions

What is the proper color to heat tool steel?

Why should you keep the tool immersed in the water until

the end cools slightly, before using the emery paper on it?

30

Why polish the surface after the tool is hardened?

Referencegs

"Plain and Ornamental Forging®™ - Schwarzkopf.
"Farm Shop Practice" - Jones.

"Blacksmithing®™ - Selvidge and Allton.

"Farm Mechanics" - Cook, Scranton, & McColly.

"Blacksmithing on the Farm® - Jarvis and Abbott.
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Welding is one of the most important jobs in forging. The
blacksmith is judged to a great extent upon his ability to weld.
Felding is the joining or uniting of two or more pieces of metal,
usually iron and steel, into an intimate and permanent union. There
should be no foreign substances between the welded surfaces, is so
the weld would be weak and upon wear would separate. A good weld
should be as strong as the other psrt of the stock; if not stronger.

Essentiels which govern the welding of iron and steel are:

1. Fire. Deep, thick and free of foreign materials, such es,
slete, clinkers, sulphur and ashes. Thick enough to not allow direct
blest on iron. Direct blast will cause iron to absorb oxygen and
form an oxide of iron scale on the surface, that prevenis welding.

} deep, thick fire is very essential.

2. BAir forced in should not be great. Irons should be heated
slowly and evenlye.

3+ Irons should be well scarfed.

L. Heating to the proper heat is very essential in welding. It
is impossible to weld unless the proper degree of heat is reached.

5. Good flux.

6. Accurate and rapid manipulation.
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Welding Fluxeg

Telding fluxes are used for four main ressons:

1. Prevent oxidation or scale formetion on the scarfed ends.
Flux melte and forms scale on heated surface.

2. Aids in dissolving any oxide that may have formed.

3. Serves as a protective covering to the scarfed ends, pre-
venting dirt, cinders or other materizls adhering to the weld.

4. Lowers the melting point of iron oxide.

The most common fluxes are, borax, clean sharp sand, and
welding compounds. Clesn sand is hard to obtain, therefore, it is
advisable to uce compounds or boreax.

In welding wrought iron the welding heat is high enough to melt
the iron oxide and does not necescairly need the welding flux. How-
ever, it is advisable to use the flux in the welding of &ll iron and
steel.

Borax is sometimes mived with clean fine sand. Soéme smiths
use the borsx pluin, others use them mixed with equal parts. Com-
mercial welding flux, however, such as may be bought from hardware
stores, is usually more satisfactory; asd-since but a little is

needed, it is probably test to buy a smell packege for the shop.

Scarfing The Irons
Scarfing is a preliminary step in welding. The scarfing of
irons before welding makes a much stronger jobt of welding. Scarfing

is the chaping of irons for the weld.
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Procedures

1. Heat the iron to a working heat.

2. Upset the iron back to about 1%, depending upon the kind of

jobe

‘e

' N "
PN [

. _ ~ X
o St I

L

//ét,.

Figure 1.
The upset portion should be about 1/8 of an inch thicker than
the stock. Upsetting is used chiefly in heavier stock. There is not

much need for it in smzll stocke.

3, Place the end of stock on edge of anvil and form scarf.
(Figure 2.). Length of scarf should be one and one-half times the

diameter of the stock. (Figure 3.)

Figure 2. Figure 3.

4. Scarfing should be done in all types of welding. (Figure 4)

[

shows scarfing on a flat piece of stock.



Figure 40

Kinds of Welds

There are a number of different kinds of welds, but only a few

of the more common ones are given here.

1. Scarf weld, is the weld most frequently used. It is suit-

zble for welding round, flat or square stock. It is used for rods,

rolts, rings, links and single tree clips. (Figure 5).

Figure 5.

2. Butt weld, not so strong.

3. Lap Weld.

147.
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L. Cleft Wield.

Figure 8.

>

There are numerous other welds. The mejority of the welds in

the farm shop are the scarf welds.

Procedures_of Welding

1. Heat ends of stock, upset and acarf according to the proce-
dures of scarfiné.

2. Plece both scarfed ends in the fire at the same time and
heat slowly. Scarfed ends down.

3. The stock should be turned frequently to insure a well bal-
anced heat. If one end heats faster than the other pull one to the
edge of the fire and cool slightly.

L. When the scarfed ends reach & red color, place some welding
flux on scarfed portions. In the event you do not have a flux spoon,
pull the irons to the edge of fire and drop flux on with the fingers.

5, Heet according to the kind of stock you are working with.

Tf tool steel, do not heat above a lemon color, since high carbon
steel heated sbove a lemon color will crumble. If you are heating
wrought iron, it sbould be heated until whiskers are growing, sweating,

spitting sparks, and in a pasty condition. You do not want to keep it



in the fire but a few seconds after sparks begin to fly from the iron;
if so the metal will burn.

6. Do not cut off forced zir until ready to remove stock from
fire.

7. Remove the irons from the fire, rap them sharply on the
anvil to remove the scale from on the scarfs. In removing from the
fire, raise up and out to prevent dragging through the aches.

8. Place in position on anvil. (Figure 9). Scarfs should be

lapped so that the point of one scarf will meet the heel of the other.

Figure 9.

9. The work must be done fast before the irons loose their
welding heat.

10. Strike with medium blows. The first blow should be in the
center to force any scale to the outside. (Figure 9). If the irons
do not stick together in the first blow or two, it is useless to con-
tinue hammering. If it doesn't stick, re-shape the scarfs, reheat
and add flux as before.

11. If the pieces stick together, hammer several blows on one
side, turn over and strike several on other side. Do not work weld
after proper heat has gone. It is frequently necessary to take two

extra heats. In taking an extra heat to weld down a lap, the lap
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should be on the underside just before removing. This insures

thorough heating. Add flux to weld at extra heatings.

12. After weld is completed in & round rod, the welding section °

should be smoothed and brought down to desired size by first meking
the section square, ss in drawing out, then elght sided then round.
This depends upon whether the welded stock is straight or in the

form of a link or weld. In any case the weld should be brought to

the size of stock, to make a neat job.

Common Causes of Failure in Welding

1. Stock not heated to proper temperature.

2. Fire may be too slow, too shallow, or may have clinkers,
slate or poor grade of coal that contains sulphur. It is out of
the question to attemp£ to weld with coal that has much sulphur in
it. Good cosl will crumble.

3, After two or three attempts irons may be burnt, if so cut
off ends and re-scarf and repeat the heating process.

Only one weld is described, but after one familarizes himself

with this weld he can do the others as well.
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Questions
Why upset the stock before meking a weld?

Why should all welding heats be taken slowly?
Why should the first blow be struck in the center?

What are some of the common causes of failure in welding?

References
"Plein and Ornamental Forging® - Schwarzkopf.
"Blacksmithing® - Selvidge and Allton.
"Farm Shop Practice™ - Jones.
"Blacksmithing on the Farm® - Jarvis and Abbott.
"Repairing Farm Machinery and Equipment® - Radebaugh.
"Farm Mechaniés' - Cook, Scranton and McCally.
"The Farm Work Shop and VWoodlands"™ - E. C. Atkins Co.

"Farm Mechanicg" - Crenshaw and Lehman.



HARDENING METAL

Job 28

Many jobs in the forge work require hardening. It is very
essentizl that one becomes familiar with the hardening of metal
since many jobs are based on this. If a piece of steel is heated to
a cherry red and immediately quenched in water the metal becomes
hard. The degree of hardness depends upon the amount of carbon
present in the metal, and the rapidity of cooling. The higher the
carbon content end the more rapid the cooling, the harder the steel
will bte. Other baths are used in hardening steel besides water.

1. 0il or lime or soda lessen the intensity of the effect,
thus steel articles that do not need to be very hard may be cooled
in the above solutions.

2. Sealt or salt peter intensify the effect and produce greater
hardness. These solutions are used where a great degree of hardness
is needed. The best temperature of liquids for hardening metal is
from 50° to 70°F.

3. The greatest hardness of all is made by heating steel to
a cherry red and plunging into mercury. This process makes the metal
very hard and a file will have no effect on it. Also this degree of
hardness will not stand bending.

4. Hardened in the air - this method should not be used for the

average metal that is used in the farm and school shop.
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5, Water method - this is the most practical for the school and farm
shop.

In the hardening of certein metal it is necessary that we temper.
Terpering is the softening of metal. We must first harden the metal and

use the color scheme in obtaining the proper degree of hardness as in

tempering.
Hardening A Short Axle

1. Stock is heated to a cherry red and immediately quenched in
water. All of the stock is quenched. It is moved backwards and forwards
and up and down to insure proper cooling.

2. Taken from the water and placed end first in a piece of pipe
larger than the axle. This is to permit the blue color to return to the
surface evenly. The end should be pulled out of pipe far enough to
detect the color. When the colors sre nearing blue, watch carefully and
when dark blue appears, remove from the pipe and quench in water until
cooled. This is recommended over keeping the axle in the open air and
waiting for colors as with small tools, such as the cold chisel, punches,
étc. Left in the air may set up uneven strains by the inner part not

being evenly heated.
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Questions

What are the baths used in hardening metal?
Which is the most practical one for school and farm shop work?

Why wouldn't you harden an axle like you would a cold chisel?

References

"Plein and Ornamental Forging®™ - Schwarzkopf.
"Blacksmithing™ - Selvidge and Allton.

"Farm Shop Practice®™ - Jones.
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ANNEALING OR SOFTENING METAL

Job 29

Annealing is a process of softening steel. Often tool steel is
annealed by the menufacturer before being sold, but in forge work on
the farm or in the school shop there is a need for annealing. Often
in forging steel, straing are set up which should be taken out before
hardening or tempering. These strains may be set up by alternate
heating and cooling and by hammering. Various degrees of heat when
applied to iron and steel have different reactions on metal.

