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MACHINE SHOP SERIES

This series of texts covers six major occupational areas of Machine
Shop Practice: (1) Measurement, (2) Bench Work, (3) Drill Press, (4) Lathe,
(5) Milling Machine, and (6) Shaper Work.

The instructional material in each book is written in simple trade ter-
minology and illustrated through the generous use of line drawings. The
range of technical information (Why-to-do) and fundamental process units
(How-to-do) provides basic instruction for beginning students, apprentices
and home workshop enthusiasts; and advanced reference material for skilled
craftsmen, engineers, supervisory personnel and teachers.

MACHINE SHOP MEASUREMENT

A beginner’s text and workbook which covers basic mathematical
principles of linear, circular, and angular measurement from the standpoint
of related mathematics and machine shop practice.

65 pages (7% = 10Y4); 109 line drawings

BENCH WORK

A basic text which describes the theory of Bench Work and the opera-
tions performed with measuring, layout and bench tools.

88 pages (734 x 1034); 159 line drawings; formulas; tables

DRILL PRESS WORK

An introductory text dealing with the theory and operation of drill
presses; uses of accessories and holding devices; cutting speeds and feeds;
drilling, reaming, countersinking, counterboring and tapping.

42 pages (734 = 1014); 48 line drawings; 6 tables

LATHE WORK

A comprehensive text covering the related technical information and
fundamental processes which are basic for Lathe Work held between centers
and in a chuck. A partial list of topics includes: centering, mounting work;
grinding tool bits; facing, straight turning; speeds and feeds; turning shoul-
ders, chamfering, knurling, thread cutting, angle and taper turning; mandrel
and chuck work; drilling, boring, reaming and tapping.

164 pages (734 « 10%4); 197 line drawings; formulas; tables

MILLING MACHINE WORK

An exhaustive study of modern milling machines and accessories. The
instructional units cover in minute detail the theory and practice of basic
and advanced milling machine operations, with emphasis on dividing head
work.

298 pages (734 = 1014); over 300 illustralions including phanfom and cul-away seclions

SHAPER WORK

A new and complete treatise on modern types of crank and hydraulic
shapers. The text covers all the basic and advanced operations and related
technical information required to do Shaper Work.

396 pages (73 « 10Y{); 582 illustrations including phaniom and cul-away seclions




PREFACE

The production of interchangeable parts, which is the keystone of our present day manu-
facturing system, depends largely on the skill of the individual machine operator and of the
all-around craftsman in operating machine tools and using measuring instruments so that
each machine part is held within certain prescribed limits of accuracy.

Over a period of years careful analyses were made to determine essential occupational
areas of training for machine shop practice. As a result of these studies, the following six
main divisions of the trade were defined and a series of texts were prepared to cover them:
(1) Measurement, (2) Bench Work, (3) Drill Press, (4) Lathe, (5) Milling Machine, and (6)
Shaper Work.

Further study revealed that each operation in machine shop practice involves the teach-
ing and learning of basic trade theory and fundamental processes. Following this line of
reasoning, two types of instructional units are included in each monograph: (1) Trade Theory
Series and (2) Fundamental Process Series. A brief description of each type follows.

Trade Theory Series

The basic trade theory and related technical information, such as principles governing
machine shop operations, the derivation and application of formulas, and descriptions of
machine tools and accessories, are covered in the Trade Theory Series. This technical infor-
mation furnishes the student with background trade knowledge necessary to perform machine
shop operations skillfully. The Trade Theory units which are directly related to the Funda-
mental Process units may be used as text or reference material for class, laboratory or home
study.

Fundamental Proecess Series

The term Fundamental Process covers those manipulative processes which involve the
use of hand and machine tools and are common to machine or bench work. The manipulative
phases of an operation are described in common trade terminology and are well illustrated
with line drawings. As the Fundamental Process units provide reference material for the
actual performance of operations, they may be used as supplementary text material for the
teaching of fundamental processes either in a school or an industrial plant.

The selected series of instructional units in each text includes those fundamental opera-
tions which are common for a specific division of the trade and which apply under all con-
ditions. Throughout the series the units are arranged in the natural order of dependence of
one operation on the next; i.e., in a sequence which conforms to the logical order of teaching
and learning difficulty. However, this arrangement may be changed to meet exacting indus-
trial and educational training course requirements without altering the effectiveness of any
one of the suggested unit courses.

