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Machine Shop Fundamentals: Part I was developed and designed for secondary

' and adult limited English proficiency students enrolled in Machine Tool

Technology courses. Part I includes an Introduction, Safety and Shop Rules,

Basic Machine Tools, Basic Machine Operations), Measurement, Basic Blueprint

Reading, Layout, and Bench Tools. These twenty-four competency based

' . lessons may be used as a.main text, as supplements to other textbooks, or as
. the basis for a pre-vocational course in_manufacturing trades.

The IllingAs State Board of Education.is committed to assisting local educa-
tional agencies in the development of high guality instructional programs for
limited English proficiency and handicapped/disadvantaged students.

The prpject developed Machine Shop Fundamentals: Part I during two
semestlers of” field-testing with limited English proficiency adults enrolled
in Madhine Tool Laboratory I. Sincere appreciation is extended to the stu-
dents| 1 ctors, and consultants who assisted in the development of theée

‘ Donald G. Gill M

§taQe Superintendent of Education
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Machine Shop Fundamentals: Part I was designed for limited English
proficiency students who are enrolled in Machine Tool Techhologies courses
or who are preparing to enroll in Manufacturing Trades courses. The
organization, format, and simplified language level of Machine Shop
Fundamentals -make it suitable Mot only for LEP students but also fypr other
special needs studends who, have difficulty reading traditional teytbooks.
The twenty-four competency based lessons may be used as a main textbook,
. as a supplementary textbook or as the basis for.a pre-vocational training
course. . .
\The lessons include* .
Lesson 1 Machine Tool Technology
Legson 2  Safety Rules
Lesson 3A Basic Machine Tools R
Lesson 3B Basic Machine Operations
Lesson 3C Revolutions per Minute, Depth of Cut, and Feed
Lesson 4A Introduction to Measurement
Lesson 4B Semiprecision Measurement .
. Lesson. 4C Precision Measurement with Micrometers o
Lesson 4D Precision Measurement -with Vern1er Calipers and
Vernier Height Gages
* Lesson -4E Precision Measurement with Dial Ind1cators
Lesson 5A Introduction to Blueprint Reading
LQ§sog 5B . Basic Views . ,
Lesson 5C Basic Lines z . S
Lesson 5D Tolerances ’
Lesson 5E Title Blocks
Lesson 6A Introduction to Layout . : -
Lesson 6B -Semiprecision Layqut ’
Lesson 6C Precision Layout
Lesson 7A Wrenches, Pliers, and Screwdr1vers
Lesson 7B" Vises, C]amps and V-Blocks
Lesson 7C Hacksaws
Lesson 7D Hammers, Chisels, and Punches
Lesson 7E Files
Lesson 7F Taps and Dies .

The corresponding Machine Shop Fundamentals: Part I STUDENT WORKBOOK
has for each Jesson a Technical Vocabulary, Study Questions, Review Questions,
and Worksheets.

The VOCATIONAL INSTRUCTOR'S MANUAL has specific teaching. strateg1es
and notes, Self-Tests, and student native 1anguage supplements in Spanish,

Lao, and Vietnamese for each lesson.

The TECHNICAL ENGLISH INSTRUCTOR'S MANUAL has-spetific,K vocational
English as a second langdage (VESL) teaching strategies, VESL activities
closely coord1nated with the Machine Shop Fundamentals lessons, and v1suals
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Machine Shop Fundamentals
Orientation - ‘

INTRODUCT IBN

. A GOOD JOB
JOB ADVANCEMENT .
MORE TECHNICAL TRAINING

ENGLBH wﬂa“fsgxﬂ
~ ‘ w
EXPERIENCE “°§<““

TECHNICAL SKILLS )

To get a good job, people need technical skills, experience and English skills.
Workers need to understand directions, ask questions, and talk with their

superv1sors and other workers.
This is often a problem for people whose native language is not English.

MACHINE TOOL TECHNICAL
LABORATORY I ENGLISH

- Theory . "- Technical Vocabulary
- Practice - Machine Shop Math
- "Shop Talk"

"

This machine tool training program has two classes.
In the Machine Tool Laboratory I classes, students learn the theory and

practice of industrial machines in the machine shop.
In the Technical English classes, students learn technical vocabulary, "shop

talk," machine shop 'math, and English skills necessary for Machine Tool

Laboratory I and for jobs."
The machine shop teacher and the technical English teacher work together to

teach -technical machine tool skills and technical English.
Both classes are important for the students.

. - 1y

-




MACHINE SHOP FUNDAMENTALS: PART I

* \

The student will use the- Machine Shop Fundamentals: * Part I textbook and

student workbook. ) , I
The textbook puts the technical information into units and Tessons.

The student workbook helps the student study each lesson.
Each lesson has:

L]

Textbook , Student Workbook | Other Materials -
Objectives ] . | Technical Vocabulary { Slide Show

Procedures & Study duestions ‘Native Language Supplements
Technical Information ReJiew Questions Self-Test

-~

The student must pass the Self-Test with 80% or more correct ans@ers before’
he/she studies the next lesson.
The lesson is the theory part of the class.
In the machine shop, the student must understand the theory before he/she
sets up and runs a machine tool. : . .
For the course, the student will need:
1. Safefy glasses
2. A 6" machinist's rule
3. A thick 3-ring notebook
4.

A vise (DVP #54)

SCHEDULE
MACHINE TOOL LABORATORY I 6 hours per week
TECHNICAL ENGLISH ' 10 hours per week
STUDY TIME AT HOME . 6 hours per week

' . TOTAL 22 hours per week

~

The student must study 6 hours per week at home,

Ve

v

Orientation
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@ R GRADES | i

4 .

Each student will réseive a grade for the Machine Tool Laboratory I course.

Average Grade Points: : \ .

. ' ; . 90 - 100 A (Suneribr) s

~

(’> . 80 - 89 B (Good) ‘
. ’ 70 - 79 C (Average) ‘
N ) . . 60 - 69 D (Poor)
) |59 or below F (Failure) p

60% - of the grade points are from the student's work in the Machine Shop.
"40% of the grade points dre from the student's examinations and tests.

The student wi]l aso receive a grade for the Technical English course.

. { ATTENDANCE - ’
"~ On the job, attendance is very important.
Workers must be at their jobs. everyday and must be on t1me
In school, attendance is also very important.
If a worker does not go to his/her job everyday, he/she gets f1red
. If a student does not go to ‘school everyday, he/she’will not learn and w111
fatl the course.
Attendance in school is like attendance on the job.

Sometimes a worker cannot go to his/her job because of sickness or fam11y

problemst
-Then he/shé must call the company
S If a student cannot go to school, he/she must call the teacher.

Pl

If you cannot go to school, call

A 4
J
U

\‘1“' /' . ) . . - ' . .
ERIC - 3 K Orientation




v MACHINg’fOOL COURSES -AT WAUBONSEE QOMMUNITY‘COLLEGE

» . .
| ' o
. - . L] .

Waubonsee Community College -has nine courses 1n Machine Tool Technology:

.Machine Tool Laboratory I ° Meta]]urgy'and Heat Treatmeﬁ§**%’

Machine Tool Labbratoty I1 Strengths of Materials

Machine Tod1 Laboratory ILI . Metrology ) K
. Manufacturing Proeesses 'fhtroductiqa to Numerical Control . ’

Die

" A1l students begin with Mach¥ne Tool .Laboratory I (one).
In Machine Tool Laboratbry I, students learn to use basic measur1tg toals -
in the machine shop and. to do basic machine tool operations with

machine tools:

The
The
The
The
The
The

The-

The

.Students

Nhen a student finishes Machine Tool Laboratory I (one) he/she has basic
technical skills and experience to begin work as a machine operator,. to take

a better

.classes.

After Machine Tool Laboratory I (one), many students take Machine Too]

Labqratory II (two).
Please ask the teacher if you want more information about the pr09ram and -

. classes.

4

"horizontal mill oo

vertical mill . . .
drill press A « o

radial drill . . : - @
surface grinder < a ’

Design and Construction—

ese

horizontal bandsaw
vertical bandsaw
engine lathe’ '

study the theory and pract?ce of machine tools in the machine shop.

job in the company where he/she works, or to take more advanced

EYe
s’\
v e

.

Orientation
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Machine Shop Fundamentals

. .
[}

1 ’ . - - ' " J
" UNIT 1: Introduction

LESSON 1: Machine Tool Te¢hnology:

OBJECTIVES:

1. The student will write what machine tools make. -
2. The student will write the reason why accurate sizes
of parts- are important.
\
3. The student will choose the correct order of steps that-
a machinist follows for a machine operation.
4. The student will choose the reasons why a machinist must
know good math.
PROCEDURES: 1. Read the Objectives. ’
2. Read the Lesson. d
3. Watch the Slide Show. -
4. Do the-Study Questions. ° ’
5. Do the Reyiew Questions.
* 6. Do the Self-Test.
v . . ' =
REFERENGES:




Everyone wants a good job. o -

The United States”has mapy factories. 2

Many people work in factories. =« ~ ‘

People need_technical skiits. and experience to get good jobs in factories.

A person can get technical skills apd. experience 1n'vocat1ona1 tra1n1ng -
courses and on the Job o

Everyone depends on mach1nes fof transportat1on, food, homes, employment,

and much more. :

Factories build machines. Q : -
Machinists are an important group of workers in factories. B

A machinist uses industrial machines to make the metal parts for many other

machines.

These industrial machines are called machine tools.
Machine tools make metal parts for new machines and other products.

CRRIC s . @




With machine tools, a machinist makes parts to very accurate sizes.

Why? , ’ o
.. . . o
Accurate sizes of Barts are important because many different parts must fit .
together to make a new machine. e - “a
c . \
-~ . “‘\
% .
[ ] ;‘:J ',
&
iy
¢
;
i
1.
!
== ([ ;
He L\ |
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\

Each part must have accurate sizes. )
If the sizes of one part are not accurate, the part will not fit with the

other parts.

€

3 15 | ©)
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Most parts need several machine 4
operations.

To make a finished part, |
usually several machinists ’ :
must do different operations,

and they must use di fférent
macHifie tools.

. SN\ .ﬂ’b“‘ﬁ::iiii . K
llllllllllllllllllllllllllll
‘ e |
* Factories want to make-accurate

YA A LAAA

pardgmin the .cheapest way
) - R4 o possihle. TN
- ' “The. cheapest way is mass
production. |
In mass production, one
machinist does the same ;
operation or operations on \{
many of the same parts. .
' ) Then, another machinist does )
a different operation on the
same parts.

When these parts are finished,
assembly line workers put
them together with other
finished parts.
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’ ‘ WHAT IS A MACHINIST? -
—A-machinist works in the machine shop of a factory. h
" He/she uses machine tools to make metal parts for other mach1nes
There are.many different kinds of machine tools and machine operations.
Most machine tools are complicated.
A machinist must have a lot of technical skills and shop experience.

A person must study machine tool theory and math, and must work for several
years to be a skilled machinist. .

A skilled machinist makes good money. -~

In the future, employment for skilled machinists will be very good.
Factories will have more machine tools and the machine tools will be more
complicated than now. .

Factories w111 need many skilled mach1n1sts to use the machine tools.

WHAT DOES A SKILLED MACHINIST D07

A .skilled machinist uses machine tools to make metal parts for new
machines and other products. =~

How does a skilled machinist make metal parts for other machines?

For a machine operation, a skilled machjnist usually follows these steps:

o -

. z 6%
-2——'> | ' -—»-:-
—r ~% |
e
L_' T o l F |
L’goool
. -003 2o

-ﬁ- x 48 CHAMFER

A
MATERIAL Qty Req'd Casting Specaskies Corp.
Cold Robed Steel 1 Cecarburg. Wis.
TOLERANCES UNLESS OTHERWISE SPECFIED ‘ LEADSCREW
F::r m :‘:“ "‘:‘:7“"' 30M3274
STEP. 1. The machinist reads the blueprint of the finished part.
The blueprint shows the shape and exact sizes of the finished part.
The blueprint also gives technical information about the finished
. part and the operations. .

f SN
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STEP 2. The mach1n1st lays out the part.
‘ To lay out a part, the macpinist marks the correct sizes on the part.

' STEP 3. The machinist sets up the machine tool. /
To set up the machine tool, the machinist gets the machine tool

ready for the operation. o .
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STEP 4, The machinist runs the machine-tool to do the d1fferent operations.
’ To run a machine tool means to operate it.

.
T

The machinist measureé the part to check the sizes of the part.

He/she compares the sizes of the part to the exact sizes on the
blueprint.

The machinist measures the part often to check it
N




MACHINE SHOP MATH ’

Math {F very important for machinists. !
JWhy? . y -
1. To read thé blueprints. - .
2. To lay out parts. ‘ .
-3. To measure parts and check sizes. : L ’ -
Machinists must know and understand fractions an:>3écima1 huméers.

+

' > WACHINE SHOP THEORY

Machine shop theory is very important for machinists. .
4 .
Why? . B ' ) y .

1. To make cérrect set;uﬁsf

2. To understaAd the machine tools, the cutters of the machine tools,
%pd the metals of the parts.
] P ‘»‘\‘; «

3. To run;;hé Machine tools. -
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Machine Shop Fundamentals

2

UNIT 2: Safety in the Machine Shop

LESSON 2:  Safety Rules °

‘OBJECTIVES: 1. The student will choose the correct Safety Ru]es

. " about clothing in the machine shop."

2. The student will choose the correct Safety'Ru]és
about clean-up in the machine sHop.

3. The student wiTl choose-the correct Safety Rules
about accidents1iaﬁ§he-machine shop.

4. The student will choose the correct Safety Rules .
about fires in the machine shop.

5. -The student will choose the correct Safety Rules
: about safe things that the machinist must.do in
R “the machine shop.

6. The student will chopse the correct Safety Rules
about unsafe things that the machinist must not
do in the machine shop.

PROCEDURES: Read, the Objectives.
Read the Lesson.

Watch the Slide Show.

Do the Study Questions.
Do the Review Questions.

Do the Self-Test. ) .

\

o/

REFERENCES:
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NO RIGHT
| TURN

INTRODUCTION

Safety means to be careful.
Safety means not to have accidents.

WRONG
WAY

Companies design machine tools to be safe.
Factories try to protect the machinist from accidents.
_Machine shops have safety rules and signs to protect the machinist
,, from accidents.
Machine shops have shop rules to protect the mach1n1st from accidents.

kg

INO U

TURN

SlFETYBLASSiS
WST!M
N THS AREA

’t

Safety 1s very important in schools and .in factories.
Machine tools are very powerful, and they can be dangerous.
Accidents hurt people, break machine tools and parts, and cost money.:
People cause most accidents. )
A machinist must always follow safety rules, just 1ike a, dr1ver must
follow traffic laws and safety rules on the road.

Cme

FIRE
ALARM

STOP AT
LINE

Machine tools and machines do not cause many accidents.

But machine tools and machines are not perfect.

Machine tools and machines can break and not work correctly.
Machine tools and machines cause some accidents.

g




Sometimes a new machinist causes an accideft. because he/she does not
know how to use a machine tool or other tools.

Knowledge of the safety rules and the correct ways to use the machine
tools and other tools is very important. .

Lack of knowledge can cause an accident.

The machinist must know the safety rules and must fb]]ow the safety ‘
rules. N
The machinist must know how to use machine tools and other too]s

Sometimes, a skilled machinist causes an accident because he/she is
in a hurry.

The machinist in a hurry does not follow safety rules. .

The machinist in a hurry thinks that he/she can cheat on safety rules
and still be safe.

He/she is very wrong .

When a machinist is in too much ofca ﬁurry to-be careful, he/she can
cause a bad accident. , ,

-~

Machines can't think, but people can think.
Students and machinists must think to use their knowledge and to follow

safety rules.

(DANGER

B[SAFETY
FIRST
SHUT OFF - . KEEP HANDS
CHINE
wu&?agr"rwss CLEAR

An accident can hurt the machinist.
An accident can hurt other people.
An accident can break machine tools and parts.
An accident can waste time and money.
Always be careful. :
Learn the safety rules. . .

Follow the safety rules.

Ask questions if you are not sure of someth1ng
Do not be in a hurry.

Think.

DANGER + 1 POSITIVELY FIRE LANE
L KEEPCLEAR |
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MACHINE SHOP SAFETY RULES -

-~

’

., CLOTHING IN THE MACHINE SHOP ) ’

1. Always wear your safety glasses.’
2. Roll up the sleeves on your shirt above you elbows.

3. Take off your jewelry before you run a machine tool.
(Jewelry means: rings, watches, bracelets, necklaces, medals.)

4: Keep long Hair away from moving machine parts.
(Tie long hair back or wear a hair ret.)

CLEAN-UP IN THE MACHINE SHOP

1. Clean up oil on the floor.

H

Clean up your machine tools and work area before you leave the shop.

Put all toois in the correct place.

S W N

Keep the aisles clear between.the machine tools.

5. Put oily shop towels in the correct container.
(This container is a special mefal can.)

ACCIDENTS -
- e
1. Tell your teacher or foreman about all injuries from accidents.

2. Tell your teacher or foreman about all damage from accidents.

+

»

FIRES

1. Know where the fire alarms are in the shop.

2. Learn when and how to use the fire alarms.

3. Know where the fire extinguishers are in the shop.
4. Learn when and how to use the fire extinguishers.

5. Know where the fire exits are in the shop.




saPt Thnes: THINGS YOU MUST DO : | - oo

1.

Learn how to operate a*machine tool before you start.

Always fo]]ow the instructions of your teacher or foreman | .- 2y

: 2.
& .
3. Tighten a1T machine parts and cutters before you start a machine
tool. ) . 4o
. ; J
4. Keep your fingers away from moving ﬁg}ts of a macdhine tool.
5. Shut off your machine tool before you walk away to work in a
different place.
. + »
6. Shut off your machine tool before you adjust or measure anything.
7. Shut off your machine tool before you clean it.
! ”
8. Tell your teacher or foreman about broken machine tools, . R
measurement tools, or parts.
9. Ask for help to carry hedvy things.
o4
g '
UNSAFE THINGS: THINGS YOU MUST. NOT DO : ]
: &
1. Do not operate a machine tool before your teacher cdmes.
- {
2. Do not operaté a machine tool aftegﬁyou drink alcoholic bev/ﬁages
A g u\ "
3. Do not operate a ‘machine too]rﬁfter you. take strong med1c1ne or
drugs. _ . ’
, A . . -
4. Do not bother other students or workers. N 7
f35{ Do not fool arouhd near the machine tools. )
6. Do not waste time in the shop or on the job.
7. Do not touch another machinist's machine tool.
(Only one machinist operates one machine tool.)
8. Do not touch moving parts’of a machine tool.
9. Do not use your hands to stop moving parts of a machine tool.
10. Do not use your hands to brush metaf-chips off a machine tool.

|

?




'Machine‘Sﬁ6b‘Fpndamenta]s

o/ )
3A .
T UNIT 3: Introduction to Machine Tools and Machine Operations
»
LESSON 3A:  Basic-Machine Tools
;.- *OBJECTIVES: 1. Thé.student will choose what the cutters of all machine
it : . tools do.

' RggEfDUR§§:

REFERENCES:’

RS

1

2
3.
4.
5.
6
7

.. The student will match the name of a mach1ne tool to the

use of that machine tool.

. The student will choose the correct name of the cutter

of each machine tool.

Read the Objectives. o

Read the-Lesson.

Watch the Slide Show. ) \\\____,/

Watch the teacher's Demonstration.

Do the Study Questions.

Do the Review Questions. T -
Do the Self-Test. - e

vf 4




TNTRODUCTION

1]

A machinist uses industrial machines to make parts for many new machines
and products.

These industrial machines are called mach1ne tools.

There are many different kinds of machine tools.

There are machine tools for metal parts, for plastic parts, and for
woodworking.

Machine Shop Fundamentals is about machine tools for metal parts.

With machine tools, a machinist makes parts to very accurate sizes.
Accurate sizes of parts are important becagse many different parts must fit
together to make a new machine or product.

Each part myst have accurate sizes.

" Each machine tool has a cutter. yv

.There are many different kinds of cutters.
Machinists use different kinds of cutters for different machine tools and
machine operations. g
But all .cutters cut metal chips from the part.

In'thisaz:éson, you will learn about these machine tools:
' ORIZONTAL BANDSAW '
THE VERTICAL BANDSAW

THE ENGINE LATHE
" THE HORIZONTAL MILL _ | S
THE VERTICAL MILL ' , | o
THE' DRILL PRESS .
THE SYRFACE GRINDER .

-, N

g e




Sometimes s a machinist does not make parts in mass production.
Sometimes, he/she must make a special part.

He/she does all the machine operations on this part.

The machinist starts with stock. . _

Stock is large pieces of metal. ) , ;

Thé machinist cuts off a piece of stock.

The piece of stock is a 1ittle bigger than the finished part.
Remember, the blueprint shows the shape and the exact sizes of the
finished part. : !

Now the piece of metal is sometimes called a workpiece.

Most textbooks and charts call #t a workpiece.

In the shop and in Machine Shop Fundamentals, we call it a part.

The machinist does machine operations on, the part (workpiece) to make
the finished part. T ’ ,




.~

This is a HORIZONTAL BANDSAK.
The machinist uses a ‘horizontal bandsaw to cut parts to size.
The machinist saws parts to size on a horizontal bandsaw. ; ,

« -

) . Bandsaw blade

)
f
, «
5- »
.
. , p
.
/

| The cutter of a horizontal bandsaw cuts metal. chips to cut a part to size.
} The cutter of a horizontal bandsaw is called a BANDSAW BLADE.

|

' The horizontal bandsaw revolves the bandsaw blade. ‘ : ‘
!

|

|

)




vERﬁCAL BANDSAW

Adjustment

Randsaw blade

on/0ff
Switch
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. This is a VERTICAL. BANDSAW.

The bandsaw blade of the vertical bandsav(‘; vertical. }
The bandsaw blade of the horizontal bandsaw is horizontal.

The machinist uses the vertical bandsaw 1ike the horizontal bandsayJ
The vertical bandsaw revolves thé bandsaw blade.

The machinist saws parts on the vertical- bandsaw.

&

Bandsaw bladg —




BED TAILSTOCK

HEADSTOCK

. CARRIAGE

This is a LATHE. .
The machinist uses a lathe to make round parts.

The machinist turns round parts on a lathe.
Many times in the machine shop, a round part means a cylindrical part.

T ' ".\Tool bit -
The cuttér of a lathe cuts metal chips to make round parts.

The cutter of a lathe is called a TOOL BIT.

The lathe revolves the part.




HORIZONTAL MILL

ON/OFF SWITCH - .

- LZT - = SPINDLE
| = -

I
N

5\\

h

This is a HORIZONTAL MILL.
The machinist uses a horizontal mill to make flat, smooth surfaces on parts.

The machinist also uses a horizontal mill to make slots in parts.
The machinist mills surfaces and slots in parts on‘a horizontal mill.

