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2 34 The students will differentiate between U.S. Custo mary

and metric measurement units ( in linear, area, and
volumetric measurements).
5'-'6787+264 '8-95''67 -:-7' -
A. Introduction to Measurement Systems in the U. S.
1. There are two basic systems of measurement in use in the United

States:

a. U.S. Customary System (based on, butn ot identical with, the
English System)

b. International Metric System

2. The United States Congress has passed legi slation calling for a
voluntary changeover to the metric system
a. Despite the fact that the metric system is mo re logical and used
by most countries, the changeover in the Uni ted States has met
with much resistance.

b. Due to the slow adoption of the metri ¢ system and increased
imports of foreign-made tractors and farm machinery, those
working in agricultural mechanics nee d to be functional with
both systems.

c. The adoption of the metric system in Amer ica has been slow
because it is harder to visualize tha n the English system which
is based to a large extent on body pa rts, the foot for example.
3. Changing English Measurement Unit Sizes
a. To change a larger unit of measure to a smaller unit, such as
feet to inches, one multiplies.

b. To change a smaller unit of measure to a larger unit, such as
feet to yards, one divides.

B. The English System (from which the U.S. Custo mary System is in large

part derived)

1. The Basis of the English System



a. Most non-metric measures are based on

dating from the days when manufacture
not in common use.

1) The "hand" is still used to measur
(Approx. 4")

2) The "cubit," the length of the for
tip of the middle finger, is ment
descriptions of Noah's Ark.

. The English System, inherited from the

colonial period, uses units of variou

on similarity to certain familiar obj

body.

1) The English System does not seem v
a) There are twelve inches in a f
b) There are three feet in a yard

c) There are 5,280 feet in a mile

2) In early times, people could funct
approximate measures.

3) However, as the technological age
to be standardized.

4) Today, the foot and most other Eng
are very precise.

a) The foot should be the same le
tools.

b) Variations may occur, however,
tools that measure long dista

body measurements,
d measuring tools were

e horse height.

earm from elbow to the
ioned in Biblical

British during the
s size which are based
ects or part of the human

ery logical; for example,

oot.

ion satisfactorily with

evolved, measurements had

lish units of measurement

ngth on all measuring

on poor-quality tools and
nces, such as tapes.

2. English Units of Measure

a. Linear Units (Length) -

1) 12 inches (in. or ") = 1 foot (ft or')

2) 3 feet =1 yard (yd)

3) 16 1/2 feet =1 rod (rd)

4) 5 1/2 yards =1 rod

5) 320 rods =1 mile (mi)

6) 5,280 feet =1 mile

7) 1,760 yards =1 mile

8) 1 furlong (fur) = 1/8 mile or 660 feet

b. Square Units (Area) -

1) 144 square inches
2 2
(sqin.orin.) =1squaref oot (sq ft or ft)



2) 9 square feet =1 square ya
3) 30 1/4 square yards =1 square ro
4) 160 square rods =1 acre (A)
5) 43,560 square feet =1 acre
6) 640 acres =1 square mi

c¢. Cubic Units (Volume) -

1) 1,728 cubic inches

3
(cuin.orin.) =1 cubic fo
2) 27 cubic feet =1 cubic yar
3) 128 cubic feet =1 cord (cd)

C. International Metric System

1. Advantages of the Metric System

a. The metric system has the advantage of
decimal system.

b. The units of measure in the metric sys
by multiples of ten.

c. This makes the metric system mathemati
use.

d. Instead of working with complicated di
to change from one measurement unit t
point is merely moved.

1) To change sizes of metric units, m
100, 1,000 or 1,000,000, which is
decimal point.

2) For example, to change 357 centime
100. The answer is obvious withou

. Below is a table of metric prefixes whose
to multiply or divide when changing measu

a. Mega- =1,000,000 times the basic uni
b. Kilo- = 1,000 times the basic unit.

c. Hecto- = 100 times the basic unit.

d. Deca- = 10 times the basic unit.

e. Deci- = 1/10 times the basic unit.

f. Centi- = 1/100 times the basic unit.

g. Milli- = 1/1000 times the basic unit.

h. Micro- = 1/1,000,000 times the basic u

2
rd (sq yd oryd)
2

d(sqrdorrd)

2
le (sq mi or mi)

3

ot (cu ft or ft)
3

d (cuydoryd)

- measure of wood

being a completely
tem relate to one another

cally logical and easy to
vision and multiplication

o another, the decimal

ultiply or divide by 10,
as simple as moving a

ters to meters, divide by
t figuring--3.57 meters.

meaning indicates whether
rement:

t (meter, liter, grams).

nit.