Sincere appreciation is expressed to the Bureau of Industrial and Technical Education,
The New York State Education Department for permission to reproduce this instructional
material.

The Editor
Albany, New York
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MACHINE SHOFPF MEASUREMENT
SECTION 1

Machine Shop Practice Unit IM-T1 Trade Theory Series
DESCRIPTION OF MEASURING TOOLS

OBJECTIVES OF UNIT

1. To acquaint the learner with the common fraction and decimal
fraction systems of measuring.

2. To explain the application of the steel rule, outside callper,
inside caliper, micrometer caliper, and the steel square in
measuring.

3. To explain the construction, reading, and use of the micrometer
caliper. .

INTRODUCTORY INFORMATION

The measuring of material and machined work involves the use of
a number of measuring tools to secure sizes of length, width, thick-
ness, and dlameter. One or more of these factors may be involved
when determining the size of material or a plece of work.

The English system of linear measure, of which the yard is the
unit of length, is the standard used in American Industry. In
machine shop work, the more commonly used unit is the inch, the
thirty-sizth part of a yard. The inch may be divided into smaller
parts by means of either common or declmal fractional divisions.

The fractional divisions of an inch are found by divliding the
inch into equal parts; the more common of which are: halves,
quarters, eighths, sixteenths, thirty-seconds, and sixty-fourths.
When smaller units of measurement are required, the decimal system
is used in which the inch 1is divided into tenths, hundredths,
thousandths, and ten-thousandths of an inch (Figure 1).

1.‘
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FIG.1 TWO SYSTEMS OF DIVIDING THE INCH

In machine shop i1t is common practice to use fractions of an
inch expressed in decimals, cslled decimal equivalents of an inch;
j.e. 1/8" is expressed as .125" (one hundred twenty-five thousandths
of an inch), or 1/4" as .250" (two hundred fifty thousandths of an
inch), etc.
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MACHINE SHOP PRACTICE MEASUREMENT

DESCRIPTION OF MEASURING TOOLS

The legs of the caliypers are attached to a pivot at the
upper end. This end 1s held together above the pivot by &
spring clemp. The clamp tends to hold the legs filrmly ageinst
the adjusting nut and on the pivot. The working tips of the
legs should be kept in line to preserve the accuracy of the
tool (Fige 5).

The accurate use of calipers
depends upon the "feel" which 1s
developed through use. They should
never be forced over or into the
work. Likewilse, they should always
be used square with the axis of the
work and the surface being measured
(Fige. 6).

] The caliper can be used in two
INSIDE ways to make & measurement. They
FIG.6 MEASURING WITH CALIPERS ¢&11 be set over the object (as lllus-
trated) and then tested on & steel
measuring rule, or they can be set from the rule and the measure-
ment transferred to the work.

calipers are made in e variety of silzes depending upon the
size of opening: 2", 3", 4", 5", 6", etc.

THE MICROMETER CALIPER

The smellest measurement which can beé made with the use of
the caliper and steel rule are, in the case of common fractions,
64ths of an inch; 1n decimel fractlons, hundredths of an inch.
To meesure finer than these (thousandths and ten-thousandths of
an inch), a micrometer caliper 1s used.

FIG.7 PARTS OF THE MICROMETER CALIPER

! If a dimension in common fractions 1s to be measured with
| the micrometer, it must be converted to its decimel equivalent.

The principal parts of the micrometer are: the anvil, frame,
barrel, spindle and screw, and thimble (Fige 7). The mlcrometer
caliper operates on a SCIeW which is free to move in the threaded
portion inslde the barrel.




MACHINE SHOP PRACTICE MEASUREMENT

DESCRIPTION OF MEASURING TOOLS

The legs of the caliypers are attached to a pivot at the
upper end. This end is held together above the pivot by a
spring clamp. The clamp tends to hold the legs firmly against
the adjusting nut and on the pivot. The working tips of the
legs should be kept in line to preserve the accuracy of the
| tool (Fige. 5).

i

The accurate use of callpers
depends upon the "feel" which 1s
developed through use. They should
never be forced over or into the
work. Likewise, they should always
be used square with the axis of the
work and the surface being measured
(Fig. 6).

