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FOREWORD

~ This curriculun gulde is a result of extensive work on the part of
rurerocus agricultural educators. The materials included liere were
developed for the express purpose of aiding secondary vocational

agricuigure teachers. The hope is that by having practical and ussble

teaching materials in their hands; teachers will be able to make

igprovements in their tnstrpggfgnal program as well as have inereased

rime available to spend on other phases cf the total vocatioral
agriculture program.

Agfigf i L ‘Af,/;';;: 7
Thomas G, Clauser; Ph.D.
State Gupcrinthdont
Dcpnrtment of Education
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INSTRUCTIONAL AREA: Agricultural Mecharics

INSTRUCTIONAL UNIT I: Arc Welding
LESSCN 1: Safety

1, Preparation for Instruction
#: Student Objectives
1. Terminal: Describe the fundamental safety rules and
procedures associated with arc welding.
2. Specifie:
i. Describe the protective equipment used in are
welding.
L. Name four rules associated with ventilation in arc
welding.
c. Explain the consequences of welding on a container

or drum:

d. Describée the steps in fire protection associdted
with irc welding.

e. List several rules associated with arc welding in
the following areai:
1) lnstallation of arc welder;

2) Safety equipmeut,

3) Work area,

4) HMiscellaneous, and

5) Maintenance.

B. Review of Teaching Materials
1. Phipps, L. S, Mechanics in Agriculture. Danvillé,

I11.: Interstate Publishing; 1977

2. McCoy, V. L. and T. J. Wakeman. The Farm Shop: New

York: MacMillan Publishing Company, 1960

I;BJ};‘ . -1;1




Special Arraﬁgemenié 3 ' e

Arc welding g]oves, helmet, apron ana/or sleeves, and
other safety items ‘and equipment used in arc weldlng

,,,,,,,,,,

1. Overhead projector and screen.

2. 'Materials listed above.

I1. Presentation of Lesson

a.

Motivation

A welder is constantly exposed to two emineni dangzrs;,
inJury or even death. These two dangers emerge because the
welder is working with an electrical current (that, under
certain conditions; can provide a hazardous shock) and an
opers flame (produced by the arc). Therefors, it is
imperdtive that the beginning welder follow and understand




B.

Content Outline

1.

I

Arc welding safety will be discussed under the

following headings:

a.

Protective Equipment

1) Always wear a head shield or helmet with
suitable filter plates or lenses when arc
ﬁélaiﬁé. Tﬁé ﬁéldtﬁg hélﬁét is dééighéd tb B
ff?m,?1§§§ Yig}et rays of the flame or arc.
The helmet also helps the welder see the work

better.

2) Always wear protective goggles when chipping
and/or grinding welds.

3) Wear leather ot asbestos gloves, aprons, and
proper shoes. (Transparency I-1-A)

4) Keep all protective clothing dry and free from
oil.

6) Never weld with a lighter or ﬁatcﬁés in the

pockets of a shirt or trousers.
Ventilation

1) Always be sure that the welding area is N
properly ventilated. (Traﬁsparency I-1-B) 1if

air-supplied respirater. Make sure there is no

concentration of oxygen in the welding area.

2) Never use oxygen. for ventilatibﬁ; Always use
air for ventilation purposes.

3) Do not weld or cut for at least 15 minutes

after protective clothing has been contaminated

with oxygen.

4) Never use Oxygen as a substitute for air to

"blow off" dust or dirt.

Tanks and Containers

barrels. and tanks, until it is known that

13



2)

3)

4)

there 18 no danger of fire or explosion.
Welding on containers should be done only by
welders familiar with the American Welding
Society's standard practice recommendations
(A:W.5.~-A6,0-65).

residue in a barrel or drum is toxic, find sut

exactly what was in the barrel or drum.

A very small amount of residue can cause an
extremely large explosion and serious injury.

Never use oxygen to ventilate a container.

Fire Prevention

1)

2)

3)

Fire may result from arc welding if combustible
materials are too close to the welding
operation. _1t only takes one spark or hot
plece of molte.u metal to ignite several
different types of materials found around rost

agricultural shops. /
Always remember:

a) Sparks from the arc welder have been kiiow

to travel up to 35 feet:

b) Most of the falling slag from the welding

procedure falls out of sight of the welder

and is potentially dangerous.

¢) The base metal that is being welded reaches

temperature hot enough to ignite com-

bustible materials that it may be in
contact witli.

To prevent fires:

a) Wweld only in an arca (1f possible) that is
completely frce of combustible materials.

b) @éigiﬁiiﬁigﬁéiaﬁﬁddy system." Always try

to have someone who is not welding to

monitor while the welding process is taking

place to watch out for fires that may cause

serious damage to equipment and people.

c) Always irspect the arca after welding to

ensure there are no hot pieces of met al or
glowing sparks leftr.

. 14



2. Obey the following safety practices when using the arc
welder:

a:. Installation of the arc welder

1) A certified electrician should install the

welder to ensure that proper electrical

connections and wirinv techniqucs are used:

The switch box or dis.. unnect switch should be
wilhinfteacn a{ the weléef Cheik the frame on
the welder to determinie if it is properly
grounded,

2) Hake certain tho handle of tl eiéctrbde haldeE

1nsu1ated

3) Use only rubber-covered cable, free from
splices for at least 10 feet from the électrode
holder.

5) Keep the off-and-on switch in working condition
at all times.

55 Do not 1ﬁstall a welder fn = location that is

wet or damp or has prospects of becoming wet or
damp.

b. Safety eguipment

1) §§§g7§}§tﬁiﬁg as describe under protective

equipment above. Always wear gloves.

2) The welder and all observers must wear proper

eye protection at all times.

3) Wear clear-glass goggles or a lift-lens head

shield when chipping and grinding welds.

c. Safety in the work area

1) Have available apprbpriate first-aid materials.

Eye butrns from ultraviolet and infrared rays

feel as if there is hot sand in the eyes. For

this, apply a drop or two of either 5 percent

solution of argyivl, 2 percent solution of

Butyn, castor oil, or sweet oil in the eye;

followed by aspirin to stop pain, Eye burns

are not usually realized unt11 three to eight
hours after the burn occurred. If thc anar"
is serious; see a physician. Skin burns sheuld

be treated as sunburns using any commercial

compound made for this purpuse.




2)

3)

4)

5)

6)

8)

9)

For small and practice jobs, work in a nonmetal
fireproof booth to protect others from harmful
light rays. Be sure the booth is adequately
ventilated; the screens shculd be several _

inches from the floor for this purpose. When
working outside the booth; use portable screen
shields to protect others.

Try to avoid standing on any metal that is
grounded to the arc welding machine.

Never weld while starding or a wet or damp
floor.

Be certain the metal welding table is properly

Place hot metal in a designated area to prevent
possible burns and fires.

Attach an insulated holding device on the arc
welding tazble to hold the electrode holder whes

not welding.

Under the welding table or in the working area,
keep a container in which to deposit each
electrode stub. This prevents burns to the

shoes or falls because of stubs rolling

underfoot.

Use a welding table and/or welding positioner

to hold metal secure and in the correct
position when possible. This helps to prevent
injury from accidental dropping of the metal on
the feet or on the body.

Miscellaneous safety rules

1)

2)

3)

4)

5)

Never strike an arc until you are certain that
everyone nearby is protected from the arc rays:

Do not hold the electrode holder under the arm
or between the knees. Also. do not let the
electrode or holder touch bare skin.

Do not dip electrode holder in water to cool
ics

Keep the cables from coming in contact with hot

metal or sharp edges.

If the electrode seicks, cut off sultch, allou
electrode to cool, and break loose with glovea
hand.

e
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e. Maintenance

1) Keep all connections tight. ﬁhéﬁ cabiés atre

part.i Resoider. or attach, and cover then tlie

same way the manufacturer did. Never leave
metal cable exposed.

2) Every monch blow the dusc and dirt from thc

more often if the area is dusty. Dirty
transformer coils cause excessive heatiﬁg;
lover the efficiency of the machine, and can
eventually ruin ic.

3) Provide adequate ventilation to prevent colls
from heating and moisture from condensing on
and corroding electrical parts.

4) &t least twice a year, lubricate adjuqtment

screws and the bearing supporting the screwvs,

1f the machine is of that type.

5) Lubricate the bearings in any coil-cooling fans

at least twice a8 year, unless the instructicn
manual specifies otherwise.

65 Periodically, clean and 1hspect contacts,
switches, relays, jdcks, and plug connect. ons
Replace worn or broken parts.

C. Suggested Student Activities

Have students make a draving of the shop, requiring a

detailed drawing of the welding areals). Include such

items as the location of fire extinguishers, fire alarnms,

welders, combustible materfals in the shop; etc.




ARC WELDING SAFETY

__electiode holder

<% 3 elecirode

/ .:E,:'. -"
leather gloves/ ——__ V&

welding stock

L

AS WELL AS OTHEPS.
ERIC  TRANSPARENCY 1-1-A 18




ARC WELDING SAFETY

EXMAUST HOOD

MAKE SURE THERE 1S PROPER VENTILATION
IN THE WELDING AREA AT ALL TIMES,

TRANSPAPENCY 1-1-B
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INSTRUCTIONAL AREA: Agricultural Mechanics

LESSON 2: Metal Identification
I. Preparation for Instzuction
A. Student Objectives
. Ternimal: Describe the techniques used ro identify
various types of metal associated with welding:
2. P cific:
a. List the three variables that affect the properties
of steel.
b. Describe the basic procedure involved in each of
the following tests to identify various metals.
1) Spark
2) Torch
3) Fracture
4) Color
5) Density
6) Ring
7) Magnetic
8) Chip
B. Review of Teaching Materials
1. Paipps, L. S. Mechanics iz Agriculture. Danmville,
i11.: Interstate Publishing; 1977.

2. McCoy; Vi L: and T: J. Wakeman. The Farm Shop. New
York: MacMillan Publishing Company, 1960.




C. Special Arrangements
1. Some of the tests used to differentiate between various
metals in this lesson require specific equipment: The
instructor tay wish to have this material available to
show the students.
3. Have on hand various types of metals.
D. Materials Required
1. Overhead projector and screen
2. Materials listed above
II. Presentation of Lesson
A. Motivation

fn ordcr for a welder to select the proper electrode and
heat range; he must know the composition of the base metal
to be welded to ensure a quality weld. There is a big
difference in welding on mild steel, cast iron, and
aluminum, just to name a few examples. Therefore, the

welder has to be able to identify the metals to be welded.

=
\
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B,

Content Outline

i;

The properties of steel are affected by threc

variables--carbon content;, temperature,; and time: A

welder has to bz able to identify various types of

metal to ensure that the right electrode will be used
as well as the right amperage range. The best way to

determine the type of metal 1s through the manufac-

welder. Therefore, there,are saveral, eigh» in all,
different tests that can be periorwmed to determine what
the characteristics of the metal are; thereby enabling
the welder to identify the metal. The most common

tests for shop use are the following:

a. Spark test -~ This method is widely used by velders

to identify various irons and steel: The only

piece of test equipment requtred is a stattonary or
portable grinder. The metal is simply placed in
contact with the grinder and the sparks that are

sent off from tkils contact are observed and

analyzed. Four characteristics of the sparks
generally will tell the welder the nature and
condition of the steel. They are as follows:

1) Color of the spark,
7) Length of the sparks

3) Number of explosions along the length of the

individual sparks,; and

4) Shape of the explesions--whether or not the

sparks are forking or repeating.

To recognize the following different types of

metal using the spark test, see Transparency 1-2-A

and B:

White and Gray Cast Iron Tool Steel
Malleable Iron" Alloy Steel .
Wrought Iron | Nickel T

Mild Steel »

oy

the metal has good welding characteristics or the

weldability of the metal. Impurities imbedded in

the metal in form of slag or excessive sulphur and

phosphorus will result in a piece of metal having
poor welding characteristics. The procedure .

- o - 22



consisting of melting a puddle in the steel and
observing how the molten puddle rescts. The
puddling should be done with a neutral flame. The
puddle should not give excessive sp@gkqiand shoyld
be fluid. The .puddle should not boil, but possess
gébd éﬁtfété tension. If a shiny appearance is

%é?iééi 1f the metal is dull or lackluster and the
surface is pitted; porous; or rough; the metal is

considered unsatisfactory for welding (Tramsparency
1-2-C).

Fracture test -- Is widely used and accomplished

simply by bresking a portion of the metal fa two.
The fractured edges are inspected to determine the

color of the metal, the type of grain the metal
exhibits, and whether it is briztie or soft and
ductile. . ) :

Cblbr test -~ The two main divisions of metals
iriclude the irons and steels. which are tvpicallv

gtay—whife in color, and the rionferrous metals,

generally tlassified as white of ysllow. Copper.

brass; and bronze are easily identified oy their

colores

Densify or specific gravity test —- Metals can be

identified by their weight or density. Aan example

is compartng the specific gravity or weight of

aluminum znd lsad. Although these t+o metals may
be similar in color, it is easy to differentiate

thew‘%asedlop weight.

Ring or sound test —- Sound is used to deteraine
the diffaresce between two pieces of metal. This
procedure requirea experience and the knowlndge of
the sounds of different types of metal. An cxample
is the 2ifference between alunirum and fwralumin
(alluy consisting of 95.5 part aluminum 2o 3 parcs

copper; 1l part manganese, and .5 part ragnesdum) .

The aluminum sheet would have a duller sound than

the dvralumin, which is harder and Has a nore

distince ringing sound.

Magnetic test —- A test used to distinguish between

steel and monferrous mwetals: Generally,; all steels

are affected by magnetism and monferrour metals are

not. However, scwe of the stzinless steels are not
magretic.



&

o

Chip test -~ This test fequires some prior

expertence; A cold chisel is used to cut into the
metal at an augle to indicate the structure and

heat treatment of the metal. Cast iron, when
chipped, breaks off into small pieces, while a

piece of mild steel temnds tc curl and cling to the
original pilece (Tragsparency 1-2-C).

!

Suggested Student Activities
Have an assortment of metals to be identified by the
siudents based solely on the appearance of the metals.

12




SPARK IDENTIFICATION ON HIGH SPEED GRINDER

METAL SPARK STREAM  COLOR STREAM
— LENGTH |
7op-Red

20" to 25"

Straw Yellow
About 30"

Malleable Iron

Top-Straw Yellow
Bottom-White
About 65"

Wrought lron .

Mild Steel

TRANSPARENCY 1-2-A 23 | ~



SPARK IDENTIFICATION ON HIGH SPEED GRINDER
METAL SPARK STREAM COLOR |
STREAM LENGTH

White About 55"

Top-Straw Yellow
Bottom=White
Length Varles

Alloy Steel

Nickel H ;\h - Orange fkb&i{i 10"

TRANSPARENCY 1-2-B
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OXY=ACETYLENE TORCH TEST

COOD QUALITY ﬁ‘ig g

FILLER ROD

== —= § —

GOOD GUALITY BASE METAL

e

PDOR QUALITY
FILLER ROD

[

= ¢

POOR OUALITY BASE METAC

Breoks Off In

Smeoll Porticles

TRANSPAPENCY 1-2-C 2%




INSTRUCTIOMAL AREA: lﬁi‘iéﬁitiﬁ‘ii HEti’iﬁﬁité
IKSTRUCTIONAL UNIT I: Arc Welding

LESSON 3: Joint Preparation
1. Preparation for Imstructionm
A. Student Objectives

1. Tersinal: Summarize the types of joints used in

Velding and the characteristics of each joint.

a: List the five types of jointa.

b; Describe the most common way joints are prepared.
c. Discuss the main reasons why betals are beveled:
d. List the steps in joint preparation.

B. Review of Teaching Materials

Kennedy, G. A. Welding Technology: Ini‘anapolis, Ind.:
Bobbs-Merrill Educational Publishire; 1978.

C. Special Arrangements
1. Display of the five types of joints
2. Equipment used in joint preparation such as the oxy-
acetylene torch, portable and/or stationary grinders;
files, etc.
1. Overhead projector and screen
2. Materials listed above
11. Presentation of Lesson
A. Motivation
Since it is necessary for the welder to prepare materials

before they are welded, it is important to know the

13
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different types of joints, how they are prepared; and some
of the advantages and disadvantages of each type of joint:
The quality and strength of the finished project will
depend greatly ou the welder's ability to prepare the metal

properly.

29
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B. Content Outline

1. The twpes of joints used in oxy-acetylene weldizg an
arc welding can be classified as lap, edge, tee, hut
and corner, as shown n T-ansparency I-3-A.

uctal fused togemher by such welding processc~ as

spot; plug; slot; or fillet welding.

. ‘Edge -- The edge joint is made by placing the
surface of one piece of metal tu be welded on or

against the surface of the piece to be joined: so

that the wveld is located on the outer planes of
both parts.

c. Tee - The tee joint is welded by piac;ngithe edge
of one piece of metal on the surface of the other
to form a 90° angle. This forms a shape that is

similar to the letter "7T,” hewce its name.

e. Corner -- The corner joint ts so classified because

the two pleces of metal are placed 90° to each

other ih the form of the 1et:c§ "t." Corner jo ints
fu;ting. Corner joints can éiéé be ciass:fied as
half-lap, corner-to-coraer, and full fnside:

2. Most on-the—job preparation is donc by using the
oxy-acetylene cutting process and porii&ie electric
power grinders. Carefully controlled oxy-acetylenc
equipment, such as a radiagraph (copy or pattern
zorch); is &n excellent way to prepare joints for
fabrication. This wethod may only be done 1n thic ~hop,
which is a major disadvantage.

The square groove joint 1is the most economical bul is

often good oniy for products that are to be rade of

light-gauged material.

When metal is beveled; the cost is higher. However,

there 18 often no alternative, especially if heavy
plates are to be welded. Without proper edge
chamfering, completc penietration is impossible and
without good penetration, the resulting weld joint will

be weak:
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For the greatest economy, select a root opering and

groove angle that requires the least amount f filler

material.

below:

a. Select the type of joint using the following
criteria:

1) Load intensity, impact stress, compression,
tensior, fatigue, and warping

2) Cost of the finished product. The ,
lowest-priced joint will require the least bead
£111.

3) Cut or manufactured joints

a) Check to ensure that all slag and foreign
g;ggrt§i§7§é96 been removed (such as dirt
rust, paint; etc:) from the surface of the

joints to be welded.

b) Check to ensure that the joints fit

together properly before they are welded:

c) Deterzine what type of “passes” (beads)

wili be used to give the joint the strength
and characteristics called for.
4. Advantages and Disadvantages of Various Joints
a. Edge joint--
For simpler loads; the edge joint is fairly casv to
weld.
Disadvantages
1y It s not practical for structures to he
subjected to high intensity loading.
2) Where impact of stress-causing fatigue is
possible, a weld other than the edge joint
should be consideredg




(o]

Butt joint—

ajvantages

Joints ﬁﬁitﬁ ﬁiii i’ié tét}ﬁitéﬁ t;' Gi’ﬁ§té’ia fétii;'u'e,
butt joints. rather than slngle— or doub -fillet
lap joints,

Disadvantages

1) 4 major disadvantage >f brzt joints is that

they are more costly than lap joints:

2) Butt welds vill present a greater problem to
the welder than will filletr welds when used
with the lap joint.

c. Groove—weld jbiﬁté;é

should be desigpcd tofgiye ;omplete penetration and
maximum strength, with the least amount of .
electrode metal. Groove-weld joints take in the
groove angle; root face; and root opening for
considering the weld's entire 5éﬁétiét16ﬁ.

Regardiess of 112 type of preparation on the joint;

weld strengts depends on whether complete joint

preparation has been accomplished during welding.

C. Suggested Student Activities

1.

Have the students arc weld the joints dexcribed in this
lesson. At the completion ¢f each joint, require that
they turn in a written assignment on the procedure

followed to make and weld the joint. List advantages
and disadvantsges to each jcint {which onés were hard
to weld and why).

In preparing a joint using the oxy-acetylene cutting

torch; have the student weld the joint(s) without the

aid of a grinder. This will encourage the student to

become proficient at using the torchk correctly.

17



TEE WELD

CORNER WELD

TPANSPARENCY 1-3-A
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INSTRECTIONAL AREA:

INSTRUCTIONAL UNIT 1:

A.

i1,

A

agticultural Mechanics

Arc Welding

Welding Pipe

— -

1. Preparation for Imstruction

5tudent Objectives

i. Terminal: Describe the areas rhat use pipe welding.
2. Specific:
a. Name the organization that sets standards for

welding pipe:
b. List several advantages of welding pipe.
¢. List the four main group: of pipe welding.
d. Explain the term "lap collars.”
Review of Teaching Materials

Kennedy; GC. A. WEiéiﬁg Technolegy. Indianapolis, Ind.:

Bobbs-Merrill Fducational Publishing, 1978

Special Arrangements

Have on hand various pleces of pipe; sone with threaded

2nds; others that have been prepared for welding.

Materials Required
1. Overhead projector and scresn

7. HMaterials listed above

2

weld pipea together to construct a pipelinc., ﬁingo that

t!me, its use has increased tremendously. Pipelincs are
A welder

ited for many commodities bestdes oil and gas.
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today will need to know many techniques that are used in




Content Oatline

Pipeq are manufacturered from both ferrous and nonferrcus

metals, as well as from different types of plastics: Pipes
rade from ferrous metals (wrought iron, low and high allov
steels, stainless steels) are still in great demand.
Wrought iron pipes are usually uced where corrosion is a
problem; although plastic pipes are éﬁbéériﬁg on the nmarket
and are being used; where possibl=

different parts of North America. To stabiiize pipe

uelding qualifications and pipe system testing; standards

have been set up by the Anerican PeE?éigqgiiﬁgfigggg (APL)._

being u@ed byipipefsystgm owners, engineers, and iocai
and/or federal authorities.

Advantages of Welded Pipe

1; Material Saving — — Welded pipe fittings are now
available for air conditioning, heating, refrigeration,

and other plumbing jobs at a cost that is often less

than threaded fittings. (Transparency I-4-A)

2. Labor §ayiggif:7igsga}ii@giéiwelded pipe systenm is B

quicker and easter than installing a system using all
threaded pipe.

3. Strength -- A properly welded pipe system is strong,

leak proof. and will usually outlast a similar syster

that has been put together with threaded fittings.
4. Easier Flow -- Turbulence, erosioa, and clogging arc

greatly reduced in the welded system.

5. Insulation and Appearance -- Insulating welded systcms
is simple and easy,; 8ince the outside diameters of the
pipes and fittings are identical. Nesting the pipes
against walls and corners will give a better job

zppesrance znd save space when a welded system 1 used.

The pipe industry can be divided into four diffcrent groups
for welding purposes. Each pipe system has its own welding
rcquirements and specifications. The four groups include

the following:

1. Suberitical Pipe Welding -- Most of the pipc and
fittings are fairly small in diameter and have standard
wall thickness, lLow pressure heatingrsys;cm. air
conditioning; different service installations, and
simple water supply systems are all classitied as

0 36



subcritical pipe systess. It is called subcritical,

because little or no human danger is anticipated if a
defective weld is made. For this reason; special

velding qualéfications are not often required for
subcritical pipe welding in many places.

2, Critical Pipe Ye./ing {Pressure and Pover
Systems) -- Welding pressure and power systems are

classified as critical because of the high pressure
that the system is usually required to withstand:
Critical pipe welding 1s required {or pipe systess in
refineries, generating plants, chemical processing
plants; petroleur plants; and other places wvhere weld

defects could be both costlv and dangerous tc humar
life: Welders must have special qualifications tc meet

pipe ~ode requirements for this area.

3. Cross-Country Transmission Pipeline

Welding -- Cross-country transmission pipelines are
usually used to transport natural gas or petroleunm _
croducts. The pipe sizes used varies from about 10"
diameter to over 15" diameter for a main lire. Weld

qualification stancards for transmission pipeline
welding in the United States are set up by the American
Petroleum Institute (API).

4. Water Transmission Pipe Welding -- Water transmission
pipe welding can be done by any welder, without special
welding qualifications. Water transmission pipelires

come in sizes as small as 1" in diameter up to
approximately 8" in diameter for main lines. Water
transmission lines for crop irrigation are often made

»f galvanized iron to withstand corrosion. Unlike
cement-coated pipes; corrosion-resistant galvanized
pipes are fairly easy to install and weld.
Manual Arc Welding Water-Transmission Pipelines
The qualification tests for welding water-transmission
pipelines are not usually as difficult as the quslification
tests for welding critical high-pressure lines. Bute

welds; similar to those used on critical or subcritical
pipelincs; are also treguently used 2o joir

wvater-transmission pipelines.

Lap Collars -- Lap joints are normally the best joints to

uge for joining pipe with a wall thickness of at least
3/8", Lap coliars have an inside diameter cqual to the
outside diameter of the pipe; allowing the pipes to be.
butted together and welded into a single u.it with fillct

welds as 1llustrated in Transparency I-4-B.

Smallet diameter water-transmission pipelines can be weldud
vith the same techniques used for critical and subcritical




pipe systems. ,&gggraiiy speaking, the prepared fittings;
for water pipelines.

Suggested Studert Activities

1. Have students practice arc welding on pietes of pipe.

3. Assizn the students to find out what type of pipeline
velding is done !ocally. Have the students follcw up

by finding out what qualifications are required for
welders.

22



ADVANTAGES OF WELDED PIPE

YELDED PIPE FITTINGS WITH BEVELED ENDS
PREPARED FOR WELDING.

THREADS

THREADED.” */
FITIING z

THAEADED
PIPE

¥ - Y
= 3

SIMILAR PIPE JOINTS: WELDED
AND THREADED,

TRANSPARENCY I-4-F

39
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LAP COLLAR .

FILLET WELDS

i cc‘;”’ —  SQUARE _
= _BUTT JOINT,
NOT WELDED

A LAP €OLLAR MAY BE USED FOR
EASILY JOINING WATER TRANSMISSION
PIPELINES:

\

TRANSPARENCY I-4-B
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INSTRUCTIOMAL AREA: Agricultural Mechanics

INSTRUCTIONAL UNIT I: Arc Welding
LESSON 5: Reading Blueprints and Drawings
1. Preparation for Instruction
A. Student Objectives

1. Terminal: Explain and identify the common symbols
associated with arc welding.

2. SgecifiC:

c. Explain what types of information are placed in the

tail of the reference line (arrow).

d. Describe what the following symbo¥s indicate:
1) Reference line break

2) Black dot

3) Open circle

4) Contour letters

a) M
b) C
c) G

B. Review of Teaching Materials

Kennedy; G. A. Welding Technology. Indianapolis;
Indisna: Bobbs-Merrill Educational Publishing,
1978. g




Special Arrangetierits

None

Materials Required

l1:

2.

Overhead projector and screen

Materials listed above

I1. Presentation of Lesson

A.

Motivation

i‘)

When a welder knows the cotiton welding processes ard
procedures; he should also know how to read welding
blueprints (instructions). Welding most common repairs
and construction will be earier to understand 1f the
welder has a knowledge of blueprints;

Several basic techniques are used to weld structural

framework in industry. The technique may vary,

depending on the job being done. Welding for repairs

and welding for a new construction will require
different methods, In all cases, a language known as
weld symbols will tell the welder what to do.

3
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Centent Outline

Coution svilbols are used in the welding trade on instruction
slvets known as blueprints: These instruct the welder what
to do and where to do it. The blueprint can either bc a

rough-drawn or well-designed weldment plan: Both written
directions and welding synbols may be included on the
biueprint to tell the welder what type of joint prepara-
tiom, weld bead; and other techniques are to be used for

each weld: Without the use of symbols, the engineer and
dra‘tsmen would not be able to briefly tell the welder all
the important information about the welding area. To write

out these directions in long hand would be too costly and
time consuming.
Standardized welding symbols make these directions quick

. and efficient. Even though only a few symbols are usually

used, these save time and eliminate many long explanations.

Symbols used 'y draftemen and engineers in welding are as

follows:

i. Joint == The joint is the reference point. The type
and preparation of the joint, as well as the weld_type,
will be indicated by the symbol: The symbol itself _

always refers to the joint and, basically, the symbol

looks like an arrow. The symbol has several parts; as
follows: (Transparency I-5-A).

a. Reference Line -- The arrow has two sides--a top

and bottom--to its reference line. Weld informa-
tion is on the top side of the reference line and
information about the weld i5 on the other side;”
away from the arrow. Hence, top symbol side equals

other weld sides

The bottom side of the arrow's reference line has
friformation on it about the weld located on the
arrow side of the joint. So; bottom symbol side
equals arrow weld side.

1f information on both sides of the symbol's
reference line is the same, it means that both

sides of the joint are to be welded the samc
(Transparer ¢y I-5-A).

b. Tail -—— Welding specifications and other informa-
tion used to make the weld are placed in the tail

of the arrow.



c. Reference Line Break -- If the reference line has a
second break in it, as Transparency I=5-B is
indicating, the second break wiil point toward the
piece of parent metal that is to receive all the
preparation. The second break is used when only
one piece of metal is to be prepared.

G. Biack Dot == A black dot at the break indicates
that the weld should be done on the job site; not
in the shop. This is also called welding "in the
fieid."

e; ﬁpen Circle -~ If there is an open circle at the

weld break, it indicates that welding should be
done completely around the project at the pbsition
indicated by the arrow. (Transparency 1-5-C)

f. Contour Letters -- Contours formed by machining,
chipping, or grinding are indicated by the letters
M, C, and G, respeztively. I¢ the weld is to be
machined, chipped, or ground, the correct letter is

placed on top of the contour symbol (Transparency
1-5-C).

Both arc and oxy-acetylene welds use the same type
of weld symbols. Transparency I-5-D shows the
symbols used for each basic type of weld: groove;
bead; fillet; etc: 1If information were for the
weld near the arrowhead (arrow side),; the symbols

would be turned upside down:

A description and 1ist of other weiding symbols

commonly used are shown L[n Transparencies I-5-E; F, G,
H, I, J, K, and L.

§uggestéd Student Activities

1.

Show the students a particular joint that has been
welded. Have students writé out in long hand what they

see. Then have students use symbols to describe the
same joint or joints.



MELDING SYMBOLS

T@EUEW“'ON e
SYMBOL ON ARROW _
REFERENCE SIDE

; ~
OTHER SIOE o
JONT

TAIL AREA

FOR WELD
/ INFORMATION

WELOEO
\

.

T
) UiNe
R -
5 7=\ v | sioc
. _ / 7 ALHERENCE
- UiNE BREAK
SYMBOL ON '
REFERENCE  jNEORWMATION -

LINE FOR Svmaor ON

B,Q!!; REFERENCE
SiDE unz FOR

BASIC PARTS OF THE ARROW WELD

SYMBOL
[, FIE1LO WELD
— REFERENCE [INE SYMROL
- \
P

SECOND WEFERENCE LINE BREAX
ALLOWS ARAROW TO POINT AT WELO MEMBE“
o AECENVE ALL INOICATED PREPARATION

A BLACK DOT ON THE REFERENCE LINE

INDICATES THAT THE WELD IS TO BE
MADE IN THE FIELD:

TRANSPARENCY 1-5-4 . _
45




WELDING SYMBOLS

J—

N A _ARROW
i PREPARATION. POINTING
BOTH SIDES _TOWARD_
TOP PIECE

YO RECEIVE ALL

PREPARATION

|{HEN THE REFERENCE LINE HAS

A SECOND BREAK, THE SECOND
BREAK POINTS THE ARFOW TOWARD

THE MEMBER TO BE PRSPARED.

PREPARATION. r-:, i BUTT JOINT

BOTH SIDES . e ) _ 2

TOP MEMBER
omLY -

A JOINT PREPAFED AS IN-
DICATED BY THE SYMBOL ABOVE.

TPANSPARENCY 1-5-B
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WELDING SYMBOLS

WELDING 1O BE DONE
AAOUND THE JOINT

ﬁ’enﬁ’ei}ce LINE

AN OPEN CIRCLE AROUND THE
REFERENCE LINE BREAK INDICATES
THAT THE WELD IS TO BE MADE
COMPLETELY AROUND THE JOINT.

NN
TN

THE FILLET SYMBOL ON TOP OF THE THE CONTOUR SYMBOL AND CAPITAL
REFERENCE LIWE INDICATES THAT A G INDICATE THAT THE FINISHED
FILLET WELR IS TO BE MADE ON THE WELD IS TO BE GROUND.

OTHER SIDE OF THE TEE JOINT,

FINISHED WELD IS TO
BE MACHINED.

o i\\ |
S\ N\
P RN\ e

il

L i

THE CONTOUR SYMBOL AND CAPITAL
C INDICATE THAT THE FINISHED
WELD IS TC BE CHIPPED.

TRANSPARENCY 1-5-C



\IELDING SYMBOLS
WELD DE ST RiP 1ioN

PLUG ORSLOT WeLD 7

GROOVE wELD

BEAD WELD

—

- BEAD (BUILD UP)
(1) FLUSH

CONTOURS  (2) CoNVEX
(3) CONCAVE

FIELD WELD
- - @

WELD ALL AROUNO —
o

EACH TYPE OF WELD, WITH DETAILS,
HAS ITS OWN WELD SYMBCL.