»

The cutter of a horizontal mill cuts metal chips to make flat, smooth surfaces
on parts and to make slots in parts.

The cutter of a horizontal mill is'ca])ed a MILLING CUTTER.

The horizontal mill revolves the milling cutter..

\ 4
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VERTICAL MILL

This is a VERTICAL MILL.

The spindle of the vertical mill is vertical.
The spindle of the horizontal mill is horizontal.
The machinist uses the vertical mill 1ike the horizontal mill.

'The cuttet of a vertical mill is called a MILLING CUTTER.

The machinist mills parts on the vertical mill.




DRILL PRESS .

. COLUMN
N
This is a DRILL PRESS.
The machinist uses a drill press to make holes in parts.
The machinist drills holes"in parts on a drill press.

f o - »

to make holes in parts.

The cutter of a drill press is called a
DRILL BIT. - ‘

The drill press revolves the drill bit.

The cutter of a drill press cutg metal chips ’

—~_




" - SURFACE-GRINDER.

b

[ | L R
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\ ON/OFF
\ SWITCH
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This is a SURFACE GRINDER.
The machinist uses the surface grinder to maké flat and very smooth surfaces

on parts. .

The machinist grinds flat and very-smooth surfaces on parts on a surface
grinder.

The cutter of a surface grinder cuts very small metal chips from the part.
The cutter of a surface grinder is called a GRINDING WHEEL.

The surface grinder revolves the grinding wheel.

”




Each machine tool has a cutter.

What do the cutters of all machine tools do?

AT1 cutters cut metal chips from parts.

MACHINE TOOL CUTTER
Horizontal bandsaw Bandsaw b]adé
J Vertical bandsaw 'Bandsaw'bladg
Engine.lathe Tool bit
—mm— - Horizontal mill - . Milling cutter
Vertical mill .. ‘ ‘ Milling kutter
Drill press Drill bit
‘ Surface grinder Grinding wheel
N
®
37
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Machine Shop Fundamentals

——UNIT 3: - Introduction to Machine Tools and Machine Operations

LESSON 38:  Basic Machine Operations

A S

i

N\

OBJECTIVES: 1. The student will match the name of a machine operation
N . to a picture of that machine operation.

The student will match the name of a machine operation
to a description of that machine operation. :

The student will choose the machine tool that the
machinist uses to do a machine operation.

1

PROCEDURES: 1. Read the Objectives. :
. Read the Lesson. ?
Watch the Slide Show.
. Watch the teacher's Demonstration.
. .Do the Study Questions.
Do the Review Questions.
Do the Self-Test.

!

. REFERENCES :




- TNTRODUCTION

3

A machinist uses mach1ne tools to make parts for many new machines and
products.

He/she does machine operat1ons on a part to make the finished part.

A machine operation is the method (the way) to cut off metal chips. from
a part to change the size and shape of the part.

Remember, the blueprint shows the shape and the exact s1zes of the
finished part.

The cutter of a machine tool cuts metal chips from a oart

A machinist, does machine operations on parts with mach1ne tools.

Most parts.need several machine operationms. o
To make finished parts, usually several machinists must do several
different machine operations, and they must use different machine tools.
. This is mass production.
Machine operations change the size and shape of-.a part according to
blueprint specifications.
Machinists do machine operations on parts with machine tools.

]

. There are many different kinds of machine operation$.’

In this unit:v;:i<?ijl Tearn about these 5 basic machine operations:
- 1. -SAWING © - .

1

2. TURNING

3.. MILLING ’
4. DRILLING

5. GRINDING

L4 ~

1. SAWING Cutting parts to size is a machine operat1on
. Cutting parts to size with a bandsaw-blade 1s called SAWING

SAWING is a machine operation. ,
The machinist does SAWING operations on the horizontal bandsaw

and the vertical bandsaw.

SAWING

Bandsa.w%blade

[ |

a
e -

// /
- /. -
/ . Ytk ot
-




2. TURNING Making round parts is mach1ne operat1on .
Making round parts with a tool bit is called TURNING:

TURNING is a machine operation. I
The machinist does TURNING operations on the lathe.

_Many times in the machine shop, a round part means g
cylindrical part.

* " TURNING

\Tbol bit

3. MILLING Making flat, smooth surfaces on parts is a mach1ne operation.
Making slots in parts is a machine operation.
Making flat, smooth surfaces and slots with a milling cutter is-
called MILLING.
MILLING is a machine operation
The machinist does MILLING operations on the horizontal mill
and the vertical mill. : .

MILLING

Millihg cutter —»-




4.

5.

DRILLING

S
T
I3

A

o

»

I3

A\

GRINDING

Making hoTes is a machine operation. ¢ ' )
Making holes in parts with a drill bit is called DRILLING. .

DRILLING is a machine operation. -
The machinist usually does DRILLING operations on the dr111 press.
The machinist also can do DRILLING operations on the lathe and

‘the .vertical mill. )
B ) DRILLING o

A

Making flat and very smooth farfaces on parts is a machine
operat}on

Making flat and very smooth surfaces on parts w1th a grinding .
wheel is called GRINDING. -

GRINDING is a machine operation.
The machinist does GRINDING operations on the surface grinder.

o

<

SURFACE GRINDING




.

Cutting pa¥ts to size with a bandsaw b]ade is called SAWING.

SUMMARY

'

king round parts with a tool bit is called TURNING..
kinhg flat, smooth surfaces on parts or slots in parts with a milling
cutter is called MILLING.
Making boles in parts with a drill bit is called DRILLING
Making flat and very smooth surfaces on parts with a grinding wheel

is ca]led GRINDING.

_{ . MACHINE OP%ATION "MACHINE TOOL:
& Sawing . ® Horizofital bandsaw
Vertical bandsaw
Turning Lathe
Milling ‘Horizontal mill
Vertical mill
Drilling Drill press
Lathe ‘.
Vertical mill .
\ )
Grinding Surface grinder

The mach1n1st saws parts to size on.a horizontal bandsaw and a vertical
bandsaw.

The machinist turns round parts on a lathe.

The machinist mills surfaces and slots in parts on a hor1zonta1 m11]
and a vertical mill. ~_/

The machinist drills holes in parts on a drill press, a lathe, and a vertical

mill. 7
The mdchinist grinds flat and very smooth surfaces on parts on the surface

- —

" grinder.

-

These are the 5 basic machine operations.
In later lessons, you will learn more about each basic machine operation.
Also, you will Tearn how the machinist uses the machine tools to make parts.

N

s




Machine Shop Furidamentals *

o 3

UNIT 3:

LESSON 3C:

OBJECTIVES:

PROCEDURES:

PR

REFERENCES »

Introduction to Machine Tools and Machine Operations
Revolutions Per Minute, Depth of Cut, and Feed

1. The student will write the 3 factors a méchinist must
understand to set up machine tools and to do machine
.operations. . ‘

2. The student will match the steps to do a machine ti
on the horizontal mill to the pictures of those steps.

3. The student will match the steps to do a machHine operation
on the lathe to the pictures of those steps.

"Read the Objectives. . :
Read the Le%son.

Watch the Slide Show.

Watch the teacher's Demonstration.

Do the Study Questions.

Do the Review Questions.

Do the Self-Test.

© -
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e ) INTRODUCTION

A}

A machinist uses machine tools to make parts for many new machines and products.
In Lesson 3A, you learned about these machine tools and their cutters:

- |MACHINE TOOL CUTTER
HORIZONTAL BANDSAW ~ BANDSAW. BLADE
| VERTICAL BANDSAW BANDSAW BLADE
ENGINE LATHE TOOL - BIT
HORIZONTAL MILL : . MILLING CUTRER ‘
‘| verTIcaL miLL - MILLING :z::;k
DRILL PRESS DRILL BIT
SURFACE GRINDER .~ GRINDING WHEEL

t e

With machine tools, a machinist makes parts to very accurate sizes.

Accurate sizes of parts are important because many different parts must. fit
together to make a.new machine or product. ©

Each part must have accurate sizes. .

A machinist does machine operations on a part to make the finished part. .
A machine operation is the method (the-way) to cut off metal chips from
a part to change the size and shape of the part.

The cutter of a machine tool cuts metal chips from a part. .

Machine operations change the size and shape of a part according to b]uepr1nt

specifications. )
Machinists do machine operations on parts with mach1ne tools.

In Lesson 3B, you learned about‘these basic machine operations:

SAWING
TURNING .
MILLING - \ \
DRILLING A

GRINDING

s

"To set up machine tools and to do machine operations qn parts, a machinist must
understand these factors:

1. REVOLUTIONS PER MINUTE~(RPM)
2. DEPTH OF CUT , .
3. FEED ‘

A machinist uses nis/her knowledge and experience to set the correct
revolut1ons per. minute (RPM), depth of cut, and feed on a machine tool.




" REVOLUTIONS PER MINUTE (RPM)

Most machine tools have a SPINDLE.
An electric motor and gears inside the mach1ne tool revolve the sp1nd1e

When the electric motor and gears revo]ve the spindle one time, this is 1

revolution.
75 revolutions of the spindle in one m1nute are 75 revolutions per minute (RPM)

The abbreviation for revolutions per minute is RPM.

On some machine tools, like the horizontal mill, the spindle revolves the cutter.
On these machine too]s, when the spindle makes 1 revolution, the cutter also

makes 1 revolution.

EXAMPLE A -

Milling cutter—. : ol
REVOLUTIONS

[

1

In EXAMPLE A, the spindle of the horizontal mill revolves the milling cutter.

On the horizontal mill, 123 RPM means the milling cutter makes 123 revolutions
in one minute. : ot

On some machine tools, 1ike'the 1dthe, the spindle revolves the part.
On these machine tools, when the spindle makes 1 revolution, the part also

makes 1 revolution.

\_REVOLUTIONS ~*

EXAMPLE B . PER
. MINUTE

S/

-

In EXAMPLE B, the spindle of the lathe revolves the part.
On the lathe, 300 RPM means the part makes 300 revolutions in one minute.

.

The machinist must set the correct RPM of the spindle to set up machine tools

and to do machine operations.
The machinist uses his/her knowledge and experience to.set the correct RPM

on a machine tool to do a machine operation.

@




DEPTH OF CUT

The cutter of a machine tool cuts metal chips from a part.
The amount of metal that a cutter cuts from a part is called the DEPTH OF CUT.
Most of the time, the machinist measures the depth of cut in thousandths (.oo01,

.002, 003, ...) of an inch.

On the horizontal mill, the milling cutter cuts metal chips from the part.

Y

EXAMPLE C

R
0
T
o
m
(@)
S

In EXAMPLE C the depth of cut is the amount of meta] the milling cutter cuts .

from the part.
A depth of cut of .030" on the horizontal mill cuts .030" of metal from the part.

On the lathe, the tool bit cuts metal chips from the part.

/\ .
EXAMPLE D
. “ -
Part |
DEPTH OF CUT
) -
v A4 + -

In EXAMPLE D, the depth of cut is the amount of meta] the tool bit cuts from

one side of the part.
A depth of cut of .010" on the lathe cuts 010" of metal from one side of the part. y

The machinist must set the correct depth of cut to set up machine tools and to °
do machine operations. - -
The machinist uses his/her knowledge and experience to set the correct depth ‘

of cut on a machine tool to do a machine operation.




FEED

-

On some machine tools, 1{ke the horizontal mill, the machinist feeds (hoves)

the part into the cutter. -
On these machine tools, moving the part into the cutter is called FEED.

EXAMPLE E

In EXAMPLE E, the machinist: feeds the part-into the milling cutter on the

. hdrizontal mill.

On some machine tools, like the 1athe, the machinist feeds (moves) the cutter

into the nart.
On these mach1ne tools, moving the cutter into the part is called FEED.

EXAMPLE F

In EXAMPLE F, the machinist feeds the tool b1t 1nto the part on the lathe.

On the horizontal mill, the mach1n1st uses his/her knowledge and exper1ence
to feed the part into the milling cutter.

On ,the lathe, the machinist uses h1s/her knowledge and exner1ence to feed

the tool bit into the part. )
N J




RPM, DEPTH OF CUT, AND FEED

L4

To do a machine opertation on the horizontal mill, a machinist usually follows
these steps: - : 7 ; :
STEP 1. Set the correct RPM of the spindle and the milling cutter.

STEP 2. Set the correct DEPTH OF CUT. :
STEP 3. FEED the part into the milling cutter. .

STEP 1. Set the correct RPM of the spindle and miTling cutter.

STEP 2. -Set the correct DEPTH OF CUT.

, Mifling cutter —

\\\\\

A 4

STEP 3. FEED the




»
S

To do a machine operation on the lathe, a machinist usually follows these
steps:

) . - STEP 1. Set the correct RPM of the spindle.and the part.
STEP 2. Set the correct DEPTH OF CUT. . _
STEP 3. FEED the tool bit into the part.

-

STEP']. Set the correct RPM of the spindle and the part.

v

~ REVOLUTIONS

° ~

. | I | Mkt

_STEP 3. FEED the tool bit into -the part.

»
&




SUMMARY S

To set up machine tools and to do machine operations on parts, a machinist
must understand these factors: . v )

1. REVOLUTIONS PER MINUTE (RPM) - i
2. DEPTH OF CUT
3. FEED -

v

A machinist uses his/her knowledge ahd experience to set the correct
revolutions per minute (RPM), depth of cut, and feed on a machine tool.

Revolutions per minute

‘Most machine tools have a spindle. .

An electric motor and gears inside the machine tool revolve the spindle. -

A machinist measures the speed of the spindle in REVOLUTIONS PER MINUTE (RPM).
The abbreviation for revolutions per minute is RPM. ) -

On some machine tools, like the horizontal mill, the spindle revolves the cutter.
On these machine tools, when the spindle makes 1 revolution, the cutter also

makes 1 revolution. ’
For example, on the horizontal mill, 150 RPM megns the milling cutter makes 150

revolutions in one minute.

" On some machine tools, like the lathe, the spindle revolves the part.
On these machine tools, when the spindle makes 1 revolution, the part also

makes 1 revolution. - . « . .
For example, on the lathe, 80 RPM means the part makes 80 revolutions in

one minute. -

Depth of cut

The cutter of a machine tool cuts metal chips from a part.
The amount of metal that a cutter cuts from a part is called the DEPTH OF CUT.
Most of the time, the machinist measures the depth of cut in thousandths

(.001, .002, .003, ...).of an inch. \

’

Feed '

»

On some machine tools, like the horizontal mill, the machinist feedi (moves)
the part into the cutter. e . .

On these machine tools, moving the part into the cutter is called FEED.

On the horizontal mill, the machinist feeds the part into the milling cutter.

On some machine tools, like the lathe, the machinist feeds (moves) the chtter

into the part.
On these machine tools, moving the cutter into the part is called FEED.

On the lathe, the machinist feeds the tool- bit into the part.




Machine Shop Fundamental’s

" aA

UNIT 4: Measurement

LESSON ‘4A:  Introduction to Measurement

OBJECTIVES: 1.

PROCEDURES:*

REFERENCES:

The student will write the correct definition of measurement.

The student will write the reason why a machinist must make
accurate measurements. .

.' The stddent will choose the correct definition of the deg}ee

of accuracy.

The student will write the 2 main kinds of accuracy in the
machine shop. :

The student will choose the correct definition of
semiprecision measurement.

The student will choose the smallest fraction of an inch on

semiprecision measurement tools.-

The student will write the correct fraction of an inch on
a picture of a rule. -

The student will choose the correct definition of preciéion

measurement.

/ ) ) !
The student will choose-the smallest decimal part on most

precision m%ggurement tools.

Read the Objectives.
Réad the Lesson.

Watch the Slide Show.

Do the Study Questions.
Do the Worksheets.

Do the Review Questions.
Do the Se]ﬁfTest.

9




INTRODUCTION

- What is measurement? e :

Finding the sizes of a part is called measurement.

The-machinist measures a part to find the sizes of the part.
He/she uses MEASUREMENT TOOLS to measure parts
Some textbooks call them measurement instruments or measurement dev1ces

A machinist uses machine tools tb make parts.

The machinist must make accurate parts.

Accurate parts fit together with- other parts.
Inaccurate parts do not fit together with other parts
Inaccurate parts are called SCRAP. :

-

v Why must a machinist make accurate measurements? \

A machinist must make accurate measurements to make accurate parts.

A machinist measures parts (technical meaning) in inches and parts
(general meaning) of dn inch.

Remember, a part (techn1ca] meaning) is the piece of material on which
the machinist does various machine operations.
A part (general mean1ng) is a segment or portion of a whole thing, .

for example, a segment or portion of an inch.

A machinist uses fractions and decimal numbers to measure parts.

4

ACCURACY ' .

Machines are not perfect.
Measurement tools are not perfect.
A machinist cannot make a perfect measurement on every part ~

A11 parts need accurate measurements.
-But some parts need very accurate measurements.

There are degrees of accuracy.
- A measurement cap be accurate even when it is not perfect

)
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An. accurate measurement can be a 1iftie larger .than the perfect

measurement. . —
An accurate measurement can be a little smaller than the perfect

measurement.

The degree of accuracy is the amount an accurate measurement can be
larger or smaller than the perfect measurement. . '

In the machine shop there are 2 main kinds of accuracy:

1. Semipregision accuracy
2. Precision accuracy .

»

For semiprecision accuracy, the machinist uses SEMIPRECISION MEASUREMENT
and SEMIPRECISION MEASUREMENT TOOLS.

For precision accuracy, ithe machinist uses PRECISION MEASUREMENT and
PRECISION MEASUREMENT TOOLS. )

N

SEMIPRECISION MEASUREMENT

Semiprecision measurement is accurate to within 1 of an inch larger

than the perfect measurement, or 1 of an inch Sﬁa]ler than the perfect
measurement. o ’
The machinist writes +3%" to show _1 of an inch larger than the perfect
measurement. | o
The machinist writes -f]" to show _1 of an inch smaller than the perfect
measurement. / * o

3 23 -
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A.semiprecision measurement can be + 1" or ~-_1" and still be atcurate.
: 64 64 :
In semiprecision measurement, the machinist measures parts in inches and
fractions of an inch. ‘ . '

In the machine shop, the machinist reads these fractions of an inch:

.

erlc - R -

‘ '

i Halves 1 ., 2 2 = 1inch :
2 7 2 "
“ Fourths or 1, ... 3 , 4 L = T1-inch '
Quarters 4 - 4 4 4
Eighths- 1, e 10, 8 8 = 1 inch .
8 8 8 8 /,
Sixteenths 1 5 e.ey _15 , _16 16 = 1 4nch : '
T 6 T6 T6 e ,
Thirty-seconds 1, ..., _31 , _32 32 = 1.1inch .
7l % 32 52
Sixty-fourths 1, ..., 63 °, 64 ., 64 = 1 inch
' 64 64 64 64 o ) ‘
In semiprecision measurement, _j___'of an inch is the smallest fraction on
’ 64 . v
the semiprecision measurement tools. - ) |
3 . . - ) . ‘ %
- ) "‘
v - \
‘ ] .5‘1 : . ' ‘ ;
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s W ‘ |
Semiprecision measurement tools divide an inch into halves, fourths,
‘ eighths, sixteenths, thirty-seconds, and sixty-fourths.

/\'
* _ Fourths or -
Quarters Eighths Sixteentif— - -
G : g !

1/16
. 1/8 . e

\::§y16k
’ 1/4 - 8 - 4/16
| . 5/16
o . . | 3/8 | . 6/16
- * 7/16 -
112 | 214 - = :;:4/8 % 8/16"'( -
) 9/16
. % - 5/8 10/16

wm—

~ T 11/16

* 3/4 6/8 ~ 12/16
, | . 13/16
. 7/8 ~14/16

® | . o 15/16

o
Qu

-
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16/16=1
15/16
14/16 =7/8
13/16
12/16 = 6/8 = 3/4
J 11/16
10/16=5/8
9/16
8/16 =4/8=2/4=1/2
7/16 |
6/16 =3/8
5/16
4/16 =2/8 = 1/4
3/16
2/16 =1/8

1/16
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| ”Reading Thirty—seconds :
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~ Reading Six‘cy—fourths
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PRECISION MEASUREMENT

Precision measurement is accurate to w1th1n .001 of an inch or smaller.
Remember, .001 = 1

The precision measurement gan be .001 of an inch. larger than the
__perfect measurement, or 001 of an inch smaller than the perfect

measurement. = ]
The machinist writes + .001" to show .001 of an inch Targer than the

perfect measurement.
The machinist writes - .001" to show .001 of-an inch smaller than

the perfect measurement.
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A precision measurement can be + .001or - .001" and still be accurate.

In precision measurement, the machinist measures parts in inches and

decimal parts of an inch.
~-In the machine shop, the machinist reads these decimal parts: -

.001, .002, .003, ... , .999, 1.000
1.000" = 1 inch

In precision measurement, .001 of an inch is the smallest decimal part
. on most precision measurement tools.
On some precision measurement tools .0001 of an inch is the smadlest
decimal part. : .
Remember, .0001 = 1
10000

Precision measurement tools divide an inch into thousandths (.001, .002, ...)
or ten-thousandths (.0001, .0002, ...). '




= SUMMARY

A1l parts need accurate measurement.
But some parts need very accurate measurements. -

In the maeﬁine shop, there are 2 main kinds of accuracy:

1. Semiprecision accuracy .
2. Precision accuracy 1

For semiprecision accuracy, the machinist uses semiprecision measurement
and semiprecision measurement tools.
For prec1sion accuracy, the machinist uses precision measurement and

precision measurement tools.

Semiprecision measurement is accurate to within +1"or =1"
64 64

Precision measurement is accurate to within + .001" or - .001"

To compare, 1" is a little more than .015"

64
1= .0156 -
60 e

v

Precision measurement measures smaller parts of an inch than semiprecision

measurement measures.
_Precision measurement has a higher degree of accuracy than sem1prec1s1on

“measurement has. e
In other words, precision measurement is more accurate than semiprecision

measurement is.

The blueprint tells the machinist to use semiprecision measurement or
to use precision measurement to measure the sizes of a part.

In the next lessons, you will learn how to use semiprecision measurement
1s and precifion measurement tools.
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UNIT 4:
LESSON 48:

%

OBJECTIVES:

PROCEDURES:

-

REFERENCES:

Machine Shop Fundamentals

Measurement

Semiprecision Measurement

1. The student will write the correct definition of
Semiprecision measurement.

2. The student will match the name of a semiprecision
measurement tool to a picture of that measurement tool.

3. The student will match the name of a semiprecision
measurement tool to a description of that measurement tool.

4. The student will choose the correct rules for the care of
measurement tools.

Read the Objectives.

Read the Lesson.

Watch the Slide Show.

Watch the teacher's Demonstration.
Do the Study Questions.

Do the Worksheets. -

Do the Review Questions.