The caliper can be used in two
INSIDE ways to make a measurement. They
FIG.6 MEASURING WITH CALIPERS S8 pe set over the object (as 1llus-
trated) and then tested on & steel
measuring rule, or they can be set from the rule and the measure-
ment transferred to the work.

Calipers are made in a variety of slzes depending upon the
size of opening: 2", 3", 4", s", 6", etc.

THE MICROMETER CALIPER

The smellest messurement which can be made with the use of
the caliper and steel rule are, in the case of common fractlons,
64ths of an inch; in decimal fractions, hundredths of an inch.
To measure finer than these (thousandths and ten-thousandths of
an inch), a micrometer caliper 1is used.

FIG.7 PARTS OF THE MICROMETER CALIPER

‘ If a dimension in common fractions is to be measured wlth
the micrometer, 1t must be converted to 1ts decimal equlvalent.

The principal parts of the micrometer are: the anvil, frame,
: barrel, spindle and screw, and thimble (Fige 7). The micrometer
; caliper operates on & serew which is free to move in the threaded
! portion inside the barrel.




MEASUREMENT

MACHINE SHOP PRACTICE

DESCRIPTION OF MEASURING TOOLS

The movement of the screw provides an opening between the
the work 1is measured.

the barrel and the

anvil and the end of the splndle where
The size 1s indicated by the graduation on

thimble.

The lines on the barrel e — - ==
marked 1,2,3,4%4, etc.',' 1ndicﬁte
measurements of .100%, .202 s - 00~ ':

,300", .400", etce, respect- |
ively. (Fige 8)- Fle.® READINGS OF .100,.300] .300"

(A) 8) Each of the sectlons
N . between the tenth inch
'~».125—-| "—7'50-’1 divisions (between 1,2,
—_— —_ " 3,4, etc.) 1s divlded
3 h ° N into four equal parts
_'H;LLL i: o of 025" each (Fige OA)
025" . .
ONE c%z.‘sﬁ;!_é?g One complete revolutlion
REVOLUTION OF THIMBLE of the thimble from 1ts
FIG. 9 DIVISIONS OF .02%" (z)grghzgez?ggé"mgg?risii'gngne

as in Figure 9B.

The bevel edge of the thimble, in turn, 1s divided into twenty~-
five equal parts. Each of these parts represents one twonty-fifth
of the distance the thimble travels glong the parrel in moving from
one of the .025" divisions to another. Thus each division on the
thimble represents & thousendth (.001") of an inch. These divislons
are marked for convenience at every five spaces by O, 5, 10, 15, end
20. When 25 of these graduations have passed the borizontal line on
1ution) has moved » 025"

the barrel, the spindle (having made one revo

(A) ©) (D

{3 —_— —_—

LE gy At

— ] |
20

450" 160" 175"

FIG. 10 MICROMETER READINGS

The micrometer 1s read by first noting the last visible flgure

on the horizontal 1ine on the barrel, representing tenths of an inc

Add to this the samount represented by the visible graduations beyond
this flgure (by multiplying the number of them by 25), and the

number of dlvlisions on the bevel edge of the thimble that coincides

of the tenths of an inch

with the 1line of the graduation. The sum,
plus the number of divislons beyond the last tenth of an inch gradua

tion multiplied by 25, and the divisions on the bevel edge of the
thimble, is the reading (Figures 10-4,B,C, and D).




MACHINE SHOP PRACTICE MEASUREMENT

DESCRIPTION OF MEASURING TOOLS

The abllity to messure to & thousandth of an inch with
micrometers makes them an accurate tool with which to work.
If they are dropped and the screw
which moves the splndle 1ls damaged,
their accuracy may be permsnently ANVIL
affected. Likewise, continually =F
s1iding work between the anvil and \/ b
spindle may wear the surfaces,
tending to affect their accuracy WORN SURFACES
(Fig. 11). FIG.11 WEAR ON SPINDLE AND ANVIL

SPINDLE

THE STEEL SQUARE

The steel square 1s used to

0027 measure an angle of ninety degrees
L, (90°). Surfaces at 90° to each
77 7 other are said to be "aquare" with

each other (Fig. 12).