TPANSPARENCY 1-5-D




HELDING SYMBOLS

RIGHT WRONG WELD TO AL
- o FILLET WELD  MACHIWED
BEVEL ]7’ ‘\‘ otuen Soc S [
SYmMBOL N L N N
I I W Eiﬁi}__ \ AN
J SYMBOL J k Eiw{i / ol
ELECTRODE. —
FiLiF? ; é 70 BE vseo /é ;//7/ 7t
symsoL L\ £ P——
YHEN A SYMBOL SUCH AS A A simeLe TEE JOINT 4ND A COMMON
BEVEL, FILLET, OR J IS WELD SYMBOL FOR THE JOINT:
PLACED ON A REFERENCE LINE,
THE_VEFTICAL PART GF THE
SYMBOL MUST ALWAYS BE
DRAWN ON THE LEFT,
R WELD FACE

MACHINED
_/FULET WELD.
/] OTHER SIE

CoMPLETED TEE JOINT, WELDED

ACCORDING TO THE WELD SYMBOL
IN THE TOP RIGHT CORNER.

TRANSPARENCY 1-5-E
ERIC 49.
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WELDING SYMBOLS

___SyMROL
POSITION MEANS
— WELO 1S_YO BE

XTT| ARROW SIDE ONLY

SYMAD,

B FILLET WELD WMADE ON THE ARROW
SICE OF A TEE JOWT

A coMMoN TEE JOINT, AS BLUE-
PRINTED AND AS WELDED.

 WRD
- - _PREPAAATION

ALL PREPARATION
IS TO BE ON
UPPER PIECE

N | .

J 5YMBOL
MPANS J PAEPARATION
ON 8ARROW SIDE ONt Y

A COMMON BUTT JOINT, AS BLUE-

TPANSPARENCY 1-5-F

ERIC 50 S




WELDING SYMBOLS

JOINT

-V PALPAKATION
AHHOW_ SIDT

i A. As shows on the blueprint.

A

PREPARATION SECOND SGREAK MEANS 1o OF AEFSRENCE
8 As prepared wi the joen gfe ggj&i 10 UPPER ;2,‘5?;;5%&6@, b
i ] B - . . TOBE ONOTHEA SIDE
A COMMON BUTT JOINT, AS BLUE= YA e e B A prpured ut the
PRINTED WITH A VEE-GROOVE AND '
AS PREPARED. I
A coMMON BUTT _JOINT, AS BLUE-
PRINTED AND AS PREPARED.

SYMBOL
FOR_FILLET WELD.
POSITION_FOR
OTHER SIDE

— N

A AS SHOWN BY A BLUEPRINT

FILLET

A common TEE JOINT, AS BLUE-
PRINTED AND AS WELDED.

TRANSPAPENCY I-5-C
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=
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WELDING SYMBOLS

JOINT BEAD WELD ALL
_ WLLD AROUND
: SYMBOL

DOUBLE-VEE SvMaoL BoTH |
SIDES OF LINE .= BOTH SIBES
OF JOINT
A. As shuws vn the blucprm/

UOUBLE VEE
JOINT AND WELD

-/

ﬁ — — STEEL PLATE

B. As welded ut the pnnt. -
8. Ay weided at the o,

A COMMON DOUBLE-VEE BUTT WHEN_A PIPE IS YO BE
WELDED TO A STEEL PLATE

JOINT, AS BLUEPRINTED AND
AS WELDED, JHE OPEN SYMBOL FOR
WELD ALL AROUND" 1S OFTEN
USED AS SHOWN.

SYMAOL FOR DOUBLE
~. ) PAEPARATION _
POSITIONED_FOR BOTH
SIDES OF JOINT
< JONT

-~ PREPARA IO

_ SECUND BREAS
WNDICATES THAT aL?

PREPARATION SHOULD

BE ON TOP MEMBER
A ‘D shrwe ot ﬂ.' Ndgaw gor 1000

B 8 meldid e wenl

A DOUBLE-J JOINT, AS DRAWN AND
AS WELDED.

TRANSPAPENCY 1-5-4




WELDING SYMBOLS

WELD iN
———  FiELD

SYMBOL ™~
1 N

JOINT . ~ f K N 77 _

_HILLET WELD MEIGHT
. _SYMHBOLS (SIZE) LEFT OF —
HOTH SIS SYMBOL # PN
A. A3 shown wii the blucprint VN / . ——+
N wrix / !
N R -
— HLAVY BEAM 4 "] \ _. LOCATION
- LTOWERED ’ WE}Pﬁﬁ“G“‘ AND DiIME NS
BLEt INTO PLACE : RIGHT OF R I
SYMBOL WPECH LU Wit D

L WELD DIMENSIONS MAY APPEAR
— ~ ON A WELD SYMBOL.
. _EXISTING STRUCTURE
W BUILDING BEING EXPANDED
B A5 welded at the joini.

N DOT AT THE REFERENCE LINE
BREAK INDICATES THAT THE WELD
1S TO BE_MADE AWAY FROM THE
SHOP OR “ON LOCATION.”

FILLET SYMBOL POSITIONED

ON BCTTOM FOR ARROW SIZE OF L A
SIOE WELD CTHER LENGTH
\ SiDE  SYMBOL T of
_SIZE C . i =
_ _ WELD _ WELDS
. neLos
JOINT ——4— .
_-l _ ~ JOINT
SIZE OF s o
ARROW
_SIOE
A ©i6 FILLET WELD SYMDOL WELD —
WOICATED BY 2 GLOCHRN AS haiOWN W A BLUE PHNT
< ~s
I S
\{ -

(ALY b

8 TEE JOINT WELDED AS

2 SR NDICATED BY THE FINISHED WELD SEEN FROM ARROW SIOE
,\./’v’ T BLUEPRINT »
THE WIDTH OF THE WELD WILL THE LENGTH_OF THE WELD WILL
APPEAR ON THE LEFT OF THE APPEAF. ON THE RIGHT OF THE
WELD SYMBOL. WELD SYMBOL:

v

TRANSPARERCY 1-5-1
ERIC ~ 53
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WELDING SYMBOLS

e %
VERTICAL LEG SYMHBOL FOH
VERTICA LG fuLer weLp.

3 \  OTHER SIDE
-\ ,/ B P
e szl /
worizontat \

LEG SI2E
LENGTH

JOINT -

N

IF THE FILLET WELD IS TO BE
THICKER_ON ONE OF TWO MEMBERS
OF THE TEE JOINT, THE WELD
SYMBOL WILL HAVE THE VERTICAL
LEG SIZE FIRST, SOLLOWED BY THE
HORIZONTAL LEG SIZE.

50~ INCLUDED o

ANGLE, OTHER et

SIDE \ 4 -

[ e — o -

‘ gi

T , - —— 3

_ N 2 ¥ S 178" ROGCT GAP 9

N VAR rais\

N\ Y. 7 .

7 ror

neONCLEDL D
AN
Al W

aite

A; NS SHOWM ON THE BLUEPRINT B. AS PREPARED AT THE JODINT

THE_INCLUDED @Etﬁ,,siz? IN DEGREES, MAY BE PLACED
IN THE VES AS SHOWN: 1F A ROOT GAP IS SPECIFIED,
IT MAY ALSO BE PLACED IN THE VEE.

TRANSPARENCY 1-5-) - ,
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WELDING SYMBOLS

WELD
WIDTH

WELD  WELD
LENGTH PITCH
2 :

JON s STAGGERED
i T \ 25 _FULLETY
SYMBOLS

// ZFILLEY WELD
/ ~ SYMBOL-_ N
; BOTH SIDES / J \ L%'rfé?a

4 AN

A. A showw wn the blueprin

A:; MNs SHOWM ON THE BLUEPRINT

___ WELD PITCH | 1
(BETWEEN CENTERS)=5"

48 }

FILLET wetOS l

>wone.
L Ma&HIGH (CENTER TO CENTENY
B. A3 welded at the yoint. /

IF_A SECOND NUMBER IS GIVEN AFTER )
THE_WELD LENGTH, IT IS THE WELD
PITCH, THE DISTANCES BETWEEN THE STVELDS

CENTERS OF SEVERAL WELDS. e
B, AS WELDED AT THE JOINT
IF THE WELD SYMBOLS ARE STAGGERED
ON EITHER SIDE OF THE WELD LINE,
THE WELD SHOULD BE STAGGERED ON

EITHER SIDE OF THE JOINT,

TRANSPARENCY 1-5-K
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WELDING SYMBOLS

™

g WELOED AS PER B

BEAD BUILDUP READY FOH MACHIRING

TWO HUMPS ON THE REFERENCE LINE TELLS

THE WELDER TO BUILD UP THE AREAS WITH
BEADS OR PADS.

SYMBOL POSITION INDICATES
BOL  , WELD YO BE ON ARROW SIDE
~ JoneV ) N o

. 30 COUNTERSINK ANGLE

7 % \- >

PLUG WELD
SYMBOL

werd 1O\ N— -

U b

SYMBOL FOR SLOT
OR PLUG WELD
_SLOT YO i
BE 7 WIDE  \ 7

N

POSITION OR

OThER SIDE WELD
/

IVA //f

/ / )
$LOT 10 BE SLOT 10 B¢
6" LONG

BULY UP /4"

A: Ax3hown on the bluepeini.

COUNTERSINK
ANGLE

\—~ ] PLUG WELD
, 5/16" DEEP

B A ppared al the jont

THE SYMBOL FOR_A_PLUG WELD_
WiLL INDICATE THE PLUG _WELD
COUNTERSINK ANGLE, POSITION,
AND HOW FAR THE PLUG IS TO
BE BUILT UP,

THE SLOT WELD SYMBOL IS

SIMILAR TO THE PLUG WELD
EXCEPT THAT IT ALSO HAS THE
SLOTS LENGTH AND WIDTH IN-

DICATED,

2

TRANSPARENCY 1-5-L
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INSTRUCTIONAL

INSTKUCTIONAL UX

LESSOX 1:

T
IS

1.

2.

AREA:

1T 11:

Agricultural Mechanics

Oxy-acetylene welding

Safety

. Preparation for Imscruction

A. Student Objectives

"ribe thn fuﬂdamental sa‘ety rules and

sociated with oxy-acetyléne welding.

Terminal: De
procedures &s

Ssecific;
a. List and describe several safety rules pertaining
to the areas listed below:

1) Cylinders,

2) Torches and regulators,
3) Hoses,

4) Setting up,

5) Adjusting pressures,

6) Operating the torch,
7) Backiires and flashbacks, and

8) Extinguishing the torch,

&, Revicw of Tesching Materials

1.

2.

Phipps, L. S. Mechanics in Agriculture.
111;: Interstate Publishing, 1977.

The Farm Shop. New

McCoy. V. L. and T. J. Wakeman:
1960:

York: MacMillan Publishing Company,

€. Spectal Arrangements

Have on hand rhc safetv cquipment that iﬁ used in ory-

glaves. aprons; etc;

27 ]
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A.

Materfais Required
1. Overhead projector and screen

2. Materials listed above

Motivation

Safety cannot be "bought™; it must be "practiced.” This is
especially true when working with oxygen and acetyvlere
gases. The most common hazards found in welding are burns
caused by heated metal and welding dust, and injuries fror
toxic gases or fumes. The welder should he thoroughly
informed regarding all safety practices, including the use
of oxygen and acetylene for both welding and cutting.
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S.

Content Outline

i.

Oxy-acetylene safety i. 5f the utmost imporfrance in
welding and cutting because the welder is working witn
two flammable gases and an cpen flane. {Iranspareucy
11-1-A) For this reason; oxv-acetylene welding and
cutting safety is broken down into the fellowing eight

categories:
a. Cylinders (Transparency II-1-B)
Cylinder safety includes:

1) Use only approved cvlingeri. Do not drop
cylinders at any tire.

2) Always call acetylene "acetylene"~--rot "gas."

Call oxygen "oxvgen"--not "air."

3) The approved method of determining what the

contents of a cylinder contains is to look for

a tag or markings on the cyitndcr near the
valve. If it is unmarked, do not use it. Do
not rely cu coler or size to distinguish
between oxygen and acetvlene.

4) ﬁé?ér ise @ cyiiﬁder for dther than the

5) Keep all oil and grease away from cylinders and
especially the area arcund the cylinder's
valve.

6) Do not store oxygen and fuel gas together;
store separately.

7) Keep cylinders away from exposure to sparks;

hot maiten meZi <, an opcn flame, and arny

:iit’.‘ ylinde; ()I: expise
1

¥) Never
ke ¢ rurrent

L

rtyina

9) Always nake Sure the cylindvrs dare uprig}t and
secured to the wall or propetly secured iv .
portable welding catt.

10) Always transport and store d((tyienc in the
upright position,

I1) Never try to 1ift the cylinder by the cap, with

a sling; or by elcctric nagnets.

12) Never try to refill a cylinder:
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13)
14)
15)

167

Wark all empty cylinders “Empey” or "MT."
Never try to alter a cylinder.

1f Eﬁéré§iiﬁaé?;s valve does not open by hand;

naver take a wremch or hammer to force it open.

1f a leak is detected avound the cylinder's
valve or the cylinder's fuse plug and will not
stop when the valve is closed, proceed as
follows:

a) Take tﬁer¢yiiﬁ§é§76§§76f doors, away from

any possibility of being ignited.

b) Mark or tag the cylinder to show that it is

dangerous and inoperable:
¢) Notify the supplier as soon as possible.

Alvays keep the caps to-the cylinders on at all

times when thr cylinders are not being used.

Never use anythiing bit an approved wrench for
the cylinder 1f the cylinder does not have a

wheel type of valve on it. These vrenches can
be obtained from the supplier.

Torches and regulators (Transparencies 11-1-C; D,
and E)

Torch and regulator safety includes the following:

1)

2)

3)

4)

Never work with defective equipment. Leaking
or damaged equipment can be explosive and
should be repaired only by trained personnel.

Keep the torches and regulators clean and fn

operable condition at all times.

Keep 11l otl and gresse away from torches or

reguiators: This i clules cily rags or gloves
that may have oil or grease on them.

Never connect a :cgulator to a cvlinder ft is
not designed tc operate from. Oxygen cylinders
have right-harded threads and requi-e that the
oxygen regulator also have right-handed
threads. The icetylene cylinder has left-
handed threads and requires that the acetyline
regulator also have left-handed threads. Never
try to force the regulator onto a cylinder.
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5) The regulators should be checked periodically
to ensure that the gauges are reading
accurately.

5) The torch is never to be used in place of a
harmer to knock cff a hot piece of metal after
it has been cut. This can cause damage to the
internal vorkings of the torch.

7) When the torch becomes clogged or stopped uUp,
use only an approved tip cleaner and follow the
proper procedure.

8) All connecticus to the torch an! regulator
should be made using an approved wiench. Some
connecticns are only required to be hand tight.
Check with the manufac:urer:

Hoses

Hose safety includes the following:

1)

2)

3)

:'.‘
St

5)

3

with the we’ding,systom. Ciieck with the
supplier or manufarcturer.

Most hoses are color coordinated--oxygen hocxs
are generally green while acetylene hoses are

usually red: A groove in the nut on the end of

the hcse generaiiy indicates that it is a

left-handed thresd:

Tty to avoid excessively long hoses; They tend

to kink that can lend to a dargeroas sitoation

1f a hose is burned, replace the hose: Use

on15 approved spliceq and connectors: Check
Visually inspect the hose: every time they arc
used.

Check for leaks by immersing the hoses in water
under normal working pressures.



4. Setting up (Transparency II-1-F)

Setting up safety includes the following:

9]
2)

3)

4)

7)

Make suré the cylinders are placed in a secure;
clean working area.
Alvays make sure that gloves and clothing are

free from oil or petroleum products:

Always "purge” the cylinders before connecting
the regulatérs.f This 1s dwne by openirg the
Vake sure that the »a‘ve open;ng is not
pointing at any one. Purging the cy;inder will
blow out any foreign material that may have
collected betgeen the valve szst snd the valve
opening.

ﬁé@é* :rack an acétyléﬁé vaive around an open

Alvays stand to one side of the regulator wher

opening the cylinder valve.

Always open the cyiinder valves very slowiv:

On the oxygen cylinder. crack the V‘ive,,
slightly to allow the high pressure gauge

pointer to slowly move to the maximum rcadxng.
Onice the pressure has stabilized, fully open
the oxygen cylinder valve. Never open the
acetylene cylinder valve more than 1 1/2
turns--preferably less than ! turn. The
Btétyléﬁé cylihdéi valve 1is a déﬁblé Seating

fully;

1f a spectal wrench is required to open the
acetylene valve, lcave it on the cylinder

valve. 1In case of an emergency; it will

allow quick closure of the valve.

Never try to find 2 leak with a flame--use

soapy water (one part Ivory soap, which docs

not contain oila. with L to 6 pnrts water) or

¢. Adjusting Préssures

Pressure safety includes:

D)

Alvays use manufacturer's chorts as a guide to
correct pressure for the job.
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2) Never exceed an acetylene working pressure of
15 psig (gauge pressure). Acetylene is
extremely unstable atoveé this pressure
setting and can explode.

35 Adjust oxygen pressure by first ma(ing sure

that the acetylene valwe on the torch is

closed: ﬁpen the oxygeq walve on the

torch, adjust the tcgulatcr untii the iéd

pressure. Otice this is :eached. close thc
oxygen valve on the torch.

4} Adjust the acetylene pressure by making sure
that the oxygen valve on the torch is
closed, and follow the same procedure as
describ«~d atove.

Operating the torch safely irciudes the following:

5y Aluaya purge both 'ue cxygpn and acety;eﬁ(
gases before attempting to light the torch.

2) Aluays use a striker or friction lighter to
light the torch. Never use ratches or othier
means to light the torch. (Transparency
11=1=C)

3) Make suré the work .rea 1s well ventilated
before attempting to light the to:ch,

4) Never direct the gas stream (before 1iphting

the torch) toward any clothing the weldsr may

have on or toward any area that may entrap and
hold gases:

f. MRackfires and Flashbacks

A backfire is & sudden loud nofse coming from the
torch; the flame suddenly goes out and may be

{rz:g’gh(g’{g, Sorve Causes of & 'J&Cka ire 37¢ 38
follows:

1) * Touching the tip of the torch against the woik,
2) Clogged or dirty tip on the torch; and

3) The tip and/or the torch becoming overheatud.

The procedure to foi:low after a backfire occurs:
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1) 1In some cases, the trouble will clear itself
and is correct to resume the normal procedure.
2 tf the trouble has not cleared, immedlately

cicse the acetylene valve on the torch. Close

the oxygen valve on the torch: 1If a cutting

attachment is being used proceed as follows:

a) Cuot acetylene valve cif on the torch first,

b) Then cut the oxygen cutting valve on the
torch o f, and

¢) Finally, cut the cxygen preheat valve off
on the torch.

Check for obsttuctxons., Check for correct

pressures. Purgé the lines and re-light the

torch.
A& fiashback is an actual fire or burning back of
th2 ilame into the tip; torch, or in some cases the
hoses: Indications of a flashback:

1) The torch making a squealing ov hissing noise,

2) Smoke coming from the tip of the torch;

3) & sharp-pointed flame,

4) Incorrect oxygen and acetylene pressures,

SS Loose or distorted tipg or mixing seats, and
6) An overheated tip \r torch body.

The procedure to following if a flashback occurs:

1) Imr~dtately close the acetylene valve on the
Lorch. and

2) Close the oxygen valve on the torch. If the
situation {s scvcre enough that the fire is
detected 1n the nones--immediateiy ciose the

acetylene cylindc! valve and clenr the shop of

all personnel.

In most cases, the situation i8 not dangerous
as the one mentioned above. If no fire is
evident after both valves have been clesed,

wait a few minutc.,; which should give enocugh

time for the flame inside of the tarch to burn

{tself out.
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E-l

A flashback is an indication that something is

drastically wrong with fhe system. Before

attempting to relight the torch rmke sure the

procedure given below is followed:
a) ?ﬁtge the lines individually, 7

b3 Check to ensure the pressure settings are

Es Remove the hoses to inspect for any
internal damage: If the flame caused any
damage to the hose;, cut back to the

uudamaged portton of the hose and remake

the connections (following approved
practices).

Extinguishing the Torch

Safety in extinguishing the torch:

1)

Alvays close the acetylene valve on the torch
first—this will extinguish rhe flames. Make
gsure that the flame is completel; extinguished.

Flose the oxygen pre-heat valve (or the oxygen

valve on the torch body #f torch is set up for
welding instead of cctting) to stop all {low
of gases cor‘ng through the <crch.

If the toren 15 to be shut down for a bricf
interval,; szép ! will sdffic:,

or a cylinder uhless the svstem hias be‘n
drained of all gases.

When the work is completed or discontinucd for

the day, proceed as follows to seccure the
system:

a) Close both cylinder valves.

55 Drain all OXygein zrom the system ov opening
the torch oxygen valva,

c) Make sure that both the high pressure and
low pregsure gauges go to zero on the
oxXygen éiliﬁdé?: then close the icrch

d) Drain all acetylene from the system by
opening the torch acrtylene valve.

35



e) *2ke sure that both the h:gh pressure and

low prassure gauges go to zero on the

acetylenie cylinder, then close the torch
acetylene valve.

f) Release the regulator pressure adjusting
screw on both regulators.

D11 s oln hae amd car } i 1
Boll up the hoses and secure thezm in the

proper manner. Secure thg torch in the

proper manner; making sure that a hot torch

does not come into contact with either the

[}
~

hoses or the cylinders:
Suggested Student Actitities

After a denonstration {3 the safety prccedur_s has beeen

given to the students, assign them to demonstrate their

ability to follow all safe:y rules in setting up the torch,
lighting; extinguishing. and *ecurigg the systemn.
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OXY-ACETYLENE SAFETY

YELDING TORCH

__OXYGEN _
REGCULATOR

Parts of the oxy-acety:ene system

that require a thorough knowledge
of safety proctices. Cylinders, torch
and regulators, and hoses.

TRANSPARENCY 11-1-B

(NS



TORCH SAFETY

Always use a_sharkliohter when lightina
the torch.

5 Control
/" valvts

Parts of a common torch.

TRANSPARERCY [I-1-C
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TCRCH SAFETY

High pressure cutling i gen lever
- L ‘
. Prehest oxygen control valve >

N,

Cotting stimchment hsad

PARTS OF AN OXY-ACETYLENE CUTTING ATTACHMENT.

TRANSPARENCY II-1-D



REGULATOR SAFETY

_ CUTTING
= — ATTACHMENT  __ _

ACETYLENE
RECULATOR

o CYLIRDER
WORKING CYLINDER

PRl

-E

Pt

TRANSPARENCY 11-




FIVE BASIC RULES OF OXY-ACETYLENE
HELDING AND CUTTING

3. Open oxppen velves slonly.

I~f; & Puge saygen oot scer-
(8 ) Tone lines befors lighting
= terch.
i — ; ’ .

TRANSPARENCY 11-1-F
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INSTRIUCTIONA]L ARiA:  Agricultural Mechanics

.

e
ot

NPT TTORAL

Ui

iT 11: Oxy-acetylene Welding

Ser-up and Techniques ot

)
{hy

(c)

welding,
Cutting, and

Brazing:

Preparation for Imstruction

A.

student Objecrives

L.

Terminal: Demonstrate the safe - id proper techniques
for settingup and operating the oxv-acetylene torch for
welding, cutting, and brazing.
Specific:

Define each of the following terms:

1) Oxy-acetylene welding;

2) Oxy-acetylene cutting, and

3) Brazing.

b. List the equipment necs v sary for oxv-acetylene
welding.

c. Demonstrate the proper proccdure for each of the
following:
1) Ccylinder(s) set-up,
2) Regulator(s) set-up;
3) Sett ‘ng up and ighting the torch; and
&) Torch operativs for
a) Welding,
b) Cutting, anc

¢) Brazing.
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11.

d. Name and Aseciibe the three types of flames
associats.s with oxy-acetylune welding.

welding.

£. List the different classifications of metals that

can be cut with the oxy-acetylene torch.

g. Explain the proper procedurz for plercing holes in
metal with the oxy~acetylene torch.

h. State the most important factor in brazing
(advantage).

i. Explain the requirements for brazing.

j. Define the term flux.

k. Name the three common commercial forms of [lux.

1. State several requirements for filler metal used

in brazing.
Review of Teaching Materials

1. McCoy, V. L. and T. J. Wakeman: The Farm Shop. New
York: MacMillan Publishing Company, 1960.

2. Phipps, L. S. Mechanics in Agriculture. Danville,
I111.: Interstate Publishing, 1977.

Special Arrangements
Have on hand an assortment of oxy-acetylerne equipment,

2. Materials listed above

Presentation of Lesson

KC

Motivation

1. A welder should have knowledge of the gases used for

welding and cutting. The welder should also be

acquainted with safety prccederes and the proper
techniques in gas weiling and cutting.

In all flame cutting, welding, and heating, cvygen and

a fuel gas (acetylene, most commoniv used) are combined
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and burned to provide heat to do a certain type of job.

The welder must be able to use these combined heating
gases effectively to turn out highi-speed, economically

finished jobs of high quality.

Oxy-acetylene cutting is fast and efficient, compared
with alternatives like a hacksaw; cold chisel, and
hammer, etc.

Recent research on oxy-acetylene welding indicates that

this process may be phased-out by the year 2000. The
use of oxy-acetylene cutting procedures will be

dominant for mawny more decades however;

(

~—— :

~J
e
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B.

Content Outline

Gas welding is a process by which two pieces of metal are
joined together by melting or fusing their adjoining

surfaces or edges. Gas welding ts siower than electric arc

welding, but it has the advantage of being easier to
control,

The two most common gases used in gas welding are oxygen
aﬁd atetyléhe. ‘A ratio Gf 2% parts oxygen to. 1 part

S800°F.

The following equipment is necessary for oxy-acetylene
welding:

1. A cylinder of oxygen and < cylinder of acetylene,
2. Pressure regulators,

3. Welding torca;

4, Houses,

5. Weléor's protective clothing,

6. Welder's goggles, and

7. Miscellaneous equipment.

Below is a brief description of the items listed above:

1. Sizs of cylinders is determined by the cubic feet of
gas the cylinder wili hold. Acetylene cylinders are

commonly found to hold 300, 100, and 60 cu. ft.,
whereas oxygen cylinders normally come in sizes of P44,
122; and 80 cu. ft.

Both oxygen and acetylene are stored ir specially built
cylinders made from seamless drawn steel and tested

rigorously:

The acetylene cylinder ts packed with a perous material

saturated with acetone: This is done becausz the free

acctylene cannot be stored in cyitnders over 30 psi.

Over 30 psi acetylene is a very unstable gas ang can

readily explode. Acetylene shouid never e use:.. bevond
15 psi.

2. Both oxygen and acetyleme regulators have two gauges--
a high pressure gauge that indicates the pressure

inside of the cylinder and a low pressure gauge that



indicates the pressure on the hose. The amount of
pressire un the hose {5 determined by the adjusting
screw found on the rzguiator.

3. The welding torch includes the body of the torch,
(mixing chamber where the two gases are brought.

together and mixed) two needle control valves to

control the flow of oxygen and acetylene; two hose

connections, and a welding tip.

4, Special nonporons hoses are used to convey oxygen and

acetylene from the cylinders to the torch. The hoses

are color coordinated (red 1nd1cat1ng xcetyiene and

have right-handgdfthreadq. while the acet,lene hose
connectors are lefs-handed.

S. The welder at all times must wear protective cutting
goggles when oxy-acetylene weiding. Fité-resistant

gloves should also be worn during this procesdure.

A fire extinguisher should be in the working area at

all times. Other equipment needed:

N

a) Wire brushes,
b) Friction lighter,
c) Soap stone or a means of marking the metal, and
d) Square (try, combination, or framing).
When setting up the cylinders for oxy-aceytleziie welding,
follow these steps:

1. Place both the oxygen and acetylene cylinders together

and secure them to keep from falling. They may be.

chained along the wall or chained in a portable welding
cart. (Transparency II-2-A)

Remove the cylinder valve caps. Place in a location so
that they will be accessible.

N
.

Visually examine the cylinder valve. If it appears the

threads are in zood shape and there are no
obstruct‘&m. c:ack the valve sligﬁtly to blow out any

W
.

When setting up the regulators proceed as follows:
(Transparency 1I-2-B)

1. Be svre that the regulator inlet connections are free
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The

Attach the oxygen regulator to the oxygen cy'inder by
using an onen-end wrench or an oxy-acetylene wrench

(check witl the supplier). The regulator should ve
tightened srugly, but not with excessive force:

Make sure the adjusting screw is "backed-out:" This
will relieve all tension on the regulator: The

adjusting screw is turned LOﬂnterciockwise to rel .ve

tenstion:

Connect the hoses to the regulator outlet that is

rrovided: The green or black hose is connected to the

oxygen reguiator (right-handed threads) and the red

hose is connected to the acetylerne rogulator

(lerc-handed tkreads).

Open the owygen cylinder valve very slowly Watch the
high pressure gauge, and when it reaches the maximum
reading open the cylinder valve all the way. Never
stand or allow anyone to stand in front or back of the
regulator during this procedure.

Adjust ;he adjusting screw to the desired pressure

readirg. which i{s shown on the low pressure gacge:

described above vith the following exception:

The acetyiene cyltnder valve is opened slo¢ly to allow

the pressure to slicvwly build on the high praszure
gauge until this pressure has reached 1ts marz{mu.

procedure for setting up the torch is descritsd helow:

marked "o ”" and the red hose to the valve on_the torch
body marked “fuel.” The oxv  in connec:ion will be a
rignt-handed connectZon whi _. the acetylene connection
will be a left-handed connection. Tighten the
connaction snugly with an open-end wrench ¢r an
oxy-acetylere wrench:

Aelect the welding tip that will be used and place {t

in the connection provided on che torch body. fighten

the welding tip only hand tight unles< the manufactirer

specifies aifferenmtly.

Open the oxygen valve on _he torch body and adjust the
adjnsting screw on the regulator until the desired
pré"surefis teached. Close the iiygen valve on the
torch body. -



For

Open the acetylene valve on the torcii saay and zajugt

torch body;
torch operation; follow the listed guidelines:

Hold the friction :ighter in one haad and the torch in

the bther. Make sure all safcty equipment, including

protective clothing, is being used.

"Crack" (open approximately Y turn) the acetylene
valve on the torch body and {rmediately s3trice the

friction lighter to establish a flame from 'H- torch.

Once the flame 18 established; open the acetylene valve

on the torch to get rid oir the black carbon smoke.

bpen until the fisme actually leaves ihe tip approxi-

mately 1/8 of an inch, then close the valve on the

torch slightly untii tiile {lame returns to the tip:

Clowly open th2 oxygen valve on the to:rch body until a
neutral flame ic teached (Transparency I1-2-C). There
are three types of flame associated with oxy—acetylene
welding. They are descrited i<low:

a. Neutral flame: consists of equal parts of oxygen
and acetylene. It is tiie most commonly used flame

for gas welding. The inner portion has a blunt end

and a temperature nf approximately 56C7°F. The

targer portion of the flame is general.y blue 1in

color: The neutral flame consumes all the Jsxygen
in the afr around the area ro be welded, which

prevents oxygen from being mixed with the hat

o;1teri metal which weakeus the weld:

b. Oxidizting flame: a flame that is obtained whenever

thexe is more oxygen than xcetyiene. This type of
flame is rarely used in fusfion welding, although it

is used in braze welding. The inner conc is
pointed rather than being blynt a5 in a neutral
flame. The oxidizing flaie is the hottest of the
three types of flume and reaches temperatires of
about 6000°F.

c. Carburizing flame: a flare that is obtained when-
ever there is more acetylene than oxygen. The

carburizing {sometimes referred to as a "reducing

flame") flame has a blumt inner cone. Flame color

is yellowish to orange.



o,
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For procedure on how to weld, follow the stéps below!
(Transparencies 11-2=D and E)

1.

The welding torch can be operated in two ways:

a. Forehand welding: the torch is pointed forward in
the directiau of travel in which the weld and
filler ro? (if used) precedes the flame.

The forehand welding method is best for metals that
are 1/8 of an inch and less in thickness. This

allows for a better 'eld puddle and smocther welds.

b. Eackhand welding: the tip is point~d backwards
from the direction of the weld, which has been
deposited (and the filler rod if used) between the
flame and the weld: This technique 1s usually

greater speed.

The torch is always held at a 45° angle to the )
completed weld. In the forehand method; usually the

circular or semi-circular (2lsc known as the

"horse shoe") wea7ing pactern is used.

The inner con.. of the oxy-acetylene weldirg flame
should be held between 1/8 to 1/i6 of an inch from the
tase mgtal.

When the flame actuall =~elts the metal f(or starts to
burn through a thin plece of metal) 4 puddle is formed.
Tis is hot molten metal in_a lidﬁid‘fdim. It taker
practice co keep thz puddle agnd going in the
direction ¢ the weld. Keep the puddle small.