Do the Self-Test.
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INTRODUCTION

For semiprecision accuracy, the machinist uses semiprecision measurement
and semiprecision measurement tools.
- AN

Nhat is semiprecision measurement? -
*

V‘SEMIPRECISION MEASUREMENT is the measurement of parts to within _1  of
an inch. 64

Semiprecision measurement is accurate to + _1 or -_1 of an inch.
64 64

The machinist uses semiprecision measurement tools to measure these fractions:
halves, fourths, eighths, sixteenths, thirty-seconds, and 51xty -fourths.

1

SEMIPRECISION” MEASUREMENT TOOLS

The machinist uses semiprecision measurement tools to make semiprecision
. measurements.

[

In this unit, you will learn to measure partséy1th these sem1prec151on
measurement }oo]s

The 6" rule . The'outside caliper

The hook rule . The tape rule
The depth rule . The short-length rule and holder

The combination square . The bevel protractor
The inside caliper ) -

6" RULE o

most common semiprecision measurement tool is the 6" RULE.
machinist reads measurements on the 6% rule.
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2. THE HOOK RULE- -~

. The machinist also uses the HOOK RULE to measure parts. ~
_ He/she reads the hook rule 1ike a 6" rule. .
$
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3. THE DEPTH RULE s

The machinist uses the DEPTH RULE to measure the depth of slots in parts
and the depth of blind holes. ’ o

A blind hole does not go all the way through a part.

The machinist reads the depth rule like a 6" rule.
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4. THE GOMBINATION SQUARE * . o PY

The machinist uses the COMBINATION SQUARE Tike a §" rule or a depth '
rule to measure parts.
He/she reads the combination square like a 6" rule.
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5. THE INSIDE CALIPER

Somet'imes the machinist must measure the inside diameter of a hole in ‘

a part, but he/she cannot use only a 6" rule.
Then, he uses an INSIDE CALIPER and.a 6" rule.
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First, ‘the machinist adjusts the inside caliper to the inside diameter of
. the hole in the part. ‘

Next, he/she holds the inside caliper against a 6" rule.
Then, he/she reads the measurement on the 6" rule. -

6




THE OUTSIDE CALIPER

. Sometimes the machinist must-measure the outs1de d1ameter of a part,
*  but he/she cannot use only a 6" rule. -
Then, he/she uses an OUTSIDE CALIPER and a 6" ru]e

.

1 2 %E
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First, the machinist adjusts the outside caliper to the outside diameter

of the part.
Next, he/she holds:the outside caliper against the 6" rule.
Then, he/she reads the measurement on the 6" rule.

7. THE TAPE RULE

The machinist uses the TAPE RULE to measurellong p1eces of stock.

A tape rule is accurate to + 1" or - _1
16 16 .




THE SHORT-LENGTH RULE and THE HOLDER

Sometimes the machinist must measure a small dimension (size) on a
part, but he/she cannot use a 6" rule because the 6" rule is too
big. '

Then he/she uses a SHORT-LENGTH RULE and HOLDER.

The holder holds the short-length rule.

L

THE BEVEL PROTRACTOR

The machinist uses the BEVEL PROTRACTOR to measure angles on parts.

An angle on a part is called a bevel.
A machinist measures angles in degrees.
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N
( CARE QF MEASUREMENT TOOLS

P

These rules will help you make accurate measurements and accurate parts
without damage to measurement tools.

Employers will want you to use measurement tools carefully and correctly.

©

GENERAL RULES

1.

Do not drop measurement tools.

Do not carry measurement tools with other tools.
Yog*wi]] drop or scratch the measurement tools.

Do not put measurement tools in a pile of tools.

Do not try to measure moving parts. .

Do not remove rust or stains on measurement tools with abrasive cloth.

Wipe off measurement tools and then put the measurement tools away.




-

CARE OF MEASOREMENT TOOLS .

These rules will help you make accurate measurements and accurate parts
without damage to measurement tools. .

. N
Employers will want you 'to use measurement tools_carefully and correctly.

’

GENERAL RULES

Y

1. Do not.drop measurement tools.

2. Do not carry measurement tools with other tools.
You will drop or scyatch‘the measurement tools.

3. Do not put measurement tools in a pile of tools.
4. Do not try to measure moving parts.

5. Do not remove rust or stains on measurement tools with abrasive cloth.

6. Wipe off measurement Eoo]s and then put the measurement tools away.

.

7
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2. THE INSIDE MICROMETER , ' , o

[ >
X : .
The machinist uses the inside m1crometer to measure 1ns1de dimensions of parts.
He/she measures the. 1nsfde diameter of a hole and the width of a slot.

He/she reads the measurements on the inside m1crometer.

The machinist .uses this inside m1crometer to ‘measure inside dimensions from

1.000" to 2.000% 'v
Heisﬁe uses a 1.000" extens1on, 2. 000" extens1on} 3. 0@0“ extension, etc., to

measure larger inside dimensions. ;

3. THE DEPTH MICROMETER . L
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The machinist uses the depth micrometer 1ike a depth rule to measure dimensions.
He/she measures the depth of a slot in a part and the depth of a blind ho}e

in a part. - ,
.He/she reads the. measurements on the depth mi crometer

He/she uses.this depth mitrometer to measure dfmensions from 0 00Q" to 1.000"
He/she-uses a 1.000" extension, 2. 000" extens1on 3 000" extension, etc., to

measure larger dimens1ons. . , .

*



PARTS OF THE MICROMETER
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The machinist measures parts between the ANVIL and the SPINDLE.
He/she must keep the anvil and spindle very clean to make accurate measurements.
He/she reads 2 measurements on the SLEEVE.
a. He/she reads .100", .200", .300", ..., .900" on the sleeve.
b. He/she also reads .025", .050", and .075" on the sleeve.
He/she reads 1 measurement on the THIMBLE. L
c. He/she reads .001" to .024" on the thimble.
The FRAME holds the anvil, spindle, sleeve, and thimble.

READING THE OUTSIDE AND INSIDE MICROMETERS

The machinist reéas thousandths of an inch ¢.001") on the outside micrometer
and inside micrometer. P

-

When the machinist reads a micrometer, he/she can think that 1.000" equals
1000 pennies. 1 penny = .001"

He/she counts the pennies in 3 ways.

He/she reads the thousandths (.001") on a micrometer in 3 ways.

/ /Z'
V2% z

The machinist counts the Tines on the thimble as 1 to 24 pennies.
He/she reads the lines on the thimble as .001" to .024"

towy | ®

r
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// 1/, L .075°(025° +.025° +.025")

w,
/4// ' // " % .050°¢.025" +.025")
025

The m¢bh1nist counts each small line without a number on the sleeve as 25
pennies.
He/she reads each sma]l line without a number on the sleeve as .025"

The machinist counts each line with a number (1 to 9) on the sleeve as 100
pennies. .
He/she reads each line with a number {1 to 9) on the sleeve as .100"

Last, the machinist adds the pennies.
Last, the machinist adds the thousandths of an inch (.001")

You will study the steps to read the outside micrometer and inside micrometer
in the next pages.
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This micrometer reéd;ing is.0.000"
' The edge of the thimble is on the™0.000" 1ine of the sleeve. ‘g
sleeve.

The .000" Tine on the thimble 1ines up with the center 1ine on t

¢

This micrometer reading is .020"
The edge of the thimble is not'on the 0.000" Tine of the sleeve. A .

The Q20" 1ine on the thimble Tines up with the center line on the sleeve.

,




Center Line

This micrometer reading is .025"
The edge of the thimble is on the .025" 1ine on the sleeve.
The machinist cannot see all of the .025" line on the sleeve.
But, he/she can see the micrometer reading is not 0.000"
The .000" 1ine on the thimble lines up with the center line on the sleeve.
The micrometer reading must be .025"
Center Line
.050° ‘ A J—
0—~—— 000" Thimble )
an
4,
iy 7"
////// ” // 4 / .
Sleeve ' g

This micrometer reading is .050"

-The edge of the thimble is on the .050" 1ine on the sleeve.

The machinist cannot see all of the .050" line on the sleeve. .
But, he/she can see the micrometer reading is not .025"

The* .000" 1ine on the thimble 1ines up with the center line on the sleeve.

The micrometer reading must be .050"




Center Line

This micrometer reading is .075"

The edge of "the thimble is on the .075" line on the sleeve.

The machinist cannot see all of the .075" line on the sleeve.

But, he/she can see the micrometer reading is not .050" )
The .000" 1ine on the thimble Tines up-with the center line on the sleeve.

The micrometer read1ng must be .075" ‘

Center Line

A
I

The edge of the thimble is on the .1Q0" line on the sleeve. :

The machinist cannot see all of the .100" line on the sleeve. ‘
The .000" 1ine on the thimble 1ines up with the center Tine on the sleeve.

‘The reading must be .100"

i " This micrometer reading is .100™
|
|

Sy




Yo Step 1 —» .100
Step 2 — .025
EXAMPLE A START. —Step 3 —»—+.005

Step 4 .130°

The machinist always starts at 0.000" or the left side of the sleeve.
He/she reads “the outside micrometer and the inside micrometer from left to
right. (from ‘the sleeve to the thimble).

STEP 1. Read the .100", .200", .300", ..., .900" line on the sleeve.
STEP 2. Read the .025", .050", or .075" line on the sleeve. ‘

STEP 3. Read the l.OO]", .002", .003", ..., .024" line on the thimb"le.

STEP 4. Add the readings from Step 1, Step 2, and Step 3.
This 1is .the dimension of the part

EXAMPLE B Step 1—>» .200

‘ — Step 2—3 .050
- Step 3 —=+.015
Step 4 .265
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UNIT 4:
LESSON 4C:
OBJECTIVES: '
‘0

g
r
PROCEDURES :

[ 3

REFERENCES:

Machine Shop Fundamentals

Measurement -

Precision Measurement with Micrometers.

A,
N

>
»>

i

The student will write the correct definition of precision
measurement. - .

The student will match the outside micrometer, the inside
micrometer, and the depth micrometer to a description of
that measurement tool.

The student will match the names of the parts of a micrometer

to a picture of a m1crometer
@

The student will write the steps to read a micrometer.

The student will write the correct micrometer reading from
a picture of a micrometer reading.

The student will choose the correct rules for the care of
micrometers.
s

~

Read the Objectives.

Read.the Lesson. .

Watch the Slide Show.

Watch the teacher's Demonstration.
Do the Study Questions.

Do the Worksheets.

Do the Review Questions.

Do the Self-Test.




INTRODUCTION

For precision accuracy, the machinist uses precision measurement and
precision measurement tools.’
N .

What is precision measurement?

PRECISION MEASUREMENT is the measurement of parts to w1th1n .001 of an inch
or smaller.

The machinist uses prec1s1on measurement tools to measure thousandths (.001,
.002, .003, ...) of an 1nch and ten-thousandths (.0001, .0002, .0003, ...)
of an inch. .

L]

MICROMETERS

The mach1n1st uses precision measurement tools to make prec1s1on measurements.
In Lesson 4Cyyou will learn to measure parts with these precision measurement
tools:

1. The outside micrometer

2. The inside micrometer ~

3. The depth micrometer
There are many kinds and sizes of micrometers.

1. THE OUTSIDE MICROMETER ‘ . M

The machinist uses the outs1de m1crometer to measure the outs1de dimensions
of parts.

On round (cylindrical) parts, he/she measures the diameter and length.

On other parts, he/she measures the length, width, and thickness.

He/she reads measurements on the outside°micrometer.

The machinist uses this 1" outside micrometer to measure dimensions from

0.000" to 1.000"
He/she uses a 2" outside micrometer to measure d1mens1ons from 1.000" to 2.000"

He/she uses a 3" outside micrometer to.measure d1mens1ons from 2. 000" to 3.000"
There are many other sizes of outsgge micrometers.




EXAMPLE C. EXAMPLE D. EXAMPLE E. EXAMPLE F. EXAMPLE G. .
.300 .700 .900 ‘ .500 .400
.075 .050 .075 . .025 .000
.010 .008 .017 .002 .022
. 385" .758" .992" 527" .422"
THE SLEEVE OF THE OUTSIDE MICROMETER AND THE INSIDE MICROMETER
= D '
0t 2 3 4 5.6 7 8 90 -
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0.000" 200" 375" 500" .625 850"  1000° .
THE SLEEVE OF THE DEPTH MICROMETER
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- . * * 625° 500° 375° 200° 00(()"\
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- Careful]y study this page.
- Look at the difference between the sleeve of ‘the outs1de and inside micrometer and the s]eeve of the depth

micrometer.
- Look at the difference between the thimble of the outside and inside micrometer and the thimble of the dep

micrometer.

-
-
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A READING THE DEPTH MICROMETER - -

The machinist reads thousandths of an inch (:001") on the depth micrometer. ‘

— .050°

0.000° ,
I g
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The machinist rEads .100", .200", .300", ..., .900" on the sleeve.
He/she also reads .025", .050", and .075" on the sleeve..

He/she reads..001", .002", .003", ..., .024" on the thimble.

700" _
) 080° . \‘\

025"
.600°

V
SRR
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The mach1n1st reads lines on the s]eeve that he/she cannot see

These lines are under the thimble.. , .
He/she uses théMlines on the sleeve that he/she can see to read the' lines
on the sleeve that he/she cannot see.

In this example, he/she can see®the .700" 1ine on the sleeve:

He/she knows that the .600" 1ine is under the thimble.

He/she can alsg see‘the .050" Tine on the sleeve.-

He/she knows that the 025" 1ine is under the thimble.

adds the readings.

He/she re@ﬁ;jihe 1ine on the th1mb1e

_ Then, he/




' — Sty 1—>— 500
EXAMPLE H . L —-wfr«-——Step 2—3 025

. 8tep4 540" - , |

)
oy e

i The machinist always starts at 0.000"
STEP 1. Read the .100", .200", .300", ..., 500" line on the sleeve.  °
;_ @  5TEP 2. Read the 026", .050", * or ~.075" Tine on the $leeve.
’ 'STEP 3. Read the., 001", .002%, .003", ..., 024" 1dge on the thinble. \ .

.STEP 4. Add the readmgs from STEP 1, STEP 2, and STEP 3
This is the dimension of the part. . ‘ -

EXAMPLE I

i

. : ——— Step 1—> 500
’ ' —————— Step 2—>— .025
Step 3—>— 020
Step 4 .545' . 4"' i
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STEP 1 : "
STEP 2 . ®
STEP 3 . |
STEP 4 -

STEP 1
STEP 2
STEP 3
STEP 4

STEP 1
"STEP 2
STEP 3
STEP. 4




"EXAMPLE J ° " EXAMPLE M

~..600 . .700
.050 : : - ,000 -
.010 ' X . .013 . c-
660" WIEL
EXAMPLE K TTEXAMPLE N
' .300 .500
.025 . .025
-.016 .000
. 341" 525"
EXAMPLE L -
v .100 . :
.075
- .008
~183"

3

CARE OF MEASUREMENT TOOLS

These rules will help you make accurate measurements and accurate parts
without damage to measurement tools. .

Employers will want you. to use measurement tools carefully and correctly.

GENERAL RULES

-

1. Do not drop measurement tools.

2. Do not carry measurement tools with other tools.
You will drop or scratch the measurement tooils. .

3 06 not put measurement tools in a pile of tools.

4. . Do mot try to measure moving parts. w .-
5. Do not remove rust or stains with abrasive cloth. .
6

Wipe off'héaghrgment tools and then put the measurement tools away.

4

_CARE OF MICROMETERS ' - & ’ ﬁ
1. Do not force the sp1nd1e aga1nst the part.

- >

' 2. ‘Do not use air hoses 'to c]ean a micrometer.

3. Do not put a micrometer on a:machine tool. -
Chipsggzj *t.will get in the micrometer.

. .
.
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Machine Shop Fundamentals : v

4D -

UNIT 4:

LESSON 4D:

OBJECTIVES:

)

PROCEDURES:

REFERENCES: -

Measurement

Precision Measurement with Vernier Ca11pers and Vern1er He1ght
Gages. I

1.

1
2
3
4.
5.
6.
7
g

The student will write the correct definition of precision
measurement. -

The student will match the names of the parts of a vernier
caliper to the picture ‘of a vernier caliper.

The student will write the steps to read a vernier caliper.

The student will write the correct vernier caliper reading
from a picture of a vernier caliper reading.

L]

The student will write the 3 ways a machinist can use a
vernier height gage.

'

The student will. choose the correct rules for the care of a

. vernier caliper and a vernier height gage.

f

Read the Objectives.
Read the Lesson.
Watch the Slide Show.
Watch the teacher's Demonstration.
Do the Study Questions. .

Do the Worksheets. .

Do the Review ‘Questions.
Do the Self-Test.
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INTRODUCTION H

-

For prec1s1on accuracy, the machinist uses precision measurement and
precision measurement tools. .

What is precision measurement?

PRECISION MEASUREMENT is the measurement of eggts to within .001 of an
inch or smaller.

. The machinist uses precision measurement tools to measure thousandths (.001,

.002, -.003, ...,) of an inch and ten-thousandths (.0001, .0002, .0003, ...)
of an inch.

VERNIER CALIPERS

b

The machinist uses precision measurement tools to make precision measurements
He/she measures. parts with precision measurement tools.

. In this unit, you will Tearn to measure parts with these precision measurement

tools:
1. The vernier caliper
2. The vernier height gage
There are different kinds and sizes of vernier calipers and vernier height

. gages:

1. THE VERNIER CALIPER
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The machintst uses the vernier caliper to measure outside dimensions end

inside dimensions of parts.
He/she reads the measurements on the vernier caliper.

"The machinist uses this vernier caliper to measure d1mens1ons of parts from

- 0.000" to 13.000"

. ~




PARTS OF THE VERNIER CALIPER

" 7.
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. " Adjustment nut
o
I‘/ 5
7| Vermier plate

- . Jaws

The machinist measures the outside dimensions and inside d1mens1ons of parts | -
with the JAWS of the vernier ca11per ?
He/she adjusts the jaws of the vernier caliper with the ADJUSTMENT NUT.
“He/she reads 3 measurements on the BEAM.
a, He/she reads 1.000", 2.000", 3.000", ... on the beam.
_ b. He/she reads .100" to .900" on the beam.
c. He/she reads .025", .050", or .075" on the beam.
He/she reads 1 measurement on the VERNIER PLATE.
d. He/she reads .001" to .024" on the vernier plate.

READING THE VERNIER, CALIPER
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@ ’ * Vernier plate .

The machin%st reads each line on the vernier plate as .{0
He/she reads .001" to .024" on the vernier plate.
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The méchinist reads e.ach line without a number on the beam as .025"
He/she reads .025", .050", and .075" on the beamh. .

Beam .
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The machinist reads each Tine with a small number (1 tg '9) on the beam as .100"
He/she reads .100" to .900" on the beam. -

Beam ,
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The machinist reads each line with a large number on the beam as 1.002" ‘ .
“He/she reads. inches (1.000", 2.000", 3.000", ...) on the beam. :




The machinist looks at the .000" line on the vernier plate to read:

_ - the inches line (1.000", 2.000", 3.000", ...) on the beam.
- the .100", .200", .300", ..., .900" Tline on the beam.
- the .025", .050", or .075" line on the beam.
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This vernier cahper reading is? 0*000"

xgm .000" line on the vernier plate 1ines up with the 0.000" hne on the
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This vernier caliper reading is .025"
The .000" 1ine on the vernier plate lines up with the .025" 1ine on *the beam.
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This veraier caliper read1ng is .050" )
The .000" Tine on the vernier p1ate Tines up with the .050" on the beam T
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The .000" line on the vernier plate .lines up w1th the .075" on the beam.
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This vernier caliper reading is .100"

The .000" line on the vernier plate lines up with ‘the
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This vernier ca]ﬁper is.1.000"

o

.100" 1ine on the beam.

N

The 000" line on the vernier plate lines uplwith the 1.000" Tine on the beam.
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This vernier ca11per'?ead;ng is 1.600"

The mach1n1st knows. the reading is

000" + .600" =

1.600"

\

The machinist cannot see the 1.000" line, but he/she can see the 2.000" 11ne
The .000" 1ine on the vernier plate lines up with the .600" Tine on the beam.
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Sometimes the .000" line on the vernier p]ate does not 11ne up: W1th a line
“on-the beam. - .-
Then, the machinist must read thousandths of an inch (. 06%{, 002" 003"

., 024" \O
He/she reads thowsandths of an inch (. 001 *, .002", .0 24") on the

vernier plate
The vernier p]ate is 1ike the thimble on a micrometer.
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{In this reading, the 7000“ line on the vernier plate does no} line up w1'th a

1ine on. the beam. .
The machinist must read the thousandths of an inch on the v nier plate.
To read the thousandths of an inch (.001", .002", , .02 the. “
machinist carefully looks for a line on the vernier plate hat lines up with
a line on the beam.- s
He/she reads the thousandths 1line on the vernier plate.
He/she reads .005" in this readm%
Th1s vernier caliper reading is 05" !
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. This vernier caliper reading is .010" ' .

The .010" line on the vermer plate 1ines up with a line on the beam.

’ S ®




i

L1111 lllll |

Irllrlrﬁllllll|IIII|IIH|
-

. 10 15 20 2%
+ 000"
@ ~ Vemier plate @.
— ? )
) This vernier caliper reading is .013" ‘ - -

The .013" Tine on the vermer plate lines up with a line on the beam
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This vernier\caliper reading is .020"
The .020" line on the vernier plate lines up with a Tine on the beam g \
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..' This Qerni,er: caliper reading is_.022"




o The machimst always starts at 0.000" or the left side of the beam o ) e
* He/she reads the vernier caliper from left: to right. S ’ S

The machinist reads: L .» i ' .

, ‘ . L R ~ R
- the 1.000", 2.000", 3.000", .., line on the beam. *  ~~. =~ - ,
- the .100",".200", .300", ..., .900" 1ine on the beam. L ‘j
- the .025", 050", or. 075" line on the beam. ) \ -
- the .001", .0602"; .003", ..., .024" 11ne on the vernier plate.
» *‘?ﬁ . . ) ' \,.(.v.} - ‘
v et .

-
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EXAMPLE A ' L A

‘
- — St \l Step 1 —>— 1.000" 3 ”
— Step 2 ——> 500" .
/ _ Step 3, —> 050"
| "~ Step4 —> 010"

DStep 5 1.560"
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STEP 1. Read the 1.000", 2.000", 3.000", ..., h’he on the beam. .
STEP 2. Read the .700", .200", .300", e, .-’900_" line on the beam.
STEP 3. Read the .025", .050", or .OK?" H‘ne on thé béam 4}

STEP 4. Read the .001", .002", .003" 024" 11ne on the vermer Pate
that Tines up exact]y with -a hne on the beam.