FIG.12 MEASURING RIGHT ANGLES

The steel square is
made of high grade tool steel,
hardened, tempered, and
ground to a fine degree of
accuracy. The right angle,
or perpendicular as 1t 1s
also called, may be found on FIG.13 THE STEEL SQUARE
elther the inside or outside
of the square (Filg. 13).

NOTE: Care must be taken not to damage the square as any
change in the poslition of the surfaces willl destroy
its accuracy.

SELECTED REFERENCES
Henry Ford Trade SchoOl ==-rceccmcc— e e e Shop Theory

Burghardt =----- ———————— Part I ----wew- Machine Tool Operation
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MACHINE SHOP PRACTICE MEASUREMENT

Se

HOW TO USE MEASURING TOOLS

Read the graduations on the rule
from left to right by noting which
1ine on the rule coincldes closest
with the right hand edge of the
stock (Fige. 2).

NOTE: Select that edge of the rule
which 1s graduated in frac-
tional divisions of an inch
in which the deslred dimension 1s wanted; 1l.e. eilghths,
sixteenths, thirty-seconds, and sixty-fourths (Fig. 3).

kg
i Wby

FIG. 2 READING A STEEL RULE

B\
TP

1

2
Ill\'mllui Eg,"\\

FIG.3 GRADUATIONS ON A STEEL RULE

T L

OUTSIDE CALIPERS

1.

Se

To measure a plece of work
with the outside calilpers,
hold the calipers in the

right hand end, with the
thumb and forefinger, gresp KNURLED / )
the knurled adjusting nub ADJUSTING

(Fig. 4). NUT

Turn the adjusting nut with
the thumb and forefinger
until the caliper will just

gv];;d:ezégz.the work by 1ts FIG.4 TAKING A MEASUREMENT

WITH AN OUTSIDE CALIPER

NOTE: At all times keep the calipers square with the work
to be measured. A plece of round stock is calipered
as shown in Figure 4.

Remove the caliper from the work, being careful not to disturb
the setting.




MACHINE SHOP PRACTICE

INSIDE CALIPERS

l.

HOW TO USE MEASURING TOOLS

To measure the distance between
with the ald

the caliper legs
hold the rule

in the left hend with the second

finger at the bottom and behind

the rule.

the legs at the end

of the rule, end the other leg
on the graduated face of the rule
in line with the first leg,and

read the measurement .
FIG. 5 SETTING AN OUTSIDE CALIPER

NOTE: The caliper may be used
to check a glven size by
first setting 1t to the desired dimension from & steel
rule (Fig. 5). Then use the caliper as a Bege in
selecting a plece of the required size.

Place one of

To take an inside measurement, hold the caliper in the right
hend with the thumb and forefinger grasping the kmurled
adjusting nut (Fig. 6).

Rest one leg of the inside caliper slightly inslde of the
edge of the space to be measured. Turn the adjusting nut
until the caliper 1s felt striking the nigh polnt of the arc

on entering the space to be measured (Fig. 6).

NOTE: Msake sure that the tlps of the caliper legs are square
with the largest portion of the dlameter being mea sured.

rs held in this position, test to see

n be moved sldeways. If necessary,

o side motlon can be felt.

With the calipe

whether they cé
readjust 80 that n

MOVEMENT
OF CALIPER
LEG

CORRECT INCORRECT

FiG. & CORRECT AND INCORRECT UsE OF CALIPER



MACHINE SHOP PRACTICE MEASUREMENT

HOW TO USE MEASURING TOOLS

3. To measure the distance over the
calliper legs with the ald of &
steel rule, place oné end of the
steel rule agalnst a vertical
gurface. Hold the caliper leg
against the vertical surface,
keeping the ends level at the sameo
time. Read the dimension from the FIG. 7 CHECKING FOR SIZE
rule (Fig. 7).

NOTE: An inside callper umay be used
to check & given slze by first
setting it to the desired
dimension from the steel rule
(Fig. 8), and then using the
caliper as a gage to check the
internal measurement.