Sore oxy-acetylene welding techniques require the use
of a Filler rod. & filler rod is of the same

composition as the basce metal and is used forx weld{"

nost types of jcints. The diameter of the rod should

be equal to the thickriess of the base metal: The rod

1s held at the same angle as the torch but slanted away
from Ahe torch.

As ;he puddle 18 carried forward, the rod is dipped in

aad out of the puddle. The rod should never be taken
far from the flame of the oxy-acetylene welding torch,
it should be kept inside of the outer envelope on the

flame: Hin's for using a filler rod:

2 Hold the rod in the puddle, away from the edges,
and
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b. Concentrate the flane 1n the puddle and around the
rod to prehieat the plates ahead of the weld:

A good weld will have & slightly convex shape, being
even and unifora, and just penetrates the complete
joint as shown in Transparency I1-2-F.

6. When the welding is finished or to be stopped, always

turn the acetylene valve on the torch off first. Next

close the oxygen valve on the torch, this should stop
all flow of gas from the tip.

When welding 1§ to be discontinued for a considerab]v
period of time (such &s lunch or overnight), the
cylinder valves should be closed and the gas releasedf
from the system as dé;:ribed under "Extinguishing the
Torch" in the lesson eéntitled "Oxy-acetylene Safety.”

Oxygen Cutting: metal 1s heated by a gas flame in which

oxygen jets are used to do the cutting. The most commonly

used fuel gas is acetylene, which is used to heat the metal

tc its melting point, and the oxygen is used to blow or

burn through. The oxygen cutting torch is the apparatus

used to accomplish this cutting procedure: The following

metal can be cut using the oxygen catting torch:
1. Plain carbon steels,

2. Low-alloy steels,

3. Manganese steels, and

4; tow-ccntent chromium steele

Nonf’rrous metals and stainless u.cels cannot be ciit the
oxvgen cutting torch: -

The procedure to follow tn using the oxygen cutting torch
is described below:

1. Before starting to cut, observe all safety rules as
described in the lesson entitled "Safetv" for
oxy~acetylene welding.

2. Attach the cutting attachment to the body of the torch
and tighten the fittings hand tight.

A different type of torch (blowpipe and tip) is used for

cutting metal than for welding. The cutting tip has 3 to 8
koles located around the center hole. These small orifices
furnish flames to preheat the metal, and the center orifice

furnishes oxygen to cut the metal. (Transparency 11-2=G)

81

45



An ox;-acetyienv cutting torch has three coatrols: The)
are preheatr oxygen valve, preheat acetylene valve. ard a .
cutting oxygen valve that is controlled by a lever. The
tws preheat valves actually furnish heat on the surface to
a kindling temperature of the steel being cut, and the
cutting ‘oxygen controlled by the lever 1gn4tes the molten

Lighting and adjusting the blowpipe are very important
steps when cutting metal. If the manufacturer's -
instructions are not available; proceed as follows:

body: Open the acetyien4 valve about 1/2 turn and

i; Fold the blowpipe with the tip pointing away from the

light the torch with the fricticn lighter. The flame

should clear the tip end about 1/8 inch when first lit,

but it should be adjusted back to the tip.

2. tdjust the regulatar ptessure by turning the adjusting
screws clogkwise. Oxygen pressurz depends on the
thickness of the metal being cut, usually approximately
25 psl will suffice although a 1" thick piece of metal
requires about 30 psi.f Acetylene pressure will _vary

but under 7o circumstances should it exceed 10 psi.

3. Adjust the preheat oxygen valve until a neutral flame
appears with sharp inner cone,; then press the cutting
oxygen lever and readjust the flame by turning the
preheat oxygen valve while the cutting lever is in the
downward position: This readjustment is to correct the

flame from carburizing to neutral when the lever is not

depressed.

The metal to be cut should be clean, marked with a punch or

soapstone, and placed in a suitable position for cutting.
The position can also iﬁ?blve the location of cutring. Re
sure to remember that hot metal will damage the welding
unit hoRes and may even cause a fire.

The cutting tip is held at 45° angle to start the cut and
is raised to about 75° to make the cut. The steps to
follow in making a cut are as follows: (Trézsparency
11-2-K) :

1. Hold the blowpipe perpendiculn; to the surface of the

metai unless bevels are to be cut. Place flawe inner -
cone within 1716 to 1/8 {nch above the plate or metal. -

surf ce. HMetal will not stack on the tip if it is held

at a proper distance from the surface. Hold the -tip-so

that two preheating holes are in line with the oxygen
hole.
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Hold the torch at the odge of the mezal until the metal
begins to melt. & top of the torch mav be slanted

toward the cut anc ~hanged to a vertical pcsiction as
the cut progresses,

Press cown $lowly on the oxygen curting lever until the
cutting vaive is cozpletely ~ven. When the cut is

through the metal; 'ove the tcrch along the line:

Tilt t.e zorch tip slightly toward the direction of cut
on thin metml. It should be held vertical on thick
metal when makiog a straight cut.

Sowe the torch slowly alomg the surface or the oxygen
stream will not pass completuly through the metal. The
Cit can be restarted by releasing the cutting levet and

reteating the metal again before pressirg the cutting
lever. Irregular edges may be ciised by losing the
cut,

When beveling plate edges or cutting an angle; lear the
tip at the desire? angle and hold the torcli parallel te
the work.

S:eps to follow when piercing holes in wetal are as
fallows: (Transparency I1-2-1)

b
1.

4.

Hold thie blowpipe in the same position (tip perpen-
dicular to the surface) until a spot on the surfuce
begins to melt.

Raise the blowpipe (torch) until the end of the noz:le
is about 3, to 1/2 inch above tie surfacze and slowly

press the cutting lever IS the torch s ralsed.

Move the tip to vne side of the heated azea so that i

slag (nonmetallic material in the heated metall ~an t-
blowr out.

Move tb» inner come within about 1/8 finch trom the
sur{ce and mave the cut on the ingice cdge of ne
hole.

To facilitate the cutting of a hole in thick metal,
drill a hole 1/4 inch or larger by using a twist dril]
agg gtart the plercing in this hole.

5teps to observe when lighting the blowpipe:

Hold the torch ir. one haad and the frictilon 1ighte- 1n
the other: The weldirg giggles shouid bw pulled tror

the forehead over th: eyes. ‘ ‘



2. Cpen the torch acetylene valve about 1/8 to 1/4 turn
witl trF- tip pointing avay from thé body and cylinder.
The 11 - should be held about an inch from the point
of the while lighting the torch.

3. Opeén the acetylene valve until the flame stops
sooking excessively and breaks away from the tip about
1/8 inch. The flame is then reduced slightly to bring

it back to the tiz The valve 1s opened again very

slightly: If there ts a backfire, the flame will go

out with a pmp. Cmccx the p.-—zt'e, corzections, and

heated tip to corrert this prazids.

4. Open the oxype  valve «fowly until a sharp inner cone
appears, creatiny & neutral flarz.

The correct procedure for tuvning off the oxy-acetylene

cutting torch is listed beliw:

1. First the acetylenme valve 1s closed on the torch and
then the o%ygen vaive is closed. This assures the
operatct that the flame is out, rhus reducing the
possibility of a “lash-back that can be caused by a
carbom deposit in the .lp.

2. The oxygen torch valve iw the seccud valve e be
closed.. This procedure s followed by closing the
acetytcme and oxygen cylhinder valves.

3. The acetylése anc oxygern torch valves are orened to

release hose pressure and then they are - ’nsed again:

Lﬂrsurerthc the pressure. r;gulatcr gauges RO to zEro,
indicating «o pressure on the hoses.

4, The acetvlene 2nd oxygen regulator adjusting screws are
backed oui urcil they are loocse.

Brazing i8 a miethod that 18 used to join metals using
filler metal to~t 18 welted betweern two closely tfitting
metal surfaces. The major difference between birazing and
sdoldcering 18 that in brazing the filler metal is melted it
a highsr temperature and fuses >y capillary action, giving
a stronger joint. For brazing most metals; a temperature

of above 800° F is most ofcen usea; using a non.erro's

fitilter wotal that has & meltiug poinc below that of the
base metal.

An important factor ‘n bdrazine is that there is less danger

of destroying the mechanical properties of the hase metal

since lower temperatures are used ir this type of fusion
process.

Requirements for brazing--The requirements for hrz~fng are
listed below:
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1. 1The joint: pust have relatively sm¢il clearances and
surfaces that are free of ciide ard cther contzmirnants.

2. Cleaning is done by a special flux th.. when heatzd is
capable of dissclving all forelps mactier. A flux car

he defined as an aid used to pruvent the form.zi.n oI

cxides (rust, tarmish; etc.) during the brazing

process. The common commercial fiuxes are...
ia. DYaste,

%. Liquid, or

c. Powder forn.

Jxés have .5 their mnin ingredients:

[

r

c. Boric acid;
d: Flcorides,;
«. Chlorides, aud
f. Fluhorates,
v pPeller motal -V suld meat shese Teguircuants:

4. Enough fluidity sc rhaf :.o meta’ wilk flow
eve-ly by capillar, action.

h. GCood melting to foifh a sound metal Sond,

Meltirg po nt consistent with the type of merl to
be joinmeds

Brazing tiller mc:als fali {i:to seven Rroups:

[V

1) Siiver,;
2) Aluminum-silicon.
3) Copper-phosphoTur,
4y Lold,
5) Copper and soppet-zinc,
6) Magnesium, and
7) Nickel:
o 49 E?
ERIC
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brazing. Otner forms of dppLYing Heat ure furnace heating
and induction heatirg.

Oxygen znd acetylene av: more versat!ls for torch brazing
because of their wide vange of hezt :ontrols: & slightly

*edL:fng filame is reguired and care =must be taken co

privent the funer cone of the flam: from coming in contact

with the base ~etal. Close contac: to the base metal =AYy

cause the base metai to melt. and: zhat would be detriﬁeﬂt*l

to tiie process. Remember thzz hruzing is not a fusion
process;

The recosmended procedure to '~ _ow in brazing is given
below:

1. Before getting started:
4. Make sure base metal is clean,

b. élbééiy éiigh the parts, and

the flux The flux wil?l ‘1here to che rod.

3. Use a neutral or slightly oxidizing flame. Picheat the
base meral to appreximately 1500°F (a culi cherry red).
CAUTION: Do not overhezt cr the weid may become

poraous, and the process will be diffizultr to perform:

3, Toucn the fluxed fflier roc to the base metal and aliow
{t 75 react vith tbe pase meral. This wi{ll aid j=
rleanind of thne Joint.

4, Mzlt a smali amount 7 the fluxed rod untfl it tlows
I:eely to (Mo tin Setric. When this happenc; the
correct temper. ture of rh; bageé métal has been ;eachu
If the filler metal forws beads on the base metal, th. s
is an Indicaf {on that the base metal is not hot enoin

ﬁéﬁéVEi; 1t Lne filler metal ﬁﬁrends or runs ovar u

*Mat the base m(t;i 13 too hot. To aié in keeping tle

base metal af rhe corrert temperature once it i-
goh;cygn, kecep the {lame's fnncoy cone approxima ¢’
116 of an Inch above the joint,

S, Ceatinue te dip the &llev rod iuco ¢l flux betoo it

iy melted o 2r che Join' . The tethnique emploved

this process is the wmame AS the process that fs ... d iy

oxy-acetylene gas welling with o filler rod.

.. Atteér coup .eting the juint, check 1t for:

50
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lor--1f it 15 rooper-colored with . -h.te srioke
and tas & snall valley down the -znze: of the weld;
the case metal was oo hit.

tf tic edge of the bead nprears rto lap over the
r~1. then the base m:ial femperature was too

-

Hzve students przctice welding, cutting,

and brazing.
iteve Are all tupes of shop c.ercises thir can be used to
idcquireé these skills. ChHeck tie refer- ce seciion:

&7

LY
—t

O
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iN3TRUCTIONAL AREA: Agricultcral Mechanics
INSTRUCTIONAL UNIT 111: Soldering

“ESSON 1: Soldering Use and Procedures

1. Preparation for Ins:ruction
A: Objectives
1. Terminal: Demonstrate procedures necessary for
soldering metals:
a. Explain the purpose of soldering.

b. Describe and select the tools and equiprent used in
soldering.

¢. iist the fdctors important for good soldering.
¢. Describe the procedure to: applying solder.

e: Demonstrate soldering procedure for joints and scam:
on metal.
f. Demonstrate procedure for soldering hoies:
g. List the various metals that may be soldered.
K. Review of Teaching Material
|. Phipps; 1. J: Herhanics in Agriculturc. Danville,

I11.: Interstate Printers and Publishers; Inc.,
1977.

2. Wakeman, T. J. and V. L. McCoy. The Farm Shop. New
York: Macmillan Company, 1960.
C, Special A-rangements
1. Secure %" and %" steel rods.
2. Secire %" plate steel:

11. Présentation of Lesson
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B.

Content Outline

i‘

puysose of Scldering

s of an~tﬁer metai or wlio\ dVIﬂS a

ring point than the two metais to be

A 50-50 mixture of tin and lesd is the most commonly
Usé%iééiaéf mixturé for whop work. 1t relts at &40C

degrees F.

Tools and Equipment

a.

foall

T

Flux - FlUx is an aid used to destroy the oxide in
the metal to be soidered and clean the surface to

allow the solder to stick to the metal. If flux is

not used, the thin coat of exide forming after

cleaning the metal will prevent the solder from
adhering. Ziuc Chlcride is the best flox for most
jobs on the farm. It will work on most metals.

Propane Torch -- A propaneé torch is a convenient and
easily obtainable source of hcat for soldsring. It
produces no carbon,; soot, of &moke, and will
function in the wind. (Transparency I17-1-8)

Nonelectric Soldering Iron. =-= This type of
goldering {ron is made of copper. It 1% used for
melting and apnt tng solder. A solderi:ng copper
mist be "tinned." This fs doane to keep the copper
¢lean, caise the copper to pick up and sprcad the
solder evenly, and to prevent acid tlux from
corroding the copper. It must he heated by s

tlow-torch or some other exterior source of heat:
(Transparency II11- 1=A)

Tinning is done as follows: (Transparency I11-1-1)

1) Heat soldering iron to a red heat and file each
face until it is smooth and bright.

2) Rub the hot faces of the copper on a hal
ammoniac brick.
it is rubbed on the sal ammoniJC.

55 Continue épplying solder and rubbxny until the
entire point is covered with “tin:’

5) Remove excess solder from the copper by wiping
it quickly with a damp rag.

54 99



Electric Soldering Gun -- The soldering gun produces

intense heat at the point of application; It is

ex-&llént for use on small parts and when there is a
;;ame hazard., It operates on 1%5 volts and rangc&
in operating temperature 7 500-A00 degrees F:

(Transparency [11-1-A}

Facrors for Gonsd Scldering:

b

Clean; hot source of heat;

Hot. well-tinned scldering iron;
Clean metals to be seldered;

Good quality flux, ard

Metal heated enough to prevent sclder fron "settinp"
too quickly.

Apalying Solder

3.

eiééﬁ all parts to be saidtrbd' ‘This ray be done by

Apply flux after the metal {s tiédnﬁd and just
before so.dering to help the solder stick.
Heat the soldering iron.

Place iron against the solder to causc a little
solder to stick ovn ft.

Apply the point to the parts to be soldered,

Allow time for the metal to hoat as the solder is
applied: The solder may ecven be tield against the

{rori and run down to the metal being soldered.

Soldering joints =-- seams {Transparency 117-1~C)

(lean jhiﬁi thorougiily:

forth along the seam to prehLat a 4-b inrh soct.nn.

Apply flux to the lapped surfaces of the scam.
Apply a thin layer of solder to both surfaces

Place both surfaces togethier. Apply heated copper

to the seam, holding the copper at the same point
until the solder under the seam has melteds  Steps

b, ¢, and d are called tinning and sweating the
joine:

55
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2. Helt a small amount of Sclder at the point of the

copper; thep tilt the copper over, ugtil a cormer of
it is in the seam.

fove the copper slowly down the seax while applying
more solder as needed Vo solder the entive sedm with
ofie PESS: . :

rni
&x
Q1
<
"

Soldering Holes
4. Clean surfszce aroumd hele until brighe.
%. Clean inside hole with a file:

¢. Heat metal.
d. Apply flux to metal and add sclder to the poimt of

the copper. Tin a small urea around tle hole using

e. Add a small smoent of solder to the point of the

copper and place che peint in the hole.

£. Rotate the copper back and forth several times then
14ft the copper avay.

Metals That Can Be Soldered

Tin

f~ N
.

Galvanized iron

fo ol

c. Copper

d. Cast tron
e. Enamelware
t. Zinc

g. Lead pipe

Suggestes Student Activities

1:

Fach student will obtain a one gallon bucket with holes

punched in the bottom to be soldered. Uhen tie process
is complete; the bucket should not have any teaks

present.

Obtain electrical wire for students to use In soldering
wire together: Allow the students to make the proper
splice and complete a solid connectfon by soldering the
splice.

56 101



SCLDERING EQUIPMENT
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SOLDERING FQUIPMENT

Propane Torch

Tinning A Soldering Iron

TRANSPARENCY 111-1-B
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SOLDERING JOINTS

Tin and Sweal - TN
Before Soldering /' Sgider Here
( ) 1

7in and Swedl
Before Soldering;

Algng £dges
Algng L9ges 4

Before Soldering
]”%”Qlfabes
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INSTRUCTIONAL AREA: Agricultural Mechanics

15STRUCTIONAL UKIT IV: Electricity

LESSyN 1: Safery

t. Preparation for lmstruction

#:

Obiective
»
1. Terminal: Demonstrate safety procedures for electrical
uiring,

2. Specific: -

a. ;@éﬁtiiy proper clothing te wear for electrical
work:
b. Explain the importance of grounding a circuit:
c. ﬁesé?iﬁéfﬁiétédﬁtéé for proper use of tools and
equipment.
d. List wiring precautions.
Review of Teaching Materfal
i golvin, T. S. Electrical Wiring Residential, Utility,
Buildings, snd Service Areas. “Athens, Geoxgla:
American Assoclation for Vocational Instructional
Materials, 1981.

2. Phipps; L: J. Mechanics in Agriculture. Danville,
131:: iInterstate Printers and Publistiers, 1%77:

1. Poster board
2. Magazinen

1. Colored markers and pencils

11:. FPresentation of Jesson

A.

Mot fvati=n
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ty practices when

Discuss hazards resulting from poor safet
working with electricity znd electrical items.

o
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Cantent Outline

£

Cisthing

a-

A hard hat and steel-toed shoes aid in protection
against falling objects.

Rubber beels and soles with no nzils nelp insulate
2gainst electrical sheock:

it is important that losse clothing should not be
worn when doing electrical work. In addition,
rings or metal watchbands should not be «orn

because they tend to catch or hang on projections.

safety glasses should be worn to prevent eye damage
fror flying particles or pieces of wire.

Grounding

The purpose of grounding any circuit is safety. If
an installation is not grounded properly, it 1s

extremely dangerous with respect to shocks, fires,
damage to appliances, and motors. Good grounding

also minimizes damage from lightning; especially cn
the farm:

There are two categories of grounding. Ome is

system grounding in which the current-carrying
wires of the installation are grounded. The other
category is equipment grounding which involves the

grounding of the frames of motors, equipment
cabinets, and metal conduct.

Rufor to the Agricultural Mechsnics instructional
area; Unit 1V, Lesson 2, in the Basic Vecational
Agriculture I and II materfals,

lise tools that are dou¥le insulated; if possible,
as they will provide protection against electrical
shock: Im addition, protection can be provided by
using hand tools such as screwdrivers and pliers
that have insulated handles. :

Reep tools in good working conditian. Cutting
tools should be kept sharp. Always check cords and
plugs on ail power tools. TProperly remove plugs by
grasping the plug and pulling dircctly oa the pluop.
Never jerk on cords to remove them from electrical
outicts. 1If extensien cords cross a traffic area,
shield them with planks or other protection

measures,
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Keep work area clear of sbstaclés to prevent
injuries caused by tripping and falling.

When working with electricity, use Snly wooden or
fiberglass ladders. It is preferable to use

ladders with rubber or norslxp feet. Do not leave

tools lying on the steps. Make sure 311 braces are ‘

locked in place and do not use the top two steps
for standing.

Protect oneself when working in damp areas by

standing on a rubber mat, WOoden platfc*ﬁ, or -other

nonconducting material.; Nevar stand on. wet ground
or a damp fioor when, working with power tools or
doing electrical work. . - .- .

slways be sure that work is not being done on a
“hot" electrical circuit. Disconnect power to the

branch circuit before working on wiring or

equipment. Do this by turning the main Service-

entrance switch off. Another method is to remove

the braneh;eircu1t fuse or cut the circuit breaker

to the off" position. Test the circuit to make

sure it is not live by plugging in a lamp or
circuit tester. :

Do rot allow bare wires to touch.

Use electricians' tape to insulate wirgs from each

Do not touch switches with wet hands or while
standing in water: :

Do not Overioad the 1ine Nake sure proper

circuit breakers:

Do not install fuses that are larger than
recommended for the circuit. This may cause damage
to equipment and/or fire:

while the line is "hot." _ 7’

Do not touch two wires togcther to see if they are

"hot "

Always open the circuit before touching any’padnt
on the circuit: ' N

dU8
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C. Suggested Student Activities

1. Stdents wlll divide into groups of two: Fach group
will develop a pcster—board diupiay iiiurtrating the
safety rules outlined in the lesson:

2. The instructor will create and scr up mock hazzrdous

§§Eg§tions and allow studerts to demonstrate proper

safety procedures. F

. 3. Students will divide into groups of two and demonstrate
to the class an assigned safety procedure for working

with electrical wiring.

e |
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INSTRUCTIONAL AREA: Agricultural Mechanics

INSTRUCTIONAL UNIT IV: Elestricity

LESSON 2:

Service Entrance

1. Preparation for Instruction

A.

e

Objectives

1. Terminal: Identify and install the components of an
electrical service entrance.

2. Specific:

a. Identify components of the service entrance.

b. Identify the (w0 types of service entrance panels:
¢. Determine the size of the service entrance panel.
d. Tnstall the service entrance panel cabinet.

e. Mount the service drop.

f. 1Install service entrance cable.

g. Connect the service entrance wiring.

Review of Teaching Material
l: Colvin, T. S. Electrical Wiring: _Residential,
Utility, Building, and Service Afgés.f Athens,

Georgia: Association for Vocational Instructional

2. Phipps; L. J: Mechanics in Agriculture. Danville,
I11:: Interstate Printers and Publishers, 1977.

Special Arrangements

1. Seciire lumber and nails for wall comstruction to be

used in a student exercise.

2. Obtain service entrance panels; wiring; and circuit
breakers.
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11. Presentation of Lesson
A: Motivation

Show illustration of good wiring and poor wiring practices.

Discuss the results of the danger involved and the expense
of poor wiring. (Especially wiring, stressing that this is
important regarding the service entrance connecti-ni)




B. Content Outline

1.

Components of Service Entrance

e.

Insulators on outside of building
The meter socket

Cable for uires in conduit ftom the insulators to
the Beter socket and into the building

devices (circuit breakers or fuses)

Ground conmectfon

Types of Service Entrance Panels (SEP)

a.

Fuse-type ~- This type of panel usually costs less

but is 1nconvenient to use: When a fuse "blows"

because of a circuit overload, it must be replaced.

Circuit-breaker type —- This type of breaker is
almost totally used in new structures. When
tripped because of overload, the circuit breaker is
simply reset after correcting the problem without
having to replace it. Circuit breakers are
available in sizes to protect any circuit desired.
They are rated in amperes and carry 80 percent ot
the rated capacity continuously. The _ircuit
breaker main switch is a heavy-duty 2-pole off-on
switch that will turn off all power to the panel.

Size of Service Entrance Panel

a.

The size of the Service Entrance Panel refers to

the total ampere capacity of the entire parel.

Normally, the SEP is rated as 100, 150, or 200

amperes. Usually 100 amperes is considered a

minimum requirement. If a structure has electric

heat or air conditioning, a=nd electric water

heater, 150 or 200 atiperes will be required.

Demand factors are considered uhen rating the
amperage requirement for a SEP. One method is the

following:

1) Include 1590 watts for each two-wire, 20-ampere

small appliance circuit.

2) Three watts per .09 square foot of the house

for general lighting and generai-use
receptacles.
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3) List the nameplate ampere rating of all fixed

appliances, ranges; wall mounted ovens, and

counter-mounted cooking units;

4) List the nameplate ampere or KVA rating of all

fiotors and of all low-power-factor loads.

Multiple amperes x volts if motor rating is given
in amperes.

55 Use t:e largest of the following:
a} Air-conditioning load at 100 percent

b) Sixty-five percent of the total demand of the

central electric heating load
Use only one of the above in the total.

6) Compute the calculated load: Find the total load
in watts and divide by 230 volts to determine the

ampere rating for the total requirement for the
SEP.

4; Mounting the SEP Cabinet

The steel SEP cabinet 18 normally mounted into a wall
by securing it to the studs on either side of it. The

front of the cabinet will line up sa as to allow for
the finished wall surface.

5. The Service Drop

a. The service drop 1s the cable or wires that extend

from the power company transformer to the
structure. It is usually installed by the power

supplier. It is usually composed of two black
insulated wires and one bare neutral wire which

provide a 120/240 volt service. (Transparency
1V-2-A)

b. The procedure 1s as follows:
b) Séiéét a location for the insulator rack:

3) Check ground clearance -- (Transparency IV-2-B)
The ground clearance is deterriined by the type

of area over which the wires extended and the

voltage passing through the wires. Most

service drops are 10-15 feet above grouqd

level. It 1s recommeg@e@ ghat a 15 foot

clearance be maintained over residential
property. -
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3) Check roof clearance -- If the roof slope is

over 300 volts, a 3 foot clearance is
permitted.

L) Check for window clearance —- There should be a
clearance of not iess than 3 feet for windows,
doors, etc.

To mount the service drop rack, fisten the cable to

the side of the house by means of an insulator.

rack. Locate the entrance head above the service
drop to allow room for drip loops. A drip loop

prevents water from entering the entrance hcad.
(Transparency IV-2-C)

Service Entrance Cablé Instailation

4.

Measure and cut cable for installation betwzen

entrance head and meter base. Be sure to add 3%

feet for connecticns at eéntrance head and meter
base. (Transparency 1V-2-D)

Remove about 3 feet of outer jacket from the cable:

Prezpare neutral wire for installation by unwrapping
the separate strands and twistlng together to form
a base conductor.

Instal!l wires in entrance head-:

install the entrance head by mounting it 12 inches

higher than the insulator rack.

Install meter base about 4%-5 feet above the ground
unless otherwise specified. (Transparency iv-2-1)

Attach connactors to the meter base. A watertight

connector is installed at the top. (Transparenly
1V-2-E)

Insert the end of the cable from entrarce head
through the top meter base opguing and tighten
connector or the cable: Therp should be 6-8 inches
of cable inside the meter 5535; {Transparency
1V-2-E)

Drill hole through wall for cable.

Measure and cut cable length to reach service
entrance panel. Add 14-24 inches:

114
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Install cable between meter base and the SEP bv
inserting wires in bottom cutlet of meter bases
Insert cable into meter base connector and tighten
Place cable through the wall and pull to SEP.

Aboi' - 6 to 14 inches of cable should extend inside
the paunel box. (Transparency IV-2-E) Install sill
plate, where required, to seal the hole where the
cable enters the building. (Transparency 1V-2-F)
Finally, install cable straps 4% feet apart and 12
inches from meter base.

Connect cable to meter base téiﬁinalé by connecting

termtnals. and the neutral base wire will contiect

with the center meutral terminai. (Transparency
tV~2-6)

Connect Service Entrance Wiring

a.

The inside of the service entrance cabinet includes
the main breaker or fuse pull-out, the neutral bar,

awnd the citcuit breaker panel. (Transparency
1v=2-H)

Procedure to connect service entrance conductors to
service entrance panel terminals: (Transparéncy
1v=2-1)

1) Conneft the two hot conductors -= These arc

2) Connect the neutral wire to the neutral bar
terminal: .

3j Ground and bond neutral bar to the panel
cabinet -=- A bolt or strap is usually provided
for this.

Grounding procedure -- To ground the wiring svstem,
a ground wire must be connected from the neutral
bar on the SEP to an approved grounding electrode.
1) Most systems use a % inch steel or iron rod for

grounding purposes. This should be driven into

the ground & feet:
2) Connect the grounding conductor at the neutral
bar.

3) Connect the grounding tonductor at the
grounding electrode:

bva
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4) Bond the first grounding electrode to at least
one other grounding electrode.

d. Connecting circuits in the SEP (120 volt)

(Transpareacy IV-2-J)

1) Extend the white wire and the base grounding
line around the &dge of the cabiret to the
neutral bar.

2) Attach the whitelwire tc the neutral bar.

2} Attach the base grounding wiri to the neutral
bar.

4) 1Insert the black wire under the screw in the
circuit breaker and tighten the screw.

end and push the blade {nto the clip terminal.
e. Connecting circuit in the SEP (240 volts)

1) Connect the black wire to a tevrminal on the
240-volt circuit breaker.

2) Attach the white wire to the other breaker
terminal. Put black tape on the end of the
white wire to identify it as hot.
(Transparency IV-2-K)

3) Attach the grounding wire to the meutral bar.

f. Connecting 120/240 volt circuits. (Transparency
1V-2-K)

i) Attach white wire to the neutral bar.

2) 1nmsert black (hot) wire ' sder a terminal on a

double-pole circuit breaker and tighten.

3) Insert the red (hotD wire under the other

terminal on the circuit breaker and tighten.

4) Attach grounding wire to a neutral bar
terminal.

Suggested Student Activities

A pair of students will comstruct a studded wall 8 feet

long and 8 feet tall. Each group of students will properiv
install a service entrance panel and properly connect two
120 volt circuits, two 240 volt circuits, and one 120/240

volt circuit with circuit breakers included.

bt
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THE SERVICE DROP

TRASPARENCY 1V-2-A



GROUND CLEARANCE FOR SERVICE DPOP

VOLTAGE LIMITED VOLTAGE LIMITED
TO 150 VOLYS 70 300 VOLTS
TO GROUND } TC GROUND

AGAICL TURAL OR OTaR

SOt walx ALSIDENTIAL PROPERTY DRIVEWAY SAME AL DR 3 #Y

-alD COMMERCWML ANLAS
0T BUBJECT 10 TAUCE TRAMNC

_ MAST

INSULATOR
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DRIP 100P AT SERVICE HEAD

INSULATOR

" TRANSPARENCY 1V-2-C
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SERVICE ENTRANCE CABLE INSTALLATION

 ADD 3.5 FEET FGR CONNECTIONS !
AT ENTRAKNCE HEAD AND METER BASE:

INSTALL METER BASE U4.5-5 FEET
ABOVE GROUND.

120cm (aR)
__ Yo .
150cm (5f1) \

TRAHSPARENCY 1V-2-D -




ATTACHINS CONNECTION TO METER BASE

WEATHERPROOF ,
— CONNECTOR —| }—

d -
CABLE  _ 7}¢_____eAatEFnﬁM

- ENTRANCE HEAD -

L
rd
e

CONNECTOR
- ~

_ [SCABLE
—CONNECTOR—

|
ﬁ\
1

7 ,— CABLE —
-~ METER BASE.” | P>
CONNECTOR A géal

cums'ro _ ' -
o SERVICE . _

ﬁtnce j |

TRANSPARENCY IV-2-E 12}




{HSTALLING CABLE STRAPS

A . r

1.4m (4%1t)
MINIMUM

|

12in. MINIMUM
| R

SERVICE

ENTRANCE
CABLE

TRANSPAPENCY IY-2-F
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CONMECTING METER BASE TERMINALS

METER BASE
TERMINALS

F—' -

TRANSPARENCY 1V-2-G:

[ Y
Dol

METER BASE
e — = TERMINALS —



CCHHECTING SERVICE ENTPANCE HIRING

ML ANMSE Z2 = Ak~ K = K - B

: u-f 4
Sh o Fﬁ PANEL

NEUTRAL
BAR

_ MAIN __
BREAKER

CIRCUY
BREAKER

Good Wiring
Practice

TRANSPARENCY IV-2-H

Poor Wiring |

Practice
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jal® NEUTRAL
g |®i_+—TBAR

| GROUNDING.
CONDUCTOR
-«

i

TRAHSPARENCY 1V-2-1
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CONNECTING CIRCUITS IN THE SERVICE ENTRAYCE PANEL
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CONNECTING 240 VOLT CIRCUIT BREAKER

TRANSPARENCY 1V-2-K
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INSTRUCTIORAL AREA: Agricultural Mechanics

INSTRUCTIONAL UNIT IV: Electricity

LESSUN 3: Selection of Electric Motors

1. Preparstion for Introduction
A. Student Objectives
1. Terminal: Describe selection of electric motois.
2. Specific:
a. Determine the size motor to select.
b. Determine the motor speed to select.
c. Define the motor duty to select.
d. Select the proper type of =c~or.
e. select the proper enclosure for a motor.
B. Review of Teaching Materials

i. Electric Motors: Selection, Protection; Drives: &4th

ed., Athens, Ga.: American Association for
Vocational Instructional Matérials. 1978

2. Phipps;, L: J. Mechanice in Agriculture. Danville,
I11.: Interstate Pubiishers and Printers, 1977:
C. Special Arrangements
|. Obtain different types of electric motors for display
and discussion.

to discuss selection of electric motnrs:

11. Presentation of the Lesson

69
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A. Motivation

Discuss the many uses and advantages of using electric

motor” Emphasize the labor and money saving quality of

using ..ectric motors.