STEP 5. Add the read‘mg from STEP 1, STEP 2, STEP 3, and STER 4. . . ‘
This is the measurement of the part. )

4



EXAMPLE C

Step 1 ——> 4.000

Step 2" ——» -600"

Step 3 ~———> .050°
Boar Step4 — > 003"
’ 5 Step5  4.653°
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"EXAMPLE D reading is 2.383"® EXAMPLE F'reading fis 4.653"

EXAMPLE E reading is 3.445"-.:
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2. THE VERNLER HEIGHT GAGE
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The machinist uses the vernier height gage to measure outside dimensions of

parts.
He/she can measure the height, length, and w1dth of parts.
\
He/she also uses the vernier he1ght gage to lay out dimensions on parts.
First, he/she adjusts the vernier height gage to the correét dimension.
Then, he/she marks the correct dimension on the part with the vernier height gage
Marking the correct dimensions on parts is called LAYQUT.
You will learn more about LAYOUT in a Tater unit.

The machinist must use a very flat and smooth surface to measure parts and lay
out parts with the vernier height gage.
He/she uses ‘a SURFACE PLATE.

A surface plate is very flat and smooth.

The machinist puts the vernier height gage and the part on the surface plate.
He/she must carefully clean the surface plgte, the bottom of the vernier height
gage, and the part to make accurate measurements.

Dirt or metal chips on the surface plate, the bottom of the vernier he1ght
gage, or the part make inaccurate measurements.
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The machinist measures dimensions .on parts between the SCRIBER and the

surface plate.’ . ' .
He/she lays out correct dimensions on parts with the SCRIBER. \
He/she adjusts the scriber of tfie vernier height gage with the ADJUSTMENT NUT.

‘He/she reads 3 measurements on the BEAM. : S

a. He/she reads 1.000%*, 2.000", 3.000", ...
b. He/she reads .100" to ,900" on the beam. .
c. He/she reads .025%, .050", or .075" on the beam. \
He/she reads 1 measurement on the VERNIER PLATE.
d. He/she reads .001" to .024% on the vernier plate.

A N r
The machinist can use the vernier height gage in 3 ways: N -
7. ?6 measure over a surface on a part.
- 2. .To measure under a surface on a part. L . .
‘ . - .

3. To lay out a correct dimension on a part.
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MEASURING OVER A SURFACE
The machinigt sets the scriber on the vernier. height gage to measure over
a surface on a part, # -

~

’
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MEASURING UNDER A SURFACE '
The 'machinist sets ‘the scriber on the vernier height gage to measure ‘under
a surface on a part.

!

A LY,
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|

LAYING OUT A CORRECT DIMENSION
“The machinist sets the scriber on the vernier he1ght gage to }ay out a
correct dimension on a part.

N
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. ’ The mach1n1st reads thousandths of an inch ( 001") on the vernier

rheight gage.
He/she reads the vern1er height gage the same'way he/she reads the vernier
caliper,” - . N
N ~ .
He/she reads 1.000", 2.000", 3.000", ... .,on the beam.
He/she reads .100" to .900" on the bean. 4y 4
He/she reads .025", .050", or .075" on the beam.

He/she reads 00]" to .024" on the vernier, plate. ' .
\ . Y. .
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CARE OF MEASUREFENT TOOLS -

» »

These rules wilt. help you make accurate measurgments and accurate parts ¢
without damagg to measurement tools.

Employers will want you 0 use measurement tools carefully and correctly.

GENERAL RULES . o , ‘ .
' . 1. Do not ‘drop measurement tools. \
é. Do not carry measurement tools with other t;ols
You w111 drop or scratch the measurement tools.
3. not put medsurement ‘toolsyin a pilée of tools. “ ‘
4. Do not try to measure moﬁ?ng:parts.,
Q. Do not remove.rust or stains with abrasive cloth. ' .

“5. Wipe off measurement tools and then put tﬂe measurement tools a&ey.

’

.

CARE OF VERNIER CALIPERS AND VERNIER HEIGHT GAGES ’

1. Wipe off the vernier caJ1per and the vernier he1ght gage before
you use them and after you use them
‘ .
2. Once ipn a while, put 1ight machine o0il on the sliding surfaces on
the beam of the vern1er ca11per and the*yern1er he1ght gage.

3. Do not force the jaws of the vernier ca71per or the scri of the
vernier height gage against a part. .,

4. Do not use an air hose to clean a vernier ca11per or a vern1er~
,height gage. . .

. 5. Do not put a verhier caliper or a vernier height'gage on top(of a‘
"~ machine togl.

, Metal ch1ps and dirt will get in_the vernier caliper ‘and. vern1er

height gage.

N~
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Machine Shop Fundamentals
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" UNIT 4:
LESSON 4E:

OBJECTIVES:

PROCEDURES:
§

.

REFERENCES:

Measurement . 2 :

Precision Measurement with Dial Indicators -

1.

The student will write the correct defqn1t1on of
precislon measurement. \

.

2. The student will write 2 ways the machinist uses a d1a]
indicator.

3. The student'wi]f match the names of the parts of a-dial
indicator to a' picture of a dial indicator. .

] .

4. The student w1]1 write the correct dial indicator read1ng d
from a picture of a dial 1nd1cator .reading. .

5. 'The student_ will wr1te the 2 def1n1t1ons of alignment.

6. The student will choose the correct ru]es for the care off’_
d1a] 1nd1cators. .

1. Read-the Objectives.. . - ’ /

2. Read the, Lesson. s \

3. Watch the Slide Show. ¥

4.. Watch the teacher's Demonstrat1on

5. Do the Study Questions'. ‘

6. Do the Worksheets. _ ’

7. Do the Review Questions. - ‘

8

Do the Se]f-Test. L .

-




INTRODUCTION

L)

PRECISION MEASUREMENT is the measurement of parts to within :001 of/}n
inch or smaller. \ - -

The machinist uses precision ‘measurement tools to measure thousandths (.001,
.002, .003, ...) of an inch and ten-thousandths (.0001, .0002, .0003, ...)‘
~ of gn’1qch‘ .

&
-

¥

DIAL INDICATORS

i

S . )
Di dicators are precTS1on measurement tools.
Some dial indicators measuré thousandths (.001) of an inch.
Other dia] indicators measure tén-thousandths (.0001) of an inch.

Thq\mach1n1st uses dial indicators in 2 way§: -
. 2 .
‘1. To chetk parts . Y

2. To set up machine tools

There are hmany different kinds and sizes of dial indicators.

PARTS OF THE DIAL INDICATOR

. Thé/PLUNGER Moves .in and out of the dial indicator.
The plunger moves the NEEDLE.
The—BTAC"hag Tines,, large numbers , and sma]] nquers ‘

The BE 01ds the*dial. ‘ .
The machinist turns the beze] to line up the zero (0) on the dial and the needle.

The BEZEL CLAMP holds the bézel.
The machinist loosens the bezel c]ampito turn the bezel and dfal.
Then, he/she trghtens the ‘bezel clamp. .

‘(' . xé 1o




025" Range

N

\

I4

One of the small numbers on the dial tells the machinist how much each
line on the dial is in_thousandths (.001) of an inch or in ten-thousandths
(.0001) of‘an inch. .

On this dial indicator, each line is .poo1" ‘ ’

.. ‘ The other sma]] number on the dial tells the machinist the RANGE of the

~ dial 1nd1cator
The range is the maximum distance the plunger can move into the dial indicator..

On this,dial indicator, the range %s .025" <
CHECKING PARTS WITH DIAL INDICATORS : ) \(
The machinist uses dial indicators to check the dlmens1ons of parts. .

The'machinist can quickly check many of the same kind of parts with a
dial indicator. .

. Mach1n1sts are-not perfect. ]
Machine tools are not perfect. »
_ A machinist cannot alyays.make perfect d1mens1ons on every part.

"Each dimension of a part can be a- ]1tt]e larger or a ]1tt]e smaller than
the perfect dimension and still be good.
.The blueprint gives the perfect dimensions of a part.
The blueprint also gives the tolerance of each perfect d1meqs1on
- The tolerance of a perfect dimension is how much larger or how much smaller
' the dimension can be and still be good.
. TOLERANCE is the amount of acceptable size variation-of a dimension.
¢ (See Lesson 5D for more information about tolerances.)

1 - ' R
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.




. For example:

\

The perfect dimension is 4. 000"
The tolerance is + .002" -

The dimension can be .002" 1arger or .002" smaller than ‘the perfect dimension and

still be good. {
In other words, the dimension can be between 4.002" and 3. 998", and still®

be good.
Jo0C- 4

A dial indicator measures the amount of size variation from the perfect

* dimension.

With a dial indicator, the machinist checks to see if the dimension of a part
is in tolerafce (good) or out of tolerance (scrap).

Some dial indicators measure thousandths (.001, .002, .003, ...) of an inch.

Other dial indicators measure ten- thousandths (.0001, .0002, .0003, ...)
of an 1nch

~

The mach1n1st must use a very Tﬂat and smooth surface to check parts with the
dial indicator. ’ .

“He/she uses'a SURFACE PLATE.

A surface plate is very flat and‘smooth
The SURFACE GAGE holds the dial indicator.’

The machinist must carefully clean the surface plate, the bottom of the surface

Yage, and the parts.

*
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Surface Plate
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. First, the machinist sets up a distance that he/she knows is exact,
He/she uses GAGE BLOCKS ("JO" BLOCKS) to set up an exact distance between
the surface plate and the plunger.
Gage blocks are metal blocks for precision measurement.
Companies make gage blocks to very exact sizes. )
There are many sizes of gage blocks. '
The machinist chooses the gage blocks, that he/she needs to set up an exact

istance.

Nexty the machinist puts the plunger of the dial indicator on the gage blocks.

He/she loosens the bezel clamp.
He/she turns .the bezel to line up the needle and the zero (0) on the dial.

He/she tightens the bezel clamp. .
Now, he/she knows the distance between the surface plate and the p]unger is

an exact distance.

Next, he/she moves the dial indicafoé and’ the surface' gage.
. [
Last, he/she puts the plunger on-a part. -
He/she reads' the dial of the dial indicator.
If the needle is on zero (0), the dimension of the part is the perfect d1mens1on

If the needle is not on the zero (0), the dimension is 1arger or smaller

than the perfect dimension.
The dial indicator shows the amount of size variation from the perfect dimension.

The maehinist checks to see 1f the dimension of the part, is in tolerance or
out ql,;o]erance Y .




READING THE DIAL INDICATOR .

First, the machinist sets up.an exact distance with gage blocks.
Now he/she knows the exact distance between the surface plate and plunger.

Then, he/she checks the parts.
He/she reads the dial to check the amount of size variation from the

perfect dimension.

Here a machinist already set up a 4.000" distance with gage blocks. -
The perfect dimension is 4.000" with a tolerance of + .002"

On this dial indicator, each line is . 0001"

On this dial indicator, the range is .025"

He/she already set a zero point. )

Now, he/she will-check parts’

v

This dial indicator reading is .000" .
This dimension is the perfect dimension
or 4.000"

This dimension is in tolerance (good).

L4

This dial indicator reading is +.002
This dimension-is,_,002" larger than o
the perfect dimension. il
This dimension is in tolerance (good)




LS

This dial indicator reading is -.001"

This dimension is .001" smaller than_

the perfect dimension.

This dimension is in tolerance (good).

I

This dial indicator. reading is -.004"
This dimensior’ is .004" smaller than
the perfect dimension. '
This dimension is out of tolerance
(scrap).

This dial indicator reading is +.003"
This dimension is .003"-larger than .

. -the perfect dimension.
: This dimension is out of tolerance
(scrap). ‘ 0 .

~




v SETTING UP MACHINE TOOLS,WITH DIAL,fNDLCATORS
> ) )

. The mach’in'isf often uses the dial ind‘icatbr to set up machine tools.
Many times, he/she must line up 2 parts.(general meaning) of a machi}(e.\%

tool to set up the machine tool.
He/she must line up the 2 parts of the machine tool to make accurate parts.

\
What is alignment? . o . ~—J

-~ - Making Z.parts of a machine tool line up exactly straight is called AL IGNMENT.
Making 2 parts of a machine tool line up exactly parallel, is called ALIGNMENT.

The machinjs:t uses a dial indicatof to align 2 parts of a machine tool.
The dial ind’intor shows any variation <in the alignment of 2 parts of a

machine tool.

L

‘ ALTGNING THE CENTERS OF THE LATHE

The machinist must a]‘i—gﬁ the centers of the lathe to make accurate parts.

One center is~dn the headstock of the lathe. .
The other center is in the tailstock of the lathe. )
The machinist sets up round parts between the centers of the lathe for many

- lathe operations. N

.
. ) o
» . .

. by
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Headstoék " — —
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TR . “Centers .
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¢
The centers of theilathe must be exa\gt]y straight. .
The machinist must align the center in the tailstock to the center in the

-

headstock. , ‘
. He/she uses a dial indicator and a round test bar to align the center in .
“the tailstock to the center in the headstock. )




~

The machinist must check the stra1ghtness of the round test bar with a

dial indicator. -
This round test bar has a tolerance of * .00os" 2

L]
-
7/ , N (3

First, the machinist sets up the round test bar between 2 V-BLOCKS on the

surface p]ate 0
epan1es make V-blocks to very exact sizes.
machinist uses V-blocks to do many things in the shop.

Next, the machinist puts_ the p]unger of the dial 1nd1cator on one end of
.the round test bar.

"He/she sets a zero point.
He/she turns the bezel to 1line up the needle and the zero (0) on the dial.

Then, he/she moves the plunger of the dial indicator alondxthe round test bar.

He/she moves the plunger from one end of the round test bar to the other end

of the round test bar,.
The machinist r _pads the dial to check the straightness of the bar.

If the reading is more than +.0005" or more than -.0005", the round test bar

1s-n¢t in tolerance.
Then, .the machinist must check another round test bar.

If the reading is less than +.0005" or less than -.0005", the round test -

bar is in tolerance.
y

gl,lu @ -
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Now, the machinist is ready to alién the centers ofthe lathe.
- . Here, align means to ma5e tdo parts of a -machine tool straj/ght. . .

/{'First, the.machinist sets up the round test bér'between the centers of
: the lathe. . '

Next, he/she sets up the dial indicator on the carriage of the lathe.

Then, he/she puts the plunger of the dial indicator on one end of the bar.
He/she moves the carriage to moye the plunger of the dial indicator.

Next, he/she sets a zero point. \
He/she turns the bezel to 1ine up the needle and the zero (0) on the dia].‘ -

Then, he/she moves the plunger of the dial indicator along the round test bar.
He/she moves the plunger from one end of the round test bar to the other end
of the round test bar.

Last, he/she reads the dial to check if the centers of the lathe are straight.
If the neéd]e of the dia.] indicator does not move from the zero point, the '

machinist knows the centers of the lathe are straight.
Then he/she "does not have to align the centers of the lathe.

| @ 113 | '




1f the need]ekbf the dial indicator moves from the zero point, the machinist

knows the centers of the lathe are not straight{’"

’

Then, he/she must align the center in the tailstock to the center in the
headstock. '

~The machinijst must adjust the tailstock to moVe the center in the tailstock

PR

He/she adjusts the tailstock.

»

Then, he/she checks the centers of the Tathe again with the dial indicator.
The* centers- of the lathe must be exactly straight.

Remember, to‘align 2 parts of a machine tools means:

to make 2 parts of a machine too] Tine up exactly straight.

OR g

to make 2 parts of the machine tool 1ine up exactly parallel.

W2 ®

e
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/. . . j . . - .
The machinist must align the solid jaw of the vise and the spindie of the ’
vertical mill to make accurate parts. .

' ALTGNING THE VISE -AND THE.SPINDLE OF THE VERTICAL MILL:
l
: Hére, align means to make 2 parts of a machine tool exactly parallel. |

> . .
. * - 1 .
. . . '

R »
Sold jaw > .‘
- fh ] .
T R
RN T 1
/ X Fe N J
N i ‘J
On the vertical mill, the solid jaw of the vise and the _s_p_‘ind]e must be . .

exactly parallel.
The machinist must align the solid jaw of the vise to the spindle. t
He/she uses a dial indicator to align the solid jaw of the vise to the spindle.

.y
i ey 2

/ B .
j %,z
7Y,
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N On this-dial indicator, each line is . 0905" and the range is .030"
Fi}st, the machin%st sets up a dial indicator on the sp}ndle?\

Then, he/she moves the vise to put the plunger of the dial indicator
on one end of the so]jd jaw of the vise.

Next, he/she sets a zero point. (Position A) -

I3

Then, he/she moves the vise until the plunger is at the other end of the
solid jaw of the vise. (Position B)

. Last,. he/she reads the dial to\gheck if the solid jaw of the vise and
the sp1nd1e are parallel.




T ‘.
I

.

- If the needle on the dial does not move from the z'er'o‘ point, the m;chinist
» . knows the solid jaw of the’vise and the spind1e arg paraHeT . . - -
He/she does not have to align the solid jaw.of the vise to the Sp1nd1e.

— . - -
% "‘

’
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If the need]e on the dial moves from the zero po1nt the machinist knows
the solid jaw of the vise and the sp1nd1e are not paraliel. .
He/she mustalign the.solid jaw of the vise to the spindie. LN
—&-Not perallel 3| _ .
[ . Spindie - ) ¢
v | | . .
" Sokd jaw R
//'// :f X ¥ 4
Yo7 Iy .
} @ o 7 7 7
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ol i
il P .
I I
L 4 - g

He/she must adjust the'v1se‘fo move the solid jaw of the vise.

He/she adjusts the vise.

Then, he/she chécks the solid jaw of the v1se and the spindle again with

"'« the dial indicator.
The solid jaw of the vise and the sp1nd1e of the vert1ca1 must be exactly

parallel.
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vy VYou will practice how to align the centers of the lathe and how to align . .

* CARE .OF DIAL INDICATORS

(. the solid jaw and spindle of the vertical mill in the shop. ‘
’ * 4 -~ . I ’ \. ‘ .
\ : CARE OF MEASUREMENT TOOLS
J ’ 1 ,/
‘« . These rules will help you make accurate measurements and accurate parts \ _ |
\ without damage to measurement tools. X , ‘ 3
. X
. Employers will want you ’to use measuremant tools carefully and.correct]g'.
. . - ‘ .
N . . . 4 ' , . ”
GENERAL RULES, ' ‘ . .
; ] ' . - . ~ < '1
1. .Do not drop measurement tools. ‘ '
) :2. 00 not carry measurement tools with other tools. V :
You will drop or scratch the measurement tools.
» 3. Do not put measurement tools in a pile of tools. |
. 8 -~ .
4. " Do not try to measure moving parts. . N |
5. Do not remove rust or stéin"s'on measuremer&too]s with abrasive .
L agloth. . ‘ 3
6. Wipe off measurement tools and then put the measurement tools . ‘

-

|
|
|
away. -

1.
2.

Do not put o0il on aﬁy part of the dial indicator. Ji

Do not rapidly move the plunger in and ()uﬁf the dial indicator.
This will break the dial indicator. -

Do not try to fix or repair a dial indicator. . >’

2
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UNIT 5: Blueprint Reading ” .
'
LESSON 5A:  Introduction to. Blueprint Reading
' P
OBJECTIVES: 1. The student will write the correct déTtnition of a -blueprint.
2. Tite student will write the 2 main kinds of technical information
on,a blueprint. ‘
-~ ) s
"o 3. The student will match the name.of a dimension to a picture of
, * that dimension.
™ 4. The student will write the correct blueprint abbreviation for
diameter and the correct blueprint symbol for diameter.
5. The student will write the correct blueprint abbreyiation
for radius.
Y h 6. The student will write the correct dimensions of a.finished
b part from a picture of the finished part.
PROCEDURES: 1. Read the Objectives.
: 2. Read the Lesson.
3. Watch the Slide Show.
4. Watch«the teacher's Demonstration.
5. Do the Study Questions. . .
6. Do the Worksheets. .
7. Do the Review Questidns. .
8. Do the Self-Test. »

REFERENCES:




INTRODUCTION * -

. What is a blueprint? y ) NG
A BLUEPRINT is a picture of a finished part.'

First, dn engineer designs the finished part. . .
Then, a drafter draws a picture or illustration of.the finished part.

Final]y, the drafter makes copies of the picture or iliustration of tﬁelfinisheg

part. 2 «
The copies of the picture or illustration of the finished part are called
blyeprints. ' '

Some blueprints have blue lines.
Some blueprints have brown or black lines.
In the machine shop, blueprints are often called "prints".

-, 6-';— .
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A blueprint gives 2 main kinds of technical information:
1. The exact shape of the finished part.
2. The exact sizes of the finished part.

A blueprint also gives other technical information to make the finished part.

A machinist reads or interprets a blueprint. .

He/she reads the technical information on a blueprint to make a finished part.
He/she reads the blueprint to lay out the part.

He/she reads the blueprint to set up the machine tool.

He/she reads the blueprint to check the sizes of the finished part.

2 117
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1

A blueprint shows ‘the shape of a finished part.

This is a square.

A square has 4 equal sides.

" (Equal means the same)

tach corner has 90®

»

This is a rectangle.

A rectangle has 2 pairs of equal sides.

~ Each corner has 90° —

\

This is a circle.
A circle is- round.

A SQUARE PART

A RECTANGULAR
PART

A ROUND PART

-

A

A SQUARE e

!

A RECTANGLE

[

A CIRCLE

The shape of this part is
square.
This part is square.

The shape of this part is
rectangular.
This part is rectangular.

The shape of this part is
round or cylindrical. |
This part is round or
cylindrical.

8




- SIZES AND DIMENSIONS

A b]ueprlﬁt shows the exact:sizes of *a finished part. T - |
"The exact sizes of a finished part are called dimensions or specifications. |

'Remember, specifications are sometimes called "specs" 1n the machine shop.
Most parts have seveéral dimensions.
There are 6 main kinds of dimensions:
LENGTH
WIDTH
THICKNESS
« DEPTH =%
DIAMETER
RADIUS

A machinist measures the .length, width, and thickness of many parts.

b

THICKNESS

, .
» -, * ‘ >

4‘ —~——— WIDTH —> y

On. the outside dimensions of ,a finished part, the length is the largest dimension.
?n the outside dimensions of a finished part, the width is smaller than the
ength.

On the outside dimensions of a finished part, the thickness is smaller than the

width and Tength.

On the outside dimenswns of a finished part, the thickness is the smallest ‘
dimension. :
£y «
12




!

This finished part has a SLOT -
A machinist measures the 1ength width, and depth of a slot. - -

ot

P . ) l
’ /

" # DEPTH J

: . 7 5
LENGTH ' T o«‘?‘
D

V//

With slots, the width of a slot can be larger than the length of the slot.

This finished part has a BLIND HOLE.
A blind hole does not go completely through the part. ’
A machinist measures the depth and diameter of a blind hole. e

. 4 - .
: ‘ﬁ Lo — ~<— DIAMETER

DEPTH -

l

NN

~— L

/

A diameter is the distance from one edge of a circle to the other edge.
The diameter goes through the center of the circle.
Blueprints use the abbreviation DIA or the symbol for diameter.

5 122
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DIAMETER

e

A diameter is the distance from one edge of a circle to the other edge
The diameter goes through the center of the circle,
B]uepr1n§§ use the abbreviation DIA or the symbol

dimension on a part.

for diameter.
Sometimes, a machinist cannot measure the diameter or length of a curved

Then, he/she measures the rad1us of the curved d1mens1on on the part.”