3. Metric Units of Measure

a

. Linear Units (Length)

1) 1 kilometer (km) = 1,000 meters
2) 1 hectometer (hm) = 100 meters
3) 1 decameter (dkm) = 10 meters

4) 1 meter (m)

5) 1 decimeter (dm) = 0.1 m 1m=10dm
6) 1 centimeter (cm) = 0.01 m 1m=100cm
7) 1 millimeter (mm) = 0.001 m 1 m=1,000 mm

. Square Units (Area)
2
1) 1 square centimeter (cm) =100 s
2) 1 square decimeter (dm) =100s

2
qguare millimeters (mm )
guare centimeters

3) 1 square meter (m) =100s guare decimeters
4) 100 square meters =1are (@)

5) 100 ares =1 hec tare (ha)

6) 10,000 square meters =1 hec tare

. Cubic Units (Volume)
3

1) 1 cubic centimeter (cm) = 1,000
2) 1 cubic meter (m) =1,000
3) 1,000 cubic centimeters =1 cub
4) 1,000 cubic centimeters =1 lit
5) 1 cubic centimeter (cc) =1 mil

3
cubic millimeters (mm )
,000 cubic centimeters
ic decimeter (dm)
er (L)
liliter (ml)

1 + /
1. Give a sample ruler and check for me asurement ability.
2. Explain the fractions of the English system and the uses of
The numbers, line, and spaces
3. Compare U.S. standard measure and me tric measure and how to
Identify which is in the instrument being used.
5 4 Cooper, E. L. (1987). AGRICULTURAL MECHANICS:

FUNDAMENTALS AND APPLIC
Publishers.

Hokanson, C. M. (1984). A
MATHEMATICS FOR AGRICUL
Interstate Printers & P

ATIONS. Albany, NY: Delmar

PPLIED PROBLEMS IN
TURE. Danville, IL:
ublishers.



4 Quiz by instructor.
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The student will be able to measure objects correc tly
with a ruler, tape, or framing square.

% %0--1' 1/0-21 -'301 $

A. Measuring Tools

1. Measuring tools include tapes, rules, squa res, calipers, and other
devices used to determine specific distan ces.
2. They are used to measure length, width, he ight, depth, thickness,

spacing, and clearances.

B. Fractions in Measurement

1. Definition

a. The term "fraction” means a part or po rtion of a whole.

b. It is nearly impossible to use any for m of measurement without
having a way to express fractional pa rts, for example, feet and
inches.

c. A fraction may be expressed in three d ifferent ways without

altering its value:

1) As a common fraction (3/4)

2) As a decimal fraction (.75)

3) As a percent fraction (75%)
2. Common Fractions

a. The common fraction is the type most o ften used in measurement,
as the word "common" implies.

b. It is made up of a numerator and a den ominator.

1) The numerator and denominator are two numbers separated by a
line that indicates division.

a) The numerator is the upper num ber.

b) The denominator is the lower n umber.



2) In the above example, the 4, or denominator, in

Example: 3 = numerator
4 = denominator

number of equal parts into which
the 3, or numerator, indicates th
being considered.

3. Lowest Terms

a.

b.

Fractions are easiest to work with if
their lowest terms.

A common fraction is in its lowest ter
denominator are divided by the one la
divide evenly into both.

Example: 24 /8 =3
32/8=4

C. The Inch as a Unit of Measurement

1. The inch is the traditional unit of measur
metalworking in the United States.

a.

It must be divided into smaller units
applications.

. Some fine rules or scales may have as

1) Each mark is 1/32 of an inch apart

2) One-sixteenth inch is more commonl
unit on a rule.

. Lines of different lengths are used to

an inch on many measuring devices suc

1) No even fractions can exist on the
rule or scale.

2) This simplifies reading a rule by
their lowest term.

dicates the
the unit is divided; and
e number of these parts

they are expressed in

m if its numerator and
rgest number that will

ement for wood- and

to be useful for most

many as 32 marks per inch.

y used as the smallest
show 1/2, 1/4, and 1/8 of
h as rules and squares.

different lines of the

reducing fractions to

HERERRE
1/16| 3/16| 5/16| 7/16| 9/16| 11/1613/1
1/8 |

318 | 5/8 |

I | |
1/4 | 3/4

D. The Millimeter as a Unit of Measurement

[ 11
6]15/16]

718 |
I
I
I
1inch



1. The millimeter (mm) is slightly smaller th

2. It is a very convenient unit for linear me
fractions.

a. It has the advantage of being 1/1000 o
centimeter.

1) This means one meter plus 250 mill
meters.

2) It is more convenient to write thi
common fraction.

a) Using the decimal, 1 1/4 meter

b) Similarly, 1 1/2 meters reads
meters.

b. On many metric rules, each centimeter
marks to represent millimeters.

1) Centimeters can be changed to mill
10.

2) Simply adding a zero to the centim
millimeter value.

3) To change meters to millimeters, m

NOTE: THE DIAGRAM BELOW IS NOT DRAWN TO SCALE.