70
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B. Conduct Outline
1. Motor Size Determination

- oo 2 e ceeab smacen ¢ marosca " 3
a. Determine how much power is nmecessary in order to

: zyoid selecting a motor too small or too large for
the job. If one is replacing a portable engine it

18 acceptable to get & motor with 2/3 to 3/4 as
mich power as that engine.

b. Availability of electric power is essentfal:
(Transparency IV-3-A) RE

1) Single pnase (120 or 240 volt) —— This type of

electric power is supplied to wost farms and is

the most common type available. Three wires
usually extend from the pole to the eiectric
motor.

2) 3-Phase (240 volts or more) —- With this type

of electrical power; four wires will extend
from the pole to the motor. This is commonly
used by industry for operation of electric
motors.

¢. Service entrance capacity -- Normally; one service
entrance shotld have three times more amperage
capacity than is rated on the nameplate of the
motor. This 18 necessary to allow for the line
surge required to start the motor.

2. Motor Speed Selection

a. Different itess of equipment operate at different
speeds. 1t 1s necessary to get a motor that will

operate at the proper speed.

b. Determine at what speed the equipment is to
operate. This is measured in revolutions per
minute (rpms).

c: Most motors operate at no-load speeds of 3600,
1800; and 1200 rpm.

d. 1f equipment requires a speed different from
standard speeds, it will be necessary to buy a
standard motor and use a speed-conversion drive

system to attain the proper speed.
3. Motor Duty Selection
a. Motor duty refers to the amount of time the motor

18 operating under full load and how much time it

is stopped.
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b. There are two classifications of duty—continuous
and intermittent.

0
.

Continuous types of motors are designed for

time. This 1is the most common type of " notor.

d. Intermittent ~“pes of motors are designed for
continuous duty. Insulation and wiring are not as
good and will not last long under full loads for ‘
long periodsfof time. They are designed for fully 4

loaded periods of 5, 15, 30, or even 60 minutes.

4. Motor Type Selection -- Various motor types are grouped
into two kinds of starting loads:

a. Easy starting loads (Transparency IV=3-B)

1) Shaded-pcle induction -- This type of motor has

a low starting torque of 50 to 100 percent of

normxl full-speed torque. This type of wmotor

is for tntermtttent duty only:. (Transparency
1V-3-C)

2) Smlit-phase ~- This is gbbd for torque of small
loads and requires a starting torque of 100 to
%0 percent of normal full-speed torque. It
has the disadvantage of drawing from 6 to 8
times its normal running current when starting:

3) Permanent- split. ‘capacitor 1nduction == This

easy-to-start loads: The capacitor aids the

ability of a motor to start a load.

b. Difficult starting loads (Transparency IV-3-B)

1) Capacitor-start, Induction-run -- This motor

will develop three times more starting torque
than the same size split-phase type.
(Transparency IV-3-D)

2) Repulsion-start, Induction-run -- It 1S used
vith single-phase power and will develop a

starting torque of 4 times its normal running

torque .

3) Cnpxcitor-start. Capacitar-run -- It generates

3% to 44 times the normsl rurning torque for

starting. 1ts capacitors sre used for both

starting and running .
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c. Other factors in selecting motor type:

1) Direction of rotation,
2) Costs; and
3) Malntenance.
Enclosure Selection (Transparency 1V=3-E)

a. Drip-proof —— This type of enclosure provides for

easy movement of air through the end shield into
the motor mechanism.

b. Splash-proof — This eniclosure is designed to keep
free water from splashing in=o the motor mechanism.
Consequently, the operiirigs in the casing must be
reduced.

c. Totally—enclosed -- This has no openings for
outside air to circulate through the motor. An
internal fan circulates only the air inside the

housing: This may cause the motor to run a bit

hotter than other types: The manufacturer

indicates on the nameplate the amount of

temperature rise each motor can withstand.
d. Selection of the type of motor enclosure will

depend on how mich wvater or spray will come in
contact with the ‘motor. Dusty conditions must also

a. The purpose of mounting base
1) Anchor the motor in position.
2) Provide means for tightening a belt drive.
3) Align the motor.
4) Reduce vibration on the motor.
b. There are two general types of mounts:
i) Rigid == This is most commonly used.

2) Cushioned -- This 1s iised to dampen equipment
vibration.
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C. Suggested Student Activities

Each student pust identify three types of moteys that have
been placed on a table im front of the classroor. Tre
<tudent will then describe that particular motor.




SINGLE-PHASE POWER IS LIKE ONE MAN DRIVING A TENT _
STAKE, |HREE-PHASE POWER IS LIKF THREE MEN DRIVING

THE SAME STAKE:

SERVICE SERVICE

SINGLE.-PHASE THREE-PHASE

|__MOTORS |

TRANSPARENCY IV-3-A

134




TYPES OF STARTING LOADS FOR "0TORS

EASY STARTING LOAD  _ )

ULT STARTING EHRB -

(CAPACITOR START)

. a‘
“\
m\
0\

T‘U"ISPﬁPE"iCY Iv-3-B

13
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Aruitoxt provided by Eic:



TYPES OF ELECTRIC HOTORS

SHADED-POLE INDUCTION

A}

)
SPLIT-PHASE | -

[
!

m—— - .

"~ PERMANENT-SPLIT,
CAPAGITOR-INDUCTION

TRANSPARENCY IV=3-¢ 136



TYPES OF ELECTRIC MOTORS

CAPACITOR START,
INDUCTION-RUN

REPULSION-START,

INDUCTION-RUN

CAPACITOR-START,

CAPACITOR-RUN

THREE-PHASE. o

GENERAL-PURPGSE
/ -y

TRANSPARENCY 1V-3-D




TYPES OF ELECTRIC '0TORS

SPLASH-PROOF

i [

. TOTALLY-ENCLOSED

| 138
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NSTRUCTIUNAL AREA: Agricultural Mechanics
IRCTRUCTLONAL UNIT IV: Electricity
{EnSON 4: Operating Electric Motors

1. Preparation for Instruction
A; Objectives

1. Terminal: Demonstrate the operatfon of eleciric moturs,
controls, and drives.

2. Specific

4. Describe how an €lectric motor operates.

b. Identify and describe the miotor overload protection

c. Describe and select electric motor drives.

B. Review of Teaching Materfal
{. Btowa, R. H. and G: E; Henderson. Electric Motors:
Selection, Protection;, Drives. 4th Edition,
Athens, Georgla: Amertca§7§§56éiéti§ﬁ,§br

Vocational Instructional Materials; 1978.

5. How Electric Motors Start_and Run. Athens; Georgia:

American Association for Vocational 1 structional
Materials; 1980.

, sre. Danville,
I1i.: Interstate Publishers, 1977.

3. Phipps, L. J. Mechanics in A

C. Spi:cial Arrangements

Arrange for a local business that repaits or specfaiizes in

electric motors to give a demonstration on pullev selection

and use of electric motors for various jobs.
D. Materials Required
1. Electric motors

5. Different kinds of belts used with electric motors




11

Presentation of Lesson

A;

Motivation

Discuss and illustrate the rumerous items of equipment that

can be operated by using eleciric motors. This application

f electric motors is especially true on the farm and in



B. Content Outline

i:

Electromagnets (Transparency 1V=4=A)
a. An electromagnet is similar to a permanent magnet

but can be made stronger. This is the type used in

electric motors. To produce an electromagnet, wrap
insulated wire around an iron rod. This rod is called
the core. When an electric current flows through the

wire; the iron core becomes magnetized. It has an UN
pole and an "S" pole. These poles can be reversecd by

changing the direction of current flow. Alternating
current changes direction on its own and, consequently,

the poles in the electromagnet change. 1t is important

to note here that when two magnets are placed close

to each other; like poles repel each other while

unlike poles attract each other. (Transparensy -
1V=4-B)

b: 1In an electric motor there are two types of
magnets—a stationary electromagnet called a

"stator" and a totating magnet called a "rotor.

The alternating current causes the polarity of the
g;eéiiaiiiﬁét,Iétitgr) to change many times in a
gsecond. If like poles are placed near each other,
the free-turning magnet will rotate. This continual
repelling of like poles will cause the rotor to turn

at a high rate of speed. (Transparency 1V-4-C)

c. Most motors operating on alternating current use
rotors of a special design called squirrel-cage
totors because it resembles a cage for exercising
squirrels. (Transparency Vi-4-D) This rotor

consists of circular end rings joined with metal
bars. These bars are placed opposite each other.
Rotors normally have several bars. ‘Electric motors
with squirrel cage rotors are called induction_
motors. Only the stator has outside electrical

counection. Rotor current is induced (g nerated)
within the rotor itself.

connections. The rotor has no electrical

Motor Overload Protection
A motor will not be damaged by more current than normal

flowing through it for a short time. However, it will
burn-out if the overload is coatinued for a considerable

time. It is therefore necessary to protect a gotor with
a device that will allow the high starting current to.

flow for a short time but will disconrect the motor if

carrent from the overload flows through it for a longer

period. These devices are called overload devices.
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a.

Types of overload devices

1)

2)

L8]
vt

4)

6)

Manual-reset type -- This type of device must be

reset by pressing a button before the motor will

start again. This is the best type to have

because it prevents the motor from coming back

on before the operator is ready. £Transparency
1V-4-E)

Automatic-reaet type -~ This type operates
wirhout manual assistahce. When the heater 1n

back,intofplace and,the motor restarts or ;ries
to if still overloaded. (Transparency IV-4-F)

Manual starting switch with overload protec-.
tion -- This control is usually equipped with a
heater strip (or coil) with an amperage rating

matching the motors or not more than 25 percent

greater: It is important to install the right

one in the centrol at the time it is purchased.
(Transparency IV-4-G)

Magnetic starting swicch with overload

protection -- As currenr flows through the motor

circuit, heat is given off but not enough to

cause the bimetallic overload controtl switch to

open unless there is continuing overload on the

motor. If it does continue, the extra heat

causes the bimetallic strip to open the switch
and openi the solenoid circuit which operates the
magnetic starting switch. The motor stops and

mist be manually reset and started.

Time-delay fuse in motor disconnect switch
(Transparency 1V-4-H)
g) This fuse allows for temporary overlcads
such as a motor starting equipment already
- connected. It is similar to a regular fuse
except it has a spring and solder. cup. When

heat from an ovcrload extends long enough;

it will soften the solder enough for the
spring to pull the fuse link out of tne
solder.

b) Time-delay fuses are available in plug and
cartridge types. (Transparency IV-4-I)

Current-1imiting starters

Those devices are used primar11y on 1arge
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suppliers on 7.5 hp or larger single-phase
motors.

Effects of motor size on controi selection

1)

~
A\

4)

5)

For motors of less than 2 hp; built-in overload
protection is provided in the motor.

For motors % to 3 hp, a manual starting switch
with overload protection may be used.

For dotors 5 hp or larger, magnetic starting

switches with overload protection should be
used.

A time-delay fuse may be used on any Size motor.

If a motor is 7:5 hp or larger (single-phase), a

current-limiting starter and manual starting
switch with overload protection is recommended.

3. Motor Drives (Transparency IV-4-J)

a.

Direct drive -- This 1is used when the equipment

turns the same speed as the motor.

!

3)

4)

Flexible-hose coupling -= The ends of the hose
are clamped over the ends of the motor and

squipment shaft.

Flange coupling -- One half of the flange is

fastened to the motor shaft and equipment o
shaft. A flexible disk is placed in between the
two halves and they are fastened together. In
this case, the shafts must be in perfect

alignment with each other.

Cushion-flange coupling -- This 1s a tire-shaped

segment to which two flanges are attached.

Flexible shaft =- It is important when .
purchasing a flexible shaft to buy ome that will-
be run in the direction for which it was built.
This is especially true if the equipment must be
turned in a certain direction.

Speed-conversion drive (Transparency IV-4-K)

1)

Pulley and Belt Drive (Transparency IV-4-L)
a) V-Belt

b) Webbed V-Belt

v



¢) Flat Belt
d) V-Flat
2) Gear drive
3) Chain-and-Sprocket drive

Determining size of direct drive needed

c.
1) For motors of 1/3 hp or less; use a flexible
hose coupling.
2) If the motor is 1/3 hp or more; the flanged or
cushioned type of coupling may be used.
3) A flexible shaft can be used for any motor Gp to

2 hp.

d. Determining type and diameter of pulleys needed
1} Type

a) Standard V-pulley -- This 15 selected wheu
the motor will be used for one job.

b) V-step pulley -- This type is used when a
variety of speeds may be required by
dtffeten» items of equipment.

¢) Adjustable V-pulley -- This pulley allows
for adjustment in and out to give more or
les® diameter.

2) Diameter of pulley
Pulley selection formula
RPH of motor  Diameter of  RPM of Diacezer of

pulley X motor pulley = equipment pulley X equipment pulley

A ]l

3) Determine length of V-belt needed

if the wotor is already mounted, the length must

simply he meartied around both pulleys and

between the motor and equipment; using a

measuring tape: If the motor does not have to



be mounted in a certain place; the lengch can be

determined using the following formula.

4 X diameter of largest pulley B

1.6 X diameter of motor pulley

1.6 X diameter of equipment pulley

Total length

C. Suggested Student Activities

1. Divide the students into groups. Allow each group to

properly install one or more of the electric motor overload

devices. This could be done with a special plywood surface

designed and constructed for this purpose.

7. Each student will prepare and submit a written and
jllustrated paper on motor drives. This will acquaint the
student with the types of drives and vhat they look like.

3. The instructor shall develop student exercises that require

determination of the type and diameter of pulley to be used

for an assigned job and electric motor requirement.
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OPERRTION OF AN ELECTROMAGHET

v B A ELSCTRIC CURRENT FLOWS THROUGH THE
K VKL WIRE TO MAGNETIZE THE IRON CASE.

'~
|l’

s

. e
e

B, WHEN WIRE 1S DISCONNECTED,
CURRENT FLOW STGPS,

R
§ 18
i
H
i

c. POLES OF ELECTROMAGNET CAN BE
REVERSED BY CHANGING THE VIRE
CONNECTIONS.

D. FILTERNATING CURRENT CHANGES
ON ITS OWN:

o TRANSPARENCY [V=4=A




OPERATION OF AN ELECTROPAGNET

A. LIKE POLES REPEL EACH OTHER,

B: UNLIKE POLES ATTRACT EACH OTHER.

c. CHANGING WIRE CONNECTIONS
CHANGES THE DIRECTION OF
CURRENT FLOW: IHIS CAUSES
ROTATION OF THE FREE-TURNING

MAGNET;

TRASPARENCY IV-4-B 1 7_




BASIC OPERATION CF AN ELECTRIC MOTOR

A. STATIOMARY ELECTROMAGNET IS THE
"STATOR, " THE ROTATING MAGNET

IS5 CALLED TC ROTOR,

B, LIKE POLES TOGETHER CAUSE THE
MAGNET TO ROTATE.

c. THIS ROTATION IS ONE-

Y N TS
[g: e A
o TR 2R i - P rimetim TTREFTIRNA A FIIDDCMT
s 2t l ST D: CHANGING DIRECTION OF CURRENT
. g K hy L. FLOW CAUSES THE ROTATING MAGNET
oy J R TO GO ANOTHER HALF TURN,
s &
ié! N\ - : ¢ X H
BN, e — e ; ' 2.
Dy, - P Y } S
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BASIC OPLRATION OF AN ELECTRIC MOTOR

A, FREVERSING DIRECTION OF CURRENT FLOW

CHANGES °POLARITY OF STATOR.

B, RoTor 1S CALLED A SQUIRREL-
CAGE ROTOR.,

€: ROUND FRAMES SURROUND ARD HOLD THE
ROTOR AND STATOR.

D: WITH ALTERNATINS CURRENT,
CUPRENT FLOWS FIRST IN ONE
DIRECTION; THEN ANOTHER;

TRANSPARENICY IV-4-D




MAUAL RESET OVERLOAD PROTECTION

NORMAL OPERATION

(NORMAL POSITION)
RESET S )
/ 4

BUTTON Nﬂ

BI-METALLIC -
stRP~_ =

HEATER -~
STRIP

MOTOR OVERLOAD
(TRIPPED POSITION)

HEATER 5 Zdaiala
STRIP-

ERIC

Full Tt Provided by ERIC.



AUTOMATIC RESET OVERLOAD PROTECTION

NORMAL OPERATION
{NORMAL POSITION)

MOTOR CiRCUIT

L2

SWITCH——— ___HEATER STRIP
r {COOL)

Les 81-METALLIC DISK

- o
MOTOR OVERLOAD
_ (TRIPPED POSITION)

/
TRANSPARENCY 1V=t=F

151
ERIC

Full Tt Provided by ERIC.




MANUAL STARTING SWITCH WITH OVERLOAD PROTECTION

— =

OVERLOAD ~
nealeR /7

{ MOTOR OVERLOAD
| (TRIPPRE POSITION!
d = MELTED
— SOLDER
Film

[ NORMAL OPERATION
o e SHAFT

SUEEVE - —

!

HEATER -
{ €on

TRANSPARENCY 1V-4-G
ERIC 152

Full Tt Provided by ERIC.



TINE-DELAY FUSE

 OVERLOAD
(TRIPPED POSITION)

SPRING
RETRACTS

B\ FUSE LINK
PULLS FREE™

SOLDER .~
MELTS

(NO CURRENT FLOW IN CIRCUIT)

IATION

LN T 5 —— SPRING

__ , — SOLDER
coiL——REL ) CuP

MOTOR CIRCUIT

TRANSPARENCY IV-&-H

[y
|
Co-




TYDES OF TIME-DELAY FUSES

CARTRIDGE
FUSE

TRANSPAREICY xv-q-i 54




TYPES OF DIRECT MOTOR DRIVES

FLEXIBLE HOSE FLANGE COUPLING

" CUBHION-FLANGE e
~——_ COUPLING FLEXIBLE SHAFT

x ) ) = 7
y - ’
5 ol -
- B 4% - -
N t 4, . -
' 3 & ¢ ‘-
! A / 5
4 =y -
)
.
P . b . - .
o 41 ' !
. Y B
i 7/ \ »
N
N —

- - N

TRANSPRRENCY IV-4-J




TYPES OF SPEED CONVERSION DRIVES

GEAR DRIVE

TRANSPARENCY - IV-11-K

CHAIN-AND-
ET

SPROCK

DRIVE

an
v~




TYPES OF PULLEY AND BELT DRIVES

V-BELT MULTLy.  FLAT-BELT ELAT
DRIVE BELT DRIVE  DRIVE PRIVE

TRANS, REMCY IV-4-L

-y
a
-~}

ERIC

Full Tt Provided by ERIC.



INSTRUCTIONAL ARFA: Agricultural Mechanics
INSTRUCTIONAL UNIT IV: Electricity
LESSON 3: Maintaining :lectric Motors
1. Preparation for Imstruction
A. Objectives

1. Terminal: Demonstrate maintenance procedures for
electric motors:

(S
N

Specific:

a. Demonstrate the procedures for proper lubrication of
electricr motors.

b. Demonstrate the process of cleaning #n electric

. motor.

c. Describe the procedures for general maintenance of
an el zctric motor.

- -

Review of Teaching Materials

- N

1. Phipps, L. J. Mechanics in Agriculture. Danville,
111.: Interstate Publishers, 1977:
2. Wakeman, T. J. and V. L. McCoy. The Farm Shop. New

York: The MacMillan Company, 1960

C. Special Arrangements

i. Obtain enough eleciric motors for each pair of students

i@f@gf@é@gﬁﬁé& in the class for the suggested student
activities.

2. Obtain tools necessary for disassembly and assembly of
the electric motors.

11. Presentation of the Lesson

A. Motivation

82
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Demonstrate the consequences that occur when a motor is
operéted that vas not cleaned and lazcked proper
maintenance.

Show the interior of an electric motor that has been

ruined by operating it in an uneaintained state.



B.

Content Outline

i
ie

Lubrication

8.

Hanv motors tb&xy have bear*ngs that require no

lubrication. However, most do tequtre some oiling
procedure for proper maintenance. Most manufac-
turers give lubrication information with the motor
vhen purchased. It is most important to follow tte
recomsended inst-uctions as to grade, veigh ¢, and
amount of lubricant described.

Do not overlubricat~ since this creates overheating
from an accumulation of grease and dirt. This will
tend to overload th. wotor and wear out bearings.
It is helpful to maintain up-to-date and accurate
records showing lubrication dates for various

Botors.,

1t i8 essential to sto} the motor and clean the area
Around the cover or plig of the lubrication system.
Uld o4l should Le draired every 18 months. Clezan
o1l and clean containers should always be uses in
the oiling process.

Cleaning the Motor

clochi. Thiz removal of dirt and l‘nt can prevernt

internal damage to the motor. Ventilation opeériings

should be checked and cleaned regularly. In

addition, a clean exterior wili help maintain cooler
sotor operitian.

It 18 usually necessary to ciean the internal parts
of the motor every three to for  years: Disassembly
of the motor is required for proper cleaning of this

types

The form bolts holding the end shields rre removed
first. Remove the end shields with a tap of a o
hameer or by prying gently with a sctcwdriver. When

the shielda are tenovedl,chdpi all vires for dnmﬁge

and proper placement. The rotor should easiiy siide

out after the end shields are removed.
Cleaning is recommended as follows:

1) Clean rotor and oil from the windingy vith
carbon tetrachloride.

2} Clean switch contacts with sundpaper:

3) Clean the windings using compressed afir.
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4) Clean oil from al! exposed surfaces.:
5) Iaspect bearings for smoothness:

6) Clean lubrication system if bearings show
-evidence of being scratched.
7) Reassemble after cleaning.

General maintenance procedures

a. 01l regularly and use only a few drops.

b: Keen the motor cliean:

c: Check unsealed bearings at least once a year and
keep housing €illed to the proper level with ball
bedring grease.

d. Clean commutatsr with 00 sandpaper while the sotor

is running. Do not use emery cloth,

é. Do not allow mator to run hot.

f. Use a cable on the motsr of sufficlent size to carry
the power needed.

g: Clean dust and dirt from the motor. A Vacuum

cleaner can be uced to clean the windings.

h: Do not overload the motor:
1. Always kecy belt temsion properly adjusted:

j. Yeep the motor properly aligned with the equipment
bieing driven.

C. Supgested Student Activities

i

Each student will design and construct & poster board
display that illustrates the importance of maintenance
and cleaning:

Divide students into pairs. Each pair of students will

be aszigwed an electric motor. The students wij!

disassemble the motor, properly clean ft, and teassemble
for opecation,

ES
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IHSTRUCTIONAL ARSA: Agriculture Mechanics
> C

INSTRUCT1ONAL UNIT V: Ezaccag/iaiaiéaaaeé; Operation; and Safety
)

LESSON i: Tractor Safesty !
1. Preparation for lnstructicn
A. Student Objectives
1. Terminal: Demonstrate correct and safe tractor
operating habits:
2. Specific:
a. Demonstrare good safety habits.
b. Uge proper hand signais for cozmur {cations.
¢. Recite safety rules from memory:
d. Demonstrate proper use of slow moving vehicle

e: Demonstrate atcepted safety practices when using

hitch mounted equlomert.

t. Demonstrate proper saféty procedures when using

B. Revicu of Teaching Materisls

I. Fundapentals of Machine Operatici: Tracto,s. ‘Meiine,
I11.: Deeve anc Company, 1974,

3. Tractor Operation and Daily Care. Athens. Cov:
American Association for Vocational Ipstructional
Materinls, 1967.

7. wNationai Farm Safety Foundation (brochures)

11. Presentation of Lesson
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Motivation

1. Slide asd movie presentstion by the safety department of
the Lovisiana Farm Buredu Federation

2. Nevspaper accounts of local farm accidents



B. Content Outline

One 5f the most important aspects of tractor operation is

establishing pood safety practices: Because tractors are
large, heavy, and powerful machines, they rcquire carziul
operation and service. New tractcrs are equipped with
safety devices to provide a reasonable amount of protecticn.

However, it is the operator's responsibility to practice
.good safety habits. A good tractor operator must always be
zlert far situations that are potentially dangerous.

Often, -nen operating the tractor, people must cormunicate

with the operator: The sound of the tractor normaliy

prevenits effective vocal communication. The most effective
xind of commuricdtion in this situation is the use of hand
signals understood by the operator and the person with whon
he is communicating. Several organizations and safety
organizations have endorsed a set of universal signals.
Learr these signals and use them to prevent accidents.

_~

7" Before operating a tractor, study the operator's manual.
The more the cperator knows about a tractor, the botter
prepared he will be to operate it safely. 1If a tracter is

stored inside a building; open the doors to provide adequate
ventilation. Do not operate a fractor in an enclosed
building for long periods of time, the engine exhaust fures
are very poisoncus.

There are 2z series of preoperation safety checks. These

include the following:

1. Clean the tractor before starting. Trash around the
exhaust system can catch fire. 01l and grease on
Jadders can c.use the operator to siip or fali. If the
tractoy i. ua-ipped with a cab: clean the windous.

2. Check the tire inflation pressure. Underinflation can
cause the side walls of the tire to buckle. OUver

influted tires tend to bounce and can cause upsets more

rapidly than tires with the proper pre .sure.

3. Check the operatfon of all control lights and gauges to
see that they are working properly.

7 4. Make sure that all shields and covers are in place and

‘ securely fastened.

5. Do not attemnt to climb onitn the trictor by any othes

means than the steps and handrails.

Adjust the seat so that all controls Are within easy

reach.

.
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Care when starting a tractcr is essential to avoid injury to
the op:rator and others. Follow these safety practices when
starting a tractor:
1. Make sure that everyoite is clear of the machine:
2. Allow no one on the tractor except the operator.
3. Before starting the engine:
b. Disengage the PTO,
c. Apply the brakes;
d. Place gearshift in neutral or park; and
e. Depress the clutch pedal.
4. Peo careful when using starting fluid. It is extremely
f£lsrmable.

the battery. Hydrogen gas may be present and is
explosive.
Stopping a tractor safely involves more than just applying
the brakes and turning cff the engine. Use the following

gafety suggestions to avoid accidents:

1. Always slow down before applving brakes.

2. Disengage the PTO.

3. Lower all hydraulically powered equipment to the ground.
4. Place the gearshift lever in park or lock the brakes.

5. Turn the ignition key to the off position and remove it

to prevent accidental starting.

Operating the tractor safely is important. Follow these

guidelines for proper operation safety:

1. Operate the tractor oniy when alert or rested.

2. Allow only qualified persons to operate the tractor.

3. Wear safety glasses if the trzctor does not have a cab.

4. Wear snug fitring clothing tc aveid catching clothing on
woving parts.
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5. Never allow anyone but the cperator on the tractor.

(roil over protection struciure).

7.. Alvays sit down when optrating the tractor; a sudden.

- jolt can throw you off the platforn.

3. When operating with mounicd equipment, always use
adequate weighting foi tractor stability.

9. When operating on slopes, svoid sbarp turns, especially
when turning uphill.

{0. When turning, slow dows and besin the turn before

applying the braiwe to &s=isl in turning:

11: When attempting to opwrati the tractor on a stees slape,

back the tractor up the uil) to avoid overturning.
12: Do mot get near the edge of a ditch or gully.

1> Hitch loads to the drawbar <o help prevent backwird

14. Lower an implement to the ground when not in use.
15. Keep ail shields in piace:
16. Use the tractor oely for jobs for which it was {ntended.

Often it 15 necessary to make repairs or adjustments or

perform maintenance in the ficld., When this is necessary

foliow the following safety precautions:

1. Disengage the PTO.

2. Lowsr all raised equipment at the ground.

3. Shut off the engime:

4. 1If necessary to work underneath the equipment, use
safety supports. Do mot rely on the hydraulic system to

support the implement.

Never stioke when refueling a tractor.

wn
.

Do not check the coolant level until the engine has
cooled dowm.

(o]
.

7. Make sure that all pressure has been relieved before
disconnecting hvdraulic lines.

1;, .
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8. Make sure that all shields or guards are replaced if

removed for repairs or sdjustments.

Suggented Student Activities
t. Pave srudents demonstrate the safe way to operate a
trsctor.

2. Have students observe tractor operation habits of family
members or friends and report back to class on
violations of safety practices.

Study Questions

2 B B

1. Demonstrate the proper use of hand signals.

2. Demoustrate the proper safe way to start & tractor.
3. Demonstrate the proper safe way to operate a tractor on
a slope.

4. Demonstrate the proper techniques to use when servicing
a tractcr in the field.

5. Expiain how many riders are allowed on a tractor and
why.
6. Explain why and when a seat belt should be used on a

tractor.

7. Explain why tte tractor operator should remain seated

while vperating the tractor.




INSTRUCTIONAL AREA: Agriculture Mechanics
{NSTRUCTIONAL UNIT V: Tractor Maintenance, Operation; and Safety
LESSON %: iractor Maintenance

i. Yl eparation for Instruction
~
A, Student Objeztives
1. Terminal: Maintain tractors properly:

2. Speetfic:

a. “ajnualn trackur cooling systems.

b. Maintain lubricating systews.
¢. Service air cleaning assembly.
d. Service fuel system.

e: Service ignition system.

f. Malutain power trains.

g. Service braking system:

L. Service hydravlic system:

i. Maintain steering system.

§. Service tires.

Review of Teaching Materials

. ]]

1. iﬁi&iﬁiﬁfi}giégiﬁiéﬁiﬁé 6§ététi6ﬁ:7 Preventive

Maintenance; Molire; I1l.: Deere and Compauy,

7. Fundamentals of Machine Operation: Tractors. Moline
111.: Deere and Company, 1973.

3. Tractor Maintenance Principles and Practices. Athens,

Ga.: American Association for Vocational
Instriuctional Materfals, 1970.
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C. Special Arrangements

1. A visit to the local tractor company's service
department

2. Sazples of parts of a tractor dameged because of
improper maintenance practices

3. Cost figures for replacement of damaged parts worn out

because of negligence.
II. Presentation of cthe Lesson
A. Motivation

Use prices of new equipment with labor; and parts cost
estimates from actual repair jobs at tractor dealers to _

11lustrate the need for proper maintenance practices of farm
equipment.




B,

Content Outline

.

a. Droperly maintained tractors will give long life and
satisfactory service.

b. Proper daily care is essential for a tractor to give
long service.

shouid be aerviced

Operation devices which protect the tractor:
(Transparency V-2-A)

a. Heat indicator == T*is dev1ce 1nd1C¢tes the

b. 0il pressure gauge -- This light or dial gauge

indicates the pressure which is being regulated by
the circulation of the oil:

c. Kﬁﬁétér == This light or dial lndica‘or telis
whethetr or not the proper drmount of current is
flowing from the battery.

d. Tachometer -~ This gauge tells how fast the engine

{s running in revolutions per minute {rpms).

Hour meter - This indicatrs the nnmb »r of hours of

m

maintalns services needed to be performed).
Special Care Practices

Under certain operating conditions; maintenance services

should be performed wore often than is usually

necessary. These con&ittons inciude operattng in mud;

Daily Care Practices
a: After 10 hours of 6§Eréti6ﬁ. the tractor should be

procedures:
1) Check crankecase oil level;
2) Lubricate grease fittings,

3) Ciean air filter,

H |
=}
(oo }
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4) Check coolant level in radiator,

S) Check tire pressure,

6) Check fuel level,

7) Check for broken or worn parts, loose nuts, and

8) Check the fan; generator; and water pump belts.

b. After 50 hours of operation; the tractor should be
maintained by performing the following service

procedures:

1) Check fan shaft bearings and water pump bearings
for lubrication,

2) Check crankcase oil, drain, and refill,

3) €heck hydraulic fluid filter and replace if

4) Check tires for proper pressure,
5) Check radiator core, all belts;
6) Check flexible rubber connections for -oose
fitting or leakage,
7) Check and torque cylinder head bolts on LP
engines,
8) Check fluid level in battery,
9) Check and lubricate clutch release mechanism,
and
10) Check and service dry type of air filter
elenient.
¢. After 100 hours of operation, the tractor should be
paintained by performing the following service

procedures:
1) Change oil and filter,

and clutch release bearing,;

3) Ct.rck valve clearance,

4) Check and torque cylinder head bolts; and

<0
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5) Check and clean cylinder head and crankcase

majntained by performing 1he following service

procedures.