The reactions of different heats are as follows:

l. A coarse grain structure results from heating to a yellow
or white color, and cooled quickly.

2. A finer grain results when steel is reheated to a cherry
red and allowed to cool slowly.

Through this process of annealing, the steel is changed into
a uniform structure, uniform strength, and a tough nature. Annealing
of steel is important in the process of making cold chisels, punches,
etc. of any kind of steel that is forged.

Steel may be annealed and then easily sawed with a hack saw,

which otherwise would be almost impossible.

Procedures
1. Heat slowly that portion of stock that is to be anneuled
to a cherry red. All portions of the stock do not need to be

softened.
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It is only the portions that have been hammered on that need to
be softened to relieve certain strains that may be present.

2. Bury stock in a box that contains lime, wood ashes, or fine
coal, at least away from all drafts. Let the stock remsin there until
colds In this procedure it should cool slowly.

3. Most blecksmiths after working out the metal, befoare temper-
ing, lay the stock out in the open to cool. This is the more common
practice.

4o If time does not permit, the water method may be performed.
This is much quicker then the above. If properly performed, good
results may be obtained. Heat to & cherry red and permit to cool
without packing until no heat colors are visiblg in a dark light,
then plunge it into the water to cool immediately. One must not be
in too much of a hurry, and cool too rapidly, if so then you may make
the metal hard rather than soft.

5. Copper and brass may be annezled by heating to a red heat

and plunging into water immediately.
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Questions

What are two methods of annealing?
What does the word anneal mean?

Why should we anneal before hardening?

References

#Plein end Ornamental Gorging®™ - Schwerzkopf.
"Blacksmithing® - Selvidge and Allton.
"Farm Shop Practice®™ - Jones.

"Farm Mechanics" - Cook, Scranton, McCally.
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BENDING AND SHAPING STOCK FOR EYES AND RINGS
Job 30

There is a constant need for the bending and shaping of stock in
the farm shop. It requires considerable skill in doing the job well.
Many times the beginners have difficulty in keeping the stock in line.
Bending and shaping of stock is employed in making irom rings, eyes
and hooks, lap links, opening rings, etc. Many other jobs could be

done after obtaining the principles by which rings and eyes are formed.

Tools - tongs, hammer, steel square.

Materials - stock (2 pieces).

Bending And Shaping Stock For Fyes

Procedures

1. Messure off and mark with center punch the amount of stock

required for the eye.

2. Hezt to a cherry red and square the ends as shown in (Figure 1).
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3. Place stock on face of anvil and extend the stock over the

side to the point marked. (Figure 2).

Figure 2.

L. Bend stock to a sharp right angle. (Figure 3). There should
be a gradual bend at first by striking blows beyond the merk. Blows
must be struék on top of stock frequently as shown by the arrow in
(Figure 3.) The blows on the side and top should be balanced enough
to keep the stock in the proper direction. Care must be taken to

prevent too much spread at the point of offset, where the right angle

is made.
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5. Extend the end of the stock that is to form the eye over the
tip of the anvil horn and bend tip end until it is about the same bend

of the finished eye. (Figure 4). Reheat whenever necessary.

Figure 4.

6. As the curve is formed, keep moving the stock over the horn,
striking glancing blows on top of the stock until all the stock back

to the right angle is formed into a circle. (Figure 5).

Figure 5.

Bending And Shaping For Rings

Procedures
1. For measuring stock see job on measuring stock.
2. Cut stock the desired length.
3. Heat stock to cherry red and square both ends.
4+ Heat stock again and bend one-third of the stock over the

anvil horn. Then bend the other end. (Figure 6).



Figure 6 .

5, Heat the center of stock and bend it making the two ends
come together. Just before bringing the two ends together, place the
stock in the vise and file the ends in order to make a snug fit.
Soretimes rings are weided. In such cases see job on welding.

6. In turning the ring this may be done either on the horn of
the anvil or the mandrel if one is available. (Figure 7.) The

finished ring. (Figure 8).

— -

T
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Figure 7. Figure 8.
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Questions

1. What are the advantages in knowingdifferent methods of bending
metal?

2. Which gives better results in truing a ring, the mandrel or
the anvil?

3. Why should you first square the ends?

References

1. "Blacksmithing® - Selvidge and Allton.
2. "Farm Blacksmithing®™ - Friese.

3. "Farm Mechanics" - Cook, Scranton, McCally.
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FILES

Job 31

A file is onerf the most valuable cutting tools in the forge
shope A file is handier on certain jobs than the grinding wheel.
For example, sharpening a garden hoe, one can do this much quicker
with a good file. Files are made from very high carbon steel. An
old worn out file can easily be made into a wood chisel, but it is
too hard and brittle to make into a cold chisel. There are many
kinds of files, but the single cut, double cut and the rasp cuts are
the most commonly used. These are based on the kinds of cuts that

form the teeth.
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Figure 1. Figure 2.
Single cut Double cut
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Files according to their shape are:
1. Flat, as shown in Figure 1, 2 and 3.

2. Trianguler, Figure 4, and 5.

3. Rat Teil.

V'o‘o’c""‘o‘o' XX
Wi, )
RO .

!

b e

Figure 4. Figure 5.
Saw File (Triangular) Cross cut (Trianguler)

The rat tail is used in filing out holes.
The round, square and half round are used, but the flat and

triangular are used more often in the school and farm shop.

Care of Files

Since files have sharp tempered cutting edges it is very im-
portant that the proper care be given them. Handles should be placed
on the files before using. Some use an adjustable metal handle, as

in(Figure 6). This handle can be removed, and placed on any file.

i

4
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Figure 6.
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The wooden handle is used quite frequently. (Figure 7). Many
people on the farm make their own handles, out of wood or a corn cob.
Filés should not be thrown around and be permitted to be in weather

e e e 4w e b

and rust.

t

;

Figure 7.

Also one should be careful not to throw a file on other metal,
in opder that the cutting edges are not dulled. Have a definite
place to keep file, as shown in(¥Figure 8). The point of the tang
may be put in-the hole bored in a piece of wood. This can be done
if the handles are taken off. If the handles are not tzken off
place them in the grooves as shown in(Figure 8). All files while

being used should have handles on them.

Figure 8.
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Groups Of Files According To Their Uses

1. The saW file group, comprising the kinds of files whose
particular use is in sharpening or filing saws of wvarious descriptions.
This includes mill files, trianguler or three cornered saw files and
saw files of speci:zl sections.

2. The machinist's files, comprising those kinds generslly
used in machine shop prectice, including the various styles of flat,
kand, half round, round, square, etc.

3. Rasps of various types. This group comprising wood rasps,

cabinet rasps, shoe and horse rasps.

Clessification of files according to their coarseness and
fineness:
1. Coarse
2. Bastard
3. Second Cut
L. Smooth
Mill files are flet single cut files, tapered slightly in thick-
ness end in width for about one-third of their length. Used prin-
cipally for filing mill or circular saws, and various kinds of tools

and knivese.

Points In Selecting A File
1. FKnow the type and kind of materisl to file.
2. FKnow the rate of removal. The file should carry away most
of the material. The proper file used on the proper materisl will

relieve much gumming or f£illing up of the file.
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3. Quality of finished product. Coarse file will give rough

finish, and a fine file a smooth finish.

Three Distinguighing Features of Files And Rasps

1. Their length, which is always measured exclusive of the tang.
2. Their kind or name, which has reference to the shape or style.
3. Their cut, which has reference not only to the character, but

algo the relative degree of coarseness of the teeth.

Procedures In Filing

1. Clamp the work to be filed firmly in the vise in a horiz-
ontzl position.

2. The size of the file to be used will depend upon the kind
and size of the work.

3. The work is easier to file when about @lbow high, but this
will depend upon where the vise is mounted.

4. Grasp the handle with whole hand and the other end with

thumb and forefinger for light work. (Figure 9).
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5. For heavy filing grasp handle with whole hand and grip

firmly the other end. (Figure 10).

Figure 10.

6. Use moderately slow, long full length strokes.

7. Always put pressure on outward stroke and relezse pressure

on backward stroke. WNever drag file over metal.

8. Before attempting to file, first determine the angle that

is to be filed.

| SR S o s

Figure 11.

9. Draw filing is used chiefly in smoothing long rough sur-
face. Grasp each end of file as shcwn in(Figure 11).

10. Always keep the file clean. If the file does not clean
itself, use a small wire brush known as a file card, or4ﬁse an end

of a small piece of wood. Either rubbed across the file will clean

well.
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Questiong

1. What is a mill file used for chiefly?
2. Ts it necessary that files have handles while being used?

3. What is the rat tail file ued for chiefly?

References

1., "Farm Shop Practice." - Jones.

2. "Repairing Farm Machinery and Equipment® - Radebough.
3. "Farm Mechanics" - Crenshaw and Lehman. |

4. "Blacksmithing" - Selvidge and Allton.

5., "Farm Mechanics" - Cook, Scranton, & McCally.
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CUTTING THREADS

Job 32

Many repair jobs can be done on the farm by the use of some
threading tools. The common threading tools are given below. Stock

iz wsed in holding the die.

Figure 2.
Die

The dies are adjustable in the stock given above.

There are two most commonly used threads. The U.S.S. (United
States Standard) and the S.A.E. (Society of Automotive Engineers).
The U.S.S. threads are used chiefly in the farm repair work while
S.A,E. threads are used in automobiles, engines, and mdchine work.
The chief difference in the two is that the U.S.S. has many less
threads per inch than the SJ/A.E. and S.A.E. are much finer. For

general farm work use U.S5.S. dies.
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Most common sizes of dies used in farm repair work are; 1/4,
5/16, 3/3, 7/16, 1/2, 5/8 and 3/4.
The U.S.S. threads are "V" shaped as shown in(Figure 3.) With

a 60° angle between threads.