I

| l1cm
I I
I

I

1mm | |

1. Use a combined metric and standard r
various objects in the room to the
inch and to the millimeter.

0 / Cooper, E. L. (1987). AGRICULTURAL MECHANICS:
FUNDAMENTALS AND APPLIC
Publishers.

-+ / Quiz by instructor.

an 1/16 of an inch.

asurement without using

f a meter and 1/10 of a

imeters equal 1 1/4

s as a decimal than as a

s reads 1.250 meters.

1.500, or simply 1.5

division contains 10

imeters by multiplying by

eter's value obtains the

ultiply by 1000.

uler to measure
nearest 16th of an

ATIONS. Albany, NY: Delmar
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4
* : Students will be able to measure objects correctl y
with a ruler, tape, or framing sq uare.
% %0--1' 1/$1-'0 -"30--1
A. The Definition and Use of Linear Measure
1. Linear
a. The adjective actually comes from the word line.
b. It means "of a line or lines."
2. Linear Measure
a. This term refers to the measurement of lines.
1) A line is the distance between two points.
2) Itis one-dimensional (having leng th but no width or
thickness).
b. The lines to be measured can be curved , irregular, or straight.
B. Finding "Perimeters
1. Definition of "perimeter"
a. This word means the distance around the outside of an area or an
object.
b. For example, the legal boundaries of a ranch form its perimeter.
2. The Rectangle
a. The rectangle is a four-sided plane figure with four right
angles (90 degrees).
1) The adjective, plane, in the defini tion describes the figure
as two dimensional (having length and width but no
thickness).

2) All four sides are not equal.

| (length)

w| RECTANGLE w (width)



b. In finding the perimeter of a rectangle
short method.

1) Using the long method, you would ad
[+w++w

2) The easier short method employs a f
p = 2 X length + 2 X width

a) This formula reads, "The perime
two times the length plus two

b) A formula uses letters to stand
measurements, so you only have
with numbers to solve a partic
Example:

To determine how many feet of
a rectangular pasture 150' lon
formula to find the perimeter.

| I
| w
| p
I
I
Pasture | 150' length

|

| p

I P

I p
|

85" width

3. The Square

a. A square is a plane figure with four eq
angles.

b. The formula for finding the perimeter o

1) The letter "s" stand for the length

, there is along and a

d all the sides:

ormula:

ter of a rectangle equals
times the width."

for different

to replace the letters
ular problem.

wire are needed to fence
g by 85' wide, use the

=150

=7

=2 X length + 2 X width
= (2 X 150) + (2 X 85)
=300 + 170

=470 feet

ual sides and four right

fasquare is P = 4s.

of the sides.



+

-+

2) The formula reads, "The perimeter o
times the length of its sides.

Example:
To determine the linear feet of 2" X 4

concrete forms for a hog pen floor who
its perimeter.

| | s=16

I I p="7?

| Hog Pen |16

| Floor | p=4s

| | p=4X16
I

| P = 64 feet
16'

1. Measure the length and width of both
square plots and determine their pe

2. Calculate the diameter and circumfer
round objects in the shop.

f a square equals four

" lumber required for
se sides are 16," find

rectangular and
rimeters.

ence of various

: Cooper, Elmer L. (1987). AGRICULTURAL MECHANICS:

FUNDAMENTALS AND APPLICA

Publishers.

/ Quiz by instructor.

TIONS. Albany, NY: Delmar
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Learning Outcome:

TOPIC PRESENTATION: Selecting Wood & Lumber

A. Kinds of Wood

1. Softwood comes from needle leaf, evergreen tr
conifers.

a.

White pine--which is easy to work with an
for shelving, interior finish, exterior

. Fir--which is light, straight, and strong

members (dimension lumber), siding, shea

. Redwood--which has excellent decay resist

posts, fences, patios, and siding.

. Cedar--which is light and easy to split--

posts, sills, and shingles.

f. Spruce--which is light, straight, strong,

for aviation and musical instruments.

2. Hardwood comes form broadleaf trees that lose
fall season, called deciduous trees.

a.

Oak--which is tough, strong and open-grai
floors, interior finish, barrels, and fu

. Walnut--which has a beautiful, brown, ope

fine furniture.

. Maple--which is a very durable and light-

floors, interior finish, furniture, and

. Mahogany--which is reddish in color--is u

. Birch is used for surface veneer on cabin

The students will be able to select kinds, grades, and
quantity of lumber for a given task.

ees called
d straight--is used
trim, and door frames.

--is used for framing
thing, and gates.

ance--is used for

is used for fence

and resonant--is used
their leaves each
ned--is used for
rniture.

n grain--is used for
grained--is used for
guitar necks.

sed for fine furniture.

ets and doors.