1) Check, drain, and refill crankcase and cil
filter,

2) Check and clean fuel sediment bowl,

3) Check and clean hydraulic screcn and replace
 filter.
4) Check and libricate all points on tractor:

5) Check and adjust brakes and clutch, and

6) Check and adjust spark plugs and pcints on

gasoline and LP engines.

After 500 hours of operation, the tractor should be
naintained by performing the following service
ptocedures:

1]

1) Check and repack front wheel bearings;

2) Check hydraulic system and change oil,

3) Check steering gear housing and change oil;
4) Check cooling system, drain, and refill, and
5) Check timing of the tractor.

£. After 1000 houts of operation, the tractor should be

maintained by performing the folluwing service

procedures:

ij Check trlnsnisston. differential; and final

drive. Drain and refill these parts.
2) Check all other parts and make adjustments:
5. Results of inadequate maintenance:
a. Dirty air tiéiﬁétis

c. Low tire pressure;




d. Low liquid level in battery,
e. Improper valve adjustment,
f: Pitted ignition points;
g. Spark plugs dirty and out of adjustment,
h. Dirty crankcase oil,
1. Liquid low in radiator,
j. Brakes out of adjustment,
k. Dirty fuel pump sediment bowl,
1. Bearings lacking lubrication,
m. Hydraulic fluid level low, and
n. Loose V-belts;
6. Servicing air cleaners, dry and oil bath types
(Transnrarernicy V-2-B)
&. 01i: bath type alr icleaner service procedures
(Txansparency V-2-C}
1) Stop engine before air cleaner is serviced:
2) Remove the oil cup and clean thoroughly; then
refi1ll with oil to proper level.
3) Inspect the screen ror chaff and other foreign
matter; remove this Hefore replacing oil cup.
4) The entire air cleaner should be removed once

per year and thoroughly cleaned with kerosene or
fuel oil:
b. Dry type air cCleaner service procedures

(Transparencies V-2-D and V-2-E)

1) Stop the engine befcre servicing the cleaner.

2) 1f the air cleaner is equipped with an unloader
valve for dust, opAT this to release dusz. If
the unloader 1s siwazed, replace 1it.

3) Use a clean tag to clean the area arouid the
element before the elefment is removed.

4) 1If the rubber gasket on the end uf the filter is




5j If the element i{s ot to be r.p;a<ed, clean it
by using the following procedure:

a) ™ap the elewent to lussen the dirt. Sliake
thie element to remove tne loose dirt.
b) Usec a compressed air hose to blow the

element clean.

c¢) Wash the element with detergent and water.

Rinue with ~lean water and allow 24 hours

for ¢y ng before replacing the eiement.

7. Lubricating the tractor and craikcase

a. Types of engine lubricating svstems:

1y Splash -- 041 i& splashed to the working parts
§§7i§§W§§giﬁé by cups, dippers. or trbﬁghg in

engines.

2) Circulating-splash -- Gile are splashed to parts

of the engiune by the eni of the connecting rods

as they revolve through the splash pan troughs.

011 is supplied to the troughs by an oil pump

located in the crankcase: (Transparency V-2-F)

3) Force-feed -- An o1l pump picks up oil and

forces it to the various parts of the engine:
(Tranaparenciet V-2-G and V-2-¥}

b. Changing crenkcase oil == Thig should be dome while
the engine i8 wvarm. [t 16 important to remove the
oil immediazely after stopping the emgine. More of
the dirt, sludge; and other coitafiinants are removed

1f they are not given the chance to settle.

(Transparency V-2-1)

c. Factors influencing the changing of oil:
1) Length of rumnning period between changes

2) lLong idie periods of tractor '

3) Rumning the tractor on short trips during cold
veather

}5 Using tﬁi tractor on dirty or dusty jobs

5) fetal and other abrasives collected in

crankcase
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d.

Greasing the tractor
1) The operator's manual is used to determine when
to grease the tractor. Tractors that work und~r

moist or dusty ccnditions ieed grcasing mere
frequently.

damaged 1f too ru:h grease is used.

3) All grease fittings must be wiped clean before
applying grease with the grease gun. Grease
m:st be free from impurities. Dust particles

Servicing the cooling system of the tractor
(Transparency V-2-J)

g.

The radiator shculd be checked for the following
conditicns: .
1) Bend or damaged fins,

2) Dents on {.ame or tanks,

3) Cracked tubes or solder seams, and ‘
4) Clogged or bent ovevflow tube.

Defective caps should be veplaced.

Chieck. fan for bent blades and closeness ot blades to

the rsdiatcr core. (Transparency V-2-K)

1) Bel:s that are too tight cause excessive bearing
weat.

2) Belts that are too loose may couse engine

overheating and excessive belt wear.
Check water pump for leaks or Jamaged houging.

Hoses can be checked by squeezing to see f they are
cracked, hard; or brittle: They should not be soft

or swollen. (Transparency V-2-L)

Xeepinz the coc ing system filled with proper

coolant 1§ necessary. Use the fcllowing procedures.
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1) Drain system; flush with clean water. Use a
cleaning agent if (orro~fon or ruat exists.

2) Checks for leaks gnd tighten sll connections.
3) Refill with water and an approved coolant:
9. Maintaining the fuel supply system

a: In order for a fuel supply system to give good
performance; it is necessary that all parts of the
system remain in proper working condition.
(Transpareucy V-2-M)

b. Fuel filters are used to stop water and foreign
objects before they reach the fuel pump:. They
should be checked periodically and drained. If the

filter is equipped with a screen or sediment bowi;
they should be removed and cleaned. Any part that

is damaged or canhot be cleaned should be replaced:

c. Corouretors should be checked and adjusted after
each 250 hours of operation. The following steps

should be followed when servicing a carburetor.
1) Clean all wetal parcs with a cleanir~ solution.

2) Avoid the use of wires or drill bits when

cleaning orfices or jets:

3) Adjust needles properly. The mee & seat may be

dcmaged 1f they are sested too tigat:
4) Teat the float for lraks and check jts height:

5) Tighten all screws, especlally those which hold
the throt>le dish in place. ~

6) Adjust 1dle fuel mixture by turalng in until the
engine begins to idle roughly; tnen it is turned
out until the engine idles smoothly.

7) Adjust full-load fuel mixture by turning the

scre? in until tte engine loses power; ‘then is

backed out until tie engines run smoothly.

d. Diesel fuel syscems are equipped with fuel filters

4 to protect the fuel injection system and engine from
' the finest particles of abiasive sediment and dirr.

If a diesc) engine begins to miss, the first place
to check is the fuel filtering system. The diesel

i systen does not tave a carburetor; it is equipped

with a fuel por and filter system similar to thcse
of gasoline er pes. (Transparency V-2-N)
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10. Maintenance of a tractor ignition system

b.

NI
.

Battery maintenance (Transparency V-2-0)
1) Clean with damp clcih or brush using baking soda
and water solution to neutralize acid ‘leposits.

:} Inspect and tighten all battery connections:

3) Remove and clean corroded cables.

4) Clean terminal posts with a étééi brush.
slow dowr future corrosion. .

6) Keep cells filled to proper level by adding

cleathwater.

Servicing ignition switch and ammeter

1) Replace these if they do not function properly:

2) Check vires leading to switch and ammeter if
problems zrise witbh these units.

Ignition coll service (Transparency V-2-P)
2
1) Check terminals and connections to make sure

they are clean and tight.

2) Rubber nipples and boots should be in good

condition, Damaged rubber pleces on high

voltage circuits will cause leakage of current’

where surfaces are exposed.

1) Crack:d coils must be replaced.
4) Cotls with bad wiring must be replaced.
Distributors are usually checked if the ergine is

hard to start, fires improperly, or 1f the engine
uses excessive amounts of gasoline (Transparency

v-2-Q)
1) Replace damaged distributor cap;

2) Replace rotor if it is badly burned; worn, or

has a weak cvntqct‘spring,

3) Breaker points should be filed smooth if pitted
replace 1if pitted badly, and

101

ra




f.

~" N\

65 Set breaker. point _gap as ‘recommended, grease the
cam; and oll the felt pad. (Transparency V-2 -R)

Spark plug wires ohould be checked pericdically.

R . - I ,,,,,,,,,,,E:L el ce— = .
1) wepect for mechanical wear and defective
shsulation.

2) A manual wethud of testxng plug wire= is tec.

vomove the wire from the plug and hold it ¥ inch

away from the engine. If a spark octurs while

the enginz_ is turning. the distributc1 and wires

Spark plugs should-last about 250 hours undar normal
engine use. They should be checked every two or

three months, Clean and regap plugs when needed.

11, iifﬁteﬁéﬁee and service of the tractor power train:

Clutch service should be done according to the

operator's manual. Service procedures include the
following: (TransparenCy V-2-T)

is Checking eiutch pedal free travel which should

e~

position until it meets resistance. Adjustment

Iééifiéggfggeiuggg;ly found on the throw-out
base of the pedal.

2) Wet types of clutches should be checked for oil
level, oil seal cepdition; and oil citculation.

3) To reduce clutch wear, always remove the foot
from the clutch pedal while driving the tractor.

Transmission, differential, and final drive
main-enance (Transparency V-2-U)

Lubrication is the major maintenance procedure.
Gear teeth and bearings must be protected at all

ttmes with a constant supply . of clean lubricant to

prevent wear. Maintemance practices are as follows.

1) Clean the area where the oil level is and chpck
to avoid entry of dirxt into gear case.

2) Drain lubricant fr 3 egcy compartment of the
gear case. This should be dore after a, period
of operatiom so that warm oil will assure
complete drainige.

w17



3) Replace gear case lubticai 1 with the proper type
5f 01l as recommended In ti¢ operator's manuzl.

L) 1f the tractor has a gear cass filter, change it
wnen replacing lubricant.

5) Check air breathers to make sure they ire not
clogged. Clean or replace f they are clogged.
6) Check for lesks and Teplace seals or gaskets or

tighten bolts around gi:skets.

2. Su:vicing and maincaining tractor brakes (Transpareacy
voITY)

Adjusting brakes or tractors is usually done by

shortening the iinkage between the brake and pedal
or bv ~~kimg the star wheel idjusting screw longer.

The ' 2 is tightened until there is a certain
amounr of free travel on tie brake pedal. This free
trzvel distance is specified in the operator's
marugal.:

Adjusting brakes 18 a job more easily done if the
two rear wheels are held above the ground by a hoist
or jack stands. (Transparency v=-2-9)

To check for equalizstion of the brakes use the
following steps.

1) Latch the two brakes togethet:

2, Start the engine and start the wieels turning hy
shifting into gear.

3) shiit back inte neutral and apply pressure to
the brake pedal. The wheels should brake evenly
if they are properly adjusted.

&) ‘tower the tractor to the ground and check the
prakes by driving and stopping:

13. Mainte! ing the hydraulic system

a.

Two major points to remember in servicing
tydrav licss

1) Proper operation, anc

3) Use of a good grade of clean oil;

b. Damage to hydraulic systems are caused by:

.
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1) Dirty oil,

2) Use of the wrong type o: -ii,

3) Llow oil level,

4) Loose lines;

5) cingged or dirty filters;

) Too much pressure in the system;
7) Too much heat in the system, aud
8) Operating the systen too fast.

c. lmportant maintenance practices to use are a<

follows: (Tramsparency V-2-X)

1) Store new oil in clean location and use clean
ggqge;éiéga containers with fineé mesh screen
when adding flvid to system.

2) Kn» contection OQ,FEe ﬁystem that ;Ole allow

rt or bther contani-ants to enter the oil
suld be wiped clean before removing.

3 for internal and externzil Iczks. The
sympiom for int>rnal leaks ‘s sluggish action,
External  ik8 ~an be east - detected and
corrected.

+) Drain and flush system as reccimended by the
;erator s manual. Flu:uin; each time the ofl

is changed is usuallv not neceéssary.

5' After refilliung the syrten vith new ¢il, opevate

4 or S tiwes through a comp ete cycle before

bleedirg sir from the system.

6) Avodd uvcthtutinv of the oil. This breaks down
the will, 2zuses varmish deposits and reduces

e‘liutency of the unit. To prevent ove ‘reatiag:
a7 Xewp ofl at proper level in re ewvoir,

Ss Keep lines. reservoir. and cooler free from
dirt and materials_ that reduce oil flow or
contaminate the oil, and

c) Keep relief valves cnerating properly.

14, Tractor steering maintenance
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a.

(TrageparOncy v=2-Y)

)

2)

4)

Check the gear bex every & Ebﬁtﬁé or as
recommended by the operator’s manual. Add oil
to the prcper level: If the steering case ié

equipped with a grease ficting, add mmlecipury
grease.

If there ¢ a vent plug on top of the housimg:

keep it cpen to relieve pressure caused by meat.

Ad‘ust gears, worm shaft end play, w:ad rer:or
Jhalt end play according to the operatot’
manval.

Lubricate tie rod ends, axle pivots, kingpins,
and steering knuckles after cach 10 hours of

operation. (Transparency V-2-2)

Maintaining power steering systems:

1)

2)

3)

&)

Check o1l level and add 2%l whien needea:
Correct leaks around fittirgs, hose cla=ps, and
line connections.

Sleed air in the syStem bv - ithee frainiwp and
refilling ov operating tlic -ystei severéi cyel st
free of load, Alr {n li.és czuses Hoor
iubricatiou:

Drain and reftll the power system as recommenced

by the oparator's manual. The steps for

dreining and refilling are as follows:

&) Cle-a around rhe work area on the system.

b) Remove drain plug «r disconnect a lowsT hose
and drazn fluid. Replace crain plug in
hese.

t) Replace filter if one 1§ present.

d) Refill reservoir to full mark >n d¢pseick

e) Start engine and turn st-ering wheel szveral
complete turrx.

5 ; Grop engine and add flutd if needed.

Lubzicate the lower pedestal bearing, tie rod

ends. axle pivots, stee-ing knuckles; and kirg-
p-ins every 10 novrs of operation.
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15.

Maintaining 3nd servicing tractor tires:

Maintenance pracrices that may prolcng the 1ifz of =
tir¢ include the following:

a.

m.

Check tire pressure da:iy to avoid operatirg the
tractor witii nwerinfiated or underinflated tires.
(Transpatencies V-2-AA, V-2-BB; and 7-2-CC)
Adjust inflation pressures for special conditic-
Add & extra pounds to the rear furrcw wheel whe
ploving.

Check front wheels for corract alignwent:

Avoid tire bruises. Wet rubber is easier to bruise
or cut than dry rubber.
Operute tractor at slow rate of speed on hard-

surfaced roads if they are liquid filled.

Remove wheel weights from tractor if it 18 to be
stored for several weeks.

Patk tractor Jn dry clean z2rea to vreiect tires from
oil, grease, 2nd molsture which tends tc damage
tires.

Wash tircs aftec spraying or distriduring fertilizer
1f virer come in cortact with these chenjcals.

When replacing tire on rim, do nc: usz 80p or
grease on the bead; the . materials cam cause che
t-re to slip umder heavy arawbar pull.

If the tiacor is to be stored fur several monthe,
jack 1t up to protect tires; storage uider @ shed
will protect ruboer tires from dlrect sunlignt.
Juflate the ti.zs to miximum pressure when driving o

fons dintance on hard-suiface roads

Tost valve atems pervodically and replace those that
are leaking. Replack valve caps if the rubber
washer inside the czy shows wraz;

Check the tiree fer tuts, bresws, and bruises  Cuts
and breaks mii Lo repaired with tire gum or tic»
dough. Tusidc  :aks can be repaire! with a boot or
vuleanize ] pat .. 1f euts avt repaired 1mmediately
ttie cords will Isst Jonges; L7 moisture erntors the
cut, 1t tends to ret the cord fib(vs:

-
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n. Protect the liquid against freezing in a tire by
;d4dixz calcium chloride to the vzter. Freezing <!l
cinse inside breaks of the tire cord.
C. Suggested Studeat Activities
1. Have studsits demonsiraze sbille in each of the areas of
tractor maintenance.

2. Have students check or thelr own farm to see which
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ASLES PZR KOUR AND HOUR USE GAUAE
TREASFAZENCY V-2-A

* 184

ERIC 184

Full Tt Provided by ERIC.



TYPES OF AIR CLEANERS

CLEAN AIR INLET
——— CENTER TUBE

! g —AIR OUTLET TO CARBURETOR
2

AIR CLEANER BODY

DAY TYPE

TRANSI'ARENCY V-2-B



SERVICING 731t. AT T¥PE AIR CLEANLR

\ .. SCREEN

——— DIRT PARTICLES

- QIL CUP
OiL
C EsN OIL CUP . .MOVE FOREIGN REFILL OIL CUP
; MATERJAL FROM T< OIL LINE
SCREEN
; TRANSPARENCY V-2-C
186

ERIC

Full Tt Provided by ERIC.



DRY TYPE AIR CLEANER

HOOD OF TRACTOR
~ DUST CUP

ELEMENT/
HAND NUT OPENING

RUBBER VALVE 7
revr TNT11C°T - - N
TYPE DUST REMOVING DUST CUP
UNLOADER

REMOVING FILTERING
ELEMENT

HEAVY DUST =
PARTIC.ES -

o | PRE-CLEANER
T-ANSPARENCY V-2-D

,EC 187

Full Tt Provided by ERIC.



CLEANING THE DRY ELEMENT

TAP ELEMENT TO LOOSEN DIRT

WASH ELEMENT
SOAPY WATER ‘RINSE ELEMENT
WI1TH CLEAN WATE

g |
Z

TPANSPARENCY V-2-E

ERIC 183

Full Tt Provided by ERIC.



LUBRICATING $YSTeM
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CIRCULATORY - SPLAS::

1. OIL TROUGH

2. CAMSHAFT BEARINGS
3. ROD BEARINGS

4. MnaIN REARINGS

5. SPLASH TROUGHS

ERIC

Full Tt Provided by ERIC.
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SPLASH PAN SUPPLY TLURE
. O PAN
7311 DIPPER

10. OIL STRAINER
TRANSPARERCY v-2-F
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LUBRICATING SYSTEM

FORCE FELD

TAPPET SPAFT

CAMSHAFT BEARINGS

. MAIN Oil. ZALLERY

. PISTON PIN BEARINGS

MA!~ BEARINGS

. CIL PUMP AND FILTER ASSLMBLIES
. OIL PRESSURE SCREW

. VENTILATOR PUMP

P’ NI U VY L T

QO ~2 OV A

TRANSPARENCY V-2-G

e 15y

Full Tt Provided by ERIC.



OIL *UUMPS AND PRESSURE GAUGE'

DRIVE GEAR

EXTERNAL PUMP . ROTOR PUME

PRESSURE GAUGE

TRANSPARERNCY V-2-H

| Sy
(dn ]
| %Y

ERIC

Full Tt Provided by ERIC.



outlet-

suspension
AN OIL PRESSURE VALVE

LUBRICATING VALVE
OPENING




COOLING SYSTEMS

=== : copper tube =
e filled with PV

ST rror 3 low bolling ==
point liquid e

Beliows Type Thermostat ===
———— pressure Y PP vaive spring
7 reilef valve =
Suction Tiﬁé ?iﬁ
ERIC TRANSPARENCY V-2-J 193

Aruitoxt provided by Eic:




COOLING SYSTEM

water purnp &

fan puiley

~d - / -!3‘
\ Y,

o
..

Straight Edge Used

to Adjust Belt Tension

TRANSPARENCY V-2-K
ERIC : 194

Full Tt Provided by ERIC.



Cooling System

HARDENED & CR ' LEA
ose "W LATEgSE i

T

)
e

il

NEW HOSE
INSTALLATION
coolant level \i L L ~ RADIATOR
T CROSS SECTION

TRANSPARENCY V-2-L
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‘UEL SYSTEM

"

FUEL FILTER

TRANSPARENCY V-2-#
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FUEL SYSTEM

alr bleed screws

s Wgnain sorew
___Die_sei Fuel
Filters Complete

Sedlmen& Eowl

TEANSPARENCY V-2-N




~

CONNECTIONS ~

/

TIGHTENING

(CLEANING BATTERY

TRANSPARENCY V-2

194
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IGNITION __
SYSTEM

liifitaii o
BATTERY
SYSTEM

TRANSPARENCY V=2-P
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TRANSPARENCY V-2-0
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Lubricating

Distributor




OF PLUG

TRANSPARENCY V-2-8

203

CLEANING

OUTSIDE
OF PLUG



POWER ThAIN

_angine flywheel

relcase lever,

transmission inpul

YYYYYYY

engine crankshaft

pressure plate—
CLUTCH AND CLUTCH LINKAGE
TRANSPARENCY V-2-T
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Power Takesoff - Differentlal

DRIVE MECHANISM

TRANSPARENCY V-2-U
=S 208




TRACTCR SRAKES

_actuating

M discs

- braking surface

differential |
shaft

steel ball

DISC BEAKE

TRANSPAPENCY V-2-V

o

,EC - . - 207 -

Full Tt Provided by ERIC.



interlock

BRAKE YOKE

RAKES & PEDALS
TRANSPARENCY V-2-H
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HYDRAULICS

control

hose disconnect

tractor wheel |
METHOD OF RAISING A PLOW BY REMOTE CONTROL

Hornile: spool valve

clean llnas-‘ ~ valves in adjustment

clean vll fliter |

| proper amount§__ o3t 4039 |

and type of —PF—— e [ o wee——oy
g clean oll — “reservolr ==k

£LIMINATION OF MAINTENANCE PROBLEMS

TrANSPARENCY V-2-X

ERIC 209

Full Tt Provided by ERIC.



STEERING SYSTEMS

oll level

Steering Mechanism on Upper
Pedestal Maniial System

Use of Dipstick to Check Oll
Level Hydraullc System

A TRANSPARENCY V-2-Y "



STEERING SYSTEM ‘

TRANSPARENCY V-2-1
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FRONT TIRES
SIZE PRESSURE
; o min. max.
4-ply
All 4.00 sizes® 20 Ibs. 44 Ibs.
All 5.00 sizes 20 Ibs. 36 ibs.
All 550 & 6.0C sizes 20 1bs. 32 Ibs.
Al 6:50 sizes 20 Ibs. 28 Ibs
Ali 7.50 sizes 20 1bs. 24 lbs.
6-ply “
 All 5:50 & 6.00 sizcs | 20 lks. 48 Ibs.
Al Gsvsizes ;.. 20lbs ks
|7 aAit7sosizes "= . > . 20lbs. - 36 bs
) t“ . SRR .:.'. . '1
R AR ms?mcv V-2-BB
= 214;




T!RE SIZE PRESSURE
~old . _new. min. ____ ax
3-ply
9 sizes All 95 12 1bs. 18 Ibs.
20 sizes All 11.2 12 Ibs. 16 Ibs.
1T sizes All 124 12 Ibs. 14 Ibs.
12 sizes All13s . 14 Ibs. 14 Ibs.
139 .- Mlbs. 14 Ibs.
6-ply f .

16 sizes Al 2, 12 Ibs. 26 Ibs.
11 sizes All 124 12 Ibs 22 Ibs.
zsizes . AlI36 1 14 Ibs. 20 Ibs.

[ . - B9, L Mlbs. . 20 Ibs.
13 sizes All149 Mlbs 18 Ibs.
. ass. . Milbs. a8 dbs.
14 sizes . . AlM169 .. 16Mbs.  161bs
15 sizes ANI84 . 160bs. 16 Ibs.

TRANSPARENCY V-2-CC




INSTRUCTIONAL AREA: Agriculture Mechanics

INSTRUCTIONAL UNIT V: Tractor Maintenance, Operation, and Safety
LESSON 3: Tractor Operation

1. Preparation for Instruction

A. Student Objectives
|. Teriilnal: Operate tractor it the proper manner.
2. Specific:
a. Start the tractor.
b. Use €lutch to engage transmission.
d. Drive the tractor.
5. Review of Teaching Materials

Funidamentals of Machine Operation: Tractors. Moline,

111.: Deere and Company, 1974.

1.

2.

Tractor Operation and Daily Care. Achens, Ga.:
American Association for Vocational Instructional
Materials, 1967.

C. Special Arrangements

1f the schopl does not have a tractor, have a student bring
one from home or borrow one from a local equipment dealer to

have students drive.
I11. Presentation of Lesson
A. Motivation

Visit dealerships to see different types and sizes of



B. Content Outline

1. Starting the tractor engine -- Tractor manufacturers
have installed different types of safety devices to

prevent accidental starting of the tractor: Many

injuries occur each year because a tractor is started

accidentally or because careless operators failed to

take necessary precautions. Befote starting, the

operator should alwzys remember to:

-]
1
-
[- %

d and study the operator's manual.

b: Make sure everyone is well away from the tractor.

c. Make sure that the PTO 2nd all other controls are in
the off or neutral position and that the gear shift
is in the neutral or park position.

d. Fully depress the clutch pedal before starting the
engine.
e. Before movimg the tractor, make sure that evary one

1s clear of the tractor.
2. Starting gasoline tractor engines includes the following
steps.

a. Turn the key or ignition switch te the "on'" position

naking sure that all warning iights arz working.

b. Move the throttle to the one-third or one-half speed

position.

c¢. Pull out the choke control.

e.. Relegse the starter after the engine starts and
s8lowly pusk in the choke control to R§§§7i§§76§g§§§7

running smoothly while it varms up: When the engine

reaches operating temperature; push the choke
control all the way in:

3. Starting diesel tractor engines includes the following

steps.

a: Tumn the key to the "on" positfon,

b. Check warning 1ights sod imstruments for proper
operation,

gtarter, and

109 -
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d. Release the starter switch after the engine starts.

4. General starting procedures for all types of engines
include the following points.

a. Alvays check the fuel gauge before starting the

b. Never operate the starter motor for more than 30
seconds continuously.

c. Allow the engine tu reach operating temperature

befcre applying any load to the drawhar.

d. Do not start a tractor engine in an enclosed
Bi.iildiﬁg;

e. Watch all lights and gauges.

f. After the tractor engine has started and even though
the gearshift 1s in neutral or park, engage the
clutch slowly.

5. Stopping tractor engines — Before stopping @ tractor
engine, allow it to idle for a few ninutes to help cool
down the engine. The following procedures for stopping
an engine are as follows:

a. Place the gear shift lever in park (or in neutral
and lock the brzkes),

b. Disengage all other drives,
¢. Lower implements,

d. Turn off all electrical switches and the ignition
switch,

e. On diesel engines, turn off the fuel flow with the
fuel shut-off valve, and

£. Remove the key to prevent accidental starting.
6. Driving the tractor requires two essential skills.

a&. Operating the clutch — If the tractor is equipped
with a manual shift or synchronized transmission,

never engage the clutch quickly. This could put a
tremendous strain on the pover train and could cause

Never ride the clutch pedal; that is, do not rest

your foot on the pedal while the tractor is in

motion.

. | o 218
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When increasing speed, do so slowly. Opening the

throttle suddenly can cause the tractor to :ip over

backwards and causes Strain on the power train:

Never engage the clutch while the engine is
operating at bigh cpeeds. Doing so can bﬁrn or

parts.

Operating the transmission —— Today's tractors are
available with several types of transmissions that
include the following:

1) Manual shif: - Use these procedu:es.

a) Depress clutch pedal, shift the range lever

gear vithin the range:

b) Operate the engine at a medium to fast idle

and slowly release the clutch pedal.

c¢) After the clutch is fully released; slowly

move the throttle to the desired operating
speed.

2) Synchronized transmission —- Use these
procedires.

a) Depress clutch ﬁé&ii. shift the range lever.

c) After ciutch is fully released, slowly move

the throttle to the desired operating speed.

3) Hydraulically engaged transmission -- Use these
procedures.

a) It is not necessary to depress the clutch

pedal vhile starting the engine or to shift

gears vhile the tractor is in wotion.

55 'To start the tractor moving, simply place

the gearshift lever into low gear while the
engine is running slovly. Then move the

lever; gear by gear to the desired operating
position and increase the throttle speed.

¢) The inching pe&ai replaces qclutch pedal on

tractors of this type. This pedal is

provided for emergency steps and to help in

o~
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Aruitoxt provided by Eic:

hitching the tracror to machimeérv. Its.
except it does not need o be used to start
the tractor in motion or to shift gears.
Suggested Student Activities
Have each student demonstrate the proper way to drive a
tractor from starting the engime thirough shutting it "offl"
if possible; secure tractors with different types of
transmissions for this purposc.

220
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INSTRUCTIONAL AREA: Agricultural Mechanics
IMSTRUCTIONAL UNIT VI: Small Engines
LESSON 1: Advanced Troubleshootring and Servicing

1. Preparation for Imstruction
A. Objectives

1. Terminal: Troubleshoot and service a small engine
properly and safely.

2. Specific:
a: List general reasons why mall engines give

trouble-

b. Explain the need for rcgular servicing of smaill

angines.

t. Accurately diagnose and correct engine

5. Review Teaching Material

|. Service and Repair Instructious. Milwaukee, Wisconsin:
Briggs and Stratton Corporation; 1982.

2. sSmall Engines, Volume I and 11, 4th edition. Athens,
Georgla: American Association for Vocational
Instructional Materials, 1979.

C. Special Arrangements
1. Materials Needed
a. Several small engines
b. Several sets of recomnmended tools
2. Shop or laboratory with suitable tables or benches

I1. Presentation of Lesson

113 221



A. Motivation

|. Demonstrate to studemrs a small engine running poorly.
(Example: The carburetor may be set too rich.)

3. With the engine runmniing, correct the problem:
due to a lack of understanding of hov the engine
operates.

114




B.

Content Outlinoe

1.

Terns

a. Troubleshooting — locating and correcting t. “les

b. Servicing —- to repair or provide mainteénance

c. Syatematic — following a plan or guide

d. Operator's manual — a book provided by the

manufacturer and obtained at the time of purchase

of the small engine for use in operating and
servicing the engine

e. Diagnosis — to investigate or analyze the cause ot
trouble in a small engine

Reasons vhy small engines give trouble:
a. Lack of proper service,

b. Lack of proper operation,

c. Lack of proper maintenance; and

d. Lzck of proper repair.

Regular servicing of small engines

If one expecta to get trouble-free service from a small

engine, it 18 generally accepted that one must take

time to service it regularly. When this shouid be done

varies with the different manufacturers' recommenda-
tions, the operating conditions, and the type of
servicing to be performed.

Ceneral agreement exists with @ost manufacturcrs as to

a. Before esach 655;&6936;;;

1) Check the crankcase oil level in 4 cycle
engines.

2) P11l the fuel tank with clean; fresh regular
gasclina. A 2 cycle engine snould have the
correct asount of the proper oil thoroughly
nixed with the gasoline.

Every 25 hours or more often if the sngine opcrates
in extremely dirty or dusty conditions --

[+l
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1.

2.

1) Service carburetor air cleaner, and

2) Change the crankcase oil in 4 cycle engines.

of the engine.

One way to save time and trouble in servicing and

opetxting an engine is to save and use the operator's

manual th:t ccwes with the engine. It contains

important iufbtuxtibﬁ chat one must have when doing
tiary of the servicinmg jobs.

Troubleshooting Engine Malfunctions

Host monplaints conicerning engine operation can be
classified as one or a combination of the following:
a. Will not start,

b. Hard starcing,

c. Kicks back when starting;

d. Lacks power,

e. Vibration,

f. Erratic operating,
8. 69§rheiting; and

When the cause of malfunction is not readily apparent,
perform a check of the compression, ignition, and
carburetion systems. This chack-up, performed in &
systesatic manner, can "sually be done in a matter of a
fev minutes. It is the quickest and surest method of
deternining the cause of fiilﬁti. It may i1§6 point up

REVIEW: Check-up; A Guide to Troubleshooting

C. Suggested Student Activity

Troubleshoot a small engins.

Service a small engine.

116
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CHECK-UP, A GUIDE TO TROUBLESHOOTING*

Check Compression —= Spin flys wheel in reverse rotatiom {counterclockwise) to ghrain
accurate compression check. The flywheel should rebound sharply, indicating
satisfactory compression. If compression is poor: look for:

~—-~ loose gﬁifﬁ plug —— insufficient tappet clearance
--- loose cylinder head bolts — warped cylinder head

--- blown head gasket ~—— worn bore and/or rings

~--- burnt valves and/or seats —~ broken connecting red

Check Ignition —=- Remove the spztk plug. Spim the flywheel rapidly with one end of

the ignition cable ‘clipped to the 19051 tester and with the other emd of the tesrer
grounded on the cylinder head. 1f the spark jumps the .166" tester gap, you may
assume the ign‘tion system Is functioning satisfactorily. Try a new spark plug.
NOTE: Flywheel must rotate at least 350 RPM with Magnetron Ignition. If spark does
not occur; look for:

——- incorrect armature air gap === ghorted ground wire when so éQﬁ;ppéd

--- worn bearings and/or shaft ——~ shorted stop switch when so equipped
fiywheel side . o

--- sheared flywheel key -— condenser failure

-—- incorrect breaker point gap ——- armature failure ) o

--- dirty or burned points --- improperly operating interlock system

--- breaker plunger stuck or worn -—— detfective magnetron module

NOTE: 1f erigine runs but wisses during operation; a quick checi to determine if

igrition is or is not at fault can be made by insarting the 19051 tester between
ignition cable and the spxrk piug. A Spaxk miss will be readily apparent. While

conducting this test on a Magna-matic equipped engine; Models 9; 145 19; and 23, set
the tester gap at .060".