Figure 3.

The lubricants used in threading of stock vary somewhat.
Lubricants must be used in threading stock except in the case of
cast iron where very little is used. If oil is wed in drilling
or threading cast iron it causes the chips to stick to the bits,
and dies respectively. The commonly used Jubricants ares

1. Animal lard oil.

2. Sperm 0il.

Mzchine oil is not used when the above can be obtained.

Tools - stock, die.
Materisls - lard oil or threading oil, stock to cut threads on,

rod or a bolt.
Procedures

1. Round end of stock slightly, (Figure 4). This may be done
on the zrinding wheel, grindstone or with a file or a hammer. The
purpose of rounding the stock slightly on the end 1s %o aid the die

in starting easily. Lo

Figure 4.



172.

2. Place in the vise in an upright position.

3. Make sure that the die is level and that the threads are
started even, that is, do not have the threads crooked. Exert
equal pressure on each hendle. Make a downward turn first to get

thread started. (Figure 5).

Figure 5.

Lo Make about two turns forward, then turn left one-half turn
and apply lubricant in the die, this will permit the oil to soak down
through the threads. (Figure 5).

5. Continue this procedure by working two to three turns to
the right and one-half turn back to theleft and apply oil.

6. In case the die is left handed turn to left in the beginning.
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Questions

l. Would you use machine oil in threading stock?
2. Why turn left one-half.turn before applying oil on die?

3. Why should the end to be threaded be rounded slightly before

sterting the threads?

References

1. ?"Blacksmithing®™ - Selvidge and Allton.
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GRINDING WHEELS

Job 33

Since there are many difficulties in keeping a grinding wheel
in the proper condition, it is essential that some space be given
here on the grinding wheel. To obtain the best results from the
grinding wheels, the individual should know before buying, the
types and grades to be used. For a long time many persons lmd the
jdea that knives, axes and other small tools could not be sharpened
on a grinding wheel because the chances of burning the metal was too
great. Knives, axes, scythes, cutter blades, chisels and many other
small tools may be sharpened on the grinding wheel provided it is
carefully done and the proper wheel is used. Details will be given
on grindingz in various jobs, but one important factor to keep in mind
is not to burn the tool. To prevent this keep the tool light on the

stone and move backwards and forwards across the wheel.

Operation 1. Selecting The Wheel
In order that proper grinding be done, two types of grinding wheels,
should be on hand. One for soft metal and another for hard metal or
tempered metals.
Carborundum wheel - Carborundum is a chemical combination of
cerbon and silicon. It is made up of small sharp crystals, that break
slightly in use. Used in grinding brass, bronze, cast iron, chilled

iron, marble and granite. .
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Aloxite wheel - purest form of aluminum oxide. It is extremely success-
ful in all steel grinding because of its hardness, sharpness, toughness and
proper temper. Used in grinding steel.

Emery wheels were at one time used extensively for grinding purposes.
Emery wheels are not used in the better wheels today, as they glaze or
load easily and rapidly over-heat.

Tn the majority of farm shops the two kinds of wheels are sufficient,
the Carborundum wheel and the Aloxite wheel.

In school shops additional wheels are needed for special jobs, such

as polishing and buffing wheels.

Operation 2. Testinz the Wheel for Safety

When you receive a new wheel it is advisable to test it for defects
such as cracks or broken places. This would prevent certain accidents
later. All reliable manufacturers test their wheels before shipping,
but they may be cracked while being shipped. Simply tap the side of the

wheel slightly with a hammer and if it rings the wheel is sound.

Operation 3, Adjusting the Wheel

The wheel should go on the spindle easily and not pressed on.
Flanges should be used that are at least one-half the diameter of the
wheel. Compressible washers of old leather, rubber packing, or
blotting paper, slightly larger than flanges, should be placed between
the wheels and flanges. This protects the wheels, as the pressure is

distributed evenly, when the flanges are tightened. The flanges should
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be tightened only enough to hold the wheel firmly. Many times the nuts

are turned too tight on the spindle.

% - e — ———— . —...___._._m
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Figure 1. : Figure 2.
Right Wrong

Operation 4. The Safety of the Grinding Wheel

The grinding wheel should always be properly enclosed. The grind-
ing rest should always be placed close to the wheel. When grinding,
the wheel should always be turning towards the operator with the work
being moved over the entire face of the wheel. The wheel should never
be operated unless the operator wears goggles to protect his eyes. If the
wheel hes a glass shield on it, it is not necessary to wear goggles.

The rester should be placed close to the wheel.
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Operation V. Iruing the Wheel

1. Reasons for truing:
(a) When wheels become loaded.
(1) They become loaded by grinding soft metal such as

aluminum, lead or brass on a wheel which is not made for the grinding of

such.
(2) By grinding when the wheel is too hard.
(3) By grinding when the wheel is running at too slow
a speed.
(4) By grinding when the wheel has improper grain.
(b) When the wheels become unevenly worn by continuous
grinding.

(c) When the tool becomes hot and is not cutting, generally

a result of being loaded.
2. Method of truing. Move the wheel dresser back and forth across

the wheel while the wheel is in full speed.

In the event the wheel becomes loaded with grass, lead or aluminum,

it should be picked out with some fine pointed tool.
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Points to Keep in Mind About the Grinding Wheel

l.v Select a good grinding wheel.

2. Select wheels that are adapted to the kind of work you are
doing.

3. Never grind aluminum, lead and brass on a wheel unless that
wheel is especially made for such.

L. Test the wheels for cracks when purchased.

5, Mount the wheel properly by placing packing between flanges and
wheel, and do not tighten the wheel too tight.

6. Keep the rest close to the wheel.

7. If you do not have the glass shield, use goggles.

8. In grinding move the tool from side to side to insure proper
grinding and prevent over-heating and untrueness.

9. Always turn the wheel towards the work.

10. True the wheel immediately when it needs it.
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Questions

1. How would you test a wheel for safety?
2. Why wear goggles or have a safety glass shield on the grinder?
3. What wheel would you use if you wanted to grind aluminum,

lead or brass?

renc

1. "Repairing Farm Machinery® - Radebaugh.

2. "Farm Shop Practice"™ - Jones.
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TRUING A GRINDSTONE

Job 34

This job is very essential to the success of any grinding. The stand
on which the grindstone sits must be solid, that is, it should not wabble
in anyway. When the stands are not solid, the wheels become out of line
and makes grinding very difficult. As soon as you find the stone out of
true you should take time to true it, since the longer it goes the m@re
untrue it becomes. The grindstone may be trued with a piece of gas pipe
or a file, or with both., Many cases it is not necessary to use the file.
The file should be used only when the stone is extremely untrue., Water
should be kept on the grindstone continuously while using it, but when not
in use do not permit the stone to stend in water since this would soften

the stone.
Tools -

Materials - plece of iron pipe about 3/4" to 11" size. An old file.

The grindstone is used less today on the farm than a few years ago,
due to the great improvements in the faster cutting grinders. Grind-
stones do not cut as fast as a grinding wheel. There is much less danger
of burning the tool while sharpening and for this reason the grindstone
is preferredvby many people for the sharpening of edge tools, such as,

mower knives, scythes, ensilage cutter blades, etc.

Procedureg
1. Place pointed edge of an old file on a rest. (Figure 1) Turn

grinding wheel. The file is used only when the stone is in a bad
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condition. This will remove the rough spots quickly. After this is done

the stone will be rough.

Figure 1.

2 Place a piece of iron pipe in the same position as you did the
file. (Figure 2). Turn the stone. This will smooth the stone. The pipe
should be moved back and forth across the stone to obtain an even and

smooth surface. Ordinarily the pipe is sufficient without the file.
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Questions

1. What is the chief cause of a grindstone becoming untrue?

2. Is it good for a grindstone to set in water when not in

use? Why?

3, Which would you prefer to true you grindstone with, the pipe

or file? Why?

Referenceg

1. "Repairing Farm Machinery and Equipment®. - Radebaugh.
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FITTING A SCREW DRIVER

Job 35

Many heads of screws are ruined because of the improper fitting of
the screw driver. Generally, we attempt to sharpen the end of a screw
driver to fit a small screw and as a result the tool has been damaged.
There are various styles of screw drivers, but for general shop work
the styles do not vary much. Generally, a complete metal screw driver
is used in metal work and a wooden handled one is used in wood work.
This, however, does not hold true in the school and farm shop, as both
kinds are used in the metal and wood working shops. The main thing to
keep in mind in using the screw driver is to obtain one for the job
that fits the head of the screw. For this reason, it is advisable to
have a several different size screw drivers in the shop. There are only
a couple of screw drivers in the average farm shop. Due to a limited
number of screw drivers in the shop it is necessary that they be fitted
for certain screws. You can easily fit one on a grinding wheel.
(Figure 1). is the result of attempting to remove a screw with an

improperly fitted screw driver.

a¥aN

Figure 1.
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Tools - hammer, tongs, grinder.
Materials - screw driver, emery cloth.
Fit o d e
Procedures

1. Determine the size of groove in the head of the screw. Figures
2, 3, 4 and 5, give the proper and improper fitting. The end should be

blunt and the sides of the screw driver parallel to the slot in the head.

Figure 2. Figure 3. Figure 4. Figure 5.
Improper. Proper. Proper. Improper.

2+ Plece on grinding wheel and shape to fit the head of the screw.
3 By F

Procedures

1. Determine the size and shape of the slot in the head.
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2. Heating and shaping is not necessary, except when the screw
driver becomes thick, or when it has been ground back past where it was
tempered. This would be detected by the end becoming soft and twisting.

3., Screw drivers are made from tool steel.

L. Heat to a cherry red or low orange, shape and let cool. Smooth
down on grinding wheel. |

5, Temper as you would a cold chisel except the temper color

should be a light blue. This is slightly past a dark blue.
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2.
3.