74



B. Log Cutting Methods and Lumber Finishes

1. Cutting Methods

a. Slash sawing cuts a log so that the annul ar rings form an
angle of less than 45 degrees with the s urface of the lumber.
1) Softwood lumber cut in this fashion i s referred to as flat-

grained.
2) Hardwood lumber cut in this fashion i s referred to as
plain-sawed.

b. Quarter sawing cuts a log so that the ann ular rings form an
angle of more than 45 degrees with the s urface of the lumber.
1) Softwood lumber cut in this fashion i s referred to as

edge-grained.

2) Hardwood lumber cut in this fashion i s referred to as
guarter-sawed.

2. Finishes
a. Rough lumber comes directly from the sawm ill unplaned and
varying in dimensions from piece to piec e.
b. S2S is lumber surfaced on two sides allow ing all pieces to have

the same thickness, but varying widths.

c. S4S is lumber surfaced on four sides allo wing exact dimension
from piece to piece. The actual sizes ar e 1/2 inch less than
the nominal sizes; for example, the actu alsizeofa2x4is

only 1 1/2" x 3 1/2."

C. Kinds of Lumber and Wood Panels

1. Wood cut into uniform thickness, width, and | ength is called lumber.
a. Boards are lumber used for flooring, shea thing, paneling, and
trim.
b. Dimension lumber is used for sills, plate s, studs, rafters, and

other framing members.

c. Timbers are lumber used for posts, beams, and heavy stringers.
2. Wood panels (usually 4' x 8" are made throug h various methods.
a. Plywood consists of thin layers of wood g lued together with
the wood grain turned at right angles in each successive layer.
b. Composite board consists of a core of woo d fibers bonded on

either side with veneer.

T#



c. Hardboard consists of refined wood fibers
form a hard, dense material (55 - 75 Ib.

d. Particle board consists of wood flakes, ¢
bonded together with resins or adhesives
material (42,45, or 47 per cu. ft.).

e. Waferboard consists of high quality flake
1 1/2 inch square) bonded together under
the waterproof adhesive, phenolic resin.

f. Oriented strand board is similar to waffe
but consists of wood fibers bonded toget
layers arranged at right angles to one a

D. Grades

1. The Basis of Lumber Grades

a. Lumber grades are based on the appearance

wood.

b. The fewer and less obvious the defects, t
costs.

1) A lumber defect is an irregularity in
reduces its strength, durability, or

2) A lumber blemish is a defect that imp
appearance.

c. The common lumber defects include the fol
1) Knots are embedded branches or limbs

2) Holes can be caused by mishandling or

3) Splits and checks are separations of
the grain and across annular growth

4) Shakes are separations of wood fibers
between annular growth rings.

5) Pitch pockets are cavities that conta
liquid or solid pitch.

6) Honeycombing is the separation of woo

lumber, which may not be visible on

7) Wane is the presence of bark or the a
a board's edge.

8) Decay is the disintegration of wood f

9) Blue stain is the discoloration cause
(as of the genera Ceratostomella, Pe

pressed together to
per cu. ft.).

hips, and shavings
to form a less dense

s of wood (about
heat and pressure with

rboard in appearance,
her in successive
nother.

and soundness of the
he more the lumber
or on the wood that

usefulness.

airs only the wood's

lowing:
in the lumber.
insects and worms.

the wood fibers along
rings.

along the grain and

in or have contained

d fibers inside the
the surface.

bsence of wood along

ibers caused by fungi.

d by any of various fungi
nicillium, or Fusarium)



10) Warp is any variation from a plane surface,

bows, crooks, and twists.
2. Basic Lumber Grades

a. Select refers to lumber of good appearanc
qualities.

1) Grades A and B are suitable for natur
2) Grades C and D are suitable for paint
b. Common refers to lumber containing defect
1) Common no. 1, 2, and 3 are suitable f
2) Common no. 4 and 5 are suitable for u
4. Plywood Grades

a. A grade lettering system is used to indic
veneer used on the face and back of the

1) N is a veneer with a smooth surface s
finishes.

2) Ais a veneer with a smooth surface s

3) B is a veneer with a solid surface.

4) C Plugged is an improved C veneer wit
inch width, and knotholes and bore h
1/2 inch.

5) C is a veneer with tight knotsto 1 1

6) D is a veneer with knots and knothole
across the grain which is limited to
and 2 panels.

7) G2S means the veneer is good on two s

8) G1S means the veneer is good on only

c¢. Mills which are members of the American P

(APA) indicate the panel's intended use

with an APA trademark stamp, which inclu

information:

1) Panel grade indicates its use, such a

2) Span rating is indicated by a pair of
slash, such as 32/16.

a) The 32 indicates the maximum reco
when used as roof sheathing.

Including cups

e and finishing

al finishes.

finishes.

s and blemishes.

or use without waste.

se permitting waste.

ate the quality of the
panel.

uitable for natural

uitable for painting.

h splits limited to 1/8
oles limited to 1/4 x
/2 inch.

s to 2 1/2 inch width
interior, Exposure 1
ides.

one side.

lywood Association
or performance rating
des the following

s sheathing.

numbers separated by a

mmended span in inches



b) The 16 indicates the maximum reco
when used as subflooring.