Check Carburetion =- Before making a carburetion check, be sure the fuel tuuk has an
ample supply of freal, clean gasoline (one half rank on vacu-jet engines): On
gravity feed (flo-{et) models, see that the shut-off valve is open and fuel flows
freely through the fuel lines. On all models, inspect and adjust the ncedle valves:
Check to see that the choke closes completely. If engine will not start, remove and

tnspect the spark plug. If it !s wet. look for:

--- overchoking --= water 1n fuel

--- excessively rich fuel mixture === {nlet valve stuck open (flo-jet)

1f plug 1s dry, look for:

--- leaking carburetor mounting ~-~ gummy or dirty screen or check valve (pulsa-

~ gaskets jet and vacu-jet carburetors)

-== inlet valve stuck shut e-- gnoperative pump (pulsa-jet)
(flo-jet carburetor)

the carburetor is to remove the spark plug and pour a small quantity gfigjggiino

through the spark plug hole. If the engine fires a few times and then quits, look
for the same condition as for a dry plug.

A simple check to determine if the fiel 18 getting to the combustion chamber through

NI
Ut

*Adapted from Briggs and Stratton, page 6-7 ]
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IKSTRUCTIONAL AREA: A~~icultural Mechanics
{NSTRUCTIONAL UNIT VI: Small Engines
LESSON 2: Répair and Overhaul Procedures

A. Objectives
1. Terminal: Repair and overhaul a small engine properly
and safely.

2. Specific:

a. List advantages for repairing and overhauling 2
snall engine.

b. Demonstrate principles and procedures of good
vorkmanship.

Follow a systematic method of repairing and
overhauling a small engine.

0l
.

B. Review Teaching Material

1: Service aad Repair Instructions. Milwaukee, Wisconsin:
Briggs and Stratton Corporation, 1982.

2. Small Engines, Volume 1 and 11. 4th edition. Athens,
Georgia: American Assoc jation for Vocational
Instructional Matertals, 1979

C. Special Arrangements

i, Materials Neede
a. Several small engines in need of repair
b: Several sats of recommended tools
t: Several coptes of repair and overhaul procedures

Shop or laboratory with suitable tables or benches

™~
.
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11

Presentation of Lessoun

As

Morivation

1.

Demonstrate to studeante the proper procedure for:

a. Inspecting and checking the cylinder bore of a
small engine

b. Resizing cylinder bore to the next oversize
c. Refacing valves and seats
d. Checking and adjusting valve tappet clearance

Point out conditions that may cause future trouble 1f
not adjusted or repaired.

Show students how to use the parts manual.
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B. Corntent Outline

1

ae

Terms

Repair —— To replace worn or defective parts.
Overhaul — To examine thoroughly for repair:

Short Block Assembly — A factory-built
tiliﬁdér-blégkilasen§§§7§ﬁ§é§ includes the

crankcase, piston, piston rings; connecting rod,
valves, cylinder, and camshaf:. It comes ready for
one to add the resaining parts, such as the

magneto, cylinder head, carburetor; and starter.

The cost is approximately one half that of a new_
engire, completely assesbled; and is approximately

tuice the cost of a new crankshaft.

Inspect = Visual inspection, looking for signs of

wear, scoring, cracks, stripped threads, etc.

Checx — Measure by means of plug gauges; feeler

gauges, micrometer, scale, etc.
Test — Analyze with proper testing equipment.
Replace —— This usually means to take off the old

part and reassemble it or replace with a new one.

Advantages of repairing and overhauling a small engtine:

a;

personal satisfaction in the understanding of
parts, function, and operating principles of the
small engine

Knowledge of the procedures to follow in repairing
and overhauling small engines

Savings of time and womsy by judging whether
various assembles can be economically repaired or
whether they should be replaced

P.inciples and procedures of good workmanship:

Any job is best done by using a systematic approach:

obtain the various operator's repair, or service,
and parts manuals. ‘Study these to learn as much as

possible relative to the engine beitng repaired.

Arrange for a clean work area to ensure & longer-

lasting repair job, Dirt and grit left on engine

parts vhen reassembled cause vear-

120 o
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4.

c. Use a table or bench to do the work: It is more
comfortable and helps to keep tools and parts clean
and organized.

d. Provide plenty of light above the work area.

€. Use an engine stand to hold the engine while it is

being repaired.

before starting the job.

g: Clean the engine before attempting to repair it.

h. Locate and record the numbers of the engine model.

serial, and type.

1. Use a recommended procedure for disassembling the
engine, being carefnl to lay the parts out in order
of their removal. This helps in the systematic

evaluation of the various engine components.

j. Use the parts manual to look up part numbers and
cost of the various parts needed.

k. Determine if the engine should be repaired or a
short=block assembly purchased.

1. Order parta or a short-block asaembly as scon as
posaible. Compare nev parts with old parcs to

ensure that they will work properly.
m. Make necessary engits repairs.
n. Reassemble engine according to specification.
The overhaul procedure:

The overhaul procedure which follows is intended to

Kelp coe become sccustomed to 3 systematic method of

repairing Briggs and Stratton engines. Naturally these

steps could be rearranged in different order, bur

efficiency is obtained when the repair operations are
performed in the same sequence every tiwe. The exact _

procedure will vary according to the engine model being

The overhaul procedure cau also be used as an index.
For information on how to perform most operations
listed, refer to the page number or operation. Be
careful to locate the instructions covering the
specific model being repaired:

121
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Note that some items do no apply o the engine madel

being disassembled.

Record the results of your observations in the space

provided on the vork sheet. If an item is to be
replaced, place an "X" in the box. When the
disassembly section has been cowpleced, use the parts

manual to find the reference and parts numbers as well
as the cost. Total the cost on the second sheer and
use it to estimate the feasibility of repair.

REVIEW: Repair and Overhaul Procedure Laboratory
Worksheet

€. Suggested Student Activities
1. Overhaul a small engine.

3. Repair specific swall engine azsemblies.
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INSTRUCTIONAL AREA: Agricultural Mechznics

I%STRUCTIONAL xIT VII: Farm Structures amd Facilities

1.

Preparation for Instruction

A.

Objectives

Terminal: Identify types of farm buildings and demonstrate

basic construction procedures:

Specific:

i.

9.

ldentify and describe the basic types of farm
buildings.

Discuss the importance of properly constructed farm
structures.

Describe the foundation used in construction I farm

structures.

Demonstrate construction procedures for walls and
foundation;

Discuss the types of floors to be used in farm
structures.

Deteriiinie types of doors to use on farm buildings.
Demonstrate the pvocedure for installing and hanging a
walk-through door.

Identify the various types of roofing material for farm
buildings.

Demonstrate Eﬁﬁi;éétibﬁ of various roofing materials;

Review of Teaching Material

l.

2.

i’tiiitm Bééighs, Hatetiéi§. f’iané. Athens;
Georgla: AAVIM, 1974 .

Féirer, J. L. and G: R: Hutchings: Carpentry and

Building Comstruction. Peoria; Illinois: Charles
A. Bennett Co., Inc., 1981.
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II.

c. siiééiai Attaagéiéﬁta

1.

2;

examine various Butl&ing materials.

Obtain all materials needed for comstruction of a smalil

utility building.

D. Materials Required

1. Secure ull available hand and power tools necessary for
construction of a small utility building.

2. Obtain lumber roofing, siding, doors, and fasteners for
the building to be built by students in suggested
student activities.

Presentation

A: Motivation

i.

Illustrate te the students the difference in cost

between being sble to construct buildings oneself and

hiring someone to construct them.

Show the students some nice structures or projects that

have been butilt. Discuss with them how they can build

similar structures with their knowledge of some basic
building procedures.



B. Content Outline
1. Types of farm buildings
a. As to use
1) ﬁﬁrﬁs
2) Machinery and equipment sheds
3) Poultry houses
4) Livestock stalls aad shcds
5) Pump houses and well sheds
6) Farm homes
b. As to structure (Transparency YII-1-A)
1) Shed-roof (lean-to)
2) Gsble-roof
3) Cambrel-roof
4) Half-arch
5) Full-arch
2. Importance of properly constructed buildings:
a. Ensure proper joint construction for strenmgth in

structural members to avoid sagging, leaning, and
sway-back structures.

b. Foundations are essemtial for elimination of
unnecessary shifting of structural members.

c. Proper grade of lumber or structurai material
prevents early breakdown of farm structures.

3. Foundations and walls

a. Types of foundations
1) Pole type — ln this type of comstruction the
end of the pole and concrete casement form the
foundation. Poles are usually set four to six
feet deep. In soft soils, an eight inch
footing of concrete is poured into the hole
first to prevent sinking. A hole 20 inches in
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diameter is sufficient to provtde space for the

pole and concrete casement. (Transparency
VII=1-B)

2) Light-wood-frame construction =-- This type of
construction uses a continuous-poured coricrete
in concrete-block foundation. This will carry
the weight of the building. Normally, footings
are twice as wide as the thickness of the

foundation wall. Thece footings should be

poured to a point below the frost line in the

s0il to prevent movement of the building. It

is necessary to anchor the buildimg to the

foundation by fastening the sill to the

foundation with anchor bolts placed in the

concrete before it has drted. The wall
framing (studs) is then toe-nailed to the sill

using 10 or 12 penny tiaile. These studs are

usually put on 16 inch tenters. (Transparency
VIiI-1-C)

3) Post-and-pier construction -- This construction
involves pouring a contrete footing and pler.
The post is attached to the pier with a steel
U-strap. (Transparency VII-1-D)

4) Masonry walls —— This construction practice

involves using concrete blocks to comstruct the

entire wall. With this method; the top plate

13 anchored to the wall with bolts long enough

to reach through the plate and two courses of

blocks. These must be embedded in concrete.
(Transparency VII-1-E)

5) Steel frame -- Steel framing is used primarily
as packaged metal buildings. Many farm
structures are fiow being constructed by metal

building contractors.

Protection measures

(-4
.

1) Any wood products touching the ground or used

in moist conditions should be pressire treated

to resist decay.

2) For wvood frame construction, vooden menbers

should be at least 18 inches from the ground.

This keeps wood dry and enables one to see
termite tunnels.

4. Application techniques for studded wall construction

following the pouring of the foundation:
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e.

Lay the 2x4's that will be used for the top and
§6ttbﬁ plates in position on the exterior walls,

one beside the other. (Transparency VII-1-F)
Attach the sole plate to the foundation.
Mark stud placement on 24=inch or 16-inch centers.

Remove the top plate and place it 8' from the sole

plate on cthe foundation or subfloor.

Face the marks toward the sole plate and nail the
stud to the top plate by driving two 16d nails
through the top plate. (Transparency VII-1-G)

Push loose ends of assembled wall against the sole
plate.

Brace and toe-nail studs to the bottom or the sole
plate with Bd nails, two to each side of the stud.

wall to maintain the plumb.

Nail & 2x4 on the top plate overlapping joints at

the corners to tie the walls together:

(Transparencies VII-1-H and I)

Floors in Farm Structures

[+ 4l
.

Types

1) Crushed rock
2) Concrete

3) Wooden
Selection

1) Crushed rock holds dirt and grease and makes it

hsrd to roll or move equipment. It also is

unsuited for shops or livestock facilities.

2) Concrete is easy to clean and is an excellent

base for equipment and tools. It is ctsually

less costly tham wood floors and is excellent

for livestock. However, a person can tire

easily while working on a concrete floor: It

should slope 1/8 inch per foot toward an access

door. A 6-inch floor is recommmded for
machinery use. Other uses require a 4-inch
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7 , . . -
floor. Put down gravel fill before pouring the
concrete to prevent cracking and keep the floor
dry:; (Transparencies VII-1-J and K)

3) Wood floors — Wood floors would be restricted
to human use or in buildings such as pump
houses and well sheds. They are not well

suited for livestock or equipment.

c. Construction procedure -- This will be given for
wooden floors sirnce concrete floors simply require
form construction and pouring.

1) After the foundation and footing have been
laid; place the sill (2x6) on the foundation
and attach with 1/2" anchor bolts spaced six
feet to eight feet apart. Insulation material
and a metal termite shield may be placed

(Transparency VII-l-L)

2) A post and girder must be constructed to
provide support for the floor jolsts. These
girders must be flush with the sill plate to

act as a bearing for the joist. (Transparency

VII-1-M)

3) On the s1ll; lay out the desired floor joist
spacing. These should be 16-inches on center.
(Transparency VII-i-N)

4) Allow for the thickness of the joist material
for header joist to be placed flush with the
outside edge of the sill.

5) Vhen two joists overlap & girder, allow a four-

to six-inch overlap and nail the two joists
together at the point of overlap.

(Transparency VII-i-M)

6) Bridging is then installed to stiffen floor
frames and assist au overloaded joist. This is

placed between the joists. There is diagonal

and solid bridging: (Transparency VII-1-0)

7) Completed structure with flooring applied
(Transparencies VII-1-P and Q)

6. Doors (Transparency VII-1-R)



1)

3)

Siidtng doors -- These doors slide on a metal
track and can be made to fit an opening of
size.

Over-head doors ~- These doors are Cﬁﬁ@bﬁl?
used for garages. They only fit certain.
openings. however, measuring 8; 9, 10; 15; or
16 teet in width. They are usually 7 feet

high. They become difficult to handle if
larger than 10x16 feet.

Walk-throagh door -- These doors are the type
that people encounter everyday when entering or

lecving houses or businesses:. They come in

various sizes ranging from 24" to 36" wide:
Doors are purchased as exterior or interior
doors. Exterior dcors are for exposure to
weather, while interior doors are used inside
buildings. Most of these doors are six feet
eight inches tall. Intericr doors are 1 378-
inches thick while most exterior doors are 1

3/4-1inches thick.

Installation procedure (Transparency VII-1-S)

n

2)

4)

Before installing a door frame; prepare the
rough opening in the stud wall te receive the
frame. The rough opening should be three .
inches ﬁiﬁﬁéf and 2%-inches wider than the size
of the door:; Place cripple studs between the
header and top plate to ensure proper wall
support over the door frame: (Transparency
Vii-1-S)

Set the doorframe in the rough opening.

Interior doorframes are made up of two side

jambs, a head jamb, and stop moldings that the

door closes against. The jamb widths are
usually 4d-inches or Sk-inches. Many door-
frames now are prefabricated; however, ome may

build a doorframe easily.

Once the doorframe is in place, plumb the frame
jamb placing shingle wedges between the side
janb and the stud. The hinge jamb is usually
plumbed with four or five sets of wedges for
the height of the frame. Two 8d finishing
nails are driven at each vedged area. Make
sure tke frazme is plumb and levei in the :ugh

properly. (Transparency VII-1-T)
Door trim or casing is nailed to both the jamb
and the framing studs or header. Allow 3/16
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iﬁbhiéagé distance from the fité of the jiﬁb.
Use 64 or 7d _finishing 6?7t§§1ﬁ§,ﬁ§11§ on the
thick part of the trim and 4d nails on the thin
part. Most trim 18 2k-inch to 3%-inch in
width. Casing with molded trim must have
mitered corners. (Transparency VII-1-U)

To hang the door on the frame, fit the &é&fii

into the frame with clearances of 178" at ths

top and door knob side, 1/16" on the hinge

side, and %" at the bottom. Two 3%-inch by 3%-

inch Ioose-piw butt hingcs are used to hang the
door. The top hinge is placed seven inches
from the top of the door and the bottom hinge
is placed 1l inches from the bottom of the
door. Exterior doors usually have three
hinges. Use a §" chisel to remove wood to
allow the hinges to be recessed in the door and

into the frame. (Transparency VII-1-V)

Installation of hardware such as doorknobs 1s
explained on the packaging of these items.

Asbestos—cenent sheets -- This 1s made of

asbeatos fiber and portland cement. They come

in shingles and corrugated sheets and must be

handled carefully when installing. They are
fire resistant and heat reflective.

Galvanized steel -- This roofing comes in
sheets of varying thicknesses depending upon

the gage of the metal. TVQnty-eight _gage or_

to 24 feet. The amount of gal!anizing (;vo
fach Eﬁétiﬁg) on the surface of the roofing
determines how long it will be before rust
begins to appear. It is preferable to get a
coating of two ounces or more per szguare foot.
This will be stamped on the roofing.
(Transparency Vii-1-X) Be especially careful

vhen selscting metal roofing in order to get

proper provision for overlapping joints to

prevent leaking. Some now have covered drain

channels ahead of nailing ridge to prevent

leaking. Aluminum roofing is also available

and provides for long iife and neat appearance.
Asphalt skingles and roll roofing — This type
of roofing 1s laid so that shingles overlap and
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cover each other to shed water: These shingles
are sold by the "equare" which will cover about
100 square feet of roofing area. These are
most common.y used on farm dwellings: Roll
roofing is made of the same wmaterial but is
more commercial; however, it 1s less

attractive;

4) Selvage-edge roll roofing - Roofing of this
type is coated with asphalt and mineral
granules. It is installed by rolling the
roofing across the length of the roof. Each

successive run should overlap the previous run
by about one-half the width of the roofing.
This will ensure two-ply coverage which gives
more durability and wind resistance: Be sure.

to get the type used with cold cement (mastic).
Selection factors
1) Life expectancy
2) Fire resistance
3) Hail resistance
4) Resistance To heat from sun
5) Wind resistance
6) Maintenasnce
7) Minimum roof slope for application
Installation procedure for metal roofing:

framing. These should be spaced 16 inches to
37 inches apart. (Transparency VII-1-Y)

1) Apply purlins or nailing strips to rafter

2) Cut sheet to length and nail through the tops.
of the ribs using 1 3/4" screwshank nails with

neoprene washers to prevent leaks.
3) The eave should have about a 2iinch overhang.

Installation procedure for square-buti ertip

shingles (3 tabs) (Transparency VII-1-Z)

1) Apply underlsyment (15 1b. asphalt saturated
felt) tc the roof decking (sheathing) by
starting at the eave line and rolling it across

the roof. There should be a top lap of at

least two inches and a four inch sidelap »t all
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ﬂ\

end joints. This 3566!§76§66E the entire roof.

Use roofing nafls or special nails made for

felt to attach it to the roof decking until
shingles can be applied.

2) Attach metal drip strip around edges of the

roof over the felt.

3) Begin starter course of shingles with inverted
shingles. Then apply next course on top of

starter course. (Transparerncy VII=1=AA)

4) Apply courses so that each shingle is breaking
joints om halves. This 1is shown in
Transparency VII=1=AA,

55 Use gulvnnized roofing nails to upply shingles

so that five inches of the course below the one

being applied are showing. (Transparencies

VII-1-AA and BB) The four nails are placed

S/8-inch above the top of the cutouts in the

shingles and loca’ed horizontally with one natl

one-inch from rach end and one nail on the

center 1ine of each cutout. (Trlnsparency

VII-1-Z) A chalk-1ine can be laid to keep the

application of each cowrse straight. This line

would be five inches above the top of the
course below.

6) Ayyly the ridge s\ingles by cutting each tab

of shingle on each side of ;he,ridgg., Agnin. i
use a five-inch exposure. Each nail is secured
Sk-inches from the exposed end.

Student Activicies

The students can construct a small utility building
(8'x12') ueing the procedures discussed in the lesson. It

is suggested that students work in groups of four; but the

number is left to the discretion of the teacher.

Aftervard, these bufldings can be sold.

240 132



TYPES OF FARM BUILDINGS
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ATTACHMENT OF SILL TO FOUNDATION
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POST AND GIRDER CONSTRUCTIONS
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JOIST LAYOUT ON SILLS
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JOIST BRIDGING
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ISOMETRIC VIEW OF COMPLETED FLOORING
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DOOR TYPES
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PLACEMENT OF DOOR FRAME
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TYPES OF RNOFIMG MATERIALS

ASBESTOS-CEMENT 3 :
SHEETS ALUSAINUM SHINGLES

ASPHALY (MINERAL SURFACE)
SHINGLES RCLL ROOFING ROLL ROOFING

TOAHSOAPENCY VT 1-7<W

ERIC : 263




METAL RNOFING TN PPEVENT LFBKR

CAPILLARY _
ATTRACTION
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[NSTALLATINN OF METAL POOFING

___MetaL _Ripce
N AP -ﬁ s =y """

MeTaL Drip
STRIP

MeTAL ROOFING _Z A/

EAVE OVERHANG
2% INCHES

f [ NEGPRENE
f GASKET

[N OPRENE

_

RING SHANK | SCREW SHANK
(Annulary Threaded) | ,

' (Helically Threaded
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APPLICATION OF UNDEPLAYMEMT AMD SHIMGLES
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ATTACHMENT OF SHINGLES
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PLACEMENT OF SHINGLE. NAILS
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INSTRUCTIONAL AREA: Azricultural Mechasics
INSTRUCTIONAL UNIT VII: Farm Structures and Facilities

LESSON 2: Farm Fencing
1. Preparation for Instruction
A. Chjectives >
1. Terminal: Plan, identify, and cosstruct farm fences.
2. Specific: ‘
a&:. Discuss the purpcee »f farm fencing:
b. Select type of fencing matertals to use.
c. Select types and sizes of corner and liae posts.
d. Identify and select fencing fasteners:

e. Determine type of passagewsy to construct in
fancing.
f. Construct & barbed vire fence.
g, Construct a welded wire femce.
h: Comstruct a board fence.
i.  Construct a gate.
j. Coustruct an electric fence.

B. Reviev of Teaching Material

1. Building Fences. Athens, Georgla: AAVIM, 1974.

2. Planning Fences. Athens, Georgia: AAVIM, 1980.

€. Materials

1. Woven wire, barbed vire, treated posts and lumber,
and steel posts

2. Fencing staples and nails

133

LAY

N

&
~




4., Electric fence controller
S. Electric fence insulators
II. Presentation of Lesson

A, Motivation

1. Show pictures and illustrations of poor fencing avd
discuss the inconvenience, time lost; and momey wzsted

in uunecessary repairs and chasing livestock that have
brokea through poor fences.

2. Allow students to tell experiences caused by poor
fericing oractices.
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B.

Content Outline

i.

Purposes of farm fencing:

8.
b.

C.

g.

Establish boundary liues

Control snimal diseases

Crop and grazing rotation

Farm appetrarce enhancement
Livestock and breeding control
Maintain relationship with neighbors

Prevent strayfng of livestock

Types of fencing material:

b.

Barbed vire - - This Eéﬁeiﬁg 1s made of two or more

every 100 feet. (Trancparency V11-2-A)

Woven wire —— This is made of number of

horizontsl wires separated by irands of vertical
vires called stogs. The spacing between the

horizontcl wires may vary from % inches at che

bottom to nine inches at thie top. This type of
fencing {s markete:. in 1ight, medium, leavy, and
extra heavy weights. Heavy weight fencing costs 25
to 5G wArcoat more than lightweight. (Transparency
VIii-i=§)

strips of lumber four to six inches wide natled on

posts spaced eight to 10 feet apart. These are

expensive to build and maintain.

Mesh wire -~ This is stroag and zafe for

confinew=nt of a variety of animals. There is a

diamonu-neih and iquxre-knot mesh wire:. The joints

are stiff and are hird to climb. (Transparency
VII=2=C)

Electriz fence — The purpose of this fence is ro
shock ar animal that touches the ferce so that it

vill st awvay from it. It may be a one or two

barbed vire or woven fence. The strand i5
commecte ' -0 an electric fence controller. This is

economical to construct. (Transpareancy VI1-2-D)

21
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3.

Selection for use:

Catt
1)
2)

Hogs

le
Four or five strand barbed wite

Mesh or board fence

Woven wire with one or more strands of barbed wire

Sheep and goats

Light and medium-weight woven wire

Horoes

1) Woven wire

2) Mesh wire or board fenciug
3) Do not use barbed wire.

Selection of anchor posts and line posts:

a.

b.

Anchor posts

1)

2)

3)

%)

Line
1)

Rosemont design —— Horizontal brace design with
two to three span constraction. The brace
wvires pull over two spans :. ~tcad of one.
(Transparency VII-2-E)

Cross-brace, doubie-span assembly -- This is a
heavy duty design that attaches to & center

post.

Steel diagonal-brace ends — This 1s _
constructed by setting the corner post and the
diagonal braces in concrete.

Braced-line-post assembly —- This in-line

long fencing. This wire provides a pull point
for stretching new fence. (Transparency
Vii-2-F)

posts

Sielection factors

a) Type »f fencing material

# long ome wants the fence to last
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c.

“\

¢) Cost to set posts

d) Kiuds of posts available -- treated wocd,
concrete, steel, fiberglass

2) Height of fence

£) Lightening protection

Installstion:

1)

3)

4)

Lay out fence line by settirp a stcke (6’ ) at

each end of the proposed fence line:
(Transparency VII-2-G)

Have someotie proceed about 100 feet toward one
end with another stake while another person
aligns that stake with the stake at the other
end. Then set stake.

Continue this every 166 feet until complete

Set anchor-and-brace sssemblies -- The asaembly

should be set to a depth of at least three feet
six inches, (Transparency VII-2-H)

Install line posts by stretching cord, wire,

etc. betveen two anchor post assemblies as a

guide line. Space posts 16 feet apart for
voven vire! 12 to 1& feet for barbed-vire

fencest Line-poat depth will depend on the

type of post used.

5. Fencing fasteners (Transparency VII-2-1)

Qualities to consider:

1) Coating — Galvanized-wire fasteners are mcsi

CUtanizfgled in all fencing because they last
@ loug time.

2) Holding cspacity — For woven and barbed wire;
a choice 15 made between U-shaped Ience staples
or L-gt.iped staples. These vary in length and
holding capacity. The staple should be able ro
last a8 long as the post lasts.

Types

1) U-shaped and L-shaped staples

2) Wire clip for use with steel posts
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3) Nails for use in boaré fences — plain shank,
fluted, helicall> .hreaded; aannularly threaded

6. “assageway in fences:
a. Citék (Transparency VI-2-J)

1) Most gates are 52 to 54 inches high and are
usually 14 to 16 fee: wide depending on

machiney width aud use.

2) Gates can be vooden or metal (aluminum).
Alyminum lasts longer but is less durahble znd
more expensive than some wooden gates.

3) 1t is important to construct the vate so it
w11l not sag 2nd to mount all gates to & strong

anchor-and-brace assembly:

) Types of gates are doublz-brace, wood gate-

sreel bracing, wire-steel frame, and aluminum

- —

or steel.
b. Cattle-guards (Transparency VII-2-X)

1) Most cattle guards consist of a pit two feet
deep, 3ix to eight feet wide, and 10 to 16 feet
lung. Concrete or heavy planking 15 used to
support thie pipe or plank grating that 18 put
on top to support traffic acress the guard.

2) Cattle iﬁii&i arc not used when horses are
involved. They can easily iriure a leg.

7: Constructing barbed wire fences:

a. Aiter posts have been installed, attach one end cf
the wire to the end post. Unroll barbed wive to
the next anchor post. (Transparency VI1-2-L)

b. Erect dummy post for attaching wire siretcher.
Thie will allow the tightened portion of the fence
to be attached to the anchor post so that little
extrs alack is there when stretches are removed.
(Transparency VII-2-M)

c. Attach line to wooden post by setting the staple

crosswise to the grain to get better holding powet:

But; do not drive the staple up to <he point that

it crimps or damages the wire. Attach wire ‘o

steel posts using wire post clamps and then bemmer
the steel lug, if present, down over the wire.
(Transparencies VII-2-N, VII-2-0, and VII-2-P)
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Vire spacings down t*° post vary according o the
needs of the user. insparemcy V1I=2-Q)

Wire should be installed on the inside of the posts
or on the side that will receive the most pressure

against it

8. Installing woven wire:

o
.

c.

d.

Make sure fence roll is im proper unrollixzg
position so that the close wesh cad is next e dost
lirpe. (Transparency ViI-2-R)

removing one stay-wire from top to bottom. Put

fence the desired height and stapl« #~ the anchor

post. Extend the end of each line w!-« 1round post

and vrap on itself. Unroll the rest ot fence to

the next post assembly. (Tramsparencies V1I-2-§

and VII=2-T)

reasan as used 1n atretching harbedlwite Actach
two fence stretchexs to the duduy pust and clamp
bar that is fascened to the femce. The clamp bar
should be attached about opposite tl > anchor post.
Tighten fence until 1/3 of temsion curve on fence
i< recoved. Do not over strgtch. (Transpareucies
v [=2-U; VI1-2-V; and Vii-2-w)

Attach oven wlre to pa. . by using scaplea in

wooden posts or post clarits with steel posts.

Add barbed wire on tn= if needed.

9. Install.ng electric fencer

Wire for ciectric fence. is generally smooth:
Novever, barbed wire may be used.

Attasa wire to insulator on end post. {'aroll wire
aliong the length of tha fence. (Transparency
V1 t-2-%)

v te around insulator or by u-ing 4 short length of

Mo. 12 or smaller galvanized wir:. §2-etch wire by

hand to the next insulator. Complete entire fence

{n the sswe fashion.

Electric controllers for tie fence should be hooked
vp last. Three sourcys nf power for centrollers
aze 6-volt batteries, 12-volt batteries; or a

lzc-volt pover lﬁﬁﬁly.f Durcbllity and operation of
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1) Use of approved controller,

23 Good ground rod at the controller;

:4) Maintaining a cl=zan fenca2; and
S5) Providing lightening protection:
10. Installing a board fence

a. After properly spacing and settir the treated
posts, lay treated boards alcng the fence lline.
Tlace 16-foot board at top of first two spans for
measure; then cut to proper length., Rail this
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post to the center 2of the second rost. This xeaps

the joints from beirg on the sam- post:
(Transparency VII~2-7)
¢c. Apply remaining boards im che same manner.
d. Spacings between planks may vary depending on use.
An example of apacing s seer ir Trzasparency
ViI-2=-2.
Suggested Student Activitdes

Se¢ up a designated area around the vucational agriculture

building in which students will comstruct the different
types of fencing mentioned in the lesson:. Ea-h fence

should be 20-30 feet long. The instructor will have to use
digcretion a. to length.



BARBED WIRE TYPE OF FENCING
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WOVEN WIRE TYPE OF FENCING
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MESH WIRE TYPE OF FENCING
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ELECTRIC FENCING
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MEASURE LINE PLST
SPACINGS WITH A GAGE

POLE.

INSTALLING WOOD LINE POSTS

GUIDE LINE

UINE POST SPACE

SYRETCH CORD OR BARBED
WIRE BETWEEN ANCHOR POST
ASSEMBLIES FOR A GUIDELINE;

|
!
!
!
— !

— et —
s

GAGE POLE |

|
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B
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- J—— —;}

WMLRK CADUN
- UNE WITH
;' CRAYON
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FERCING FASTENERS

FLUTED SHANK

R

SCHEW SHANK

: ,

ANNULARLY THREAZSD

TRANSPARENCY Vii-Zz-1
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TYPES OF GATES
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TYPES OF CATTLE GUARDS
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CONSTRUCTING BARBED WIRE FENCING

Q TRANSPARENCY VII-2-L
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USE OF WIRE STRETCHERS
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ATTACHING BARBED WIRE TO POSTS

SET STAPLE CROSS-WISE OF ARAIN

THIS WAY * NO

} ] ! i

TRANSPARENCY VII-2-H
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ATTACHING WIRE TO STEEL POSTS

- 1 . i;\
B T (e g A i
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ATTACHING WIPE TO STEEL POSTS WITH LUGS OR TABS
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41PE SPACING FOF BAPBED YIPE FENCING
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LAYOUT FOR WOVEN WIRE FENCING
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ATTACHMENT GF YOVEM WIRE TO END POST
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WRAP WIRE .
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ERECT DUMMY POST FOR ATTACHING STRETCHERS

STAND FENCE AGATNST LINE pOSTS
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STRETCHING WOVEMN WIRE

5TRETCHER®
CHAINS

I\TTACH CHAIN OF STRETCHERS TO DUMMY POST:
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ATTACH CLAMP BAR TO FENCE.
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STRETCHING WOVEN WIRE

ot

) f‘;(}/mw BARN
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ATTACH RATCHETS TO CLAMP BAR: =

__BEEORE

| STAETCHING ||

STRETCHED

STRETCH UNTIL ONE-THIRD OF THE

TENSION IN THE CURVE 1S REMOVED:
TRANSPARENCY Vi1=2-W
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ATTACHING WIRE TO INSULATORS
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LAYOUT AND MARKING OF ECARD FENRCING

FENCE LINE

N

-

WITH_OUTER_EDGE OF
END POST
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) FT. BOARD - EVE! HIRD FosT ~
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PLACEMENT OF BOARD FENCING

AT CENTER
GF POST

Diamonp PANEL
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‘3.

INSTRUCTIONAL AREA: Agricultural Mechanics

INSTRUCTIONAL UNIT Vii: Farm Structures and Facilities

LESSON 3: Farm Painting

1. Preparation for Instruction

A. Objectives

1.