1.

2.

Questions

What kind of metal is a screw driver made from?
What should be the temper color of the screw driver?

Why shouldn't you forge all screw drivers in fitting them?

renc

"Repairing Farm Machinery # - Radebaugh.

%"Fzrm Mechanics" - Crenshaw and Lehman.

186,
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HEADING A HAMMER AND HATCHET

Job 36

Many times hammers, hatchets, axes and meny other useful tools
are thrown away because their heads are battered and have spread
out which makes them unuseful for successful work. It is impossible
to drive nails successfully with a hammer that has a rounded head.
Wedges and meny other tools can be headed the same way. The job of
heading the hammer is different than that of a hatchet and larger

tools, therefore, careful attention must be given to the two jobs.

Tools - tongs, hammer.

Materials - hammer, hatchet, emery cloth.
Hammer

Procedures

1. Remove handle from hammer.

Figure 1.

5. Remember that the hammer is made of high carbon steel, there-
fore, heat according to the metal you are working with. Heat to cherry

red or dark lemon color and shape as shown in(Figure 2).
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Figure 2.

3+ Permit to cool and smooth head on grinding wheel.

4. Hammer must be tempered. Place a temporary metal handle
in the hammer, an old piece of pipe'will do. Place hammer in fire
and heat to cherry red, remove and immerse in water as you would in
tempering a cold chisel, moving up and down and backward and forward
for a few seconds, then remove from water and watch colors. When
the hammer becomes blue, immerse in water until cooled. In case
the claws or some other portion shows blue firét, place that portion
in water temporarily until other portion turns blue. You may, on
first thought, think that you could temper the head and claws sep-
arately, but this would not be satisfactory since the heat from either
when tempering would soften or cause the other to loose its temper.
For example, if you tempered the head and then expected to temper the
clews, when heating the claws the chances are the heat would drive
the temper from the head.

5, Place the handle back in the hammer. Hammer should be as

good as new. (Figure 3).

Figure 3.



6. In tembering the hammer, another method may be used. Heat
head to cherry red and temper to a blue color. Then wrap some thick
wet paper around head and grasp head with tongs, then place claws
of hammer in fire and heat to a cherry red, and temper to a blue
color. Do the head first since it takes but little heat to make

claws cherry red.
Hatchet
Procedures

1. Remove handle from hatchet.

Figure 4.

2. Heet hatchet and shape as the original hatchet was. (Figure 5).
Remember that hatchets are made from high grade tool steel and must

be heated accordingly - cherry red or darK lemon color.

Figure 5.

189.
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3. Let hatchet cool, then sharpen the cutting edge and grind the
head smooth.

4. Hatchet must be tempered. Temper the head first as there will
be less heat required in tempering the cutting edge. Heat about 1" of
head to a cherry red and place about 3/4" of head in water as you would
a cold chisel. Remove and watch colors, when blue appears on end of
head place in water until cooled. Then heat cutting edge to éherry red,
being careful not to heat any more of the cutting edge than is necessary
for fear of softening the head., After heating about 1" of cutting edge
to cherry red, then immerse in water, as you would with cold chisel, to
chill the edge, remogeand watch for blue color. When it appears place
in water until cooled. Your hatchet should be as good as new. If the
hezd chips off while in use, it indicates that you have tempered too
hard, and on the other hand if it spreads too much, you have the head
too soft.

5. Place the hiandle bick in the hatchet.

Figure 6,
The axe may be re-headed the same way the hatchet has been done.

Other tools can be done in the same manner as the hammer and hatchet.
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Questions

1. VWhat is the temper color for the hammer and hatchet?
2. Why use a temporary handle in these tools?

3. What other tools can be reshaped like the hammer and hatchet?



MAKING A BAILED HAY HOOK
Job 37

The hand hay hook is a very useful tool on the farm. It may
have numerous uses, such as handling bailed hay, hogs at butchering
time, cotton bales, fruit boxes and barrels. The job of making this
hook is not difficult. On many farms rake teeth are often broken
and can be used for & hook when forged. There are many styles of
hay hooks, each with different shaped handles and hooks. The one
T em describing is simple in construction and has a wide handle which
fits the hand. The hook is so shaped that it will pierce the tale
end will not pull out until the workman wishes. The handle may or
may not be welded, depending upon the desire of the individual. An
unwelded handle will stend heevy work without pulling apart. The
‘welded handle makes a slightly neater handle. The length of the hook
depends somewhat on the use, but for general purposes a piece of

stock 22" long is sufficient. The hook is made from tool steel.

Tocle - hemmer, steel square, tongs.

Materials - broken reke tooth or similar meaterial, high carbon steel.

Procedureg

1. If made from a rake tooth, heat stock to a cherry red,
teat and straighten.

5. Heazt 1" of one end and draw out to a sharp point.(Figure 1).

192.
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Figure 1.

2, Mark off 10" from pointed end. BHeat at this point and bend
to a right sngle. The bend may be made over the edge of the anvil

or by placing the stock in the pritchel hole and bending.

e SR

L /o~ | L
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-

Figure 2.

L. Measure off 23" from A towards B, and bend as shown in

(Figure 3). This bendingshould be done over the horn of the anvil.

!
»
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i b s

Figure 3.
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5, Complete the bend of the handle as in Figure 4. In doing this
the end will not zlwaeys meet the stem on the right plane. If too short
or tco long you can enlerge or make smeller the hendle. (Figure 5).

Corplete hendle.

Figure 4.

6. This part should have a dip in order that it will enable you to
obtain a better hold on the object. Mark 3" from the handle, heat and
bend st this point. Then complete the bend of the hook. Always let the
point bend slightly outwerd in order thet it will grasp easier.

(Figure 5).

¢
! [ o4

——— - ——

Figure 5.

7. Temper the point to a blue color.

8. The completed hook. (Figure 6).
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Figure 6.

Tf the handle of the hook is to be welded you simply scarf the
oppesite end of the point and weld where the handle has been formed.

(Figure 7). Completed hook. (Figure g)

e — e

A e e e e s e A

Figure 7. Figure &.



Quepticns

1. What should be done if the metal is badly burned?
2. If the end will not meet the stem in meking the hendle, what
would you suggest doing?

3. What uses are made of the hand hey hook?

References

1. "Farm Blacksmithing®™ - Friese.
2. "Blacksmithing on the Fern™ - Jarvis and Abbotte.

3. T"Repairing Farm Machinery and Equipment® - Radebaugh.
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MAKING A STAPLE PULLER

Job 38

Staple pullers are in need on every farm. Many times when a staple
puller is not zt hand, a grubbing hoe, hatchet or some other tool is
used to cut the staples from the post. Such methods would not be a satis-
factory way of performing the job. A staple puller can be made very
economically and quickly. The puller is not used as a prize bar, but its
point is driven in the‘staple and by seversl blows with the hammer the
staple is removed from the post. I will give two kinds of pullers which

have proven very useful. One is made from an old harrow tooth, while

anotrer is made from a piece of tool steel.

Toolgs - hemmer, tongse.

Matericls - piece of octagon tcol steel 3" by 8M".

01d harrow toothe.
Staple er From A Piece of Tool S

Procedures

1. Obtzin tool sted8! &" by 3", (Figure 1).

.

Figure l.
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2. Heat to a lemon color and draw out as shown in Figure 2.

Figure 2

The point should be rather small but the portion drawn out
need not be very marrow, because it needs to be thick enough to push

the staple out.

2. Heat opposite end 1" and bend to shape shown in Figure 2. This
is used im drawing the puller back in case it gets stuck in the post.
L. Heat pointed end to chewy red and put ztout 1" bend in the

drawn out porticn. (Figure 3).

Figure 3.

5. Grind drawn out portion to a fine point.

6. Temper the point to a blue color as you would a cold chisel.
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2

3.

Staple Puller From A Harrow Tooth
Procedures

Draw out to a point. (Figure 4).

| —

Figure 4.

Place about 1" bend in point. (Figure 5).

e r—— e =

Figure 5.

Some harrow teeth have & fair amount of carbon while others

have very little. It is advisable to temper the point.

199.



Questions

1., Why is the end opposite the point bent back an inch?

2. Is the staple puller used to prize the staples from the post?

3, Of what value is a staple puller?

Referenceg

1. "Fitting Farm Tools" - Roehl.
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The meking of a clevis is quite a simple job. There are several
ways of meking a clevis and the one thut suits the individual is the
best. The clevis is a piece of equipment that is used quite frequently
in many kinds of farm work. There are many pieces of scrap iron on a
farm that can easily be made into clevises. 01d bolts, rods and flat
iron make good meteriel for this work. A pin can very easily be made
to fit the clevis. I will give three methods of making the clevis;
cne without the weld and one with the weld and another made from flat

iron.

Tools - tongs, hammer, punch.
Materials - soft steel, such as long polts, rods or flat pleces

of iron, welding flux, if you intend to weld.

Clevis_Without The ¥eld

This type of clevis is used chiefly in light work. Obtain stock
the desired length. In case you have & model to pattern by, teke
mezsurements from that. If you do not have a pattern to go by it
will bte necessary that you determine the amount of stock to be bent
for the pin hole. A rule to follow in obtaining amount of stock to
be tent for the eye.
(Thickness of pin - thickness of ctock - 1/16") X 22/7 - amount of

stock to be bente

201.
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The 1/16" is for the amount of pley needed for the pin. You may need

more depending upon the shape of the hole.

Procedures

1. Measure and mark the amount of stock to be bent for the eyes.

Figure 1.

2. Scarf or shape the ends in order that the fit will be close.

e an -, . . By

Fj.é usre 2 .

3. Bend first to right angle then bend the eye.

Figure 3.