3) Thickness in inches (common sizes bei
and 3/4).

4) Exposure durability classification is
names:

a) Exterior is bonded with a 100% wa
it to be used outdoors and conti
moisture.

b) Exposure 1 is interior plywood th
moisture for extended periods.

¢) Exposure 2 is interior plywood th
leakage or high humidity for sho

E. Factors to Consider When Selecting Lumber

1. Quality construction does not require that al
best grade.

2. Several grades of lumber may be appropriate i

3. Good economical construction requires the pro
grade lumber suitable for the purpose.

Activity:
1. Practice identifying different kinds of

2. Practice identifying different kinds of
panels.

3. Practice identifying wood defects.
4. Practice identifying lumber and plywood

5. Select lumber and wood panels for an on
such as Gumball Machines

Equipment and Special Material and
wood and grades of lumber an

References:  Phipps, Lloyd J., & Reynolds, Carl L. (1990).

MECHANICS IN AGRICULTURE (
Interstate Publishers.

Wagner, W. H. (1987). MODERN
Holland, IL: Goodheart Wil

mmended span in inches

ng 1/4, 3/8, 1/2, 5/8,

indicated by three

terproof glue allowing
nually exposed to

at can be exposed to

at can withstand some
rt periods.

| the lumber be of the

n a single structure.

per use of the lowest

wood.

lumber and wood

grades.

going project,

: Samples of different kinds of

d plywood.

4th ed.). Danville, IL:

CARPENTRY. South
Icox.
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Evaluation: Quiz
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for cutting and drilling.

% %0--1' 1/ *5 7

A. Measuring and Marking Vocabulary

1.

A. Using a Tape Measure to Measure and Mark Wood:

1.

Straight - an adjective describing a line tha
distance between two points

. Square - an adjective describing lines, surfa

positioned at right angles (90 degrees) to o

. Perpendicular - an adjective describing a lin

or plane that is positioned at a right angle
surface, or plane

. Level - an adjective describing a line, surfa

parallel to the plane of the horizon (axis o
the same height everywhere

. Plumb - an adjective describing a line, surfa

exactly vertical or true.

. Flush - an adjective describing the positioni

objects so that their edges, surfaces, or en
on the same plane

. Bevel - a sloping edge (less than 90 degrees)
. Miter - a term usually referring to a 45 degr

. Working edge or surface - the main edge or su

other surfaces are measured or squared

Measuring the Distance between Two Points:
a. Place the end of the tape precisely on th

1) The hook on the end of most tapes sli
the thickness of the hook in order t
measurements whether it is hooked on
board or pushed against a surface.

2) If the hook is damaged or missing, st
the one inch graduation line and sub
reading.

the students will be able to measure and mark wood

t is the shortest
ces, or planes

ne another

e, surface,

to another line,
ce, or plane lying
r the earth) having
ce, or plane that is

ng of two or more
ds are even, level, or

ee angle

rface from which the

e first point.

des a distance equal to
o provide accurate
to the end or edge of a

art the measurement at
tract one inch from tape
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b. Extend the tape to the second point.

1) Make sure all slack is taken out of t
points, or the resulting reading wil

2) Make sure the tape is flush with the
measured. If the tape angles even sl
board, the reading will be too long.

c. Read the tape at the graduation line on o

second point (see lesson CLF2152 "Readin

1) Long tapes are slightly arched across
will remain fairly rigid while being
make sure the edge of the tape touch
exact reading is required.

2) If measuring the distance between two
the tape hook against one side and t
other, then read the graduation line
and add the length of the case to th

2. Marking Wood for Cutting

a. To lay off a measurement on a board, atta

end of the board or place the one inch g
the beginning mark and mark the board wi
the desired graduation line on the tape.

1) When laying off several measurements
along a board, do not raise or move
measurements are marked.

2) If the tape is raised and moved for e
possibility of errors is greatly inc

. To quickly and easily locate the middle o
width is a difficult-to-divide number (f
11 13/16"), lay a measuring tape across
necessary to make full inch marks on the
edges of the board. Then mark on the boa
along the tape that is between the two e

1) Do this at both ends of the board, th
with the help of a straight edge or

2) This procedure can also be used to di
or more equal widths.

he tape between the two
| be too long.

edge of the board being
ightly across the

r nearest the
g Measuring Tools").

their width so they
extended; therefore,
es the wood if a very

inside surfaces, push
he tape case against the
nearest the tape case

e reading.

ch the tape hook to the
raduation precisely at
th a sharpened pencil at

in a straight line
the tape until all the

ach measurement, the
reased.

f a board when the total
or example, 2 5/8" or
the board at any angle
tape line up with both
rd the halfway point
dges of the board.

en connect the two marks
gauge.

vide a board into three

B. Using Squares to Measure and Mark Wood
1. Using a Carpenter's Square (Framing Square)

a. To mark boards to be sawed square (90 deg
edge), use the following steps:

rees to the working

1) Measure and mark the desired length o f the board.