RADIUS

~ X

/

the circle.

e
2 .

In math, a radlus is the dlstance from the center of a c1rc1e to the edge of
Blueprints use the abbreviation R for rad1us

7 e
6 123
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 EXAMPLES

) Y
.This is a square part.

This is a rectangular part.

The length of the part is 4"
The width of the part is 2 1"
2

The thickness of the part is 1"

This is a rectangular part.

This part has a slot.

The .1ength of the slot is 3"

The width of the slot is 1" .

The depth of the slot is 1 1"
. 2

Y

-

*»
7

This part has a blind hole.
The depth of the blind hole is
11" N '

7 ;

The diameter of the blind hole

-is -5—"
8 .
Remember, blueprints use DIA or
for diameter.

¢




This is a cylindrical part.
The length of the part is 6"
The diameter of the part is 2 2'" .

Remember, blueprifits use DIA or 96
for diameter.

’ This is a rectangular part with
A curved end. .
- The radius of the curved end is
'l 7ll
16
Remember, blueprints use R for radius.




SUMMARY

‘ A blueprint is a ‘piciure of a finished part.

A blueprint gives 2 mhin kinds of technicaT‘information:

1. The exact shape of the finished part
2. The exact sizes of the'finished part

The exact sizes of a finished part are called dimensions or specifications.
There are 6 main kinds of .dimensions: _ -

Length

> *Width ,
‘ Thickness ‘;f

- Depth
Diameter 1

Radius

On a blueprint, the abbreviation for diameter is DIA.

On & blueprint, the symbol for diameter isgé
On a blueprint, the abbreviation for radius is R.
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UNIT 5¢ Blueprint Reading -

LESSON 5B:  Basic Views ,
L ] ‘ 5
OBJECTIVES: 1. The student will write the correct definition of a blueprint.
The student will write the names<of the 6 basic views.

The student will write the name of each view in the correct
position on a blueprint.

The student will match a finished part to the blueprint of
that finished partv/,, A

* PROCEDURES: 1. Read the Objectives.
. Read the Lesson.
‘Watch the teacher's Demonstration.
Do the Study Questions.
‘Do the Worksheets.
Do the Review Questions.
Do the Self-Test.

REFERENCES:




INTRODUCTION

A blueprint is a picture of a finished part.
A blueprint gives 2 main kinds of technical information:

1. The exact shape of the finished part
2. The exact sizes or dimensions of the finished part

A blueprint also gives other technical information to make thi_finished part.

A machinist reads or interprets a blueprint to make the finished part.

. + VIEWS

1

ve the exact shape of the finished part and the exact dimensions of the
d part, the blueprint shows different VIEWS of the finished part.

Imagine that your notebook is a finished part.
Here are the views of your notebook on a blueprint.

TOP VIEW

BACK or REAR FRONT VIEW
VIEW -

BOTTOM VIEW

~

‘

" You can look at the front of the notebook, the top of the notebook the
bottom of the notebook, the right side of the notebook, the 1eft side of
the notebdok, and the back or rear of the notebook. 3

’

GI, :




FRONT

®

t?. i

You can see a certa1n shape, certain dimensions, and certain surfaces when
you look at the front of the notebook/finished part.

You only see the shape, dimensions, and surfaces of the front of the notebook/
finished part.

’

- | TOP - |
: =——— | .

You ]ook at the top of the notebook to see the shape d1mens1ons, and surfaces
of the top of the notebook/finished part. .

-~

RIGHT SIDE .

You ]ook at the right side of the notebook to see the shape, dimensions, and
surfaces of, of the right side of the notebook/finished part.

129




-~
L

. On blueprints, there are 6 basic views:

, THE FRONT VIEW ‘
THE TOP VIEW . : - :
THE RIGHT SIDE, VIEW 2
THE LEFT SIDE VIEW
| THE REAR VIEW
S THE BOTTOM VIEW =~ ~* %

N A . ' R .
f——————————— )
| b= ...

— ’

SIDE : SIDE
VIEW - VIEW'’
o]
. -
BACK or REAR o ‘ FRONT VIEW
VIEW '
. o 2
, o]
WA\ -

BOTTOM VIEW -

. . /

The FRONT VIEW shows the front of the finished part. ¢ ,
The TOP VIEW shows ‘the top of the finished part.

The RIGHT SIDE VIEW shows the right side of the finished part.

The LEFT SIDE VIEW shows the left side of the finished part.

The REAR VIEW shows the back or rear of the finished part.
The BOTTOM VIEW shows the bottom of the finished part. > ’ -

4

13y "




The POSITION OF THE VIEWS is always the same on all' blueprints. o

‘ ‘ AN

& v
" TOP VIEW
N : ‘ _—————
A . . LEFT . %.
1 | SIDE .
VIEW |
~ o
BACK or REAR h FRONT VIEW
VIEW .
® o | |

cay

BoTToM VIEW &

-

All b]uepr1nts have a front view of the f1n1shed part.

The front view is the most important view.

The drafter chooses the front of the finished part and draws the front view.
(o Then, he/she draws the other views.

* : Sometimes, a finished part needs only 1 view on the bluepriikt.
Sometimes, a finished part needs 2" views on the blueprint.
Sometimes, a finished: part needs 3 views on the blueprint.
Most blueprints have 2 or 3 views. T

‘ Sometimes, a finished part needs 4 or more views on the blueprint.

)

RIGHT

SIDE
VIEW

D ———
—

emember, al1-bluéprints have a front view of the finished part.

-

, . 5 . ““EE’
1 ? - ~ .
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BLUEPRINTS WITH 7 VIEW

9/16" Drill
4 Holes

’ 1/8* Thick
FRONT VIEW £ Plate Steel -

O

The shape of this finished part is rectangular.
This finished part has 4 holes.
The length of thig#finished part is 5.400"
The width of this finished part is 1.625"
The thickness of this finished part is 1"
8

2
L<—43/4‘ .

/S I ry
)

FRONT VIEW

T . ) 1/2° DIA.

7/8° DIA.

X

The shape of this finished pért 'i's\round ch]indricai');
The machinist reads DIA and knows this finished part is round (cylindrical)
The large diameter of this finished part is 7"

8

The small diameter of this' finished part is 1"
2

——--The length of this finished part is 4 3"

132
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The shape of this finished part is recfﬁngh]ar.. "( ; b )
This finished part has a slot.
The length of this slot is 3"

The width of this slot is 3" , ’ ,
. ’ 8
The depth of this slot is 5" “
37 <+ . 2

—— | c— 650" 18507 —=— e —

FRONT VIEW : 200 0w L

Al

The shape of .this finished part is round (cylindrical).

The machinist reads DIA and knows this finished part is round (cylindrical).
The large diameter of this finished part is .398"°

The small diameter of this finished part is .300"

The length of this finished part is 4.000"

7
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‘
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BLUEPRINTS WITH 3 VIEWS

-~ 5/8

_ TOP VEW
‘{ | I T S e e ] | /—3/80ril&slotbothonds
2516—+ IR - - I3 & L
{ R T ~ ;
- -)-l Lm ‘ RIGHT SIDE VIEW
L . I
- . - —
27/64 Dl 1/2 = 13 Tap :
h ‘I‘ FRONT: VIEW === .
a8 ' i N 1
+ 2 1/18 —— ;
. : 1ame {1
—_ e = — 11/18-—L L
| | o~ ° e~ v [

|

This blueprint shows the front‘ view, top view, and right side view'bf the
finished part.

TOP VIEW

1.3/16 -

—

17/8 >
< 27/8 >
Y
13/8
30°
FRONT VIEW “2

This blueprint shows the front view, top view, and
finished part.

L «—1 3/16—>

RIGHT SIDE VIEW

right side view of the

|

o
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. ‘ USING THE VIEWS TO SEE THE FINISHED PART

1
-

-

A'machinist reads a blueprint to make the finished part.

He/she uses his/her knowledge of views to see the finished part in his/her
head.

@
.

: ‘ o
________________ s2q | /—m stot both ands
L L [ +

—»‘ '*-"Q MNGHT SOE VEW

2784 0e 172~ 13 Tap "'% ! ‘4- /8

—1 AN
. _LI 13018 '-'L‘ =
i i T
r: - —»{ " emrate

~ A-machinist must’sthdy blueprint reading to make accuraﬁe pdrts.
A machinist must_practice blueprint reading to make accurate parts.
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. TOP

TOP VIEW — e

o°

FRONT o
’ - FRONT VIEW RIGHT VIEW
Y ' TOP VIEW
2R ‘ ,
* * .
FRONT VIEW - ’ " RIGHT SIDE VIEW ‘
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i




% * . ‘\ 7\_ -
> TOP
' ' RIGHT SIDE..—"
N TOP \ \
| VEW
FRONT
to ') 10 e
o - [ d ’ i
. \ -
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L
« ; -
FRONT VIEW . RIGHT SIDE
. — N VIEW
. PN )
» J r
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\ TOP.VIEW \ o
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FRONT —
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Remember, the front, view is the most important view. : .
Carefully study the views on these blueprints.
. Foe
o 12
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Each view Q:ows certain SURFACES on the finished part.

.. In many textbooks about blueprint reading, surfaces on the finished part are
ca]]ed planes. i

For practice, study the views and surfaces of each of these b]ueprints and
‘each finished part.

fu
b L N

T e /
4
F C
0
€
y 4 ! .
TOP VIEW '
\
F V4 B
® . P *
o FRONT VIEW 3 .- RIGHT SIDE VEW :
A
8
‘ A C c
D
E
TOP VIEW. » \
~
; B /
° _E ~ 0|,
: RIGHT SIDE VIEW

FRONT VIEW . | ,




Carefully study the surfaces and views on these blueprints.

.

14 1.4y

RIGHT SIDE VIEW

. < . ‘ - )
. . R
A C i H |B .
. G F '.rE o
TOP VIEW )
o &
~
H v B
G E F D ’
FRONT VIEW "RIGHT SIDE VIEW
. - ‘
, — - c
. ‘ 0 -
A C | E -+ H F
G
B )
VT(')PVIEW ]
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. B |
FRONT VEW' i E. ;
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; " For more practice, study the views of these blueprints and the finished part
- . - - for each one. .
»
TOP VIEW
: ‘ " FRONT VEW . RIGHT SIDE VEW
\ , .
<
w
1 ) TOP VIEW
RIGHT SIDE VIEW
t4
‘ . FRONT VIEW




O

RIGHT SIDE VIEW




SUMERY .

A blueprint is a picture of a finished_part. \

To give the exact shape of the finished part and the exact dimensions of the
finished part, the blueprint shows different views of the finished part.

There are 6 basic views:

THE FRONT VIEW

"THE TOP VIEW

THE RIGHT SIDE VIEW
THE LEFT SIDE VIEW ’/r
THE REAR VIEW

THE BOTTOM VIEW

.The position of the views is always the same on all blueprints. .

1 4 -
TOP VIEW
D ‘

SIDE ' ’
VIEW

o)

) BACK or REAR FRONT VIEW
. VIEW '
o}

BOTTOM VIEW

The front view is the most 1mportant v1ew on a blueprint. .
Most blueprints have 2 or 3 views.

All b1uepr1nts have a front view.

Each view shows a certain shape, certain dimensions, and certain surfaces on

the finished part. _ ¢
-A machinist reads a blueprint to make the finished part.

He/she uses h1s/her know]edge of views to see the finished part in his/her

head. o )
. 7 ®
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UNIT 5:

‘LESSON 5C:

4

OBJECTIVES:

[

.PROCEDURES:

REFERENCES:

N OO b A —
* * * * * » .

=, -

- A 2
Blueprint Reading -~ & ‘ )

Lines » - . //
1. The student will write the correct definition of a blueprint.

2. The student will write the names of the 6 basic kinds of
Tines on a blueprint.

.3. The student will ma:fh the name of a/%ine to a picture of

that line.

4. The student will match the name of a line to the meaning
of that line.

Read the Objectives.

Read the Lesson. '

Watch the teacher's Demonstration.

Do the Study Questions. )
Do the Worksheets.

Do the Review Questions.

Do the Self-Test.




e INTRODUCTION

A blueprint is a pict;>e of a finished part.
A blueprint gives 2 main kinds of technical information:
1. The exact shape of.the finished part

2. The exact dimensions of the finished part-
A blueprint also gives other technical information to make the finished part.

A machinist reads or interprets a blueprint to make the finished part.

INES

To .give the exact shape of the finished part and the'exact dimensions of the
finished part, a blueprint uses different kinds of LINES.

The machinist reads or interprets the 1ines on a blueprint.

The blueprint also shows different views of the finished part.

On a b]uepr1nt the 1ines and views work together to show the exact shape and
exact dimensions of the, f1n1shed part. . :

There are 6 basic kinds of ]1nes on bluéprints:

OBJECT LINES
HIDDEN LINES
EXTENSION LINES
CENTER LINES
DIMENSION LINES
LEADER LINES

On a b]uepriﬁﬁ, each kind of line has a special meaning.

OBJECT LINES

F—

What do object lines mean?

OBJECT LINES show the edges of the-
finished part.
Object Tines show the shape of the

EXAMPLE A. : S » finished part.

RIGHT

SIDE,
VIEWY

FRONT VIEW
!

N\




HIDDEN LINES e -

What do hidden 1ines mean?

——— . * HIDDEN LIMES show edges or surfaces .
- that the machinist cannot see in one

. - - view. .
- EXAMPLE. B The machinist can see these edges or

TOP VIEW surfaces in the other views.

; ’ 1RIGHT
I SIDE
| VIEW

FRONT VIEW

On this blueprint, the finished part has a slot.

The machinist can see the edges of the slot in the top view.and in the right
side view.

He/she cannot see the edges of the slot in the front view.

He/she must know where the edges of the slot are ‘in the front view.

The hidden Tine shows the edges of the slot in the front view. .

The object 1ines show the shape of the finished part. %-

EXAMPLE C

>

/ . RIGHT
SIDE
ViEW

FRONT VIEW

On this blueprint, the finished part has a hole.

The machinist can see the edges of the hole in the r1qht side view.

He/she cannot see the edges of the hole 'in the front view.

He/she must know where the edges of the. ho]e are in the front view. ’
The hidden lines show the edges of the hole |in the front view.

The object Tines show the shape of the finished part.

@
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TOP VIEW

’ a T 1 ‘
O TUTTTT e
’ Lt || } I ViEw

FRONT VIEW

On this blueprint, the finished part has-a slot and 2 holes. .
- The machinist can see the edges of the slot and 2 holes in the top view.
The yertical hidden 1ines show the edges of the 2 holes in the front view

and right side view.
The horizontal hidden line shows the edges of the.slot in the right side

view. ‘ . ' . '
' CENTER LINES ' -

1 ’ - 3

What do center lines mean?

- - - CENTER LINES show the center of .'the

. ‘ finished part, the center of a hole in
, the finished part, or the center of e )
EXAMPLE E T a curved edge on the finished part. ,

The symbol for center lines is ¢

-VIEM .

{

b
L]

9

, o - | . | \ .
— '-k' - SIDE

FRONT VIEW

On this blueprint, the shape of the finished.part is round (cylindrical). .
The center lines show the center of the finished part in the front view and .
the right side view. . '




EXAMPLE  F

* DT

o - FRONT VIEW

On this blueprint, the finished part has a hole.
The center lines show, the center of the hole in the front V1ew and top view.

The hidden lines show the edges of the hole in the front view. * .
The obJect 1ines show the shape of the finished part in the front view and

' top view. Top VIEW

EXAMPLE G
-
A ] '
) =T ®
P = 1
, . FRONT VIEW

On this b]uepmnt, the finished part has a curved end.
The center lines show the center of the .curved end in the top v1ew

EXAMPLE H - TOP VIEW
® o —0
—~—+
—o— o1
B i
l
! i
FRONT VIEW !

On this blueprint, the finished part has 4 holés and a curved end.

The center 1ines show the centers of the 4 holes in the front view and top view.
‘ The center lines show the center of the curved end in the top view.

The hidden 1ines show the ‘edges of the 4 holes in the front view.

143 |
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EXTENSTON LINES

What do extension lines mean?
. A

EXTENSION LINES and dimension lipes
show the dimensions of the f1n1shed
part.

DIMENSION LINES

Nhat do dimension lines, mean?

= DIMENSION LINESand extension 1ines
show the dimensions of the finished
part. . .

~~ Dimension 1ines have arrows.

On blueprints, the drafter writes the exact d1mens1ons 1ns1de the extens1on
1ines or outside the extension lines.

' 11 1, PR
-—ff{z-P-h- -a—i~‘———]g- }-n o

——«{.soo }<—-—-lr<—055 : > [—4—1.75'0_—,——-!

TOP VIEW

EXAMPLE I

FRONT VIEW

On this blueprint, the extension lines and dimension lines show the length,
width, and thickness of the finished part
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8 - I ) LO0O 4

+—2.125——

On this blueprint, the shape of this finished part is round (cylindrical). . , :
The extension lines.and dimension lines show the diameter and length of the
finished part. : S

Remember, 96 is the symbol for diameter.
EXAMPLE K

.
. 3 j
v .
a . * - .

{ K
]

>

On this blueprint, the finished part has a curved end.
' The .radius of the curved end is 1" y

Remember, R is the abbreviation for radius.

. ‘ LEADER LINES

N

-What do leader lines mean?

LEADER LINES give special technical : ;
"~ information- for a- dimensijon-on the .
finished part. -

Leader 1ines have one arrow. -




EXAMPLE L _ o S

o . \ -1— : . .
S 1t e
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—O—F .
i /—DRILLi/é 4 HOLES
] 56 THICK PLATE

¢

-
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.

a
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|
7
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On this blueprint, the finished part has 4 holes.
The leader 1ine shows that each hole is 1" in diameter.
8

The leader line tells the machinist to drill each hole.

EXAMPLE M TOoP VIEW : o

| e )
.?'—' | <
L3

FRONT VIEW S

-

On. this blueprint, the leader 1line shows a 3" radius on the finished part. -




/ B

o " oo

. A blueprint is a picture of the finished part.

To give the exact shape of the finished part and the exact dimensions of™
the finished part, a blueprint uses different kinds of lines..

*

The 6 Basic kinds-of lines on a blueprint are:

1. OBJECT LINES -

."‘3

2. HIDDEN LINES
3. CENTER LINES |
/4. EXTENSION LINES » L
5. DIMENSION LINES '
‘6. LEADER LINES

)

On a blueprint, each kind of line has a special meaning.
. ~ OBJECT LINES show the edges on the finished part.

- HIDDEN LINES show edgés or surfaces that the machinist cannot see in one
view. . )
{

CENTER LINES show the center of the finished part, the center of a hole,
or the center of a curved edge on the finished part.

EXTENSION LINES and dimension lines show the dimensions of the finished part.

'DIMENSION LINEé and extension lines show the dimensions of the finished part.

LEADER LINES give special information for a dimension on the finished part.
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;~ 5D N
UNIT 5: Blueprint-Reading :

LESSON 5D:  Tolerances . ~ .’ - -

OBJECTIVES: 1. The student will write the correct definition of a blueprint.

2. The student will write the correct definition of tolerance. ' .+
3. The student will write the correct perfeét dimension from a .
picture. . -

4. The student will write the correct meaning of *
5. The student will write the correct tolerance from a picture.

6. The student will write the correct upper limit of a dimension
and lower limit of a dimension from a picture.

(’ PROCEDURES: 1. Read the Objectives.
2. Read the Lesson. : .

3. Watch the teacher's Demonstration.
4. Do the Study Questions.

5. Do the Worksheets.

6. Do the Review Questions.

7. Do the Self-Test.

REFERENCES:




- INTRODUCTION

-

A blueprint is a picture of a finished part.

A bl&eprint gives 2 main kinds of technical information:
1. The exact shape of the finished part
2. The exact dimensions of the finished part

A blueprint also gives other technical information t6 make the finished
art. , .

P 5

On a blueprint, the views and lines work together to show the exact shape

and exact dimensions ¢f the finished part.

The machinist reads or ?nterprets the views, lines, and other technical
information on a blueprint to make the finished part.

DIMENSIONS ON A BLUEPRINT

An engineer designs the finished part.

He/she draws-the exact shape of the finished part.

He/she figures out the perfect dimensions or exact dimensions of the finished
part. )

The engineer knows:

A1l parts need accurate dimensions. e

But some parts need very accurate dimensions. "
Accurate parts fit together with other parts.
Inaccurate parts do not fit together with other parts.
Inaccurate parts are called scrap.

The engineer also knows:

Machine tools are not perfect. -

Measurement tools ares not perfect.

Machinists are not perfect. ‘

Machinists cannot always make perfect dimensions

on every finished part. ,

Sometimes the machinist makes a dimension on a

part a Tittle larger than the-perfect dimension.

Sometimes the machinist makes a dimension on a
-part a 1ittle smaller than the perfect dimension.
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_First, the engineer figures out the perfect dimension.or exact dimension
for each dimension of the finished part.

o -| THE PERFECT DIMENSION

|

.
-

E

Then, he/she figures out the largest acceptable dimension for each dimension
on the finished part.

|

. . . THE LARGEST
) ACCEPTABLE DIMENSION

>
o

-~

Next, he/she figures out the smallest acceptable dimension for ‘each dimension
on the finished part. .

»

' THE SMALLEST
ACCEPTABLE DIMENSION

{




~

On blueprints, the engineer gives the largest acceptable dimension for each

perfect dimension. .

On blueprints, the largest acceptable dimesion (maximum acceptable dimension)

is called the UPPER LIMIT. X .

On blueprints, the engineer gives the smallest acceptable dimension for each
perfect dimension. i L

On blueprints, the smalTest acceptable dimension (minimum acceptable dimension)
is called the LOWER LIMIT. - ’

—— THE UPPER LIMIT (The Largest Acceptable Dimension) J

M A

{— THE PERFECT DIMENSION

L—— THE LOWER UMIT (The Smallest Acceptable Dimension)

Every dimension between the upper 1imit and lower 1imit is an acceptable
dimension. -

Every dimension larger than the upper limit is not acceptable (scrap).
Every dimension smaller than the lower limit is not acceptable (scrap). '

.
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TOLERANCES ON A BLUEPRINT

What is tolerance?

TOLERANCE js the amount of acceptable size variation of a dimension on tﬁe
" finished part. .

Every dimension between the upper limit and lower limit is acceptabie.
We say acceptable dimensions are IN TOLERANCE.

An accurate part has acceptable dimensions.

A11 the dimensions of an accurate part are in tolerance.

Remember, a part has several dimensions.

Every dimension has an upper limit and a Tower limit.

On blueprints, engineers and drafters use several ways to give the upper
1imit and Tower 1imit of every dimension:

1. Perfect dimension with tolerances
2. Tolerances in ‘the title block

3. Upper 1imits and Tower limits




1. -Perfect dimensions with tolerances

Sometimes, the engineer and drafter write the upper 1imit and the lower
Timit of a dimension ag a PERFECT DIMENSION WITH A TOLERANCE.