Le Mark the center of stock, heat and bend to the proper shape.
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5. Pin to be used may be an 0ld bolt. You can tzke a piece of
rod and bend one end and then cut the desired length. (Figure 5). Or

you may head a bolt which would take considerable time.

Figure 5 .
With A Weld
Procedures

1. Measure and mark the amount of stock to be bent for the eyves,
&g number 1. Allow for weld.

2. Scarf the ends for the weld.

Figure 6.

3, Bend the ends in the form of an eye and weld. (Figure 7).
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Figure 7.

L. 1If the hole is not round enough for the bolt, heat and drive

the punch through hole and round it.
5. Shape clevis on horn of anvil.

6., Pin for Number 1 will be the same for this.

7. Complete clevis. (Figure 8).

Figure 8.

Made From Flat Iron

Procedures
1. Cut piece of flat iron the desired length. 14® by 20" by

3/8“ by 1-1/1" make very good clevises, but the size will depend upon

the need and kind of materisl.
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2. Hezd two inches of one end and punch a hole through the metal
slightly larger than width of pin. Repeat the same on opposite end.
The holes could be drilled but the punched hole would make the clevis

stronger.

Figure 9. ‘

" 3. Mark off about 4" in middle of stock and round slightly

in order that clevis will wear well. (Figure 10).

L. Complete Clevis. (Figure 11).

Figure 10, Figure 11.

5, Pins for this clevis may be same as for any other clevis.

Preparing The Pin For A Cotter Key

Operation I. Drilling The Hole Through The Pin

1. Mark with a center punch one inch from the end opposite the

head. (Figure 12).



Figure 12. Figure 13.

2. Place in a groove made from a piece of wood, in order that
it may be made steady. (Figure 13). Drill 1/4“ hole for the key.
Fhen the drill is almost through the pin do not apply any pressure;
let it drill easily to prevent the brezking of the bit. Some cut
threads on end of pin and use a tap, but in most cases the threads

become battered which mskes it difficult to remove the tap.

Operation II, _Punching A Hole Through The Pin

1. Mark with a center punch as in Operation l.

2. Heat the stock to an orange color and place on anvil.

3. Use a punch if possible.1/8 by 3/8. In case you do not
have one with these dimensions use one that will make z hole suit-
able for a key.

4. Drive punch through partly from one side, then reverse
sides. You may need to reverse this several times until the hole is
finished. TIn the event the pin is thicker where the hole is punched,

the punch should be cooled and the pin heated to a cherry red. Place
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punch in the key hole and hammer on both sides of the hole until the

pin is the same width from one end to the other. If not, it would

not go through the clevis.
As for a key, you may use a key or a nail,just something that

will hold the pin and keep it from working back through.
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3.

1.

2.

Guestions

Which of the three clevises is the strongest?
What is the length of stock used in the average clevis?

What uses are made of a clevis?

References

"Farm Blacksmithing™ - Friese.

"Repairing Farm Machinery and Equipment®. - Radebaugh.
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MAKING A CHAIN LINK

Job 40

There is a constant need for chain links on many farms. Skill
in doing the job can easily be learned. The size of stocﬁ used in
makirg the link will depend upon the use to be made of the link.
For e general purpose link, 3/8" stock is sufficient.

Tools - tongs, hammer.

Meterialg - stock, welding flux.
Procedures

1. The method of determining the length of stock needed for
the link is given in the job on mezsuring stock. |

2. Cut stock the desired length.

3, Heat and square the ends for scarfing. This is done in
heavier stock. Some\recommend upsetting, but experience shows that
it is not necessary in this job. |

L. Heat the center section of stock and bend over the horn to the

"gn shape. (Figure l.)

Figure 1.
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5. Scarf the ends as shown in (Figure 2). Ond side must be

scarfed to the right and the other side must be scarfed to the left.

(Figure 2).

Figure 2e

6. The two ends of the "U" are brought together. (Figure 3).
This is done on the horn of the anvil., Scarfed ends should over-

lap slightly, as shown in job on "Welding®.

Figure 3.

7. The same procedure is followed in the welding ad described
in the job on "welding™. After the weld is made place the link on
the horn and round up the newly welded joint. To round off the weld,
raise the link from an upright position to about a 45° angle. .Warking
in this position, the horn will round the inside edges of tke link

while the hammer will round the outside.



8. After rounding out the weld, then heat the entire link uni-
formly and shape the link. True up the curves on the horn, and see that

center sections ere straight and parallel to each other. (Figure 4).

Figure 4.

9. If the link is to be twisted, heat to a red heat, either
place one end in a vise or hold with tongs and the other end held by
tongs, and a quarter turn given. Two tongs are very satisfactory.

10. If you desire to blacken the link, heat slightly and rub
with an oily rag.

11. Permit the ring to cool gradually.
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2.

3.

1.
2.
3.
be
5.

212.

Questionsg

Why do you scarf ends on opposite sides?
What part of the anvil do you form the "U" shape on?

Is it necessary to upset stock in making & chain link?

References

"Farm Mechanics® - Crenshaw and Lehman.
YBlacksmithing on the Farm" - Jarvis & Abbott.
"plein and Ornamental Forging®™ - Schwarzkopf.
"Repairing Farm Machinery and Equipment®™ - Roehl.

"Farm Blacksmithing® - Friese.



REPAIRING A BROKEN CHAIN

Job 41

Just one glance around on many farms will justify one in saying
that dollars are lost annually, due to the lack of repairing broken
chains. On meny farms this is a job of parctical importance. Skill
in doing this job can easily be learned. With an hour or so of time

one can repair many broken links. A temporary repair can be made

with a bolt, which will make a strong link but is never as satisfactory

as a new link. Chains are used in hesvy hauling, wagons, harness

and other farm work. Chains are made from either wrought iron or milk

steel, the latter being the stronger, tut in meking repairs it is better

to uce the best quality of wrought iron on account of the greater ease
in meking a stronger weld. Chains are classified according to the
cize of stock in the link. A chein whoeelinks are made from 3/8"
round stock is tested from 3,500 to 4,500 pounds, according to the
quality of material in the link. A safe working load for a chain

is one-half the proof test. The bresking strain is supposed to be
about twice the proof test. A lap link or an opening ring make a very
satisfactory temporary repair job. However, the welded 1link is the
most satisfactory when time is available to do the job.

Tools - hammer, tongs.

Materials - welding flux or borax, 3/8" stock, bolt, tap and two large

washerse.

213.
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Operstion T. Repairing With The Welded Link

At firet thought one may think that welding a link while on
e chain is difficult, but this job can be performed very easily.
This is by far the most satisfectory way of repairing the chain.
The repairs should be made while there is spare time around the
farm.

1. Hest link, bend in "U" shape, scarf ends and bend so that
scarfs will overlap.

2. Open ends enough to get other rings in. (Figure 1). This
should be done on the hardie, by placing the two scarfed ends, on
each side of the sharp edge of the hardie and striking a blow with

the hammer. (Figure 1).

I | CZDBefore o

g —=Z3 Affer
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Figure 1.

3. Place two links in the link that is to be welded. (Fig. 2).
Grasp the link on the side or as near the end of the link, opposite
where the weld ig to be made. You can handle the link very well this

way. Hammer the scarfed ends close together for the weld.
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Figure 2.

L. Weld the link, as you did in the "Job on Making A Link".
Tn this operation on repairing; it is necesssrr that you heat several
links when you are heating the one to be weld®. This will not affect
the other part of the chain.

5. To make a chain or a portion of a chain, the following steps
should be followed:

(2) When a large number of links are to be made do all the
chaping first and then the welding.

(b) Weld two links separately.

(c) Weld these two together with & tﬁird.

(d) Weld three more in the same manner.

(e) Weld the two groups of three together with a seventh.

Operation IT. Repairing With An Opening Link

If a log chain is in use and 2 link is broken, a very cuick
wey of repsiring it is with the opening link. There should be some

extra lirks aveilzble in order that such a repair can be made when

needed.
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Procedures

1. If the opening is not wide enough to sllow the link to go
through, open by the use of the hardie as shown in (Figure 1).

2. Place two links in the one as shown in (Figure 2).

3. In this operation do not heat the link but h;mmer the scarfs

together on the anvil.

Operation IIT. Repairing With A Bolt.

This method of repairing can be done without much loss of time.
For many occesions this is very practical, however, the first method
ig the mot satisfactory especially when time is available.

1. Obtain bolt twice the thickness of the stock from which the

chain is made.

2. Use a washer under the head and nut of the bolt. (Figure 3).

Figure 3.

3. Lap one link over the other and place the bolt through as

shown in (Figure 3). Tighten top enough to make the repair stable.
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Questions

1. Which method of repair is the most satisfactory?
2. Why is the bolt or lap link recommended over the welded
link for temporary repair?

3. What size should the bolt be?

References

1. "Repairing Farm Machinery and Equipment™ - Radebaugh.
2. "Plain and Ornamental Forging® - Schwarzkopf.

3. "Farm Blacksmithing® - Friese.



TRONING A SINGLE TREE

Iob 42

Many times on farms much time is lost in repairing single trees.
The chief job in repairing is the ironing of the single tree. The
jrons are generally placed on the single tree while cold and & couple
nails are driven in the end and bent back over the clip to prevent
the clip from working off. When the clip is placed on the single tree
cold the clip cannot be hammered to the wood good enough to make a
snug fit. As a result, the clip soon works loose. By heating the
clip, placing it on the single tree while hot, and hammer the clip
on the wood, this will prevent the clip from working loose much longer
than with the cold method. There should always be a hole in the clip
for s nail or a screw, preferably a screw, to hold the clip on. In
case you buy a clip and a hole is not in it, either drill a hole or
heat to a cherry red and punch one. It doesn't seem advisable to make
clips and hooks for the single trees when one can buy a center clip
and the two end clips, with hooks, enough to completely iron a single
tree for approximately 30 cents. The time 2nd material involved in
making such would be considerably more. However, if a hook was broken
it would be very easy for one to make another hook and weld it into

the clip. Clips are usually sold to fit 2" _ 3" single trees.