2) Place the body of the square firmly a
of the board.

3) Move the square until the inside edge
against the length mark.

4) Holding a sharp pencil against the ed
a thin line through the length mark

b. To mark boards to be sawed at the same an

steps:

1) Position the square with the outside
along the angle cut in the end of th
duplicated.

2) Record the readings where both the to

the edge of the board.

3) Position the square on the board to b
the same two readings meet the edge

4) Holding a sharp pencil against the ed
a thin line across the board, which
as the original board.

2. Using a Combination Square
a. As a ruler, it can be used to measure dis

b. As a straight edge, it can be used as a g
straight lines between points.

c. As a try square, it can be used for both
angles on wood.

1) It can be used as a guide to draw bot
degree lines across the face, edge,

a) To mark a 90 degree angle, extend
90 degree shoulder, and place th
against the working edge from wh
are to be measured or squared.

b) To mark a 45 degree angle, extend
45 degree shoulder, and place th
against the working edge.

2) It can be used to check the exactness
miter angle cut by placing the appro
against the working edge and attempt
with the cut.

d. As a marking gauge, it can be used for ma

the edge of a board.
1) Extend the blade the desired distance

gainst the working edge

of the tongue is

ge of the tongue, draw
and across the board.
gle, use the following

edge of the tongue
e board to be

ngue and the body meet

e marked with so that
of the board.

ge of the tongue, draw
will be the same angle

tances up to 12 inches.

uide for marking
marking and checking
h 90 degree and 45
or ends of boards.
the blade from the

at shoulder firmly
ich the other surfaces

the blade from the
e shoulder firmly

of a right angle or
priate shoulder firmly
ing to line up the blade

rking lines parallel to

from the 90 degree

7>



shoulder.

2) Move the 90 degree shoulder along the
the wood with a pencil held against

e. As a depth gauge, it can be used to measu
or rabbet.

f. As a level, it can be used to level or pl
3. Using the Sliding T-bevel Square
a. It can be used to mark angles or bevels o

1) The adjustable blade can be set to th
several methods.

a) Place the handle against the work
and adjust the blade so that it
cut across the board.

b) Or, the angle can be set using a
degrees are known.

2) The bevel square set to the desired a
other squares are to mark off the an

b. It can be used to check angles cut in woo
1) Place the handle against the working
adjust the blade so that it fits the
board.

2) Place the handle against the base of
the reading where the adjusted blade

C. Using Chalk Lines, Plumb Lines, and Levels to Ma
1. Using a Chalk Line to Mark Wood
a. Stretch a strong cotton or nylon string ¢
chalk between the two points meant to be

line.

b. Lift the line midway between the two poin
shap back into place.

c. Remove the chalk line and a straight mark
2. Using a Plumb Line to Mark Wood
a. It can be used to locate a point directly

1) Tie the plumb line to a nail in the p
allow the plumb bob to come to rest.

2) Mark the wood directly below the poin

edge while marking
the end of the blade.

re the depth of a dado

umb an object.

n wood.

e desired angle by

ing edge of the board
fits the angle marked or

protractor if the

ngle is then used as
gle.

d.

edge of the board and
angle cut across the
a protractor and note
meets the arch.

rk and Check Wood

oated with colored
joined by a straight

ts and allow it to

will be left.

below another.

oint desired and

t of the plumb bob.
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b. It can be used with a carpenter's square to mark a level line.

1) Suspend the plumb line and allow the plumb to come to rest.
2) Align the body of the square with the plumb line.
3) Mark the level line with a sharp penc il along the edge of

the tongue of the square.

3. Using a Level to Mark Wood

a. To make a level mark on a vertical surfac e, position the level
against the surface so that the bubble i n the middle tube is
centered, then mark a line with a sharp pencil along the edge
of the level.

b. To make a plumb mark on a vertical surfac e, position the level
against the surface so that the bubble i n the tube located near
the end of the level is centered, then m ark a line with a

sharp pencil along the edge of the level

ACTIVITY:

1. Practice using a measuring tape to meas ure and mark
wood for cutting.

2. Practice using squares to measure and m ark wood for
cutting.
3. Practice using a chalk line, plumb line , and level to

mark wood for cutting.

4. Measure and mark wood to be cut for an ongoing wood
Project such as the gumball machines

-
A measuring tape, combination
square, carpenter's square, be vel square, level,
chalk line, plumb line & bob, sharp pencil, and

boards to be marked

/ Cooper, Elmer L. (1987). AGRICULTURAL MECHANICS:
FUNDAMENTALS AND APPLICATI ONS. Albany, NY: Delmar
Publishers.

-+ / Quiz by instructor
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Identify the different types of lines
drawing or layout.