EXAMPLE A

- \
<
<

In EXAMPLE A, the tolerance is + .005"

The symbol + means PLUS (+) OR MINUS (-).

Plus means larger, or more.
Mings means smaller, or less.

THE PERFECT DIMENSION —> 4+—

ir(—— 2250 + .005

In EXAMPLE A, the perfect dimension is 2.250"

<+ .005

THE PERFECT DIMENSION ~ THE TOLERANCE

— -

.

A

2250° THE TOLERANCE

-.005

The machinist uses the perfect dimension and the tolerance to figure out

the upper limit-and Tower limit.

Cn

+
)
* i)
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2.250 The Perfect Dimension 2.250 The Perfect Dimension

+.005 + Tolerance - _.005 - Tolerance
* The Upper Limit 2.285  The Lower Limit . Y

2250 - THE PERFECT DIMENSION

In EXAMPLE A, 2.255" is the upper limit or largest acceptable size.
In EXAMPLE A, 2.245" is the lower limit or smallest acceptable size.

Eve?y dimensior between 2.255"'ahd 2.245" is in tolerance (acceptable).
For example, 2.254" is in tolerance.
For example, 2.248" is in tolerance. ' /

Every dimension larger than 2.255" (the upper limit) is not acceptable.
For example, 2.256" is not acceptable. ‘ .
For example, 2.260" is not acceptable.

~—

Every dimension smalled than 2.245" "(the lower limit) is not acceptaB]e.
For example, 2.24A4" is not acceptable.
For example, 2.230" is not acceptable.

. EXAMPLE B
if 3.125 * 003- . %i |
13 //
In EXAMPLE B, the perfect dimension is 3.125" ' ;
In EXAMPLE B, the tolerance is + .003" v
3.125 3.125 - //
+ .003 - .003 ) ‘ /
3.128 The. Upper Limit 3.122. The Lower Limit /

In EXAMPLE B, 3.128" is the upper limit. | ]
In EXAMPLE B, 3.122" is the lower limit. j

\. 7 e ‘ %,




EXAMPLE C

y

I-f—2.312 +.002 ——>
~ 000 '

In EXAMPLE C, the perfect dimension is 2.312"
-In EXAMPLE C, the tolerance is + .002" or - .000"

2.312 2.312
+ .002 - .000
2:.314 The Upper Limit 2.312 The Lower Limit A
In EXAMPLE C, the upper limit is 2.314"
In EXAMPLE C, the Tower limit is 2.312"
EXAMPLE D "I'
| 3515 + .000 ]
l - .003 l
In EXAMPLE D, the perfect dimension is 3.515"
In EXAMPLE D, the tolerance is + .000 or - .003"
3.515 ‘ 3.515
+ .000 . - .003 N Y
3.515 The Upper Limit 3.512 The Lower Limit
In EXAMPLE D, the upper limit is 3.515" . .

In EXAMPLE D, the Tower limit is 3.512"

Sometimes the tolerance is + .000 or - .000
If the tolerance is + .000 then the perfect dimension and the upper limit

are the same. . .
If the telerance is - .000 then the perfect dimension and the lower Timit

are the same. .




EXAMPLE E

- ° : l<-—— 2_57164“;1@4‘—-&-'

In EXAMPLE E, the perfect dimension is 2 57"

54
In EXAMPLE E, the tolerance is + 1" ) .
64
2 57 2 57
64 64
1 1
+ 64 64
238 2 29 The Upper Limit 256 =2 7 The Lower Limit
. In EXAMPLE E, the upper limit is 2 29" -
37
‘ In EXAMPLE E, the lower limit is 2 _7"
8
e . N
EXAMPLE F K
l—q—z\a/s i‘1/64—->| |
In EXAMPLE F, the perfect dimension 2 3" .
8 .
In EXAMPLE F, the to]erance is + 1"
)
23.22 23. 22
8 64 -, 8 . 64
d. 1 . d. 1
+ - @ L e - 64 (13
225 2 23
. 64 The Upper Limit 64 The Lower Limit
In EXAMPLE F, the upper limit is 2 25" ",
° S
In EXAMPLE F, the lower 1imit is 2 23" 161

. L 60




EXAMPLE G

In EXAMPLE G, the perfect dimension is 45 degrees. ’
In EXAMPLE G, the tolerance is + 1 degree.,

45° ' 45°
+1° - 1°
46° The Upper Limit 44° The Lower Limit

In EXAMPLE G, the upper limit.is 46 degrees.
In EXAMPLE G, the lower limit is 44 degrees.

2. Tolerances in the title block

The engineer and drafter do not always write to]erances with the perfect

> dimension.
Many times, they write the TOLERANCES IN THE TITLE BLOCK ,
. MATERIJAL .| Qty Reqd Casting Specialties Corp.
THE - Cokd Roiled Steel N , | Cedarburg, Wis. . .
TITLE TOLERANCES UNLESS OTHERWISE SPECIFIED: ‘ HANDLE
+ BLOCK Fractions Decimals Angles PART N°
+1/64 +.005 +1°  4-104 30M3276

If a dimension on the blueprint does not have a specific tolerance on the |
dimension line, the machinist looks for the tolerance for that dimension |
in the title block. : .
He/she looks for-a box with tolerances in the title block. |
Many ‘times, this box says TOLERANCES UNLESS OTHERWISE SPECIFIED. '

The machinist uses the perfect d1mens1on and the tolerance in the title
. block to figure out the upper,limit and lower limit.

Many companies have standard tolerances.

16 5
o,




+1/64 +.005 + 10

>

l o128 TOLERANCES UNLESS OTHERWISE SPECIFIED:
ﬂ' ’ Fractions Decimals Angles

In EXAMPLE H, the dimension does not have a specific tolerance.
Then, the machinist must look at the tolerances in the title block.

2.125 is a decimal.
The machinist reads the tolerance for this decimal in the title block.

He/she reads that the.tolerance for decimals is + .005

2.125 2.125
+ .005° - .005
2.130 The Upper Limit 2.120 The Lower Limit

>

In EXAMPLE H, the upper limit is 2.130"
In EXAMPLE H, the lower limit is 2.120" ‘

EXAMPLE | | -
9 . . | TOLERANCES UNLESS OTHERWISE SPECIFIED:

1 12 . ) Fractions Decimals . Angles
: +1/64 +.005 + 10

In EXAMPLE I, the dimension does not have a specific tolerance. -
Then, the machinist.reads the tolerance in the title plock.
11 is a fraction.

.The machinist reads the tolerance for this fraction in the title block.
He/she reads that the tolerance for fractions is * _1

. 64
111 3 ' 11 =1 32
.2 7 ? [}
1 - ] A= |
+ &4 [ - 64 L3
] . 131 ’
64 The Upper Limit 32 The Lower Limit

In EXAMPLE I, the upper limit is 1 33"
64

In EXAMPLE I, the lower limit is 1 31"

o 4 163




, EXAMPLE J . -
B TOLERANCES UNLESS OTHERWISE SPECIFIED: “l",*
0’ .
30 Fractions Decimals Angles )
/ : t1/64 +.005 T .

In EXAMPLE J, the dimension does not have a spec1f1c tolerance.
Then, the mach1n1st reads the tolerance in the title block.

- 30° is an angle. )
The machinist reads the tolerance for this ang]e in the title b]ock
He/she reads that the tolerance for angles is + 1°

30° a 30°,
+1° -1° :
“37°  The Upper Limit 29°  The Lower Limit

In EXAMPLE J, the upper limit is 31°
In EXAMPLE J, the Tower limit is 29°

¢ 3. Upper limits and Tower limits -

- —Semetimes, the drafter does not write the perfect dimension with the . :
tolerance on the diménsion line. .
He/she does not write the perfect dimension.
He/she does not write the tolerance.
Instead, the drafter writes THE UPPER LIMIT ABOVE THE DIMENSION LINE and

THE LONER LIMIT BELOW THE DIMENSION LINE. s
Then, the machinist does not have to figure out the upper limit and Tower
limit of the dimension. ‘ s .
. \ -
: THE UPPER LIMIT
. - r

THE {OWER LIMIT




-. l“ - R I

: . T Ty .
we . Xe TR B R R
T N Om e Ty
. - .l

_"r - B
<— 2748 THE LOWER LIMIT
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In EXAMPLE K, the upper Timit is 2.752"
In EXAMPLE K, the Tower limit is 2.748"

EXAMPLE L

1.505
1.545

. o~
- t
1

"In EXAMPLE L, the upper kimit is 1.505" .
. In EXAMPLE L ; the Tower Timit is 1.545” e

ol
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The drafter can write the upper 1imit and the Tower ]imit on the dimension
line for decimal numbers.
He/she does not write the upper limit and the lower ]1m1t on the dimension

+ Tine for fractional numbers.

He/she does not write the upper 1imit and Tower 1imit on the dimension line
for angles.

SUMMARY

What is tolerance?

TOLERANCE is the amount of acceptéb]e size variation of a dimension on a
part.

The symbol + means PLUS (+) OR MINUS (-).

On blueprints, engineers and drafters use several ways to give the upper
1imit and lower limit of every dimension:

1. Perfect dimension with tolerances
2. Tolerances in the title block L
3. Upper limits and Tower limits
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UNIT 5: Blueprint Read{hg

[

LESSON 5E: Title Blocks

-OBJECTIVES: 1. The student will write the coﬁ}ect definition of a blueprint.

2. The student will write the _names of the 2 main parts of a
blueprint. ..

" 3. The student will choose this technical information From a
title block on a blueprint:

a. The name and address of the company
b. The name of the finished part

i c. The part number of the fini part
d. The number of t
e. The tolerance .
f. The number quantity of the finished part

required
I g. The materidl or kind of metal of the finished part

h. The scale of the finished part on the blueprint ’

-————— PROCEDURES+—1.—Read the Objectives.

Read the Lesson. -
Watch the teacher's Demonstrat1on
Do the Study Questions.
Do _the Worksheets.

Do the Review Questions.
Do the Self-Test.

NOOOAPWN

REFERENCES: _




A blueprint gives 2 main kinds of\ technical 1nformat1on

e,

INTRODUCTION ; -

A blueprint is a picture of a finished part.

1. The exact shape of the f1n1shed part
2. The exact dimensions of the f1n1shed part

1. The Body (Views,
2. The Title Block

TITLE BLOCKS

A1l blueprints have 2 main parts (general meaning):

Dimensions)

6T ;
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MATEMAL t
Coid Moted Stew! t

Castng Soecames Corp
Cedarturg. Wiy

Oty Aeqa
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TOLERANCES UNLESS OTHERWISE SPECFIED
Frachoms

LEAOSCREW

Oscmeis \nges PART No
2008 20 4108

30Mm3274

1t

A blueprint also gives other technical information to make the finished part.

On a blueprint, the views, lines, and tolerances work together to show the
exact dimensions and exact shape of the finished part.

The machinist reads or interprets the views, lines, tolerances, and other
technical information on a blueprint to make the finished part.

-~ The Body

—-«— The Title Block

On a blueprint, the TITLE BLOCK has technical information necessary to make the

finished part.
Some title blocks have a little technyca] information.




. Some title blocks have a lot of technical information.

Different companies have different kinds of title blocks on their blueprints. ~~

. But, a blueprint always gives aH the technical information to make the finished
part. o

- - Some of the most important kinds of technicg] information in a title plock are:

THE NAME AND ADDRESS OF THE COMPANY ‘ :

THE NAME OF THE FINISHED PART . . S
- THE NUMBER OF THE BLUEPRINT * ' —
. THE PART NUMBER OF THE FINISHED PART
THE TOLERANCES
THE NUMBER OR QUANTITY OF FINISHED PARTS REQUIRED
THE MATERIAL OR KIND OF METAL OF THE FINISHED PART .

THE SCALE OF THE FINISHED PART ON THE BLUEPRINT

4]

00 4 OV Ut G RO =t

MATERIAL Qty Reqg'd Casting Specialties Corp. -
Cold Rolled Steel 1 l Cedarburg, Wis.

TOLERANCES UNLESS OTHERWISE SPECIFIED: LEADSCREW

Fractions - Decimals Angles
PART N°
+1/64 +.005 +10 _ . 30M3274
., 4-106 .

1. In this title block, the name and address of the company is Casting
Specialties Corp., Cedarburg, Wis.

2. 1In this title block, the name of the finished part is the leadscrew.
3. In th1s title block, the number of the blueprint is 30M3274

4. In this title b]oéi the part number ' is 4-106.
' Many blueprints use the abbreviation NO. or the symbol # for number.

5. Some dimensions on this blueprint have tolerances on the dimension line.
_In this title block, the tolerances for dimensions without tolerances on
the dimension line are:

FRACTIONS + 1 - DECIMALS  + .005 ANGLES =~ + 1°
64
6. In this title block, the number or quantity of finished parts required is 1.
Different b]uepr1nts use different abbreviations for the number of finished
o parts required

Required
Regquired-

Qty Req'd
No.Req

Quantity Required Qty = Quantity Req'd
Number Required Req

. 7. ‘In this titie blocks the material or kind of metal of the finished part is
cold rolled steel. ,
Sometimes, blueprints use the abbreviation MAT'L for material.




DATE |  BY MATL UNLESS OTHERWISE SPECIFED ATE
DRAWN | 6/1/81 | M Jotason|  Alminum TOLERANCES ON DIMENSIONS ARE: THE COOTS CORP. | - .
DECMAL DIMENSIONS T .003 hicago, L
CHECKED | 6/3/81 J. Dxaz ary - FRACTIONAL DIMENSIONS T .1784. ) PART # 351-T-283
= 50 ' ,
APPROVED | er0/81| N.Pau ANGULAR DMENSIONS £ 1/2° F8CALE 1/2°=1"|  T327-5 ¥

1. <In this title block, the name of the finished part is the slide plate.

2. fﬁ this title block, the part number is 351-T-283
3.' In this title block, the numbef of the blueprint is T327-5
4.

'Ill = 'Ill
2
When the scale is 1" = 1" the drafter draws 1" on the blueprint for
. 2 2
each 1" on the finished part. ~
Many times, a finished part is too big or too small for the drafter to
draw the real or full size of the finished part on the blueprint.
The drafter draws the finished part TO SCALE.
Maps and blueprints have scale.

In this title block, the SCALE of the finished part on the blueprint is

§

i
‘_Lr"’L
i

| 1"= 8 Miles

On this map, 1" equals 8 miles. . . ,
The real distance between Aurora and Hinckley is 16 miles. . ‘
On this map, the scale is 1" = 8 miles. .

Q . & - 4 lh‘.) , @




Scale 1" _ ., 1 1° .
y = 1 }4——>+ r<———————>+
N 1 ( 1 , )
Scale 2" = 1" . F—ﬁ
: 1 1
Scale 1" = 1" or . ‘4——»-' }4——»{
FULL SIZE- ‘

Scale 2" =

~

Title Block The Dimension - The Réé] Size

on the Blueprint on-the Finished Part

-

A
Y

’
21/4

Scale ]En - o | 2 1/4 I }< %Jl

1
i
i

Scale 1" 4y }<3—/4->’ : , |<—3£4—>|

FULL SIZE

In this title block, the name of the company is Coots Corp.
' ?

Some dimensions on this blueprint have tolerances on the dimension line.

In this title block, the tolerances for d1mens1ons without tolerances on
the dimension line are:

FRACTIONS + 1 " DECIMALS  + . ANGLES + 1°
' '~ 68 2

This title block gives the name of the d¥after and the date that he/she
drew the b]uepr1nt

-

This tit]e b]ock gives the name of the inspector and the date that he/she
checked the blueprint.

This title block gives the name of the engineer or supervisor and the date
that he/she approved the blueprint.

5 1]7_{ < a(::)
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10. In this title block, the material or kind of metal of the finished part

is aluminum
Sometimes blueprints use the abbreviation MAT'; for material. : ‘

11. 1In this title block, the number or quantity of finished parts required
is 50. - »

gﬁl machinist carefully reads all the technical information on a blueprint.

If the machinist does not understand something on a b]uepr1nt he/she asks
. the teacher or foreman. ~

SUMMARY .

A blueprint is a picture of a finished part.

A blueprint gives 2 main kinds of technical information:

1. The exact shape of the finished part
2. The exact dimensions of the finished part

; A blueprint also gives other technical information to make the finished part.

On a blueprint, the views, lines, and tqlerances work together to show the | ' |
exact shape and exact dimensions of the/ finished part. ‘

The machinist reads or interprets Ahe views, lines, tolerances, and' other
technical information on a blueprint to make the finished part. , //”‘

A1l blueprints have 2 main parts:

1. The Body (Views, Dimensions) , pu
2. The Title Block -

On a blueprint, the ti;Te block has technical information to make finished
parts.

Different companies ‘have different kinds of title bTocks on their blueprints.

A blueprint always gives all the technical information to make the finished
part. " ;z

A machinist carefully reads all the technical 1nformat1on on a b]uepr1pt

| " If the machinist.does. not understand someth1ng on a b]uepr1nt he/she asks the

teacher or foreman.
. ) Y
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UNIT 6:

LESSON 6A:

OBJECTIVES:

PROCEDURES :

REFERENCES:

s

Layout
i3

& °

5

Introduction to Layout

1. The student will write the “cCorrect definition of layout.

2. The student will write the names of the Z,kihds of layout.

The student will #rite the 3 steps to lay out a part.

Read the Objectives.
Read the Lesson.

Do the Study Questions.’
Do the Review Questions.
Do the Self-Test..

OV W —

S

oo

Watch the teacher's Demonstratwn ¢




P  INTRODUCTION

*

A skilled machinist uses machine too]s'tq%pake a finished part.
A machinist must make accurate parts.

Accurate parts fit together with other parts.

Inaccurate' parts do not fit together with other parts..

A machinist must make accurate measurements to make accurate layouts.
Accurate ]ayouts and accurate machine operations make accurate parts.

To make a f1n1shed part, the machinist usually follows these steps:
STEP'1. The machinist reads the bTueprint of the finished part.
STEP 2. The machinist lays out the part.

[,
STEP 3. The machinist sets up the machine tool.
STEP 4. The machinist runs the machine tool. .
STEP 5. The machinist measures the.part to check the dimensious of
the part.
He/she compares the dimensions of the part to the blueprint
specifications. ,
) ) - [Avom
What is layout? . : -

Marking exact dimensions on a part is called LAYOUT.

.

The machinist uarks an exact dimension on a part with a line.
This line is called a LAYOUT LINE.
There are 2 main kinds of layout:

1. Semiprecision Layout (Accurate to within + %ﬁ)
6

’

2. Precision Layout (Accuraté to within + .001%)

For sem1prec1s1on layout, the machinist uses semiprecision measurement tools
and semiprecision layout tools.

For precision layout, the machinist uses precision measurement tools and
precision layout tools.

2 _




LAYING QUT A PART

To lay out a part, a machinist follows these steps:

STEP 1. Clean the surfaces of the part.
STEP 2. Brush or spray layout dye on the part.

STEP 3. Mark the exact diménsions on the part
.+ with layout lines.

STEP 1. Clean the surfaces on the part

For parts wfth smooth surfaces, the machinist must wipe off dirt, oil, grease,
or rust. .

For parts with rough surfaces, such as castings, the machinist must use a
machine tool to clean up the rough surfaces on the part.
Here, clean up meansfto make the rqugh surfaces on a part smooth with a

machine tool.
.3 O

175
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STEP 2._lBrush or spray layout.dye on the partl

) LAYOUT BLUE is 1ike paint.

Many times layout blue is called LAYOUT DYE.

There are many different kinds of layout blue for different kinds of metal. ‘
. |
The machinist brushes or sprays layout dye on the part. ‘

STEP 3. Mark the exact dimen$ions on the part with layout lines.

> : Zo 1 LR %:&
. . WA o)

The machin{st reads the blueprint to find the exact dimensions of the finished

part. :

He/she marks the exact dimensions on the pgrt with layout Tines. ’

He/she uses measurement tools and layout to0ls to find the exact dimensions

and to mark the }aybyt lines. on the part.
wR. * N

e .

Q 4 . .
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He/she uses semiprdcision measurement tools and semiprecision layout tools. .
for semiprecision accuracy and semiprecision layout. *

He/she uses precision measurement tools and precision layout tools .for
precision dccuracy and precision layout.

A machinist laid out these two parts. ‘




s 6B

N

UNIT 6:

'LESSON 6B:

OBJECTIVES:

PRPCEDURES:

( - \

. °
.

REFERENCES:

. Machine Shop Fundamentals . e

Layout

Semiprecision Layout

-

1. The student will write the correct definition of
layout. ¢

2. The student.will match the name of a semiprecision layout
tool to a picture of that layout tool._

3. The student will choose the correct layout tool from a
description of that layout tool.

Read the Objectives.

Read the Lesson.

Watch the teacher's Demonstration.

Do the Study Questions.

. Do the Worksheets. ,
Do the Review Questions. - - -
. Do the Self-Test.

NOYOVB W N —
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INTRODUCTION

What is a.layout? l o B »

4

Marking exact dimensions on a part is called.layout.

b \

The machinist marks an exact dimension on a part with a line.

This line is called a layout line. *

For sem1prec1s1on 1ayout the machinist.uses semiprecision measurement

~ too]s and semiprecision layout too]s

For prec1s1on layout, the machinist uses_precision measurement tools and

i’ precision layout topls.

To lay out a part, a machinist follows these steps:
STEP 1. Clean the surfaces on the part.
STEP .2. Brush or spray layout dye on the part.

C STEP 3. Mark the efact dimensions on the part with layout lines.

SEMIPRECISION LAYOUT

S’

The machinist reads the b]uepr1nt to find the exact d1mens1ons of the
finished part.

For most layout work’, the machinist uses a SURFACE PLATE. . .

» w .
. .y »
-~

" A surface plate is very flat and smooth. . o -
Most surface plates- are flat Mo + 00001 175
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The machinist marks an exact dimension on a part with a line.

Many times, the machinist uses a SCRIBER to mark an exact dimension on a
part. ) :

A scriber marks a 1ine on the part. .o -

Jhis 1ine is called a Tayout line.

A scriber has a very sharp point. ‘

[

-

Sometimes the machinist uses a 6" rule and a scriber to lay out-a part.