218.
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Hock
Figure 1.
- .
F
Left End Center Right End
Figure 3. Figure 4. Figure 5.

Tools - hammer, tongs.

Materials - clips, single trees.

Procedures

1. See that the single tree is properly shaped.
2. Mezsure off from end to end the center of the single tree

and mark. (Figure 6).

e ——

Figure 6.



3. Heat center clip to a cherry red, and immediately slip clip

on single tree and make sure that clip is directly in the center.

Hammer clip tight on the wood. While the clip is still hot, hammer

tie portions of the clip whers the
(Pigure 7). This will prevent the

811 of this fitting should be done

rapidly, if not, the wood would

220.

round portion meets the flat portion.

clip from slipping and working loose.

become charred. Place in water immediately after the fitting has been

donee

Figure 7.

Figure 8.

L. Put a n2il or screw in the clip to prevent any slipping.

(Figurs 3).

5. The suume procedurz is followed in plucing the clips on the

end. Be sure thst the clips are put on the proper way. (Figures 9

and 10), show the wrong and right way.

Always place the center clip

focing the opposite direction of the end clipse.



221.

6. Always keep the hooks facing up to prevent the traces from

working out.

Figure 9. Wronge. Figure 10. Right.



1. Why should the hot clip be fitted on the single tree very
rapidly?
2. Why should a screw or nail be placed through the clip into

the single tree?

3. Ts it cheaper to make the clips than to buy then?

References

1. "Blacksmithing on the Farm" - Jarvis and Abbott.



MAKING A CENTER PUNCH

Job 43

The punch is probably used as much in forge work as any other
too. There are two main punches, center punch and drift punch.

Center punches are used chiefly in marking metal and in punching out

old rivets. Drift punches are used chiefly in punching holes through

hot metal. 3/8" stock makes a very handy punch for ordinary work,
but if heavy work is to be done it may be advisable to use heavier
stock in making the punch. All punches and chisels are made of tool
steel. Drift punches should be much longer than center punches
because of the intense hent from the metal that is to be punched.
12" - 14" makes a very good length for a drift punch, while 33" to
8" is good length for the center punch. After one learns to make a
punch he can easily re-shape old punches which are in need on every

farm.

Toole - tongs, hammer, center punch, steel square, emery paper.
Materials - 3/8" oct. tool steel 33" long. Length and size will

very with the use.

Operation T. Shapinz The Punch

1. He-t one end to a bright red, forge the bevel on the face
of the anvil and square up the end to form the head. (Figure 1).
The purpose of the bevel is to prevent the end from flatening out

and chipping off when struck by the hammer. As shown in (Figure 1)
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(2) and 1 (c). The bevel of the hed should be in proportion to the
size of the stock used. (b) and (c¢) are only a generalized rule
to follow. OSmooth the head by grinding at the same time the point

is ground.

=

Fig. 1. (a) Fig. 1 (b) Fig. 1 (c)

2. Heat opposite end back about 1 3" to a cherry red, and
draw out to the desired length. As a guide, see (Figure 2.) which
i drawn out to 1/4" thickness and 1/4 bevel. The dimensions will
depend entirely upon the use to be made of the stock and the size
of the stock used. In drawing out, draw to a squsre first, then
octagonally, then round as shown in job on "Drawing Out Metal."
The thickness of the stock at the bevel may be 1/4", 1/2", 1/8"
depending upon the use. Make sure the punch is perfectly straight

and symmetrical. Let the punch cool gradually.

| ’ L
L__,__._ e e e e ..l

Figure 2.
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3. Grind or file the point to a 90° angle. (Figure 3.) The
grinding should be done before tempering. If a drift punch is to

be made, grind the end straight.

e i = ettt e e
N

Figure e Figure 4.

Operation IT. Tempering

1. TIn tempering follow the same procedures as shown in job
on "Tempering". Use same heating and follow same procedures as
for a cold chisel. Temper at blue color.

2. Test to see if tempered properly. (Figure 5).

o - i i e o e e e e e aeen

Figure 5.
Complete Punch



1.

punch?
3.

1.
2

3.

Questions

What siz» stock should be used in making a center punch?

What is the difference between a center punch and a drift

What color should the punch be tempered?

References

"Farm Blacksmithing® - Friese.
"Plain and Ornamental Forging® -~ Schwarzdopf.

"Farm Mechanics™ - Cook, Scranton, McCally.

226,



227.

MAKING A COLD CHISEL

Job 44

The cold chisel is used for cutting soft metals and is made from
t00l steel. Chisels and punches are made from steel high in carbon
ranging from .80 to .90 carbon. The size and shape of the chisel is
determined by the nature of the work it has to do. Chisels are usually
made from octagon steel, but are sometimes made from round steel. A
cold chisel used for ordivnery farm forge work, is usually made from 3/4"
octzgon steel and is 6% to 8" long. Due to the particular hard service
given a cold chisel, considerable care should be given in forging and
tempering. Several cold chisels should always be kept in a school and
a farm shop. After one has learned to make a chisel he can easily

re-shags and sharpen old chisels that are lying around on the farm.
Tools - hammer, tongs, center punch, steel square, emery cloth.
Materials - 3/4" stock 6" long.

Operation 1. Shaping The Chisel

1. Heat one end about 1" and head stock. (Figure 1). Head as
shown in job "Making A Punch®. The same rule applies as to the heading
of the chisel as did to the punch, that is, head according to the size

of stock being used. Smooth head on grindstone when the cutting edge

is ground.
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Figure 1.

2. Mark with center punch two inches from the end opposite the

head. Heat to a cherry red heat, and draw out the end to 3" thickness.

(Figure 2). -

——-\
S

bl

Figure 2.
Then flatten the square end to 1/16* thickness. The chisel
should be wider at the flattened end than the thickmess of the stock,

depending upon the size of stock. The taper should start about 1" from

the end. (Figure 3).

Figure 3.

3, After the end has been tapered down to a thin edge, square off

the end. (Figure 4). Let the chisel cool gradually.



Figure 4 °

L. Grind cutting edge to a 60° angle. (Figure 5). Curve the
end slightly as shown in Figure 6. In grinding do not let the chisel
burn, because the burning would reduce the percent of carbon. Remove

the chisel from the stone frequently.

B (—

Figure 5. Figure 6.

Many beginners quite frequently make tae mistake in grinding a
chisel, in that they grind the cutting edge to more than a 60° angle,

sometimes as much as 100° angle.

Operation 2. Tempering the Chigel

1. See the job on "Tempering®, a full description of temperirg

a chisel is given.

| = — )

}

Figure 7.

229.
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Questions

1. what is the recommended size and length of stock used in making
a chisel for ordinary shop work?

2. Is the ordinary cold chisel tempered the same as the center
punch?

3. At what angle is the cutting edge ground to?

References

l. "Blacksmithing on the Farm™ - Jarvis and Abbott.
2. "Plain and Ornamental Forging" - Schwarzkopf.

3. "Farm Blacksmithing® - Friese.
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SHARPENING A GRUBBING HOE

Job 43

There are many very dull grubbing hoes used on a farm. This can be
overcome by taking a little time in sharpening. The same principles
involved in sharpening picks, digging,irons, and other similar tools are
involved in sharpening the grubbing hoe. Therefore, only the sharpening

and tempering of the hoe will be mentioned.
Tools - hammer, tongs.
Materials - grubbing hoe, emery cloth.

Procedure

1. Remove the handle from the hoe.

2. Heat to a cherry red or low orange that portion of the hoe which
is to be shaped and sharpened. Care must be taken in preventing the tool
from burning.

3. Place the heated end over the edge of anvil (Figure 1) and hammer
edge back until it is straight across. In case the cutting edge is badly
worn or is very irregular, it is better to strike several blows on the
edge (Figure 1) then move tool back on anvil and hammer to shape the end,
(Figure 2). In case the cutting edge is very much rounded the edge should

be marked off square and the uneven edge cut off.
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L. As shown in Figﬁre 2, place hoe on edge of the anvil with the
bevel up, and smooth out the bevel. Blows should be somewhat alternated
on the bevel and edge. You should attempt to shape the bevel very well
in order that very little grinding will be needed. In shaping the bevel

always keep end on edge of the anvil.

Figure 2e

5. Allow the tool to cool, then shape the opposite end. The

opposite end is shaped differently from the flat end in that both sides
are tapered the same, as shown in Figure 3. Hammer several blows on one

side then reverse sides and do the same.



233.

Figure 3.

6. When both ends are cool, sharpen with a file or grinding wheel.

7. Temper to a blue color. In sharpening any tool, first under-

stand the shape of the tool when completed, before attempting to work

with it.



Questiong

l. Are both ends of the grubbing hoe shaped the same?
2. What temper color should one use?

3. What is the proper heat to use in shaping the hoe?

References

1. "Fitting Farm Tools" - Roehl.
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MAKING AND REPATRING A WRECKING BAR

Job 46

Many times wrecking bars are broken and are then thrown down as
useless. Generally the ends are broken. These can easily be repaired
and made as good as new. It is true that many times we can buy a
wrecking ber cheaper than we can buy the tool steel from which to make

it. The important phase in this job is the repairing.
Tools - hammer, tongs, hot cutter, emery paper.

Materials - Piece of tool steel, 3/4" x 36" oct. tool steel makes*good

wrecking bar. Smaller ones may be used in light work.

Operation 1. Making the Bar

1. Cut your stock 36" longe.

2. Shape one end to a chisel edge 2" long and bend as shown in
Figure 1.

N

Figure 1.