2.

Terminal: Demonstrate proper painting procedures:
Specific:

a. Discuss the importance of painting unprotccted

b. Describe the different types of paints.
¢. Determiue the amount of paint needed.
d. Explain the brush painting process.

e. Name the items of equipment rieeded for spray gun

painting.
f£. 1dentify the parts of a spray gun.
g: Discuss two types of spray guns.
h. Explain how to select spray gunms.

{. Demonstrate uses of the spray gun:

'§. Describe the process of cleaning a spray gun:

B. Review of Teaching Material

i:

2.

Wakeman; T: J.; and V. L. McCoy. The Farm Shop. New

York: MacMillan; 1960.

riculture Curriculum. Vocational

Instructional Services Center, College Station,
Texss: Texas A and M University; 1978.
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11.

C. Special Arrangement

1. Arrange for sev
paint as class

s

eral tractors or equipment items to

xercises.

2. Secure appointment with local equipment dealer or

automotive body
painting proces
D. Materials required
1. Paint brushes
2. Spray paint equ

3. Paint

A:; Motivation

Discuss the need fo

equipment by paintt

repair shop to observe the spray
S.

ipment

r protection of farm building and

ng.
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B.

Content Outline

13

Importance of painting unprotected surfaces:

a. Protection from decay, corrosion; and wear

4. Improve the appearance of buildings and equipment
Types of paint:
a: Enamel -- This is used mainly for inside woodwork.

b. Rubber-base -- Paints of this type mix with water

and have replaced many oil-based paints.

c. Outside paint -- This paint is generally an
oil-base paint which includes different types of
pigments and oxides to provide different types of
protection such as mildew resistance and rust
inhibition.

d: Aluminum -- This type paint is needed on metal

following application of red or blue lead paint.

It prevents bleed-through.

entering masonry walls:
Determine amount of paint needed

a. Most quality paints will cover 45 square feet of
surface area per gallon. This varies, depending on

how thick it is applied and the condition of the
material being painted.

b. Calculate total square feet of building or

structure to be painted. This is done by

m:1tiplying height by width of surface. Total up

all calculations for #MN_surfaces and divide by the

recommended coverage listed on the paint label:

This nunber will give the number of gaiions of

Steps to ﬁéiﬁtiﬁé
a. Prepare the surface
1) New surfaces — Sﬁdbtﬁ tiié surface and wipe _

primer on both metal and wooa surfaces.
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B.

2) 01d surfaces -- Remove as much old paint as
§§§§1515 by scraping or sanding. Make all )
repairs on machinery before painting. On wood

soap and bleach rolution to kill any mildew
present.

Brush painting

1) Hold paint brush with the thumb placed over the
small part of the brush handle and {ingers on
the large part of the brush.

2) Dip about one-third of the iength of bristles

into thke paint.

3) Remove excess paint from the brush by wiping

one side against paict bucket.

4) Apply paint in long sweeping strokes ir the
gsame direction to form z thin uniform film over
-the sutrface.

Spray gun —- Suction or pressure type
Air compressor
Paint preesure tank

Air hose of proper strength

Nonbleeder-type -~ With this type, air flow is shut
off when the trigger is released. Air and paint
are controlled by the trigger.

Bleeder-type -- The air flows constantly through
this gun. Paint flows tarough the tip when the
trigger is squeezed.

Spray Gun Parts (Transparency Vii-3-A4)

Air czp -- This controls the spray pattern.
Fluid tip — This is - nozzle that paint passes

through to enter into the stream of air. Tt is
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permits paint to flow or stops the flow.

Trigger -~ This controls the needle action in an?
out of the fluid tip.

Pluid-needle adjustment screw -- This reguiates the

controls the passage of air by trigger movement.

Spreader valve -- This vaive controls the air fle

to side holes located on the air cap.

Selecting a spray gun

Nonbleeder guns are used with a tank in which air

is regulated to a constant pressure. Bleeder guus
are used with a continuous-running compressor.

A pressu-e-type gun wili spray paints heavier than

light enamels and lacquers; most painting will

require 30-50 pounds of pressure.

Internal mix nozzles are used with pressure

equipment and slow drying paints.

External mix nozzles are operated efther by suction

or pressure. They can be used with heavy or light
reints,

of Spray Gun

Prepare the surface, naking sure that areas not to

be painted are covered.

Use a respirator or mask to prevent sickness or

injury from excessive fumes.
Mix paint

i§ Adding a thinner to pxint prevents running,; but

also reduces the thickness of the paint film on
the surface of the object. This means
application of additional coats is essential.

2) Strain paint through an old pair of pantyhose

or commercial sttainer before spraying.
Adjust gun
1) Open spreader adjustment valve.
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Alr cay or alr nozzle
. Fluid tip

F.aid needle

. Trigger

Fluid adjust screw

Alr valve

. Spreader adjustment valv
. Gun body
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2) Open fluid needle screw -~ one thread showing:

3) Check for alr leaks #nd COhnect hose to cup.

4) Remove atomizing nozzle 404 press trigger until
paint comes out. .
5) Replace the nozzle and sel the pressure.

e. Proper distance is six to e18kt fnzues from the
surface. Approxiszste the distance by placing your
thumb on the nozzle znd strefChing fingers to the
surface. (Transparency V1I-3-B)

f. Hold gun parallel &0 surface @ad in & vertical
position. Overlap sbouild be 8bout 50 percent of

each previous lep on the rurf3ce, Pull the trigger
iust after strokes beging and_Felease just pefore it

ends. (Transparency Vi1-3-C)
10. Proper cleanivg of spray gun:
&, Use good sclvent or paint thifter,
. o . T . o
b. Clean cup with solvent, fills and blow through the
gun with cowpressed air;
c. Clean nozkle parts in solvent:
d. Wipe clean and remove excéss 5oivent.
C. Suggoestsd Student Activities
1. Por brush painting, secure permifSlon from Community
pecple for students to paint shed®, smgll baras, pump
houses, etc.

pacple 4o the community for studebls tp paint using a
spray gun.




INSTRUCTIONAL AREA:

Agricultural Mechanics

INSTRUCTIONAL UNIT VII: Farm Structures ah&\?aciiitieé

LESSON 4: Farm Water Supply

1. Preparation for Instruction

A. Objectives

1:

Terminal: Identify and describe planning and imple-

mentation procedures necessary for water supply and
sewage disposal on the farmstead.

Specific:

Discuss the idiportance of a tié;h water supply.
Ident1fy the components of a water supply system.
Identify the sources of water for the farmstead.
Determine the need for water conditioning.
Determine the required pump capacity:

List the types of water pumps available.
Determine the type of pump tc use.

Discuss types of water storage systems on the

¢

Discuss the importance of septic tanks.

Describe the operation and comstruction of a septic

tank.

Describe the proper size and placement of septic
tanks.

Discuss the three purification methods for sewage
discharge.
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A.

Review of Teaching Material

Planning for an ihdiviauai vater éyéteﬁ. _Athens;, Ga.;

Special Arrangements

Contact the local dealer handling weii pumps., ‘Arrange

date for him to bring some pumps to the class and show
each type operates.

Materials Required

1. Poster board

2. Colored pencils or pens
Motivation

Discuss the necessity of pure water that is readily

how

available to the farmstead. ~Illustrate the various ways

water is Importanmt to vegetable gardens, crops, liVestock

and humzns;

g
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B.

P

Content Outline

L.

imﬁbttéﬁté of water supply:

a. Sanitation in the farm dwelling,

b. Saves labor and time;

c. :ncreases production for all livestock;
d. 1Increases vegetable production; and

e. Fulfills huran needs:
Components of the water supply system:

a. Water source,

b. Water pump, o

t. Water storage tank,

d. Distribution pipe, and

e. Water-treatment equipment.

Water Sources

a: Drilled well == This type of well i{r usually 4-8
inches in diameter and has been ¢ncased with a

steel casing to prevent soil from caving in and

filling the hole. The water supply is usually

adequate. (Transparency VII-4-A)

b. Dtivéﬁ ﬁéll - A driven well 1s used when thé
gravel 25-100 feet below the gurfacg A l%-Z inch
pipe 18 driven into the ground until it is below
the the water level. The amount of water for any
one well of this type is limited.' (Transparency
V11-4-B)

c. Dug well -- This type well is usually 3-20 feet in

diameter and less than 50 feet deep. It is deep

enough to get below the water level: The sides are

cased with tile, stone, or brick:. (Transparency
VII-4=C)

d. Bored well == This well is made with an earth
auger., It 18 usually 8-14 inches in diameter and

less than 100 feet deep. ,Cgsing,is also uscd in
the well. Transparency V11-4-D)

€istern -~ This 1s aimply a uatertight. under-
gtound reservoir used to store runoff water from
buildings. (Transparency VI1-4-F)

nl
.

Determine the need fo; water conditioning -- Water

sﬁﬁﬁlies way. contain minerals, acids. or fbrcign matter

-



Hardness -- This 1s probably due to the presence of
calcium and magnesium. Aluminum and iron also

contribute to hardness. This can be controlled by

imstalling a water acftener that operates oz &

reverse osmosis process and has an activated-carborn

[N

filter that removes large particles iirst.

Servicing is required every one to three years.

b. Red vater — - Red vater is a Syﬁpt0m of too much

iron in the wvater. It creates hard-tb—remove
stains cn plumbing fixtures. It can be controlled
by ueing phosphate feeders, ion-exchange units,

an oxidizing filter, or chlorinator and filter

units: These are installed in the water supply

iinc before the water gets to the storage tank to

prevent the slime and discoloration from getting

into the system.

c. Brounish-bla.k ther -~ This ts indicative of

manganese in the water. 183 manganese particles are

present, they can frequently clog lines. Control
for this problem is the same as that for

d. Acidity —— Acid water tends to be corrosive to

metal parts.: In addition; 1f acid is present, it
will prevent complete removal of dron. Acidity can
be corrected by installing a soda-ash feeder or a

neutralizing tank. The soda-ash solution must be

réplenished every two to three wecks: The
neutralizing tank uses limestone and should be

checked annu&lly.

e. Off flavor -- = There Bay be a rotten-egg odor or
taste to water as well as the taste of chlorine or
tron: It is not usually hazardous but can be
undesirable for drinking or cooking. This most

common connertion proeedure is installatiov of a

5. Pump Selection:
a. Determine capacity of pump
1) Household uses (Eraﬁsparenéy VI1-4-F)

a) List all hone uses ;nd peak demnnd

‘b) Totat demand for all household uses. ¢

{ |
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2) Irrigstion, cleaning, etc. (Transparency
Vii-4-G)
a) List all lawn,; garden, and miscellaneous
uses and the wvater demand for each,
b) Determine which uses are competing for

vater at the same time,; and
¢) Determine demand allowance for the pumps.
3) Watering livestock and poultry (Tramsparency
V11-4-H)
a) List all of the watering units one has in

gse and the demand for each, and

b) Determine demand allowance for the pump for
liveicock and poultry watering. -
4) For all combinations
a) Determine which use requires the greatest
fixture flow for all three types of water
demands.

b) Substitute fixture flow figure of a

particular sppliance or piece of equipment
for its demsnd-allowance figure if it is
larger.

¢) Deternine pump capacity needed by adding
all demand allowances and fixture flou

figures. This capacity should be in
gallons per minute (gpm). Fump selection
would be based, then, on how many gallons

per minute 1t can pump. (Transparency
Vii-4-1)

6. Types of Pumps: (Transparencies V1I=4=J and VII-4-F)
a. Plston pump,
b. Centrifugal pump,

c. Céﬁtfiiﬁﬁii:jét putip, and
d: Turbine pump.

7. Factors in Selecting the Type of Pump to Use

a. Depth of water

| 151
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1) If the water level nevers gets lover than !5 to

25 feet below the pump, use a shallow-well
pucp.

2) 1If the water level is more than 25 feet below
the pump, selection is made from z variety of
pumps.

Well Size

1) This is a problem most pronounced in deep-well
installations: Wells less than 4 inches in
diameter may create problems if large amounts
of water are needed. However; a deep-well B
piston pump can be used in a well as small as 2
inches in diapeter.

7) Jet pumps .an also be used in wells as small as
2 inches in diameter. -

Pressure range needed for adequate service

1) Most pumpe are designed for 20~40 psi pressure

range. The pump cuts on when pressure goes to
20 psi and curs off when it reaches 40 psi. '

2) A higher pressure range of 30 to 50 psi or 40
to 60 psi is recommended in many cases where
demand is great on one pump. Also: since 8o
waay appliances and items of equipment require
vater on a farm, many recommend a higher
pressure.

Height water is lifted above pump
1) 1f the highest water outlets are no more than
20 feet above the pump, no extra considerations

are necessary for pump selectfon.

2) 1f a shallow-well pump 1s more than 2C feet

below the highest water outlet; this must be
considered. This may require a heavier pump-
and-motor combination to get water tn all the
outlets. The same 18 true with n deep-well
pump.

Pump location -- This factor deals with whether or

not the pump can be offsct from the well or water
source; that is, can the pump be set away from the
well or must it be pisced in the well?

1) Shallow-well pump can be offset if...
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a) Pipe size is ample between the water source
and pur ; and
b) Total height between water source and pump
is within suction limits of the pump.
2) A deep-well jet pump can be offset.
3) A submersible pump must be placed in the well:
The storage tank can be offset.

Pump durability and effictency

1) Durability is dependent on proper pump
selection and maintenance and on not

overloading it causing it to burn out.

2) Overall pusp efficiency decreases rapidly at
greater depths.

Dealer Service

1) Help select a pump that best fits the needs of
the farm.

2) Supply emergency parts and service for ttie pump
when needed.

Types of Water Storage Tanks:

Elastic pressure cells -- A metal cylinder
with a 3-gallon capacity and an ¢ astic liner
inside that contracts to force water out when

needed. (Transparency VII-4-L)

Pressure tank -- Pressure tanks operate by
compressed air forcing water out as needed. Water

18 put into the tank until the air 15 compzessed to

a point of 40 psi and the pump shuts off. When
viter use is started, the tank is empticd until it

reaches 20 psi pressure. The pump then cuts back
on to fi11 the tank. (Transparency VII-4-L) _

Gravity tank —- A gravity tank 1s located well
above the level of buildings. Préssure is produced
by gravity. The higher the tank, the greater the

pregsure. (Transparency VII-4-M)

Reservoirs —- These are simply storage areas for

vater that provide no pressure in and of them-
selves. A second pump is used to pump water to the
demand points from the reservoir:. (Transparency
Vii-4-M)
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9. Septic Tank — In zural settings, septic tanks are
essential fpr sanitation and convenience cn the
farwstead.

a. Septic tanks help the decomposition of components
in rav Sewage wastes.

b. Raw sewage consists of water and settleable solid
raterials.

c: The settleable solids are called organic materials:
When they settle to the bottom of the tank they are

called sludge:

d. The lighter organic matertals rise to the surface

and are referred to as scum.

¢. The sewage that is not decomposed by the bacrerial

activity must be removed manually. This requires
periodic cleaning.

The liquid content (effluent) of the septic tank is
percolated into the scil and passes into natural
water tables under the surface. Avoid discharging
large amounts of water into the septic tank, as
this tends to flood the tank and forces solid

- material into the purification unit:

Lo Y
.

10. ConAtruction of the septic tank: (Transparency
Vii-4-K)

a: It is usually made of concrete 6 to 8 inches thick
and reinforced with steel bars. Septic tanks are
longer than they are wide with a minimum width of 2

feet 6 inches and length of no less than 5 feet.

b. Inlet and outlet inverts are made of a long-turn
sanitary tee that must be cast into the concrete
sides of the tank. The invert shculd extend not
more than 15 4. ~hes into liquid content of the

tank. This allows incoming sewagc to be emptied

into the tank below the scum line.

c. Inverts should be placed at least four feet from

the bottom,

d. The bottom of the tank should slope to one low

point. This helps gather settled materials in one

piace and sirylifies removal.

. A manhole cover must be a part of the tank and _
extend a few inches above the ground surface. This

mathole is necessary for cleaning; inspection; and

repair of the septic tank. It should be noted that
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11,

12;

13.

after long months of use, harmful and dangerons r 4
gases accumulate in the tank. Therefore, the
nantole cover should be removed several days prior
to cleaning the tank. This will ensure plenty of

-l Y ~—— - - o fry.s
ventilation while a person 1s werking in the taak,

Size of § tic Tank:

For a fami of six people, the septic tank should te

no less thas 2 feet 6 inches wide, 5 feet long; and no

less than 4 feet deep. For larger families, it is a

coumon practice to allow 5 to 6 cubic feet cf tank
content per person.

Location of Septic Tank

a. A taok should be locatesd not less than 20 fesr from

a cased well;

S; Care should be taken not to locate it close to

windows or doorways because of unpleasant odors

that are likely to enter a structure.

¢. Soil most favorable for disposal of effluent is a

sandy type. The tank must be installed close to

the surface of the soi; 80 the bactarix can thrive;
vhich aids in oxidation of the effluent for mora
rapid purification. . 3

Purification of discharged effluent:

a. Dry-well -- A dry well is a hole in the ground )
curbed with material to allow the effluent to leack:

into the soil. It has low puriffcation efficiency

and 18 used primarily a2s a leaching or distributing
unit. Dry vells are ususlly located more than 1CG
feet from any ue‘l ar water source. It iL normxiiy

ground. (?ranaparency V11-4~0)

t. FPilter Trenck ~- This iz an efficient puritication
unit and should be located close to the soil

surface. It consists of a ditch 4 to 6 feetr éeep
with the bottom at a slight slope: Common 4 ¢ 5

{nch drain tile 1s placed in the trench to suvve as

a collecting line. The end must bz extended

vertically above the soil surface. This allows for

circulation of oxygen, ?hich is iﬁﬁ&ifiﬁt. The

suspended ﬁifé?;@liiggo nitrogen compounds. A
distributing line from the septic tank is laid
directly over the collecting line. The length of
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tile is estimated at a rate of 10 feet per perscn
contributing to the tank. (Transparency VII—4-P)

c: Distribution ?ield — This type of purification

uses the ground as the means of purifying the

discharge from the septic tank. This is useful

when the soil is sandy, gravel; or sandy loan.

It consists of open-jointed tile lires of nc less

than &4 inchesa in diameter. There fs a main line

. with branches running off at 65 degtee angles. The

fresh air vents at the ends that extend about &4
inches above ground level. For gandy soil, allow
30 feet of tile per person or 50 feet for soil

other than sand:

C. Suggested Student iiii@iiiéﬁ

1. Students can draw diagrnmsitiiusgggtiggg on poster

board illustrating how a septic tark and its
purification system works.

5. Students cay: give reports on the different types of

pumps using a basic poster board drawing of the punp.
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PEAK DEMAND ALLONANCE FOR HOME USES

TuB AND SHOWER

2 LavaTorRIES (.5 GPM EACH)
TOILET

KITCHEN SINK

D1SHWASHER

CLOTHES WASHER

BEMANB QELOWANCEA— SED

AL, PER MIN,
2.0
1.0
.75
1.0
.5
2.0

TRANSPARENCY VII-4-F
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DETERMINE THE DEMAND ALLOWANCE FOR THE PUMP
 DemanD.
ALLOWANCE

GPM
LAWN OR GARDEN IRRIGATION _
(1 SPRINKLER 2,
2.

vl

AUTOMOBILE WASHING )
ONE CLEANING-HOSE USE S
(FLOOR CLEANING) 5.0

ToTAL 16.0

TRANSPARENCY VII-4-6




DETERMINE THE PUMP CAPACITY NEEDED FOR
WATERING LIVESTOCK AND POULTRY

DEMAND
AEEOWAHCE
GPM
FOUR WATERING SPACES
(.75 GPM EACH) 3,00
40 HoS, OPEN HOUSING;
TWO WATERING SPACES
(.15 GPM EACH) .50
° 1,000 LAYING HERS, FIVE
WATERERS (;12 GPM EACH) .6(

TRANSPARENCY VII-4-H




DETERMINE WHAT CAPACITY PUMP 1S NEEDED
INDIVIDUAL FIXTURE FLOW RATE

HOME ONLY

TUBE AND SHOWER 8.0
2 LAVATORIES 1.0
TOILET .75
KITCHEN SINK 1.0
DiSHWASHER .5
CLOTHZS WASHER 2.0

PEAK DEMAND ALLOWANCE
HoME, IRRIGATION AND CLEANING
TUB AND SHOWER 2.0

2 LAVATORIES 1.0

TOILET .75
KITCHEN SINK 1.0
D1SHWASHER ;

CLOTHES WASHER 2.0
LAWN OR GARDEN IRR. 2.5
AUTOMOBILE WASHING 2.5
1 CLEANING-HOSE USE 10.0

TRANSPARENCY VII-4-I

. 330




TYPES OF PUMPS

Piston Pump

Centrifugal®*

TRANSPARENCY VI1-4-J
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TYPES OF PUMPS

Shallow-well
Turbine

TRANSPARENCY VII-4-K
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TYPES OF WATER STORAGE TANKS

PRESSURE CELL

- COMPRESSED !

AlIR '
= Sf'
: ~ Ef

WATER
_ LEVEL 1
AT 20 LBS |

(R R——

......

TRANSPARENCY VII-4-L
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TYPES OF WATER STORAGE TANKS

GPAVITY TANK




CROSS=SECTION OF SEPTIC TANK

Top ViEW
] MANHOLES
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A DRY WELL FOR PURIFICATION
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A FILTER TRENCH FOR PURIFICATION
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A DISTRIBUTIUN FIELD FOR PUPIFICATION
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INSTRUCTIONAL AREA:

Agticultural Mechanics

INSTRUCTIONAL UNIT VII: Farm Structures and Facilities

1. Preparation for lnstruction

A. Objectives

i. Terminal: Set up and operate a farm level.

2. Specific:

a.
b.

C.

g.

B. Review

Describe the uses of the farm level.

Identify the parts of the farm level.
Demonstrate the procedure for leveling a tarm
level.

Demonstrate the use of the target rod.

Deacribe the process of staking out a building

foundation.
Describe the process of staking out fence lines:.
of Teaching Material

1. Basic Vocational Agriculture IV. Coliege Station,

Texas, Vocational lnstructioual Services Center;
Texas ASM University, 1978

7. Phipps, L. J. Hechanics in Agriculture. Danville;

111.: The Interstate Printers and Publishers,
1977.

Contact a local farmer to gain permissfon to conduct

differential leveling on his farm.

\T



1I.

Materials required

Farm levels
Philadelphia rod

Record books for field notes

Presentation of Lesson

A;

Motivation

.

Discuss importance of leveling and squaring technique

in building construction.  In addition, farm levels

assist rice farmers in marking rice levels.

i
t

Allow students to go outside of vocational agricultural

building and lay out a 20 ft. x 20 ft. square for a

building foundation without the aid of a farm level.

Check squareness. Following this, the instructor will

do the same thing with the aid of the farm level,

emphasizing the difference in precision gzined when
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B. Content Outline ' :
1: Use of farm level: . -
a. Staking out fence lines,
b. Farm pond layout,
c. Layout of water control and drainage system, and .

d. Staking out building aud structural foundation.
2. Parts of the farm level:
a. Turret type (Transparency VII-5-A)
1) Turret
2) Telescope tube
3) Graduated circle
4) Leveling plate
5} Siide screw
R) Slide tube
7) Leveling head
8) Tripod head
9) Leg bolts
10) Boss
11) Leveling screws
b ,;-i:i‘EiiiEi type
1) Telescope
2) Level tube
3) Graduated circle
4) Index arm
5) Base plate
6) Tripod legs

7) Slide screw




8) Slide tube

9) Leveling screws

Setting up the farm levei:

a.
b.
c.

d.

f.

Spike one tripod leg into the ground.

Turn telescope over spiked leg and one other leg.

The second leg should be spiked into the ground,

adjusting it until the bubble is visible in the
level tube.

the ground and adjust until bubble is visible in
the tube.

Tighten leg nuts on all tripod legs.

Leveling ~he farm level: (utility type?}

a.

[« 2l

Place telescope over two diagon»liy opposite

leveling screws. Turn the screw an ¢qual distance

in opposite directions to center the bubble in the

Turn the telescope over the other two diagomally
opposite leveling screws and repeat the process.
Repeat the process several times until the bubble

remaing in the center of the tube.

of target rod:
Types

1) Philadelphia Rod -- This rod ts graduated in
feet, tenths, and hundredths. tt has
extensions so more height can be read.

2) Architects Rod -- 1t has graduations just as
the Philadelphia rod but is much lighter and

shorter; It also has extensions.

3) Self-Resding Rod -- This is used primarily for

surveying land, runntng change lines, and soil
conservation jcbs’

The rod is iised to measure elevation or heights of

objects compared with the height of the instrument;



Grades are established by moving the target rod

over the ground. When the grade is higher, lower

nuzbers will be read on the rod and the opposite is
deo Yassaw

trae when the 5x3ué 18 ilWer.

A rodman stands behind the rod and holds it in a

vertical position. It should be placed on firm

ground aid not in a depression or & rise on the
ground surface.

5. Staking out a foundation:

a;

Rectangular foundation (Transparency VIi-5-B)

1) This operation must be done from an established
line such as the side of a building, a road, a
property line; or other reference line. This
is 1ine ASB:

2) Locate the point representing the lateral side

limit for a front corner {c) of the structure.

3) Set up level ut point € and sight to point E.

larn the telescopé 90° and estabiish point D; a

4) Move instrument to point E. This is a greater
distance along AB than the {niterided length of
the structure. Sight back at C, turn tlie
telescope 90° and set a stake at point F.

Point F should be the same distance from AB as
D. Therefore, €D equels AB.

markiﬁg off the length of DG along line DF.

#) Retiith the instrument to poimt C. Sight point

I, turn the instrument 90° and sight along this
line to establish H, a rear corner of the
building.

7) Move level and set up at G, sight D, and swing
the telesc:pe 90°*. Identify 1, the other rcar
corner of the structure.

8) To chieck work, measure IH. It should te equal
to DG.

Irregular shaped structure (Traneparency V11=5-8)
1) Lay out main rectangle first.

2} Small rectangleés are then laid out:
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3) Points and messurements should be checked on
all rectangles.

Setting up batter boards

1) Eéttét Ebatdg are ﬁbriibntai Sbérag fégteﬁea to

proposed structure. They will be used to mark
the outline of the building. (Tramsparency
vii-5-C)

2) Staxe out cormers as located in above

procedure. Drive a nail in the top of each

stake to indicate the outside line of the
foundation walls.

3) Three 2x4 boards of suitable length are
driven at each location about 4 feet beyond tie
lires of the function. The 1x6 boards are
natled horizontally so the tops are level.

4) Hold some stout twine over the tops of opposite

boarde at two cormers and adjust it so it is

exactly over the nails in the corner stakes at

either end. Fasten rtring to batter boards:

Be sure to mark the srring location on the
batter boards so they can be replaced ezsily if
broken. (Transparency VII-5-D)

Staki ing out a fence line (ftéﬁéﬁétéﬁty VI1=5=E)

as

Set up the instrument with the plumb bob bisecting
a corner stake of a completely new fence. Point
telescope in the direction of the fence line; and
place the graduated circle at zero degrees. Align
all stakes with the vertical crosshair.

When all stakes are aligned in one fence live, turn
the telescope 90°. This will be the other proposed
fence line that will intersect at ;he corner.
Align stakes with the telcscope and wcasure the
distances with a measuring tape.

bifferential leveling (Transparcncy VII=5-F)

bifferential leveling is used to determine the

relative differences in elevation ar differcnt

points on a farm; This is useful in running

drainage lincs and constructtng sotl conservation
structures. Permanent, known elevation points are
called bench marka. A bench mark can be a boulder,
concrete slab,; or sowmeé other pernnnent spot.r Tt s

used as a reference point to determinc elevation i



o

o]l
.

unoknown points. In most farm surveys, the

elevation of the first bench wark 15 assumed to be

relatlon to this bench mark.

Set up the instrument at a distance away from BM-1

toward BM-2 not farther than 350 feet. The level

should be located near the center of two readings,
BM-1 and TP-1 for example. (Transparency VII-5-F
and VII-5-G)

Take a reading on BM-1 and record it in the field
fiotes (Transparency VII-5-H) to be carried with the_
reader. This reading 15 called the backsight:

This is added to the last known lieight to give the
elevation of the line of sight, called the height

of the instrument (RI).

The next reading is taken at TP-1 where a temporary
stake is set. It is called a foresight (FS). It
is of unknown elevation and subtracted from HI.
‘hxs now becomes a known elevation and ~he
instrument 18 moved between TP~1 and TP-2 to take a

backsight on TP-1,
This survey 18 continued until the last FS is taken
at BM-1.

the final reading and the assumed elevation of BM-I
at 169 feec. This allowable error is determined

by:

Allowable error = .014 times the square root of the

lengths of the traverse in fee: divided by 100.

Examples are shown in the transpareucy.
(Transparency VIT=5-H)

1) Record a descriptive title at tho top of the
first page for each job.

2) Use 3H or 4H hard lead pencil. Never use ink.

3) Information should be filled in immediately,
accurately, and neatly.

4) Put all {nformation ia the prop:r column and
row.
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Suggested Student Activities

1. Arrange for a field trip to a farm to do an exercise
differential leveling. This may be arranged to

coincide vith a need a farmer may have in this area.

2. Provide students with equipment to lay out a simple
rectangular structure and an irregularly shaped
structure.

164
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TURRET TYPE
A CTURREY
1 - TELESCOI'E TUBE
¢ - GRIADUATED CIRCLE
D - LFVELING PLATE
. - SLIVE SCREW
F - SLIDY TURE
G - LEVELING HEAD
It - TRIPOIF IIEAD
I = LEG BOLTS
4 - TRIPOD LEGS
K - BOSS
S . LEVELING SCREWS

A= 1 LERCOPE — o
R - LEVEL TUBE < R
¢ = GRADUATED CIRCLE

D - INDEX ARM /

1) = BASE PLATE / \
I - TRIPOD LEGS ;

G - SLIDE SCREW / \
i - SLIDE TURE pr )1 :
S - LEVELING SCREWS W 47

TRANSPARENCY VI1-5-A 77/ i
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LAYOUT OF A SIMPLE RECTANGLE

r
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LAYOUT ON AN IRREGULARLY SHAPED BUILDING
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' 25 773
] ///////////; %t [}
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LOCATING OUTLINE OF STRUCTURE

BATTER

,7 . ~ — B ~ — _ — - - ;77
- oL T
ST T — i Se
~ T —— =N
N :m\\
OUYSIOE LINE OF
FOUNDATION wall

TRANSPARENCY VII-5-C




FINDING OUTLINE CF STRUCTURE
USING BATTER BOARDS

NOTE Line¢ Of Tazavarion a-
LEAST 120" OUTBIDE wai(

~GUTHOE Line_oF
. FOuNDATION " walL .
~ i

- —— - — - .
DIAGONALS Amr roua N

Lo ARE EQuar _
'F 8UILDING s SOUAQ%

TRANSPARENCY V11-5-D



STAKING OUT FENCE LINE

COMPLETELY NEW FENCE

bpienie:
. I’
R

RIGHT ANGLE TO AN

OLD FENCE | o

TRANSPARENCH VI1-5-E
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DIFFERENTIAL LEVELING

-

TRANSPARENCY V11-5-G
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INSTRUCTIONAL AREA: Agricultural Wechanics
INSTRU' TIONAL UNIT Vil: Farm Structures and Facilities
LESSON 6: Farm Plumbing

1. Preparation for Instruction
A. Objectives
{. Terminal: Measure, cdi; and join plumbing pipe:
2; Speciftc:
a. ‘dentify common plumbing fittings and pipe.
b. Identify common plumbing tuols.
c. Identify types of plumbing pipe.
d. Describe hiow to select plumbing ripe.
e. Demonstrate how to measure plumbing pipe:
f. Demonstrate the tachuique for cutting plumbing
g. Demonstrate the process of threadlr - galvanized and

black pipe:

h. Demcnstrate the technique for flaring copper
tubing.

. vescribe the process of soldering fittings onto
copper tub ing.

j. Demonstrate cutting and joinicg plastic pipe.

8. Fiview of Teaching Material
i. Basic Yocational Agriculture III. Coliege Station;

Texas: Vocational Instructional Services Center,

Texzs A & M University, 1978.

2. Phipps, L. J. Mechanics in Apriculture. Danville,
I111.: The Interstate Printers and Publishers,
Inc., 1977.
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C. Special Arrangements

1. Prior arrangements for a field trip to a local plumbing

store to observe the varfouc tools, equipment, and
supplies.

.2. Obtain galvanized or black pipe, copper tubing, and
plastic pipe for class Q;étpiseéf 77777 Also, obtain the
pipe.

I1. Presentation of Lesson
A, Motivation

Use examples of poorly meatsred, cut, and joined pipe to

1llustrate the importance of this work being done properly.