— -

-

-
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? \
For round parts, the machinist sometimes uses a 6" rule, a scriber, and |
KEYSEAT CLAMPS. - . o

*

r
< (4
The machinist can also use a combination square to lay out parts ‘
a4
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* . € Lo
!
/ 7t X
ql;f‘[l[“ Illlll'l’l!ql[[ll'l]lll!ll![1[[]!!!"['["[[]][’?l[4IlUEY'l[[!I;l[l'lH”llII'IJI[lllIl!lH!Y"!lll?lll’l'llrl!il]l!l‘l!”lll” T!Illl‘}l]lg!]l )
6 ‘s 8 ik i9 S v/ 1€ 4 ! .
. * 1
, o 3 ' 4 5 6| ; 7l , 81 9! | 1'0 P | ,
N ETANR AR AIAIAJALLI.IALLIAL‘AIA[AIIIAIALIM‘AldllllAllhh[x'l]lhll[l[lllllrl]A]lllllllllllllllll Ll 1!th11' whtnnhl lllil[lll'lllll RRIANA
« S . 3 Co.
Vs . B

hi
- 3

A combipation square has a 90° corner and a 45° corner.
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The machinist lays out 45° angles on parts with the combination square.
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a slot with the combination square.

i
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L

The machinist lays out.the center of a round (cylindrical) part with a
CENTER HEAD.

A
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<

The machinist uses a HERMAPHRODITE CALIPER to lay out parts.
The machinist lays out an exact dimension on a round part with a hermaphrodite
~caliper and a 12" rule. T

T T T T T T T . —_— —
ARTL A A L ALK L L AL ?%m‘;"gi”-’~ ) p
y 2 3 4 5 N~ .’r!,'F‘;-'-- L K e % -
1 e A P % T A v g
AR .l.l.x.l.x.l.l..1.!.1.’.1.!.1. ,1.|.1.,.1.!.1, .1.!.1,I.l.l.x L rw 2 A L AN A R

The machinist lays out an exact dimension on a part with a hermaphrodite
caliper and a 6" rule.
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The machinist lays out an exact dimension on a part with a hermaphrodite
caliper and a 6" rule. ‘

. ' '

|
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|

! The machinist lays out the center of a round part with a hermaphrodite caliper .
| and a 6" rule.
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Sometimes, the mach1n1st uses a PUNCH and a hammer to lay out exact dimensions
on a part:

‘ ' For layout, there are 2 kinds of punches: ' -
) 1. THE PRECK PUNCH |
2. THE CENTER PUNCH

_Center punch

-
The prick punch has a 30° point.
The center punch has a 90° point.
The machinist uses a prick punch and a hammer to lay out the center of a .

radius or the center of a circle. ‘ ‘

. . /First, the machinist lays out the cente?' of a radius or the center of a circle.
Then, he/she marks the center with a pr1ck punch and a“hammer. .




. - / ' | C .
) .

* The machinist also uses dividers to lay out circ_]es.on parts.

o ) ‘ . 1 ‘ ,
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Then, ,hefshe marks the center of the hole with a center punch and a hémmer.l
He/she uses the hammer to make a dent in the part with the center pynch.

3 ’ )

. The dent in the .part will guide the drill bit to the center of the hole.

-
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]

Sometimes, the machim'si: uses an ANGLE PLATE to hold a part ',fo'r' layout.

—

Companies make angle plates to very exact specifications. . ‘
Angle plates have a 90° corner. .

Sometimes, the maghinist use a SURFACE GAGE and a scriber to lay out exact
dimensions on a part. . :

p‘/\’
First, ;the machinist adjusts the scriber on the surfacelgage ta the correct ’
, dimension., ‘
< Then, he/she marks the exact dimension on the part.

| 12 14
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H&re, the machinist uses an angle plate and a surface gage-and scriber to
lay out an exact ,dimension on a part. X ' )

$
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UNIT 6: Layout B - -
~ LESSON 6C:  Precision Layout C e ;

. ’. I
LOBJECTIVES: 1. The student will write the correct definition of layout.

*‘ i . .
2. The student will match the name of a precision layout .
tool to a p1cture of that layout tool.

LA . 3. The student w1]1 choose the correct prec1s1on Iayout tool .
- from a description of that layout tool. s, -
. ‘o - 2 . i

PROCEDURES: 1. - Read the Objectives.
2. -Read the Lesson. .
® 3. MWatch the teacher's D monstrat1on -
4. Do the Study Questions.
. 5. Do the Worksheets.
6. Do the Review Questions.
7. Do the Self-Test. '
REFERENCES:




INTRODUEinN '

What is layout? : ’ : v .8
Marking exact dimensions‘on a part is called layout. | .

- The machinist-marks an exact dimension on d "part with a Tine..
<\T?ns Tine is called a 1ayout 11ne

v

For sem1prec1s1on 1ayout the mach1n1st uses sem1prec1s1on measurement
tools and semiprecision layout tools.

- For prec1s1on layout, the machinist uses precision measurement tooTs and
precision layout tools. ~

To lay out a part, a mach1n1st fo]]ows these steps:
/// ) \ STEP 1. C]ean the ‘surfaces on the part.
STEP 2. Brush or spray 1ayout dye on the part}

STEP 3. Mark the exact dimensions on the part'with layout Tines. .

o . ' ’ :
C ’ - PRECISION LAYQUT
T~
. . The machinist reads the b1uepr1nt to f1nd the exact dimensions of the finished
part. .
- For prec1s1on layout, the mach1n1st uses a SURFACE PLATE. :
4
f

.
-

»

A surface p]ate is very ‘flat and smooth
Most surface p1ates are flat to + .00001”




.

For most precigion layout, the machinist uses a VERNIER HEIGHT G;EE and a
surface plate.

-6
Adjpstment nut ———sR s (¢
s, ~
Vemier plate E' Y
BB |4 . R
-~ f -
. *
LY Y ’
Surface Plate : .

I

The vernier height gage has a scriber.

’

The machinist sets the scriber to lay out an exact dimension on a part. ,

4 e e




R to ho]d a part on the surface plate- .

s Py

Here, the machinist used an ang]e plate, 2 C-clamps, and a "Jo" Block

N | .' "Jo" Block
8 Angle Plate

IS T
First, the machinist read the b]uepmnt to find the exact d1mens1on of - .

g . " the part. .
Then,, he/she set up'the part on the surface p]ate with an angle p]ate, 2

) . C- c]amps, and a "Jo" Block. -
Next, he/she set the vernier height gage to the exact d1mens1on .

Last "he/she marked the exact dimension on the part.

Yoo 4 13; - " ( .
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The mach1nis£ uses & MACHINIST'S SQUARE to lay out straight tines, 90°

corners, and para11e1 lines on a part.
The mach1n1st S square is more accurate than the combipation square.
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The machinist uses a VERNIER PROTRACTOR to lay out angles on a part

The vernier protractor has a vernier plate.
The vernier protvactor is more accurate than the bevel protractoru
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, Sometimes, the machinist
he/she lays out the part.

v

.

ot

uses a DIAL INDICATOR to set up the part before

v
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UNIT 7:  Bench Tools , : S

> r ~ ‘ . R . i l . . \:s 7
LESSON 7A:  MWrenches, P]iers,-and Screwdrivers ’ i
. ) ) ’ v
OBJECTIVES: 1. ‘The student w1]1 wrlte the 3 ways a mach1n1st uses bench

tools. ) \ >
) 2. The student will match the correct name of a wrench to a
‘ p1cture of that wrench.
3. The student w111 match the correct name of a pair of p11ers
. to a picture of that pair of p]1ers . ) - .

£ . v
4. The student will match the correct name of a screwdriver to
a picture of that screwdriver. )
¥
. 5. The student will choose the correct safety rules for'us1ng
wrenches, -pliers and screwdr1vers

-
1‘ K - /

PROCEDURES: 1. Read the Objectives

: 2. Read the Lesson. s ' T,

A\\\\\ 3. Watch the teacher's Demdnstrat1on C
. ! 4. Do the Study Questions. .
. 5. Do 'the Worksheets. T . T
. -6. Do the Review Questions.» S .
. - 7. Do the Self-Test. , ) ’
Y e . .
”;a7~*

REFERENCES: | S : ‘ - %
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: ) R INTROBUCTION ~ S

¢

The machin%st‘hsés BENCH TOOLS (hand teols) to do many d{fférent tasks (jobs).
He/she uses bench tools in 3 ways: : C . ’

«
-

1. To set up machine too]s

2., To do operations with a machine too] .

" (The machinist uses bench: tools togethér with
machine tools to do an operation.)

- 3. To do operations by hand ,

Tﬂ% machinist must choose the correct bench tool for each ‘task,
. He/she must learn how to use éach bench tool correctly. ‘
- He/she must fpllow the safety rules for each bgich tool. - - .
He/she must practice using each bench tool.

1

and screws to set up a machine tooll or to adjust a machine tool.

Many t1mes, the mach1n1st must Jggisn and fighten bolts, nuts, setscrews
.+ To Toosen and t1ghten bolts, nuts, etscrews and screws, the .machinist many

t1mes uses these bench tools: . . p
L 1. Wrenches ‘ ’ . ;
. ‘2. Ptiers ‘
: 3. Screwdrivérs
! . ' © WRENCHES . -

-

" There are many d1fferent kinds and s1zes of wrenches. ..
Most wrenches have sizes in inches (hl 5 1) or in mi M imeters (4.5mm,

9mm, 12mm). 4, 16, 2

a




OPEN END WRENCHES
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 COMBINATION WRENCHES
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Some machine tools have special nuts or special botts.

These special nuts and bolts do not have squars-heads or hexagonal heads
The machinist uses a SPANNER WRENCH/to loosen and tighten these spec1a1 nuts .
and spec1a1 bolts.

SPARNER "WRENCHES

L ’4 .'2U.’ - o

x.v




SOCKET WRENCHES -

PIPE WRENCHES

1}

' - Always pull the handle of the adjustable wrench toward the adjustable jawe

5 Cr




There are many different kinds and'sizes of pliers. ) N,

P

Pliers are not wrencheé. ' o ‘
—_— o R \/_\

The machinist does not use pliers instead of. wrenches.

’A]wayglchoosé the correct.bench tool for each task.

The machinist®uses pliers ‘to hold small parts, to bend small parts, and to cut
metal wire. '

-

“«

" COMBINATION PLIERS

DIAGONAL PLIERS.




&

SCREWDRIVERS

. a
v . - . N
. -

There are many different kinds and sizes of screwdrivers.
The machinist uses a screwdriver to loosen and to tighten screws.

Most screwdrivers have 3 main parts:

1. THE HANDLE
2. THE SHANK
3. THE BLADE

.
e . ..

. Handle
Blade ~

Shank

There are many sizes and féngths of standard screwdrivers.

PHILLIPS SCREWDRIVERS

There are many sizes and lengths of Phillips screwdrivers.

20,




OFFSET SCREWDRIVERS

" The machinist must choose the correct screwdriver for the job.™
He/she must match the screwdriver blade to the head.of the scréw.

4

Incorrect . Incorrect Correct. ...

’

// LY
s ( T .
n
S
. A ~' ’
N ; ) . \’5\/ .
If the blade of the standard screwdriver is worn, the mach‘l’nfst must grind. ) ‘

(sharpen) the blade to the correct specifications. -




3
Lo ' :
Eo
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A B ®  SAFETY RULES
) 1. A]w&%f'wear your safety glasses. ; . ‘*‘a
2. Lea%’j’)bow to correctly use a bench tool before you use it. -
. <3 Choo%; the correct bench tool for the task. ‘
P | .'lWrenchesN:‘i* - v . , : ¢
.‘4. Choos;a:‘i’%:he correct wrench ,fo'r"“ the task.
’ 5. Choose ﬁ{e correct siz.e wrench for the task.
6. Always .p':uH .oﬁ ‘a’;flr:ench. ' “ _ - }
7. Do not h:‘it a wrench with a hammey.
) Pliers )
8. Do not hse a pajr of pliers when you should ﬁseq wrench. .
, AN . *
. *+  Screwdrivers ) g < _: "
’ 9. Choosgthe correct screwdriver for the task. o L
10. Choose the correct sizg screwdriver blade :for the head of the screw.
] 11. Do not use a screwdriver with a worn blade.
- -1'2. Do not use & screwdriver Tike a chisel.
13- Do no't“‘{‘t"iif,t_a kgcrt’ewdi‘iver with a hammer. . A
14. Do not use a ;scréwci‘river t'o).pry things open. o e

4
.




. SUMMARY T

R

He/she uses bench tools 13/3 ways; ek
1. To set up machine tools
2. To do operations with a machine tool
(The machinist uses bench tools together with -
‘machine tools to do an operation.)
3. To do operations by hand.

The machinist must choose 'the correct bench tool for each task.
, He/she must learn how-to use.each bench tool correctly.
. He/she must follow the safety rules for each bench tool.

He/she must practice using each bench tool.

_Many times, the machinist must loosen and tighten bolts, nuts, setscrews
“ and scréws to set up a machine- tool or to adjust a. machine tool.
To loosen and tighten bolts, nuts, setscrews and screws, the machinist many
times uses these bench tools:
1. WRENCHES X -
’ " Open End Wrenches . . .
Box End Wrenches c
Combination Wrenches
Spanner Wrenches
_ Setscrew Wrenches (Allen Wrenches or Hex Keys)
Socket Wrenches
N Pipe Wrenches
_ Adjustable Wrenches (Crescent wredb s)

-

2. PLIERS - R
., Combination Pliers ' '
Needle Nose Pliérs
- Diagonal Pliers

3. SCREWDRIVERS
Standard Screwdrivers '
, S

Phillips Screwdrivers
Offset Secrewdrivers . ¢ ‘ -

. R0

The machinist uses bench tools (hand tools) to do many different tasks (jobs).

)

o
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. UNIT 7:

LESSON 7B:

%
4 OBJECTIVES:

PROCEDURES:

!
-

REFERENCES:

<

[

Bench Tooﬁs

. Vises, Clamps, and V-bkocks
nd V-gfe

1.

. . Q .
The student will match the name of a vise to a picture

of that vise.
The student will match the name of a clamp to a pitturé
of that clamp. {

The student will match the name of a V-block to a picture
of that V-block.

Read the Objectives.

Read the Lesson.

Watch the teacher's Demonstration.
Do the Study Questions.

Do the Worksheets.

Do the Review Questions.

Do the Self-Test.




INTRODUCTION

The machinist uses BENCH TOOLS (hand tools) to do many different tasks.
He/she uses bench tools in 3 ways: .

’

1. -To set up machine tools

" 2. To:do operations with a machin€ tool (The machinist
‘ uses bench tools together with machine .tools to do
an operation.)

3. To do operations by hand

The machinist‘must choose the correct 'bench tool for each task:
\~}He/she must learn hsw to correctly use each bencH toél.

He/she must follow the safety rules for each bench tool.

He/she must practice using each Bench tool.

Many times, the méghinist uses bench tools to hold parts.
To hold parts, there are 3 main kinds of bench tools:

1. VISES
2. CLAMPS

3. V-BLOCKS

. : ' J
In some textbooks, vises, clamps,-and V-blocks are called CLAMPING DEVICES
or WORK HOLDING DEVICES. o




’ [AFuiTox provided by ERIC

This is a BENCH VISE. . -
This bench vise has a solid base.

Jaws

»

This i;\also a BENCH VISE.
This bench vise has a swivel base.

, -
4 ’, R 3

«
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The jaws of:&a bench vise are very ha/d )
The Jaws will scratch, dent, and damage parts made of soft metaIs
The jaws will scratch, dent, and damage smooth surfaces on parts

\ . oas

.
L
]
.*Many times, the maéh1n1st puts CAPS over the jaws of the bench vise. :
The caps protect parts made of soft metals, and they protect §J1100th surfaces ‘
on parts.
[§
~ . / .
] .
\ -
1) N f‘
Sometimes, the machinist uses WOOD BLOCKS to hold the part in the jaws of a .
bench vise. ,




CLAMPS )

e .

There are many different kinds and sizes of CLAMPS.
The most common clamp is the C-CLAMP. :
. .0 Y i . .
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Sometimes,. the machinist uses a PARALLEL CLAMP to hold small parts.

I ¢

The jaws of the parallel clamp must be parallel to hold the part tightly

Al

s . 21 a
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. . l \

< ' V-BL.OCK_!}

» SUMMARY

VISES

Bench vises with a solid base
Bench vises with a swivel base

" CLAMPS

C-clamps 6
Parallel clamps

V-BLOCKS } 212

»

Many times, the machitnist-uses bench tools to hold parts.
* To hold parts, there are 3 main kinds of bench tools:

M

Many times, the méchinist uses a V-BLOCK and a clamp to hold a, round part.

v

!
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%ﬂlT,?: Bench Tools
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J : e, . T e
OBJECTIVES: 1. The student will write the correct definition of pitch
for a hacksaw blade.

LESi?N 7C: Hacksaws and Hacksaw Blades

The student will choose correct‘pitch Q% a hacksaw blade
from a picture of the hacksaw blade and ‘the part,
4 v
The student will choose the correct position to set up
a part'in a vise from a picture of the part and the vise.

The student will choose the correct safety rules to ﬁse

hacksaws. ( R
p :

PROCEDURES : *1. Read the Objectives.
. Read the Lesson.
Watch the teacher's Demonstration.
Do the Study Questions.
Do the Workshdets.
Do the Review Questions. 5
Do the Self-Test.

- N o

-

REFERENCES: ’ »
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- o TNTRODUCTION -

~ v

The machinist uses BENCH TOOLS (hand tools) to do many different tasks.

He/she uses bench tools in 3 ways: \

o

4
1. To set up machine tools -
2. To do operations with a machine toql -

(The machinist uses bench todls together with machine too]s to .

do ah operation.)
3. To do operations by hand. [

[ ‘La
The machinist must choose the correct bench tool for each task
He/she must learn how to correct1y use each bench. toQ]

He/she must follow the safety rules for each bench tool.
He/she must practice using each bench tool.

dametimes, the machinist must sdw a metal part by hand.

- To saw metal parts by hand, the machinist uses a HAND HACKSAW.

R " HACKSAW

°o]

To

RN

Hacksaw Blade -

~
.

The machinist uses a hand hacksaw to .saw differigtjkinds of metals.

t

214 | @
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. " HACKSAW BLADES

Hacésaw b]ades’?re very hard and very brittle.

v

Hécksaw blades cut ip only omre direction. - N

[

-

-

The machinist uSes most of the teeth on the hacksaw blade to make a good,
fast cut.

. o CORRECT

==

==

N
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The machinist mustl choose the correcp hdcksaﬁ”b]ade for each task.
The machinist must\think about 2 factors to choose the correct hacksaw blade:
h i

1. 'The kind of meté]jof'the part
2. The shape and thickness of the part

The machinist must choose a hacksaw blade with the correct PITCH for each task. 7

7 » Blade
WMWWMWWWWWWW
. TP TP T T
: : 1 2 3| Ruler
FRARACARARY A RARARARRRARAE
1" '

The number of teeth in one inch on the hacksaw blade is called PITCH.

. Companies make hacksaw blades with 4 standard pitches:

i

KIND OF METAL * PITCH OF THE BLADE KIND OF PITCH
TO BE CUT . (TEETH PER INCH) . .
Low Carbon Steel 14 Coarse Pitch »

Medium Carbon Steel

Aluminum 18 Medium Pitch
High Carbon Steel - x

Cast Iron , .
Tin . 24 . Fine Pitch
Brass

Copper

Channel Iron

Thin Metals 32 Very Fine Pitch

a




The machinist must also Took at the shape and thickness of the part to
‘ choose a hacksaw blade with the correct pitch.

CORRECT PITCH . INCORRECT PITCH

1/ 77A [/ 77777 777)

Y/ 4 Y4 i,
i, S b
S S

The correct pitch for each part has 2 or more teeth on the part at all times.
‘ Less than 2 teeth on the part will break the teeth on the hacksaw blade.
But, too many teeth on the part will clog the teeth with metal chips.

e =L ©
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Teeth Sets ' ‘

. The teeth on hacksaw b]ades have different TEETH SETS.

The teeth make a cut or slot in the part.
This cut or slot in the part is called the SAW KERF.

- o3 {‘

7 — ! — 1

) - 1

Raker i }

|

. |

- . AS ight ’ ;
- \ =T -

~ ' o : Wave o ‘.
. \ - ) : . J

|

|
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-
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s,
) -
: -

The saw kerf in4he metal must be a Tittle 1arger than the th1ckness of the‘

’ hacksaw blade. - - . )
\ ‘ This cut'gjves the hacksaw blade CLEARANCE, o
If the hacksaw. blade does not have good c]earance the hacksaw b]ade canno‘gﬂ '

. cut thé part.




- HOLDING THE PART

To make a good cut w{th a hacksaw, the part must not move.
Most of the time, the machinist uses a bench vise to hold the part.
To make a good cut and not break the teeth on the_hacksaw blade,. the

L\Taghinjst must correctly set up the part in the bench vise.

Sometimes, the machinist must cut thin fubing and thin metals.
He/she uses wood blocks and wood dowels to set up the part in the bench vise.

Vise Weod Dowel

Y

Wood Blocks

22y




% . .
SAFETY RULES - ’ x

1. Always wear your safety glasses.

2. Learn how to correctly use a bench tool before you use it. ¥
3. Choose a hacksaw blade with the correct pitch for each task. ,
4. Do not twist or bend a hacksai blade.
It will break if you twist or bend it.
- 5. Always use a bench vise to hold the part tightly
6. Do not use a hacksaw with a dull blade.
.7. Do not touch a part immediately after you saw it.
aw1ng makes the part very hot.
s/ >
4
\
. v ; -
. o Vi
. \ F 4




Machine Shop Funaapentals‘
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\ ! - 5‘ /
UNET 7: Berich Tools . .
LESSON 7D:  Hammers, Chisels, &nd Punches

OBJECTIVES: 1. The student will match the name of a hammer to a picture -
of that hammer.
‘ 2. The student will match the name of a j;ﬁse] to a picture
of that chisel. ,

3. The student will match the name of a punch to a picture
of that punch.

PROCEDURES: Read the Objectives.

Read the Lesson.

Watch the teacher's Demonstration.’
Do the Study Questions.

Do the Worksheets.

Do the Reyiew Questions.

Do the Self-Test. S . . -

~

NOYOVER W —

. REFERENCES: . : o




“The machinist uses BENCH TOOLS (hand_tools) to do many different tasks.

INTRODUCTION.
\

He/she® uses bench tools in 3 ways:

?

1. To set up machine tools -
2. To do operations with a machine tool

(The machinist uses bench tools together with
machine tools to do an operation.)

.

3. To6 do operations by hand.

The machinist must choose the correct bench tool for each task.
He/she must learn how' to correctly use each'bench tool.

He/she must follow the safety rules for each bench tool.

He/she must practice using each bénch tool.

Iﬁ th%s lTesson, you will. learn about these bench tools:

1.” Hammers
2. Chisels
3. Punches

-
]

In the machine shop, there are two main kig;; of hammers:

HAMMERS

o

1. Hammers with a hard face
2. Hammers with soft faces

1. Hammers with a hard face

A BALL PEEN HAMMER has a very hard face.

»

A

\—— Ball Peen
b -
g

- a——

5
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Many‘ times, the machinist uses the face of the ball peen hammer to hit other
. benqh tools or* some metal parts.