Identify the three types of drawings (
isometric, and oblique).

Use an architect's scale.

Construct three-view (orthographic) drawings.

Sketch an object, using paper and pencil.

% %0--1' 1/% *! *2 6 *
A. Sketches and Working Drawings

1. Sketches are freehand drawings of an object f
order to get the idea down on paper.

a. Sketches are not usually drawn to scale.

b. Neatly drawn sketches with fairly accurat
sufficient for simple projects.

c. Sketches of larger and more complicated p
the basis for accurate working drawings.

2. Working drawings are complete drawings done i
language so that the object depicted can be
drawing alone without additional information

a. Dimensions - Working drawings use lines s
of the actual objects.

b. Views - Working drawings show specific vi
enough detail to enable project construc

1) Most working drawings show three sepa
object from three flat, head-on view

2) Pictorial drawings show three sides o
in one view.

B. Types of Working Drawings

1. Orthographic Drawings

the students will be able to:

used in a

orthographic,

or a project done in

e dimensions are usually

rojects can serve as

n universal graphic
constructed from the

caled to the dimensions
ews of an object with
tion.

rate sides of an
S.

f an object together
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a. They show a flat, head-on view of every s
and shape.

b. They may illustrate six views of the obje
back, right side, and left side (the end

c. They usually use only three views: top, f
2. Pictorial Drawings
a. Isometric Drawings

1) Isometric drawings are based on three
vertical axis with two others at 60

2) Such drawings can show the true dimen
top, side, and end views.

3) The line angles of isometric drawings
are nevertheless used to give the ob
effect.

b. Oblique Drawings

1) Oblique drawings are based on three |
isometric drawings, except that one
vertical, and the third is at a conv
degrees to 45 degrees) to the horizo

2) Like isometric drawings, oblique draw
dimensions of an object's top, side,

3) The front of an oblique drawing alway
that side of the object from a head-

4) If the object being drawn has a side
lines, this side is used for the fro

1. Drawing to Scale
a. Scale drawing permits the size of the obj
proportionally in order for it to be dra
chosen.
b. Common scales of a drawing may be 1/8," 1

to represent one foot. For example, 1/8

c. An architect's scale is the most common type of
drawing agricultural projects.

1) Its main divisions at the end of the
inches or fractions of an inch, repr

ide that differs in size
ct: top, bottom, front,
s).

ront, and end.

lines or axes: one
degrees to the vertical.

sions of an object's

are not accurate, but
ject a three dimensional

ines or axes similar to
axis is horizontal, one
enient angle (typically 30
ntal.

ings can depict the true
and end.

s shows the true shape of
on view.

with curved or irregular
nt.

ect to be reduced
wn on the size of paper

/4," 3/4," 1," and 3,"
inch = 1 foot.

scale used for

scale, which are in
esent one foot.
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2) The divisions are subdivided even sma
and fractions of an inch.

3) An architect's triangular scale has s
scale on each end of each face.

d. Use of engineer's paper (graph paper) per

without an architect's scale. It is cros
or 12 divisions to the inch. Simply coun
in order to draw a line to scale.

2. Sheet Layout

a. Attach a sheet of paper to the drawing bo

1) If a T square and triangles will be u
the T square to align the paper with
drawing board.

2) If a T square is not available, traci
attached with engineer's paper under
aid.

. Draw border lines 1/2 inch from the paper

. Make a title block at the bottom of the p
following information about the drawing:

1) The name of the person doing the draw
2) The date of the drawing.
3) The title of the drawing.

4) The scale of the drawing.

3. Types of Lines Used in Drawings

a. Border line: a heavy, solid line drawn pa

drawing paper.

. Object line: a solid line representing th
of an object.

. Hidden line: a series of dashes which ind
hidden edges.

. Dimension line: a solid line with arrowhe
indicate the length, width, or height of

. Extension line: a solid line indicating t
by a dimension.

f. Break line: a solid, zigzag line which in

object being drawn is not fully illustra

g. Center line: a long-short-long line used

ller to represent inches

ix faces with a different

mits drawing to scale
s-ruled paper with 4, 8,
t the number of divisions

ard with tape.
sed as drawing aids, use
the left edge of the

ng paper or vellum may be
it to serve as a drawing

's edge.

aper which includes the

ing.

rallel to the edge of the
e visible edges and form
icate the presence of
ads at both ends to

an object.

he exact area specified
dicates that part of the

ted or has been left out.

to depict the center of a



h

round object.

. Leader line: a solid line with an arrow p
explanatory note to a specific feature o

4. Developing the Views

a.

Choose an appropriate scale which will al
within the border lines.

. Locate and mark off the spaces for the va

. Establish the main lines of the drawing,

. Develop all the views together. In a thre
drawing, project from the front view to
the T square and triangles.

1) Use the T square against only the lef
drawing horizontal lines, since the
square.

2) Use aright-angle triangle with the T
vertical lines.