(A
Xrgen




B. Content
1. Plumbing fittings:
a. Pipe fittings are used to...
1) Connect pipe,
2) Change the direction of pipe;
3) Redice the size of pipe, and
: 4Y Plug pipe.
g% are made for all types of

n
4
e

Pipe fitt
plumbing

pipe:

b. Type: of fittings (standard) ({Transparency

i) Tee
2) 90° el
3) 45° ell

4) Coupling

5) Cross

6) Grounéd-joint Union
73 Reducing tee

8) Reducer

9) Pipe cap

10) Plag :
11) Close nipple

12) Short nipple

12% Long nipple

1) 90° Reducing ell
15) 3J0° Street ell

1

11}

16) 45° Street

17) Bushing




18) Tank nipple

19) Extension pilece
20) Floor flange
21) Drop-ear ell
22) Street tee

c. Pipe fittings for copper, cast iron, and plastic
pipes are shown in Transparencies VII=6-B and C.

2. Plumbing tools: (Tranipirencies VII-6-D, E; and F)

a. Pipe vise -- This type of vise is speciaiiy made
for use in securi-  4ifferent sizes of pipe while
cutting and threading procedures are in progress.
It should be noted this vise is different from 3

regular type of shop vise.

b. Pipe cutter -— This cutter is much wore desirable
than ﬁéiﬁg a hacksaw to cut pipe since it cuts

c. Stocks and dies -- These are the tools used to
thread the pipe after cutting. The dies are

interchzngeable in the stocks so that di:zferent

sized pipe may be threaded.

d. Pipe wrenches -- Several sizes and types of
wrenchps are available. Usuallv two ﬁ'enches are
needed to tighten and loosen pipes and fittings.

e. Burring resmer -- When a pipe is cut, burrs are
made on the end and can be removed with a reamer.

f. Flaring tool = The flare tool {z used to form a
flare on the ends of copper tubi-y when flare tvpes
of fittings are used.

g:- Tube cutter ~— The tube cutter js used to cut

copper and similar types of pipe whii*: are too

small to be cut with a pipe cutter.
3. Types of plumbing pipe

a. Galvanized -- This has been the most commonly usad
plumbing pipe for farm use. It will last 0 to 40
years under normal conditions. One-zighth inch in
Vizme:er is the smallest size; while 12 inches is
the lergest. Pipe size is determined by inside
pipe diaxeter, not outside diameter.




Black steel pipe -- This pipe 16 most commonly used
for gas lines: 1t is not used for mout plumbing

[e 4

jobs because it corrodes easily.

c. Copper pipe =.- Copper tubing comes in two kinds:

Type K--beavy duty, and Type L--the standard copper
pipe. It will normally last frow 40 to 100 vears:

It 18 purchased in 25-foot coils and is sized from

1/8 1inch to ! inch in diametsr.

d. Plastic pipe — There has been a dramatic increase
in the use of plastic pipe. It 1s easily laid and

does not require any special tools. The pipe is

joined with a special glue: - Initially, plastic

pipe was not used for hot water. However, plastic

pipe can be purchased for hot water use but must be

specially ssked for when tuying. Plastic pipe is
available in rigid 10 foot sections or in 60 foot
coils. The coiled pipe ie not recommended for

inside houe use.

e. Cast ivon pipe —— This pipe 18 used for drains ani
vents. It ranges in Bize from 2 to 12 inches *n
diameter: It does nmot cortode and will last

indefinitely.
Factors to consider in pipe selection:
a. Mineral or chemical content of the water,
b. Resistance to corrosion,
c. Life expectancy,
d. Recommended pressure,

Resistance to deposits,

L2
.

L))
.

Use of the pipe;

'g. lengths available, and

h. Cost.

one pipe to the center of ;he othzr pipe.fthgn. o
subtract the dismeter of the pipe for each thread. For
example, a farmer using or:-inch pipe would subtract
two inckes from the length of the pipe, cne for each
end of the pipe. (Tramsparency VII-6-G)
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Fasten the pipe in the vise with the measuring

mark four inches in front of the vise:

Slip the opened pipz cutter over the pipe and turn
the handle until the wheels are smug against the
pipe at the mark.

Place come cutting oil on the mark.

Tu~~ the pipe cutter around the pipe, screwing the
he: le in one-fourth turn per revolution around the
pipe until it ig cut oif,

Remove burrs that are left inside the pipe:

(Transparency VIii-6-I)

Threading galvanized and black pipe: (Transparency
VII-6-7J)

1.

Clean pipe of rust, -irt, and other material.
Retiove any burrs made from cutting the pipe.

Secure pipe in a pipe vise.

Apply cutting oil to the dte.

Apply inward pressure on the ¢ie as it is turned on

the pipe until die 15 engaged on the pipe.

Apply oil frequently to the pipe just ahead of the
die.

Continue to thread pipe until one thread 1s showing
outside of the dis. More threads should show on
large vipe. Do not turn the die backwards and

forwards because this will damage the threads.
Back the die off carefully. If it catches, turn
the die forward to dislodge metal chips:

Clesn oil from the pipe and remove the pipe from
the visge.

Flaring -opper tubing: /Transparency VII-6-K)

a.
b.

C.

S1ip a sleeve nut on the copper tubing.
Wrap tubing with cloth and place in a vise.

zpply s few drops of 0il to tha flaring toc..



10.

Place flaring tool over the end of the tubing and
place tubing flush with the tool surface.

Screw the flaring tool into the end of the tubing
to maké a flare.

Remove the tool and slip the sleeve nut in

position. It is now ready to be placed on the
ficting.

Sweating joints o copper tubing:

gl

Cut copper tubing and retiove burrs.

Clean thorougly the area of the tubing to be
covered by the fitting. Alsc clean the ifside of

the fitting:
Apply flux to the clean portion:

Place the fitting on the tubing until it is firmly

against the shoulder of the fitting. Turn several
times to distribute the flux:

Apply heat until the flux melts and the copper will
melt the soider.

Apply solder to thc edge of the fftting until the

solder fills the ;oint by capillary action. Remove

the flame as soon as the joint ‘s filled with
solder.

Allow the joint %o cool:

Cutting and joining plastic pipe:

é-
b,

Ce.

Cut pipe with a hackzaw to the desired length.
Cut off residual shavimgs with a pocket knife.

€lean the portion of pipe to Se covered by the pipe
and inside of the fitting with a special cleaning

solvent.

Apply special glue to the surface of the pipe and

insid> of the fitting.

push the pipe into the fitting wntil ft contacts

the shoulder of the fitting. Turn the pipe % turn

to distribute the glue in the joz=’.
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Suggested Student Activities

i

Have student draw a poster ﬁﬁiéliiilﬁstiétiﬁé the

different types of plumbing fittings:

Allow three assigned groups of students from class to

construct a board with the various types of fittings

for an assigned type of pipe. One group will take

galvarized pipe, one group will take copper tubing, and
rlie other group will take plastic pipe.

Construct a plumbing project and check to determine 1f
any leaks are present. This project sould consist ot a
2% foot by 2% foot square made of various sized pipe

and fittings with a faucet attached.
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CUTTING

——

TRANZARRENCY Vil-6-H
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RECVING BURR FROM PLUMBING PIPE

ANSPAREHCY V3 t-6-]
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THREADING PIPE

TRANSPARENCY "111-(-J

ERIC

Full Tt Provided by ERIC.



FLARING COPPER TUBING

SLIF TUBING INTG FLARING TOOL AT
THE PRGPER S1ZE OPENING.

CLGSE DIE BLOCK WITH TUBING
EXTENUING SLIGHTLY ABOVE Ti.E
BLOCK,;

PLACE FLAPING YC 't OVER THE END OF THE
TUBING AND TIGHTEM HANDLE TO FORM T4t FLARE.

TRANSPARENCY VII-6-K

377




INSTRUC :ONAL AREA: agricultural Mechanics
1%STEUCTIONAL UNIT VII: Farm Structures and ¥acilities
LESSON 7: Farm Concrete

1. Prepararion for Instruction

A. Objectives

1. Terminal: Plan, prepare, &nd vse corcrete in :he

construction of farm facilities.

151

. épecific

b. Identify common masonry tools.,
c: List the iﬁgtééiéhts in concrete.

d. Discuss the proper ﬁii;ﬁg ratio. for concrete.

Jobn
f. Describe the process of form construction.

g. Demonstrate placing; finishing, and curing
concrete.

h;  Explain the {mportance of having rocd foundat {ons
and fzotiugs,

{. Demorstrate prepa ation an? vé2 of rorvar.
j. Demonstrate laying of ccncrete blocks.
L. Review of Teaching Material

1 Baaic Vocaeionnltégxicufxnte,II and 1V, Collcgc

jt.tion, Tex "; VD -ational Instructiona. Servicer

Center; Texas A & Univetsicy, 1978

7. Fhipps, = Ji zrnauifs in Agri-ulture, Danvillr;
TI.c Inteidtate Priniurs an: Publishers, 1.c.s
1977
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3. Wakeman, T. J. and Vi L. Mc 'oy. The Farn Shop. New

York: VMacmillan €ompany, 196C.

-

Special Acrangements

Cin
.

Contast lc-al farmers t~ =2 1f they need 2" masonry wcrk
Jone on their fé7: 2.c% a6 a slab poured oo = small job:
7 zhere is a necd, cocTdinate a trip to a “irm, with
rer=tssion, to do the job for that farmer.
saterial Requir d
1. Cement, sand, aggregate, water
3. Concrete blocks
3. Mzsonry tools
4. Hor/ar mixture ifig- cdierts
%
Il: T7Vri-semtatiecn of Lesuon
4. Motivation
1. Discuss importarce f proper use of concrece and mortar
in construction {n terns of poor cunstru ti " and the
tesults.

o

. 1llystrat: hev coney can be saved by doing masorty and
COoT "rote woivs yourselt.

37y
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E. Content Outrline

1. Isporrance of masonry om che farr:

0

*: is adaptable and usefvl [r a wide voriety of
nituaticns.

It 1§ permanent,

It 18 sauitary and easiiy cleased.

tt is fireproof:

It is economical to install and maintair.

It <an be used easily by the farmer:

2, Cchrmon tools:

Wheelbarrow

St ~aight-edge or Strike-ofi rod -- Ihis is used for
striF ing-off the eXc<ss concrete from vhe surfice
of a poured area. It wust be straight znd true.

Tomper —— This 1s used to compact the coinrrate
{latwork construstion after if has bee. &iiuck

(Transparency VIi-7-£)

Darty -- & <arby is a lorg; flat; rectne s’ v plece
of wood, aluminum, or m:§BE§ECﬂ from 3 tv . & ohes
wide with a handle on tor. It is wsed tc 7 .. e
surface of & concrete slab {mmediately af - .:  las

been struck off. (Trenspsrency VII-7-E)

Bull float -- & large, rectangular picca . woud or
wet -1 8 inches wide and 42 to 60 inch=s fong with a

4 to 16 foot handle. The functien {s the :iime a-
that of the dart.y. (Transparency V1I=7=B)

“dgtr -- Edgers are about 6 inches long 18 are

wsed t> produce a radfus ¢ the edge of = s&lab,

(‘rais.:vencv Tii=7~C

Jointer ur Crosvt -~ This is usually sbuit b
inches long with a cutrin, edg? in the center
running frow /16 te & L"“h in deptli. 7t is uscd

to cit a jelit part 07 the way through tresh
concrote. (Tranupatency Vii=7-C)

Hap {loat ~= This is usually made of aiuminum,

magneaxum‘ cr wood. They ci%e {n vaxiouz s*'c‘—-l’
or Jo foches long by 3% incheg wiue for al.ainun

i



b

wide for wooden floats., %and floats are used to
prepare ‘he concrete surface for trcweling.
(Transparency VII-7-D)

i. Hand trowel —— These range in size from 10 to 20
inches long and 3 to 4% Inches wide. The purpose
of steel truweling is to give thi strface a dense;
smooth finish. {(Tramsparency VII-J]-E)

Ingredtents in concrc ¢:

2. Portiand cement — This iz a manufactured product
consisting of a mixture of limestone and clay which
1 ground and heated until it melts together in 2
ciinker. This clinker is finely ground; formirg a

gray powder krowa as Pertland cement.
5. Sand

c. Aggregates —- These are taterials used to give bulk

to tte concrete.

1) Fine -- materials that will pass through a ¥
inch mewh screen are called fine aggrcgate.
Sand and crushed stone screenings are included
in this icategory.

1) Coarse sggregite -- Thi: material ir usually
gravel, pebbles, or crushed rock larger than 5

inch.

#11 aggresatrs should be clean, hard, z1s free ‘rom
{ .reign materiat.

d. Water -~ Water should be¢ clean and free froi AR

alkali; an: acid.
Factors {nfluenctng strength of concrete:
a. Quality ané amount of cement,
c: Amount of clear watir used,
d. Way the ingredients are mixed and placed, and
¢. FProper cuting of the mixture aiter it is placed.

Mixing ratio -- Concrete mixturcs ere <poken of in
termps indicating proportions of the materfals. A 1:2:3

mirture would consiat of one nart (by volume) ol
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cement, two parts of sand, anc three parts of pebhbles:

Thie ratio will vary depending on how wet or dry the
aggregates are and how the concrete is used: A
watertight concrete mixture would liave the ratio of -
1:1:1 3/4 or 1:1 3/4:2. A slow curing period is

‘required for this mixture. It {s very important to use

the correct amount of vzray nir szelk of gemeant horauce

e - ————

?

excess water ueakens the conctels and ‘makes it more

pcrous: For pormal exposure, six gallons of water pcv

bag of cement and six bags of cement per cubic yard of

concrete is recommended.

Estimating concrete needs:

a. The umit of measure for concrete is the cubic yard:

Read"~m1x concrete is sold by the cubic yard:

b. To determine the amount of concrete needgd, find
the volume in cubic feet of the arza to be

concreted and divide this  _gure by 27. The
follcwing formula 1is used fo. square or rcctangulat

areas;
cubic rards width in feez x iength in fert x thickness
of cotivrete = ~ in feer

27

After computing this formuia, add £ to 1C percert

for waste and slizht vati“ticno.

Fort ¢ ~igruction (Transparency VII~7-F)
a. Foru. are necessary to mold and hold new concrete

in shape until it has set. Sttbhg. rigid, ans

bnlging. nd warping.

i Seasoned boards 1 inch thick arc often used. They
should be smooth, straight and fitted togather
without cracks. Plywood is also used in form

¢ >nstructicn becausc of its strength and large
urface arng with no cracks.

¢. Bracing aud tying are important. Posts (2x4) are
ﬂl&aed ac chrsut 2 foot spacihgs. They should be

reperly braced and tied together to keep the forms
f?éﬁ spreading.

i

"t is &} isable to spray the surface of the forms
with il pricr to pouring concrete to nuke form
ramos . ecsier;

#. No.mally, during varm weather; two or three days .:

sufficient for forms te remain §: place Tor walls
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and small projects: In cold weather, they siiould

stay about twice as long. However, in no case
should forms be remcved w <1l it has been

determined chat the concrete has thoroughly set.
8. Placing, finishing, and curimg concrete:
a. Placing concrete
1) Concrete mixture should be placed within 30

to 45 minutes after water has been added;

2) Tamp and spade the concrete mizture so it

vill settle into a sclid, dense mass with
no air gockets around aggregates, in the

corners of forms, or around reinforcing
material,

3) A spade can be used to work the mixture

against the side of the forms.

4) A straight edge and level should be used to

level the top face of concrete foras.
b. Fiatshing concrete
1) A vooden float is used to smooth the
surface of the concrete exposed to the

weather.

2) Afrer placing concrete proceed with the
following steps:

a) Initially float with darby or bull

float,

B) Wait for bleed water to disappesr
(14-2) hours),

c) Edge,
d) Hand float (magnesium),
e) Trowel,
f) Broom finish, and
8) Apply clear plastic for curing.
¢: Curing concrete ~- curing improvez the atrength

of the concrete by about 50 percent when
allowed to set for 7 days.
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15 ‘Water curing is donz by mist spraying or
sprinkling to prevent é@éﬁvraticn of mix
vater: If this s done, tle concrete must
not be allowed tc d 7 between applicaticis

of water.

2) Curing can also be done by water retaining

methods such a% covering the concrete with

materials are kept damp duting the curing

process.

35 Mechanical barriers of waterprocf paper or

plastic seal in the water preven: evapor-
aticn. Additiopal water is not required
with this type of covering. These
coverings cax be applied as scon as the
toncrete has hardened encugh to prevent
sixrface damage.

4y Comzrete should be cured for at least 3

daye and preferably a week after it is
Pldﬁed

55 The @ost favorable temperature for curing
is 55 to 73 degrees F.

¥; tveszing occurs within the first 24
Yooes mfter placing the concrete, permanent
A3jury ti the concrete will wccur.

Pt
o

Impertance of fouhdaidon and footing:
(Tragepaseticy VIT-7C)

é'

& foundatiowm is designed to distribute the

weight of the butlding and its contents so that

the soil can support the entire weight of the

structyre,

A foundation consists of the bed _(earth giving
support), footing (wide part of foundafion on
the bed), and the wall {part of the foundation
reating on the footing).

Normally the footing is twice as wide as the
foundation weli and as thick as the wail is
vide:

Concrete masonry walls are constructed by

placing & bed of mortar on the footing to

provide s good joimt between the fcoting and
block.
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10. Preparation and use of mortar:

a:

) Cement

1 Portland Cewment

! Masonry Cement

! Masonry Cement

plus 1 Portland

Cement (heavy load
construction)

The purpose of mortar is to bond brick, stone,
or blocks together to fors strong walls and
partitions. The strength of a mortar bond is
affected by:

1) Quantity and type of cementing material,

2) The plasticity of mortar and its
workabilicy;

%} #ater-holding capacity of the mortar;

&) Surface texture of the bedding area where

morrar is used,
S} Rate of suctinn of the blocks or units, and
6) Quality of workmanship.

water and remixing. The ingredients in mortar
ire sand; water; and a ready mix of cement and

hydrated lime. The proportions of materials by
volume are:
Hydrated Lime Damp Mortar Sand
I to 1k 4 to 6
1 to 1% 2% to 3

1 to i 4k to &

Water is then added until the mixture hecomea
"plastic" and works well with the trowel:

11. Laying concrete blocks

Place blocks on a pallet to keep them off the

and after laying.

Locate corners and string out the first layer
of blocks and align with a chalk line:
(Transparency V11-7-H)

Remove these blocks and place a full mortar bed

on the foundation wall. Place cormer blick

180
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first. Apply mortar to vertical joints hefore

setting them in place. Then place morrar on

the thicker snrfnce of the block.
(Tranmsparescy VII=7=H)

After taying a few blocks, check alignment and
plumbnéss by using a level. A trowel is used
ta tap blocks in plate. The firs: course pust
be level and plumb so =ucceeding courses wiil

be easier to lay. (. .nsparency Vii-7-I)

Apply MOTEar on each side of the laid block.

Then apply mortar to the verticzl edges of the

block to be laid:

Lay corners first, making four or five coiirses

Yiigher than the center of the wall. _Again,
check the wall for beitig level and plumb.

(Transparency VII=7=1)

Lay the blocks between cornmers by strstching a
line 8o that the top of the course being laid
will touch the line, Blocks are leveled and

aligred along the course by tapping with a

trowel handle as they are ser in place. Remove

excess mortar and rework it on the mwortar board

before using the next time. (Transparency
VII-7-J)

Close the course being laid by putting mortar
on all four vertical edges of the blocks and
lowering the closure block into place.

Tcol mortar joines whei the #ortar becomes
thumb-print hard. This is done to force the
mortar against the block edges and create
uniform, clean lines. A 5/8 inch round bar
will produce a concave joint; and a % inch
square bar will produce a V-shaped joimt. Rub

the wall with & burlap bag to remove mortar

burrs. (Transparency VII-7-J)

Tie bars, embedded in the horizontal jouints,
are used to connect bearing walls which
intersect the face of the main wall,
(Transparency VII-7=K)

Nonbearing walls are joined to the main wall by
using % inch mesh galvanized hardware cloth in
horizontal joints of both walls;

18!



c.

Suggested Student Activities

1.

7.

Students will construct & masonrv project on a farm, if

extending from that corner 10 feet in both direction at

a 90 degree angle from the cormer: It should be 5 fect
high.

38;
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MASONRY TOOLS
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MASONRY TOOLS

DARBY

BULL FLOAT

11-7-B

TRANSPARENCY V
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MASONRY TOOLS

EDGER

r .

JojuTER O%
JRGOVER

TRANSPARENCY VI]=7<C
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MASONRY TOOLS
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MASONRY TOOLS

HAND TROVEL

TRANSPARENCY V11-7-E
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FORM CONSTRUCTION

TRANSPAPENCY ViI-7-F

393
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+ | HEIGHT
71 VAL
roorivg  BLOCK
TWICE WIDTH DRAINTILE  FOOTING
TWO TYPES OF FOUNDATIONS
TRASPARENEY V1174
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LAYING MASONRY UNITS

LAY CORNER BLOCK

APPLY MORTAR TO FOUNDATION
AND BLOCKS |

TRANSPARENCY VII-7-H




NRY UNITS

LAYING MAS

Tl 1
E— 8 Inches {

|
|
1
i

\
| U

) ~] — -
-l N I I &
"~ N B N e R y ."

e < b - HE;J

COURSE POLE

CHECK PLANE OF WALL-
PLUMB WALL

TRANSPARENCY VII-7-1 397




LAYING MASQN RY UNITS

CLOSE CENTER BETWEEN CORNERS

REMOVE EXCESS =:..:_,*” : P D LA
MORTAR TR

TRANSPARENCY VI1=7-J
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TIE BAR ANCHORED
~TO MAIN WALL

SET FLASHING ON

FOUNDATION WALL

CAVITY WALL

TRANSPARENCY VII-7-K
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INSTRUCTIONAL AREA: Agriculturel Mechanics
INSTRUCTIONAL UNIT VIII: Cold Metal
LESSON: Procedures for Working withk Cold Metal

I. Preparation for lnstruction
A. Objectives

1. Terminal: Identify and perform procedures in working
with cold metal.

2. Specific:
a: Identify common types of metal.
b. Demonstrate procedure to cut cold metal.
c. Demoustrate procedure to file cold metal.

d. Demonstrate the process of drilling Koles in coid
metal.
e. Demonstrate tapping and threading of cold metals
f. Demonstrate selection and use of boles in cold
metal work:
B: Review of Teaching Material
1. Phipps, L. J. Mechanics in Agriculture. Danville,
Il11.: Interstate Printers and Publishers: lac.,
1977.

2. Vakeman, T. J. and V. L. McCoy. The Farm Shop: New
York: Macmillan Company, 1960.

C. Materials Required
1; Rod for making boilts
2. Assorted nuts, bolts, screws, and washers
3. Assorted sizes of various types of metal
4. Assorted sizes of % - % inch metal
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II. Presentation of Lesson

A:. Motivation

1. Show materials that have been welded together and
cannot be separated. Emphasize the importance of beinp
able to bolt pieces of meta. together rather than weld
them. It allows oune to change, adjust, and repair
damaged parts easily.

2. Demonstrate and discuss the general use of cold metal
work £n all types of farm machinery and the need for

knowing how to work with cold metal:



B. Content Cutline

1.

Common Types of Metal:

=¥
L2

e,

Iron

1) Casst Iron -- Gray cast iron is used to make

engine blocks: White cast iron is used for
bearings, plow shares, and moldboards for

plows:. It is brittlz and cannot be bent.

2) Wrought Iron -- This iron has most of the

sarbon removed. It is used to make nails,
wire, bolts, pipe, chains, and rivets.

Steel

1) Mild Steel — This metal is low in carbon
content. It is easily sawed, hammered, filed,
or ground,

2) Machinery Steel -- This has a slightly bigher
content of carbon than mild stcel. Machinery
parts such as plows, beams, and braces are made
from machinery steel.

3) Tool Steel = This has a high carbon content.
It 1s used to make cutting tools; hammers,

taps, and dies. 1t is free from impurities but
is difficult to weld;

4) Alloy Steel — Metals such as chiromiud aud
nickel are added to steel to give it certain

desirable traits.

Aluminum -~ It 1s a lightweight metal used for

siding, roofing, wire, etc.

electrical wiring. Cowbined with zinc or tin, it
becomes brass or bronze alloys-

Copper — This 1s used primarily ir plumbing and

Tin — It is a soft, silvery metal used to coat

cans, utensils, and metal roofing.

Cutting Cold Metals: (Transparency VIII-1-A)

Cutting Tools
1) Hack Saw — This tool can be uscd to cut mild

steel, hard steel pipe, or sheet metal. Place
the metal in a vise close to the measuring

mark. Begin the saw by pulling backwards until



a saw kerf {s started. Normally, 40-50 strokes

per minite are considered the correct speed for
saving.

2§ Cold Chisel -~ This type of tool cuts metal bv

"shearing” wetal apart at the point of contact
between the chisel and metal. A standard flat
thisel 18 shaped st a 70 degree angle.

(Transparencies VIII-1-B and C)

3) Belt Cutters -~ The fastest miethod of cutting
round iron 18 to use bolt cuttets. However;
hardened stéel should not be cut in a bolt
cutter.

b. Cutting Different Type¢s of Metals <{Transparency
VIII-1-C)

1} Tool Steel = - Rormally, tool steel is broken by

sawing % the way through the rod or bar znd

breaking it in & vise with a hammer.

2) Thin Metsl -- This metal can usually best be
cut by using metal suips and wetal cutting
shears.

3. Filing Cold Metal:
a. Types of files by shape (Transparencies VIIi-D and

EJ

1) Mill -- Made with only single cut teeth. They

are 4-16 inches 4n size.

2) ¥Flat -- Similar ¢o will Ziles.

3) Square == This file has four filing sidesr
instead of two as with the mill.

4) Round =- This 1s round in shape and tspers from
shoulder to the point.

5) Half-round -- This file has one flat and one
round side.

6) Taper —- This is primarily used for sharpening
saws. The triangle, cantsaw, and crosscut

files ate the most popular. A three-cornered
file ir a rapered type.




5

Co,

Procedure for filing (Transperencies VI1I-1-E and

F)
1)

23

Stand facing the work &o that pressure can be
applied on the forward stroke.
For flat surface filing, hold the file at a 90°

angle to the sfde of the stock.

About 30 strokes per minute is the proper speed
to file metml. Always 1ift the file on the
back atroke;

Clean the File (Trimspareacy VIII-1-F)

1)

2)

Snall par;iclea of metal are essily removed by

rubbing thke file with chalk before filing. A

regular file card is used to clean the teeth.

Brushing should be parallel to the teeth.

feep files away frow moisture. Avoid dropping
the file or hitting it against other tools as
this will damage the teeth. Store in a dry

place.

4. Drilling Holes:

Types of Drills

1)

2)

3)

4)

Portable electric @f;%lif§7§668 for drilling

Hand drill -- This drill is usually used for

dr1lling holes % inch or less. It i8 used for

light metal work.
Breast drill -- This drill is used to make
holes in cold metal up to ¥ inch.

dri1l large holes in metal. It is slow because
it ig turned by hand.

Types of Drill Bits é?iiﬁiiiféﬁé? VIii-i-G)

1)

2)

Flat — This bit is flat on both sides with two

cutting edges.

Straight-fluted — This bit has two straight
flutes extending the length of the body.

Tvist — This is most commouly used in metal
vork.
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c. Drilling a Hole (Transparency VIII-1-H)

1) Mark a cross(x) with a scratch awl at the

center of the hole to be drilled in the metal.

2) Mark it for drilling with a center punch making

sure it 1s centered where the two lines cross:

3) select the proper size and type of twist drill.

Secure the drill bit in the drill chuck.

4) Secure the work to be drilled in a vise or

5) Apply a lubricant to the drill and hole while

drilling.

6) Use & steady pressure while drilling and let up
as the point begins to plerce the other stide of
the stock.

7) Remove chips and shavings with a brush, blunt

tool; or air. These way accummlate and cause a

drill to be twisted and broken:
5. Tapping and Threading:
2. Tools (Transparencies VI1I-1-I and J)

1) For threading, tools required are dies, die
stock (handle), vise, file, and oil.

2) Ear cactiﬁg threads in _holes, tools required

and oil.
b. Threading a Boit or Rod (Transparency VIIi-1-K)

1) Bevel the edge of the bolt:

2) Place the bolt in & vice.

3) Select the proper die, place over the bolt
(guide first), and apply pressure which is
turning clockwise.

4) Apply lubricant about every third turn:

5) Back die up % turo to remove chip and loose

metal. Remove the majority of the chips from

the flute before removing die from the bolt:




6.

65 It may be helpful to screw the die on a bolt of

the same size diaweter and threids to see if it

is the correct die.

c. Tapping & Hole (Transparency VIII=1-K)

1) Select proper twist drill for the size hole to
be threaded;

2) Secura the stock in a vise or with clamps:

3) Apply downward pressure on the top while it is
turned. Pressure is released after it takes
hold of the meral.

4) GLpply lubricating oil during the process.

5) Clean top flute before removing it from the
hole,

d. Three Types of Threads

1) N. C. taps and dies are used for Naticnal
Course threads (used on bolts and rods in farm
machinzry).

2) N. P, vaps and dies are used for National Fiie
Threads (used on tractots, cars, trucks).

3) NPT taps and dics are used to cut National Pipe
Threads.

Bolts
a. Purposes

1) To fasten metal to metal or to fasten metal to
other types of materizl

2) To give strength to an object

3) To make disassembly easy

4) To fasten covers that conceal engine parts

5) To make adjustments on wachinery

6) To reduce the cost of welding and cutting

b. Types of Bolts (Transparemncy VIII-i-L)

1) Machine bolts — These bolts have square or

hexagonal head. They are used primarily in

assembling machinery.
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2)

3)

&)

5)

)
2)
3)
4)
5)

6)

Stud bolts — These are bolts without a head
and are threaded at each end: It requires a

nut on each end if used in an unthreaded hole.

Carriage bolts — These are used primsrily tc
join metal to wood. This bolt has & square

shank that sinks into the wood to keep the bolt
from turning while the nut is being tightened

or removed.

Machine screws — These are used in threadiess
holeg and regquire nuts to be used for

tightening.
Stove bolts — These bolts are threaded the
entire length of the bolt and are used to

fasten metal to metal:
Machine bolts — NC and NF
Carriage — NC

Cap Screws — NC and NF
Machine Screws — NC and NF
Stove Bolts — NC

Stud Bolts -—- NC and NF

Types of Washczs (Transparency VIII-1-M)

1)

2)

Flat washers sre used to protect the metal or
other material from the bolt thread of nut.

Lock washere form a tension between the nut and

the material to prevent the nut from loosening
and backing off the bolt.

Procedure for Using Bolts

1)

2)

Place the proper bolt in the hole that has been
drilled in the metal.

Nuts are drawn tightly when bolting metal
together. Over-tightening may stretch or twist
a bole,

lock vashers under the nuts. Flat washers are

used between the nut or bolt head and tlie wood.

190
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C. Suggested Student Activitiss

l. Allow the class to make two displays on cold metal.

One display would be constructed to illustrate the

different types of metals with a specimen attached to

the display board: Each specimen would be labeled

appropriately. The second display would illustrate the

diiferent types of bolts, screws, nuts, and washers

used in cold metal work. Specimens for this display
vould also be attached to the display board.

2. Each student should be allowed to drill holes; use tap

and die to make bolts and create threads in in the holes,

and connect two pieces of metal together in a

prescribed exercise at the direction of the instructor.

ey
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(do )

191




CUTTING COLD METAL WITH HACK SAW

Inserting Blade S
Teeth Forward Firmly

TRANSPAPENCY VI1]-1-A 410




Starting Cut
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Cut Two Sides of
Rod Before Breaking

=
4 3

Silitting Chisel

TRAYSPAREECY VI11-1-C
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mill flat square

TRANSPARENCY VIT1-1-D
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SELECTING AND USING FILES

hold handlie and end
firmly~heavy work

TRANSPAFENCY VI11-1-E
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drawflillng

proper storage for ?lles

TOANCOADY W Vl;l:F 2 2
TRAISPARELCY VI1 415




TWIST DRILL SHANKS AND PARTS

A blacksmith's shank
talier or

morse shank

straight shank square shank

twist

TWIST DRILL PARTS

TRANSPARENCY VI11-1-G
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DRILLING A HOLE IN COLD METAL
I ¥
!

vise when hand drilling

drill round metali
with V-block

TRANSPARENCY VI 1=1-H




__tap wrench
el
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die stock

J

TRANSPARENCY VI11-1-]
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DIES

DIES

TWO PART N

TRASPARETICY VI11-1-

COLLET
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THREADING AND TAPPING

tappl ng a hole ;77':’ i \
starting tap stralght lubricatin

<]
[od
- 4
[« ¥
o
8
b o N

TRANSPARENCY VI11-1-K




BOLTING IN METAL WORK

0

stud

- BOLTS

MACHINE SCREWS

Y § 8 & ¢

flat round fillister h

national tine (UNF)thrnds ﬁf‘f'fii'faiﬁ,é
(UNC) threads



hex nut

TRASPARENCY VITI-3-M
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