Sometimes, the, machinist uses the ball peen end of the ball peen hammer
@ o PEEN parts. , ,




“The size of a ball peen hammer is how much’the head of the hammer weighs, .
without the wood handle. . ) ‘

Most common sizes of ball peen hammers are 2 oz. (ounces), 4 oZ., 8 oz.,
12 oz., 16 ozi, or 1 1b. {pound), 11 1b., 1 1 1b., 2 1bs., and 3 1lbs.’
, ' 4. 2

- L d
g .
. .

2. Hammers with soft faces

Hammers with soft faces are made from plastic, rubber, lead,-copperor —— - . -
rawhide. '

Lead Rawhide

Some textbdoks call 'a hammer with soft faces a MALLET.

) ~
23




Lo

L 4
¢

WMost of the time, the machinist uses hammers with soft faces to set up . .

. machine tools, to set up parts, and to assemble (put together) different
: parts.

When thé machinist does not want to scratch, dent, or damage a surface on
a part, he/she uses a hammer with soft faces.




CHISELS

The machinist uses CHISELS and { ball peen hammer to cut extra metal from
a part.
Because chisels cut co]d atat, some textbooks and machinists call them

"COLD" CHISELS. :
In the machine shop, cutt1ng metal with a chisel is sometimes called

CHIPPING.

The mach®nist usually uses a vise to hold the part. . ',

. There are 4 main kinds of chisels:

1. THE FLAT CHISEL

2. THE CAPE CHISEL

3. THE ROUND NOSE CHISEL

4. THE DIAMOND PGINT CHISEL

1. _THE.FLAT CHISEL ' .
The flat chisel has a 30° -~ 70° point.

-

The machinist uses a flat chisel for general cutting and chipping work.

22w
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The machinist uses a flat chisel to cut off sha.rp edges on a part, to cut

thin pieces of metal, to cut off the heads of rivets or bolts, and to cut
‘ off rusty nuts.

L 4

2. THE CAPE CHISEL . P
J%e cape chisel has a 40° - 70° point but the cape chisel is narrower
t

an the flat ch'i_se].

ST L

The machinist uses a cape chisel Tike a flat chisel.
He/shercan also cut narrow grooves in parts with a cape chisel.

. . | 223
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3. THE ROUND NOSE CHISEL

;
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| The machinist uses the round nose.chisel to cut a radius on an inside corner '
; of a part and to cut grooves with round bottoms in a part. »
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4. THE DIAMOND POINT CHISEL

’

The machinist uses the diamond point chisel to cut a 90° corner on
corner of a part and to cut V-grooves in a part.

an inside
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After the machinist hits a chisel with a ball peen hammer many times, the
ch1se1 gets a MUSHROOM HEAD.

-~

' INCORRECT CORRECT -

\ -

' . -
[ , -

=

aQ

‘Achisetwith—amushroom-head-is-very dangerous. - -
The machinist must grind off the mushroom head on a chisel.

When the point of a chisel gets dull, the machinist must grind the po1nt of
the chisel" to the correct spec1f1cat1ons
A dull chisel i§"dangerous.

7

|




PUNCHES

o #

The machinist uses PUNCHES and a ball peen hammer to mark the center of a
radius, the center of a circle, and the center of a hole.

Theére are é main kinds of punéhes:'

1. THE PRICK PUNCH
2. THE CENTER PUNCH

1. “ THE PRICK P{JT‘JCH

The machinist uses’the prick punch to mark the center of a radius and the

center of ar-circle.

@
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The machinist uses the center punch to mark the center of a hole.

The point of the center punch makes a dent in the part. s

The dent in the part guides the drill bit to. the center of the hole.

'.
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SAFETY RULES® :
Fa . \

If. e]ways wear your safety glasses. - .

~

-

2. Learn how to correctly use a _bench tool before you use it.

. 3. Choose the correct bench tool for the task.

]

v

. Hammers
4. Do not hiﬁ the ﬁqge qf one hammer with the face of another hammer.
5. Magk sure the head of the hammer is #ght on the handle of the hamérSf/
6. Hit parts and other bench tqus at 90° with the face of the hammer.
7. Carefully put the hammer on the. bench. |

Do not put a hammer on a machine tool.

The hammer can fall and hit your foot.
The hammer can fall and crack its face.

Chisels and punches - ' <

8. Do not use a chisel or a punch with a mushroom head.
Grind off the mushroom head before you use the chisel or punch.

9. Do not use a dull chisel or a dull punchf

10. . Hold a chisel or a punch correctly.
If you miss the head of the chisel or punch with the hammer, you do not

want to hit-your fingers. J

o
v
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UNIT 7:

LESSON 7E:

OBJECTIVES:

{

PROCEDURES:

REFERENCES:

Bench Tools

Files

NI P —

1)

The student w1f< match the name of the shape of a f1]e to
a picture of the shape of that file.

The student will match the name of the cut of teeth of a
file to a picture of the cut of teeth of that file.

The student will match the name of the degree of coarseness
of a file to a p1cture of the dggree of coarseness of that
file.

The student 'will match the name of the filing method to a
picture of tz?t filing method.

a

The student will choose the correct safety rules to use
files.

Read the Objectives.

Read the Lesson.

Watch the teacher's Demonstration.
Do the Study Questions.

Do the Werksheets.

Do the Review Questions.

Do the Self-Test.




) ! INTRODUCTION ‘

The machinist uses BENCH TOOLS (hand tools) ‘to do many different tasks.
He/she uses bench tools in 3 ways: )
o 1. To set up machine tools
2. To do operations with a machine tool
(The machinist uses bench tools together with machine. tools to
do an operation.) . , ‘
3. To do operations by hand :

The machinist must choose the correct bench tool for each task.
He/she must iearn how to cdrrectly use each bench tool.

He/she must follow the safe;} rules for each bench tool.

He/she must practice using each bench)Eoo].

Many times, the machinist must remove”burrs on, parts, remove sharp edges on
parts, and make smooth surfaces on parts by hand.

@

The machinist uses FILES to remove burrs, remove sharp edges on"parts, and

make smooth surfaces on parts by hand.
. The machinist must choose the correct file for each task.

[
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Cuts of Teeth

Single cut

Degrees of Coarseness

Double cut

Coarse

Rasp

Curved

Dead smooth




To choose the cor
finished part:

[N

1. The shape of the surface on-the finished part \ »
(flat, square, rodﬁa}\gtradius) _ ) |
2. The magerial of the pa ’ s
3. The amount of material to file off N . '
4. The kind of surface on the finished part ) '
*  (very smooth, smooth, ... rough) .
For each task, the machinist must choose the correct kind of file.
Then he/she chooses a file with: :

» L]

- the correct shape . - ‘/!
-'the correct cut of teeth i
- the correct degree of coarseness

»

USING ‘A FILE

Always use a file with a handle. . .

NEVER Use a file without a handle.
The machinist usually uses a bench vise to hold the part fér filing.

emember, in tﬁe machine shop, the machinist usually uses the machinist's files
and mill files.

A file cuts in only one direction.
The machinist uses the majority of the teeth.of the file to remove metal.

-




Holding a File

The machinist must correctly hold a file. . '

10
The machinist uses 2 handg to hold a file.
FILING METHODS ' ¢
The machinist uses 3 main filing methods:
1. Thé Cross Filing Method | ’
2. The Straight Filing Method 2
3. The Draw Filing Method , .
1. The Cross Filing Method.
\ : .
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The machinist uses the cross filing method to remové a large amount of material ‘
The surface of the part is rough.

» . r
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2. The Straight Filing Method

The machinist uses the straight filing method to remove medium to small

amounts of material.."
The surface of the part can be rough or smooth.

. 3. The Draw Filing Method

f
‘ The machinist uses the draw fi]ing method to remove smatl to véry small
amounts of material.
The surface of the part is very smooth. ' -

Q , 241 ' @




. Cleaning a file ) ' '

Metal chips clog the teeth of a file. s ‘ .
Then, the teeth of the file do not cut. ' |
Also, the metal chips scratch the part. . : . , <
Frequent]y, the machinist must cleam the File. o . ,

The machinist uses a FILE BRUSH to clean the f11e

NEVER use your hands to clean a file. -

SAFETY RULES

1. Always wear your safety g]assei. ‘

2. Learn how to correctly use a bench tool before you use it.
3. * Choose the correct file for the task

4 Do not use a file without a hand]e ’ ‘ '

5. Use a file brush to clean a file.
Do not use your hands to clean a file.

6. Do not drop a file.

7. Do not carry files in your pockét.




Machine Shop Fundamentals
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UNIT 7: Bench Tools

LESSON 7F: Taps and Dies

! -
© , . ‘

OBJECTIVES: 1. The student.will wr%te the correct Hefinition of tapping.
2. The student.will.write the correct definition of threading.

3. The student will match the names of the parts of a
screw thread to a picture of a screw thread.

The student wil{N:;?te the correét major diameter and
. correct threads per inch from a thread specificatidn.

. The student will write the correct thread form and
correct. thread fit from a thread 'specification.

The student will choose the correct methods to measure
internal threads and external threads. -

PROCEDURES: 1. Read the Objectives.
’ Read the Lesson.
. "Watch the teacher's Demonstration.:
Do the.Study Questions.
Do the Worksheets.
DS the Review Questions.
Do the Self-Test.

’ %
REFERENCES:
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The machinist uses BENCH TOOLS (hand too]s) to do many dffferent tasks.

‘He/she, uses bench tools in 3 ways

1.© To set up machine tools ' “
2. To do operations with a machine tool

(He/she uses bench tools together with machine too]s to do an operation.)

3. To do operations by hand \

The machinist must choose the correct .bench tool for each task.
He/she must Tearn how to correctly use each‘bench tool.

He/she must %o]]ow the safety rules for each bench tool.
He/she must practice using each bench tooT

Many times, the machinist must cut THREADS in a hole in a part
Many times, he/she must cut THREADS on the outside of a part
There, are two main k1mds of threads:
- - .
1. INTERNAL THREADS (on the inside of a hole)
2. EXTERNAL THREADS (on the outside of a part)

The machinist can cut threads with a machine tool or by hand.

To cut threads’by hand the machinist uses:

E]

1. TAPS
2. DIES

—‘
>
©
w

|

Taps are very hard and brittle.
The machinist uses TAPS to cut internal threads. R ~
Cutting internal threads is called TAPPING. oo

There are 4 main kinds of‘taps}

1. TAPER TAPS

2. PLUG TAPS

3. BOTTOMING TAPS
4. PIPE TAPS




TAPER TAPS

Ay

"The machinist uses a taper tap to cut threads in holes that go completely
through a part.

_ PLUG TAPS S

- /- 3-5 Thread chamfer

*

The machinist uses a plug tap to gut threads in holes that go completely
through a part and in blind holes.

(Remember, a blind hole does not go completely through the part.)

To cut threads in a blind hole, first the mach1n1st uses a taper tap to start

the threads.
. Then he/she uses a plug tap.

haat?

The plug tap does not cut threads all the way to the bottom of the biind hole.

&




BOTTOMING TAPS =~ . ° = . .

-

v

The machinist uses a bottoming tap to cut threads in blind holes.
First, he/she uses a taper tap to start the threads.
Then he/she uses a plug tap to cut more threads.
Finally, he/she uses a bottoming tap.

The bottoming tap cuts threads all the way to the bottom of the blind hole.

PIPE TAPS . . _ @

There are 2 types of pipe taps: ‘

.

a. TAPER PIPE TAPS
bt .STRAIGHT PIPE TAPS

N
3

- = v . TAPER PIPE TAP (NPTF)

mi N

—— A o aa s

STRAIGHT PIPE TAP (NPSF) . p
. . , P ' ¥ 4
. The machinist use's pipe taps to cut pipe threads. , ' .

24;




Special Types of Taps

e b

For some tapping tasks, the machinist must use special taps.

-

- a——

The machinist uses an EXTENSION.TAP when other taps are too-short.

!

]

The machinist uses a PULLEY TAP to tap holes in pulleys.

TAP WRENCHES T

The machinist us€s a.T-HANDEE#IAR-NRENCH or an ADJUSTABLE TAP WRENCH to ho]F

taps.

=




~ - DIES-- - _ v )

iy ®

The machinist use DIES to cut external threads on parts.

Cutting external threads is called THREADING. ~ . -
There are 2 main kinds -of dies: R .
. 1. .SOLID DIES , y o ' .
2. ADJUSTABLE DIES . L )

SOLID DIES

Most of the time the mgchinist does not use solid dies in the machine shop.

ADJUSTABLE DIES f

There are 2 types of adjustable dies:

a. ADJUSTABLE ROUND DIES * . o
b.  TWO-PART ADJUSTABLE DIES




A

. The maghintst uses taps to cut internal threads in parts. ’ w =
" He/she taps holes in parts.

The machinist uses dies to cut externa1 threads on parts.
He/she threads parts. ’

~The machinist uses a DIE STOCK (DIE HOLDER) to hold dies.

THREADS

There are two main kinds of internal and external threads:

1. Right Hand (RAY Threads
2. Left Hand (LH) Threads

| In the machine shop,'most machine tools and parts have right hand threads.
| . Some machine tools and parts have left hand threads.
Usually, the letters LH are on a part, a bolt, or a nut with left hand threads.

ERIC _, 9 ®




- ” fA |
Many different companies make bolts, "nuts, and parts with threads. : )
The threads must b& the same so d1fferent varts from different compa‘mes

will fit together. .
HMany companies usé the UNIFIED NATIO*lAL THREAD Form.

-

American national threads

60° Vee threads

Acme threads

These are the abbreviations for Unified National Ehreads:

ER Unified National Coarse (UNC)
Unified National Fine (UNF)
Unified National Extra Fine (UNEF) . . )
Unified National 8-Pitch (8 UN) \ .
Unified National 12-Pitch (12 UN)
Unified National 16-Pitch (16 UN) 2

' Ul




The machinist must know the PARTS OF SCREW THREADS.

’ Parts of Screw TJ}reads . \

Rt

—«—— Major dia.——|
- .| |— Pitch dia. —>

: <«— Minor dia. —— : .
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PITCH DIAMETER

MAJOR DIAMETER
MINOR DIAMETER

The mino;?diameter is the smallest diameter of -the thread.

The pitch diameter is ha]fway between the-major diameter and
minor diameter.

The pitch 1ines go through the threads and the grooves.

The distance through the “threads and through the grooves is
the same. .

PITCH - Pitch is the distance between an exact place on one thread and
the same.exact place on the next thread.
'Pitch = f\ or Number of threads = 1 .
Number of ) per inch ~ Pitch
threads per inch )
ROOT - The root is the bottom or base of the thread.
The machinist measures the minor diameter at the roots of the
threads.
CREST - The crest is the top of the.thread.

The machinist measures the major diameter at the crest of the
"threads.

*
The \thread angle is the angle between two threads.

THREAD ANGLE

DEPTH OF THREADS - The depth of threads is the vertical distance between the
crest and the root of the thread. .

LEAD - The lead is the distance a nut will move in one revo]ut1on
on threads.

Screw Thread Fits

There are three kinds of thread fit:

Class 1 - LoosejFit
Class 2 - Medium Fit
Class 3 - Tighg Fit

1S

The three kinds of tpread fit use the letters A and B:

A is for external threads.
B is for internal threads.

/

For example:

Class 1 A means loose fit for external threads
Class 2 B means medium fit for internal threads.
Class 3 B means tight fit for internal threads.
. Class 3 A means tight fit for external threads.

R5.
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The major diameter is the outside diameter of external threads.




THREAD SPECIFICATIONS

The machinist reads a blueprint to find the thread specifications of a part.

EXAMPLE A

.‘
1/2 - 13 UNGC - 2A

-

In EXAMPLE A, the major diameter of the thread is 1"
There are ‘13 threads-per inch. . 2
The screw thread form is Unified National Coarse.

The thread fit is a medium fit for external threads.

v -

EXAMPLE B t 3 -

»

1/4 - 20 UNF - 3B

In EXAMPLE B, the major diameter of the thread is 1"
There are 20 threads per inch. 4

% The screw thread form is Unified National Fine.

The thread fit is a tight fit for internal threads.

EXAMPLE C

3/4 - 20 UNEF - 3A

In EXAMPLE C, the major diameter is 3"
There are 20 threads per inch. §

The screw thread form is Unified National Extra Fine.

The thread fit is a tight fit for external threads.

. .'\.“




TAPPING o

The machinist uses taps to cut internal threads in parts.
To tap a hole, first the machinist drills the hole.

Then he/she taps the hole.

The machinist uses a drill bit to drill the hole.

Many times, this drill bit is called a TAP DRILL.
»1he machinist usua11y\£§;]ows these steps to tap a hole.

STEP 1. The machirist reads the blueprint to find the
dimensions of the center of the hole and the
specifications of the threads.

STEP 2. He/she lays out the centefr of the hole.

STEP 3. He/she reads the TAP DRILL SIZES CHART to f1nd
the correct tap drill size.

STEP 4. He/she drills the correct size hole.

/

<

STEP 5. He/she chooses the correct size tap.

"STEP 6. He/she taps the hole. 2
He/she usually uses a bench visé€ “to hold the part.

VAAAAMAAAN

i
VAAAAAAAAN
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EXAMPLE'D
Thread specifications: %_- 20 UNF - 2A

-

The machinist finds 1 - 20 on the TAP DRILL®SIZES CHART.

3 .
NATIONAL COARSE
. ) AND FINE THREADS .
Thread © Drill
172 - 13 27/64
172-20 | 29/64
[ e/16 - 12 31/64
 9/16-18 | 33/64 |
5/8 - 11 17/32
5/8 - 18 37/64
3/4 - 10 21/32
3/4 - 16 11/16
7/8~ 9 49/64
7/8 - 14 - 13/16
“1-8 7/8
1-14 15/16
1-1/8 - 7 63/64
121/8 - 12 1-3/64
1-1/4 - 7 1-7/64
1-174-12 | 1-11/64
* - - [ 1-12-6 | 1-11/32
1-1/2-12 | 1-27/64
1-3/4-5 | 1-35/64
1-3/4 - 12 1-43/64
- 2-41/2 1-25/32
2-12 1-59/64
2-1/4 - 4-172]  2-1/32
2-1/2- 4 2-1/4
S 2-3/4 - 4 2-1/2
- 3-4 | 2-34 |

-

Then, he/she reads %19' tap drill size.

For the l- 20 threads in EXAMPLE D, the correct tap drill is 2_?4_"
2 6

‘For 3 - 16 threads, the correct tap drill is 11"
4 :

—

For 2 - 12 threads, the correct tap drill is 1 g%"

* R )
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THREADING PARTS WITH DIES

The machinist usgs dies to cut exteynal'threads on partQ. \\\\~’J ‘

Most dies have a STARTING TAPER on one side of the die.

L]

{ ’ ‘ —<— Common ¢

S S A

Die stock +

Chamfer

¢

| - - \—« Starting téper

( . \ l | on die

The starting tapeé helps the djg begin cutting the threads.

The machinist uses the side of the die with a starting taper to begin
threading the part. ' )

The machinist usually follows these steps to thread a part.

STEP 1. The machinist reads the blueprint to find the
specifications of the threads.

STEP 2. He/she measures the diameter of the part to
make sure it is phe correct diameter.

STEP 3. He/she files or grinds a small chamfer on the
. - -end of the part. ’
A CHAMFER is a small angle cut (bevel cut)
on the edge of a part.
The chamfer helps the die to start the threads.

STEP 4. He/she chooses the correct die.

STEP 5. He/she threads the part.
He/she usually uses a bench vise to hold the part.

’ 25
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Most of the time, the machinist yses CUTTING OIL with taps and dies.

The cutting oil helps taps and dies cut good, clean threads.
The cutting oil also helps remove the metal chips.

But, do not use cutting oil on cast iron parts.
The machinist reads a chart to find the correct cutting oil for each task.

MEASURING THREADS

Most of the time, the machinist uses a GO - NO GO GAGE to measure internal
threads.

3 %f%%g%@g%f”~”%M%§§§?m%a

If the "G0" side of the go - no go gage fits the threads and the "NO GO" side
does not fit the threads, then the threads are accurate. o

If the "GO" side of the go - no go gagé fits the threads and the "NO GO" side
also fits the threads, thén the threads are not accurate.

These are four main ways to measure external threads:

1. Use a thread pitch ‘gage

2. Use a ring gage -,

3. Use a thread micrometer o~
4 Use the 3-wire method

|




. -~THREAD -PETCH-GAGE - - -

Hold the thread pitch gage against the threads and check for clearance.
Clearance is space between the thread pitch gage and the threads.

No clearance

If there is no clearance, then the threads are accurate.
If there is clearance, thgn the threads are not accurate.

2. 'RING GAGE

A ring gage is 11ke a nut. . . |
The machinist chooses the correct ring gage to measure the thread. ’

For example, for a 1" - 14 UNC 2A thread specification, the machinist

will use a ring gage with a 1" major diameter, 14 threads per inch in
5 .

Turn the ring gage on the threads.
If the threads are too big, the r1ng gage will not turn on the threads.
If the threads are-too small, the ring gage will turn on the threads but

it will. fit too loose.
If the threads are correct, the ring gage will turn on the threads and have

the correct fit.

Unfied National Coarse, and a medium fit. ' i
|




THREAD MICROMETER

The thread micrometer measures the pitch diameter of threads.

The machinist reads the pitch diameter of a thread from a blueprint or chart.
Then, he/she gets the correct thread micrometer.

The number of threads 'per inch the thread micrometer can measure is on

the frame of the micrometer. .

The machinist- measures the thread pitch diameter.

He/she reads a thread micrometer Tike other outside m1crometers

|<— Micrometer spindle

| ~— Mlcrometer anvil

If the measurement on the thread m1crometer is w1th1n tolerance, then the

threads are accurate.
If the measurement on the thread m1crometer is not within tolerance, then

the threads are not accurate.

1259 | @




" 4. 3-WIRE METHOD ‘ ‘

The machinist uses 3 wires of the same diameter and an outs1de m1crometer .
for the 3-wire method to measure threads. .

-~— Micrometer spindle

| D. M o
\ W
‘; Y
; i ®

t
i
I
\i 1
|
|

|
<—— Micrometer anvil
=

ol -

x»
%

Micrometer measurement

over wires. L N
Major Diameter of threads T
Diameter of the wires

Number of threads per inch /
Pitch /

V2EO =

The machinist measures the threads with the 3-wire method.
If the measurement on the micrometer is within tolerance, then the threads

are accurate.
If the measurement on the micrometer is not within to]erance, then the threads

are inaccurate. ‘
The machinist does not offen use the 3-wire method. . . :

) 3
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SAFETY RULES

Always wear your safety glasses. &

2. Learn how to corréctly use a bench too1'before you use it.
3. (Choose the correct ‘tap for each task. -
4. Choose -the dé?rect die for each task.’
5. Use a bench vise or clamp to hold the part. '
H 6. Use a brush or Eﬁoﬁ towel to wipe off metal chips.
Do not use your hands to wipe off metal chips.
7. Wash your hands after you use cutting 0iT.
\/ S o . ) ) - \

.

19