. Finally, add the dimension lines and note

Y7

1. Make a freehand sketch of a gumball mac
Engineer's paper can be used.

2. Develop an orthographic drawing from th
the above project.

/ Burke, Stanley R., & Wakeman, T. J. (1990). MO
AGRICULTURAL MECHANICS (2n
Interstate Publishers.
Cooper, Elmer L. (1987). AGRICULTUR
FUNDAMENTALS AND APPLICATI
Publishers.

/ Bear, W. F., Hamilton, W. H., & Mann, A. (19
PLANNING PROJECT CONSTRUCTI
Publications, 1234 Tiller L
(612) 633-3170

/ Completion of a sketch and a working drawing of a

project to be constructed.

- : Architect's scale, pencils,

péper, drawing board, T squa
(8" long sides), 30 degree X
(10" side), cross-ruled pape

ointing from an
f an object.

low all views to fit

rious views.
then add the minor ones.
e-view, orthographic

the top and end views with

t edge of the board for
board may not be perfectly

square to draw

hine.

e sketch of

DERN
d ed.). Danville, IL:

AL MECHANICS:
ONS. Albany, NY: Delmar

74).
ON. Available from Hobar
ane, St. Paul, MN 55112

re, 45 degree triangle
60 degree triangle
r, tracing vellum
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Learning Outcome: The students will be able to:
Interpret a working drawing.
Plan and lay out a construction project.
Calculate construction costs for a g iven project.

Assemble and finish a project.

% %0--1'" 1/% 9 % *5
A. Project Planning Considerations

1. Will the project be subject to loads or weigh ts such that strength

considerations must be taken into account?

a. Strength is important when planning a lad
not as critical a factor when planning a

. Are suitable materials, tools, and fasteners

a. If building a project that needs to be ar
appropriate type (AC, DC, MIG, TIG) and
along with the correct size and type of

. Is there a similar part or item commercially
eliminate the need to "reinvent the wheel."

a. For example, if planning to build an engi
commercially available models to get ide
and types of materials used, as well as

. Use standard size, commercially available par

down expense and excessive fabrication time

a. It will cost more and require more fabric
1/8" X 1-1/16" strip steel (NOT commerci
than 1/8" X 1" strip steel which is comm

. Consider set-up and jigging techniques to eli
extremely difficult fabrication and assembly

a. When sketching or laying out plans, consi
procedures should be in order to complet
simplest and most efficient way.

der or ramp, but it is
decorative lamp stand.

readily available?

c welded, is the

size of welder available
welding rod?

available which would

ne stand, check

as regarding design, size,

joint types.

ts and components to hold
and costs.

ation time to specify
ally available) rather
ercially available.
minate "impossible" or

der what the sequence of
e all the steps in the
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6. When appearance is not a consideration, use |
a. Use hot rolled steel in place of cold rol
cost of hot rolled steel is less and the
though the appearance is slightly less s

b. Use economical grades of lumber for gener
construction projects.

B. Interpreting Working Plans
1. Cutting List

a. A cutting list itemizes the various dimen
(wood, metal, etc.) that must be cut bef

b. This tabular form includes the name of th
number of pieces, the dimensions, and th

c. This list serves as a checklist of projec
assembly and speeds up the construction
builder to set up cutting jigs for proje
dimensions.

d. If a plan has no dimensions specified, bu
use an architect's scale to determine th

2. Bill of Materials

a. A bill of materials is a list of all the
for a project with the total cost calcul

b. This tabular form includes the number of
a description of the items, the cost per

c. Itis preferable to order standard stock
the desired materials with the least pos

d. List similar materials together and in th
used.

C. Project Layout & Construction

1. Study the working drawing to understand which
assembled first and in what sequence.

2. Construct jigs to speed up the assembly of du
trusses).

ess expensive materials.
led steel because the
strength is the same even
hiny.

al utility and

sions of materials
ore being assembled.

e project part, the
e type of material.

t parts required for

process by alerting the
ct parts having the same

tis drawn to scale,
e dimensions required.

materials needed
ated.

pieces, the dimensions,
unit, and the total cost.

sizes that will provide
sible waste.

e order they will be

parts must be

plicate parts (such as
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ACTIVITY:

1. Calculate the construction cost of a pr oject by making
a bill of materials from a working dra wing. A bill of
materials form may be obtained from a local building

supply store.

2. Complete a cutting list from a working drawing of a
project.

3. Lay out and assemble a simple project. This may be
coordinated with the unit on woodworki ng, welding,

plumbing, or metalworking.

- : A working drawing for the

project to be constructed an d the tools and materials
required.
0 / Cooper, Elmer L. (1987). AGRICULTURAL MECHANICS:
FUNDAMENTALS AND APPLICATI ONS. Albany, NY: Delmar
Publishers.
-+ . Complete an accurate cutting list, bill of mate rials,

and project.
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