3. Shape the other end to a chiéel edge 23" long. Figure 2.
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Figure 2.

4. Split open the end shown in Figure 3. This can be done several
different ways, but one of the best is to use a hot cutter. By the use
of the steel square and the center punch measure off and mark the center

line off in order that you will know where to split. Heat to a cherry

Figure 3.

red or light lemon color and pluce thé shaped end flat on the base of the
horn of the anvil, take the hot chisel and place on the marked line near
the end and strike light blows with a hammer. Gradually move the cutter
back towards the thicker portion of the stock. Split back to approximately
11® for general use. A11 the splitting is done on one side in order that
the catch will be strong and will have & good groove. File the edges down
smooth.

5. Bend the split end to the shape shown in Figure L. Leave 33"
between the end and the other part of the bare (Figure 4). This 33"
is sufficient for this particular bar but the width mey vary with

individual barse.
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Figure 4.
6. Temper both ends the same as you would a cold chisel-blue.

This may be done before or after bending.

7. Complete bar. (Figure 5).

1. In case one or both jaws are broken off, heat the bar and cut

off as shown in Figure 6.

Figure 6 .

2. Perform the same operations as in the making of a wrecking

bare.
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Questions

1. VWhy is it important that one should learn how to repair a
wrecking bar?
2. Why should you split the end all from one side?

3. How long should the split be?

Referenceg

1. "Farm Blacksmithing"™ - Friese.



HEADING A BOLT

Job 47

There are many occasions on a farm in which the heading of bolts
is necessary. Sometimes a good bolt head may become battered or worn and
by re-heading could be made as good as new. You may want to head a pin
for a clevis. It is almost necessary that you have a header present in
order that a good job be insured. In heading a bolt it is a good prac-
tice to calculate the amount of stock required in the upsetting. Some
smiths guess at the amount, but for the inexperienced worker the guessing

is rather uncertain.
Tools - hammer, header, center punch, steel square, tongs.

Materials - piece of 3/4" x 6" round stock (wrought iron).
Calculastion of the amount of stock needed in making a hexagonal or
square head bolt from a solid stock. Diameter of stock x 3 which is the

allowance for upsetting. 1/4" is all owed for beginners as wastége.

Examples
Stock = 3/4" x 6%,
3/4 x 3 ='2~l/4 allowance for upset for advance practice.

2-1/4 -4 1/4 = 2-1/2 for beginners.

e sty

—

rm-‘

e o

Figure 1.
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Calculation of the distence across the head of a finished bolt.

Diameter of stock x 1-1/2 and add 1/8".

Examples
(3/4 x 1-1/2)+ 1/8 = 1-1/4 = distance across flats.

s

r—.—..u—"—-—*, © e e ———
.

Figure 2.

Calculation of the thickness of the head. 1/2 the distance across

the flats.

" Examples
1/2 x 1-1/4 = 5/8 thickness of head.

/—g\g\f
)/'

L

Figu.re 30

Procedures

1. Cut off a plece of stock 6" long and mark 2-1/2® from the end

with the center punch for the upsetting. (Figure 4).
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Figure 4o

2. Heat opposite end of head and meke a small bevel about 1/8" to
insure that this end will easily go through the header aqd also prevent ‘
spreading while the headed end is being upset. Bevel similar to that of
a punch or cold chisel but make it smaller. See that the beveled end

is square to prevent improper upsetting.

— “"‘Dj

¥Figure 5.

3, Heat the end of stock that is to be headed back to the point
layed off for upsetting to a nearly white heat and place on anvil and
upsete Cool portion below the mark in water before delivering blows
if that part below mark has a tendency to upset. Upsetting the head
rejuires careful attention since the head must be kept in the center and

straight.

Figure 6.

L. When tae head is upset to 1% (Figure 7) it should then be

re-heated and pleced in the heading tool and worked. (Figure 5). Place



the header over the pritchel or hardie hole depending upon the size of the
bolte Deliver blows on the head. Always strike them as even as possible

to keep the head in the center. Continue this until the head is about 5/8"

thick. (Figure 3).

Figure Te

5, Remove bolt from header and place on face of anvil with shank
parallel to face of anvil. Hammer on sides of the head until they are

about parallel to the edges of the shank.

. 1
PR Sy S
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Figure 8.

6. Place the bolt head down on the face of the anvil to see whether
the head is in the center. If the shank is found to be nearer one side
of the head than the other, re-heat, plac e in the header with the narrow

edge of the head to the right, and deliver a heavy blow on the left or
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wide edge of the head, with the face of the hammer forming a forty-five
degree angle with the face of the angle. Continue this until the head
is on the center.

7. To form the square head, continue to hammer alternately on the
sides and top until the head is uniformly square, uniformly thick, and
the corners come out perfectly sharp and of the required width and
thickness.

8. To form the arch on each side, hammer the edges lightly along
with the squaring.

9. If a hexagon head is to be formed, the operations are exactly
the same, except that in treating the stéck after it is perfectly round,
it is turned.

10, The completed bolt. (Figure 9).

3,

— e e v -




Questions

1. Why is 1/4" allowed extra for upsetting the bolt head?

2. TIs it necessary to properly calculate the amount of stock

needed for the bolt head?

3. How would you center the head in the event it was off line?

Referenceg

1. "Blacksmithing on the Farm" - Jarvis and Abbott.
2. "Blacksmithing" - Selvidge and Alton.

3. "Plain and Ornamental Forging™ - Schwarzkopf.
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SHOEING A HORSE

Job 48

Within recent years, many blacksmiths have left their shops and no
one is taking their place. This presents a serious problem to the farmer
who is in need of having his horses shod. It is quite evident that
farmers today, in many sections, find it necessary to take their horses
as far as ten to fifteen miles to a blacksmith. Due to this condition
arising, it seems quite necessary that the individual farmer have a
knowledge of the shoeing of a horse along with other blacksmith jobs.

For an inexperienced person to attempt to shoe a horse from the
knowledge gained from this description or any other writing, it would
be an unsound policy. One should read this description over carefully
then visit & blacksmith and observe the shoeing of a horse. There will
be some details picked up by actual observation that are not given here.
If at all possible it would be very beneficial to actually take part in
the shoeing of a horse under the supervision of an experienced blacksmith.

A Vocational Agriculture Teacher could take a class to a blacksmith's

shop and have a demonstration mzde by the smith.

Opexration 1. Exgmination of the Foot.

1. Always look the foot over thoroughly first. As shown in Figure
1 (a), the toe pointing in,where as (c) is the opposite, pointing out.
(v) is the correct form.

Observe from the front view first.
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Shoeing e Horsge
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Figure 1.

(a) (b) (c)

2. Observe from the side of the horse to see if the foot is

sloping (Figure 2). (a), reguler, (b) , or stumpy (c)

Figure 2.
(2) (b) ()

3. The action of the horses feet while in motion should be
examined. You observe the action while the horse is going p-st you,
toward you, and away from you. In the event there is a faulf in the
action, some correction may be made by good shoeing.

4Le The bottom of the foot should be examined, to see how the shoe
has been worn and the condition of the frog, etc. There are more details
that are looked into by the intelligent blacksmith. These are a few that
enable one to do a very good job of shoeing. A thorough examinstion of

the foot is the first essential of good horse shoeing.
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Operation 2. Removing The 014 Shoe.

1. Either cut off or straighten out the clinches. Place the sharp
edge of the clinch cutter under the edge of clinch and strike with the
hammer. This will either straighten out the clinch or cut it off. Make
sure that all the clinches are either broken off or straightened out to
prevent the breaking off of a portion of the wall of the hoof.

2. Take the pincers and work under the shoé, beginning at the heel
and work toward the toe. After one side is worked loose, start at the
heel of the other side and do the same. When you have loosened both sides
then grasp the shoe firmly at the toe and pull toward the center of the
foot. You should always pull toward the center of the foot to prevent

breaking off of a portion of the outside edge of the hoof.
Operation 3. Preparing The Foot for The Shoe.

1. Keep in mind a thorough knowledge of the previous examination

of the foot.
2. Place the palm of the left hand under the foot and use the

shoeing knife in cleaning out the chalky substence from the bottom of

the foot. Be careful about cutting around the frog, since it 1s very

tendere.



Figure 3. Bottom of the Foot.

3., Use the nippers in removing the wall or rim from the foot. In
using the nippers keep the cutting edge on the inside and the tlunt part
on the outside to insure a good jobe. The rim should always be left
slightly higher than the sole of the foot. Always start removing the rim
from the toe first, and from the toe work tc the heel. This wiil insure
bet*er shaping. In cutting with the nippers, take a thin cut st first to
get the proper shape, then Incresase the cut later. Continue this cut
until the foot is practically level, then smooth the bottom by the use of
the rough side of the rasp. On the right side, draw the rasp towards the
toe end the left side draw tewards the heel.

L. In shaping the foot remember that one must notice the following:

a. Whether the toes turn in or out.
b. Whether the toes are straight.
c. Whether the hoof is backward or forward.

d. Whetber the hoof is correcte.

248.



249

(e) FWhether the foot is sloping or stumpy.

o (f) Vhether the foct is regular.

The toe of the shoe should come in direct line with the center of the

frog, as shown in Figure 4. Figure 5 shows unbalenced foote.

Pigure 4e Figure 5.

If the foot is stumpy, cut zs much as possille off the heel without
damaging the foot. If the foot ié sloping, cut as much off the front of
the foct es possible. Sloping, stumpy, and regular hoofs are shown in
Figure 2. If the toes point in, cut as much from the inside as possible.
Tf the toes point out cut as much from the outside as possible. TFigure 1
chows the streight, pointed in, and pointed out toe. This operation is
very importent in the shoeing of & horse, since many faults can be

corrected in the shaping of the foote
Operation 4. Fitting The Shoes.

Shoes are being sold today that ere prepared to have calks screwed
intc them, rather than the old method of welding a calk on. These new

celks serew in and when the calks are worn down they can be unscrewed and



new ones screwed in their place. This seems very practical for the

schocl and farn sheeing, since the matter of welding on calks is a

skilled jobe Calks are only used on shoes in winter or when conditions

recuire it. It is rather dangerous tc turn Lorses out on pasture

together that have calked shoes, especially if they are inclined to kick.

1. How tc measure & shoee.

Figure 6.‘

In measuring a shoe make sure thet azn allowence is made for the
heele if the shoes ere sold plain, thet is, without heels. Measure
sctual width of horse's hoof (2 to B), add 1/2 inch to length of hoof,
(C to D), so shoe will extend beyond wall at heel of hoof.

2. Heat to a yellow heat zpd punch nall holes. In punching nail
heles, punch from the under side first, then the upper side, so that

naile can be driven irto the groove. Be cereful in not punching the
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holes too large, if so, the shoe will be ruined.

3. Heat the heels of the shce and shape.

L. Re-heat and place on face of anvil with the groove facing down,
so that about 13" of the ends stick over the edge. Pend ends to a right
angle forming the heels.

5, Place shoe on face of =znvil, groove side up, and the heels
toward you, place the pritchel in the nail hole on the right side and
carry the shoe to the horse's foot. Fit tke shoe to the foot, insteed
of fitting the foot to the shoe. Make sure the shoe is not too long or
too short, and that the heel is wide enough but not too wide. The shoe
may need to be re-heated several times in order that the shoe is properly

fitted to the foote
Operstion 5. Nailing on the Shoece

1. Make sure that the toe of the shoe is in line with frog of the
foot, DPlace shoe on foot so that the tip of the toe is in 1ine with the
front of the hoof.

2. In starting the nail meke sure that the straight side of the
nail is towards the outside and the beveled side is towards the inside.

3, Set neil in second hole from heel on right-hand side of shoe.
Set nail so that it points towards a point on top the hoof about 1in
from the shoe. Nail should come out not over 7/8" of an inch on side
of hoof. Just enough to meke it hold well.

4. Tnexperienced persons should be very careful in driving nails.

Drive the nail cautiously end when point comes through the hoof continue

251.
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driving until the nail will go no further. If the nail goes easy it may
be in the soft part of the foot or in an old nail hLole. One should bLecome
familiar with the sound of the drive.

5¢ Bend the nail down and twist it off, grasping it between the claws
of the hammer and twisting it quickly. Leave enough nail for a clinch.

6. Struighten shoe on the foot and drive nail in opposite side of
foots Follow the same procedure for the rest of the shoes. In the event
the nails do not go straight, pull them out and drive & new nail.

7. After all nails have been driven, place the clinch block under
the broken off end of each nail and hammer several heavy blows on the
head of the nail. Nail heads must be driven flush with the bottom of the
shee. If not, the horse may be thrown off balance.

8., Make a slight groove in the wall under each clinch. Then the
clinching bleck should be held under the head of the nail and the clinch
bent down by hammering lightly to make a good clinch,

9. Dress down the hoof with a rasp, then let the foct rest on the
ground and carefully examine from all sides to make sure that it is done
correctly.

10. If the horse becomes lame in a few days, the foot should be
examined. If nothing externally is found then remove the nails and
exawine each nail carefully. If the nail is wet or blue, it has pene-
troted the quick of thé foot., If the case is bad the wall should be cut

so as to permit the foot to drein. Then put the foot in a2 joultice boot.
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This table will give the approximate dimensions of a shce in
relation to its size number, and the size of nail that is generally

used with the shoe.

Size Approximzte Approximate Nail
A width length number
0 4-3/8 6-1/4 5
1 4=1/2 6-5/8 5
2 4=3/4 7 3
3 5 7-5/8 6
4 5-1/2 8 7
5 5-3/4 8-1/16 7
6 6-1/4 9 8
7 6-5/8 9-1/4 9
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Questicng

1. Why is the examination of the foot so essentizl in good horse

shoeing?

2. What should a.perscn do if a horse becomes lame from improper
shoeirg?

3. Cean proper shoeing correct pigeon-tcedness to a certain

extent?

References

1. "Blacksmithing on the Farm® - Jarvie and Abbott.
2. "Blackemithing® - Selvidge and Allton.

3. Local tlacksmithse.
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RECOMMENDATIONS

1. That each teacher use the forms given in this study or similar
forms in meking surveys of farms in his community in determining the
need of farm forge jobs.

2. That each teacher familiarize himself with the procedures of
each job, and actuslly do the job, in order that he will increase the
efficiency of his instruction.

3. That the students have access to these procedures and drawings
while planning and doirng the job.

L. That this material be made available to each teacher of Vocational
lgriculture in Virginie, in such a form that it cen be systematically
filed and that it can be made accessible to the students.

5. That each teacher make surveys of the need of forge shops in
his community and set, as a departmental objective, to establish shops
on farms that have been found to be in need of shopse. .

6. That each student use this material as a guide in plenning other

forge jobs which are not found in this study.
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APPENDIX
of Grind d e

A 30" grindstone should run at approximately 160 revoluticns per
minute for grinding maéhinist tools. When used to grind carpenter's
tools a 30" wheel should run at approximately 60 revolutions per
minute.

The grinding wheel should run at approximately 3,000 to 6,000
revolutions per minute, depending somewhat on the material being

ground.

Speed Table

This table will enable you to select the proper pulleys for the
approximate speeds listed. These speeds are based on a motor speed

of 1,725 revolutions per minute.

"Delta Manufactufing Company™

In mounting a pulley on the motor it is advisable to use the cone
or step pulley in order that the same pulley may be used to obtain
different speeds without changing the wheels. Use a single wheel on the

machine that is driven.
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- — 700
- " pp Green Feed
L - B ‘mc’zopper
&= — 500
' A L
L F> 13 400
i £ » anning
4 g \\3*’ w mill
e ¢ L a0 ;
bR g = 250
By laying a ; e three -

" vertical secales, as i line, the proper L 200 Corn
pulley size.g‘*s yive proper ine speed rmay Sheller
te easily fe g - Sl
£or Example | ed by the manu- | ,sp b
Foctureriso A f run ot a speed of ) Concrete
350 revolutions |, e pulley is need- - /25 Mixer

| ed on the mill so‘d,e_? il
motor ? > LA Aty 5 *i *
/. Place o f% ) ; s 54
crosses the ; g
2 Now rmo
es the mot
3. /n this
pulle,

be

quickly ¥

.

Furnished by the'Georgia Agricultural Experiment Station
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DECIMAL EQUIVALENTS

Fractions Decimal | mm. Fractions Decimal | mm
6-14—.015625 307 3—3;——.515625 13.097 .
1 .03125 794 17 63125, | 13.404
2 32 g5 :
2 ouesms | 1101 S b6ers | 13.8%
1 .0625 1.587 9 5625 | 14.287 1
16 . 16 - -
o—— 08125 | 1.984 S—.o7e125 | 14.684
3% 00375 | 2.381 ;g 50375 | 15.081 -
674 100375 | 2.778 g—g—.soosn 15.478
; 125 3.175 .625 15.875
‘ 634——.140625 3.572 21 640625 | 16.272
3 15625 | 3.969 2L 65625 | 16.669
® 2
S 171875 | 4.366 B emisrs | 17.065 -
3 1875 | 4.762 11 6875 | 17.462
16 13 16 45
B 0325 | 5.159 703125 | 17.859
7 .21875 5.556 23 71875 | 18.256
82 5 : 32 4
B 234375 | 5.953 734375 | 18.663 |
1 .25 6.350 .75 19.050
4 17 49
265625 | 6.747 765625 | 19.447
i) 28125 | 7.144 25 78125 | 19.844 |
B 4 T
200875 | 7.541 S 706875 | 20.240 |
5 3125 7.037 13 8125 | 20.637
6 o % .
Z—.a125 | 8.314 N 82125 | 21.034
;; 34375 | 8.731 g_; 84375 | 21.431 .
g-Z——.359375 9.128 2—2—.859375 21.828 |
3 .375 9.525 .875 22.225
8 25 57
2 s0625 | 9.922 N 800625 | 22.622
;g 40625 | 10.319 gg 00625 | 23.019 :
f—‘z——.msm 10.716 gz 921875 | 23.415
? 4375 | 11.113 15 0375 | 23.812
16 ” % "
B 453125 | 11.509 o —.o53125 | 24.200
;g 46875 | 11.906 g; 96875 | 24.606
gi 484375 | 12.303 : 3———.984375 25.003 .
; 5 12.700 1. 25.400

Furnished by Milton Manufecturing Company.
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Outgide
Diameter

Inches
9/16
3/4
7/8

1
1-1/4
1-3/8
1-1/2
1-3/4
2
2-1/4
2-1/2

STANDARD WROUGHT WASHERS
U. S. STANDARD SIZES

Hole
Inches

1/4
5/16
3/8
7/16
1/2
9/16
5/8
11/16
13/16
15/16
1-1/16
1-1/4
1-3/8
1-1/2
1-5/8
1-3/4
1-7/8
2
2-1/8
2-3/8

Furnished by Milton Manufecturing Company.

Bolt
Inches

3/16
1/4
5/16
3/8
7/16
1/2
9/16
5/8
3/4
7/8

1-1/8
1-1/4
1-3/8
1-1/2
1-5/8
1-3/4
1-7/8

2-1/2

259.
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The illustrations which follow were furnished by Milton

Manufacturing Company.



Gimlet Point Lag

Carriago Bolt

Blank Bolt

tting Up Bolt



Button Head Rivet

Step Bolt

HCone’ Head Rivet
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