FiG.8 SETTING AN INSIDE CALIPER

MICROMETER CALIPER

A. TO MEASURE A PIECE OF WORK WITH THE MICROMETER
WHEN THE WORK IS HELD IN THE HAND

1. The frame of the micrometer 18
held in the palm of the ri%ht
hend by the 1little finger (OT
the third finger, whichever 1is
more convenient), allowing the
thumb and forefinger to be free
to revolve the thimble for the
adjustment (Fig. 9).

2. pPlace the work between the anvll
and the spindle. Turn the thimble
until its movement has brought the
z-zpindle)and the envil in contact. F16.9 MEASURING STOCK
Fig. 9). )

NOTE: The beginner must develop & sense of nrgel" in adjusting
the micrometer to the work. Avold the tendency to cramp
the micrometer by using $o00 much pressure.

Se The measurement 1s taken from
the graduatlions on the barrel
and thimble by:

a first noting the last figure

READING .300 THIMBLE visible on the graduatlions
of the horizontal line along
FIG. 10 START TURNING THIMBLE the barrel, which represent

the tenths of an Iinch (F1g.11);




MACHINE SHOP PRACTICE

3.

FiG.

MEASUREMENT

HOW TO USE MEASURING TOOLS

b adding the number of twenty-
five thousandth inch (.025")
spaces beyond this figure,
(Fig. 11) and then;

(TR

¢ adding the number of the
division on the beveled
edge of the thimble Fhat .
coincides with the line of READING .275
the graduatlons on the FIG.1l THIMBLE TURNED ONE
barrel (Fig. 12). ' REVOLUTION

The sum of these expressed in thousandths gives the

measurement. The steps in securing this measurement
are illustrated in Flgures
10, 11, and, for the final

ANVIL SPINDLE 266 _ reading, Figure 12.

NOTE: After the measurement
has been determined, open the
micrometer screw hefore re-
moving 1t from the work. Thls

READING .266
practice prevents wear on the
ends of the spindle and anvil,
12 FINAL READING which impairs the accuracy of

ANVIL, WORK, AND SPINDLE IN CONTACT the tool.

TO MEASURE WITH THE MICROMETER CALIPER WHEN WORK IS
MOUNTED IN A MACHINE.

Grasp the frame of the micrometer near
the anvlil with the thumb and forefinger
of the left hand. The frame 1s steadled
with the second and third fingers of the
right hand while the thumb and forefinger
are used to rotate the thimble (Fig. 13).

Open the micrometer and place 1t over the
work to be measured. Turn the thimble
until 1ts movement has brought the spindle

a(.rl_lx& an\]r-%]). in light contact with the work FIG.13 MEASURING WORK
g . MOUNTED IN A MACHINE

Read the micrometer as indicated in the preceding section.

NOTE: The reading ls taken while the micrometer 1s held on the
work. Always open the mlerometer before removing from

the part belng measured.

CAUTION: The micrometer should never be used to measure rotati
work or while the machine 1s running. Personal Injury

may result or the tool may be damsged.



MACHINE SHOP PRACTICE MEASUREMENT

HOW TO USE MEASURING TOOLS

C. TO TRANSFER A MEASUREMENT ON THE INSIDE CALIPERS TO
THE MICROMETER CALIPERS.

1. get the calipers to the space being
measured.

2. Lay the callpers in the left hand
with the tips of the caliper legs
extending beyond the fingers (Fig.l4).

3. Hold the micromeber in the right hand
so that the thimble may be adjusted
with the thumb and forefinger (Fig.1l4).

4. Rotate the thimble until the tips of
the caliper legs céan be felt in 1light
contact with the anvil and the end FIG.14 TRANSFERRING A

of the spindle. MEASUREMENT

5. By placing the tip of one leg on the micrometer anvil, &
fine adjustment of the setting 1s made by swinging an arc
with the other leg until contact 1s felt at the high point

of the arc (Flg. \15A). ,
MOTION oF\5 X \S:PINDL.E ,

PASS THROUGH

TIP OF LEG BY OWN WEIGHT

CALIPER LEGS (A)
ANVIL

| ‘l)

| AXIS OF MICROMETER
FIG. 15 ADJUSTING MICROMETER UNTIL CORRECT FEEL IS SECURED

The tips of the caliper legs must also be held parallel to
the exis of the micrometer splndle; end when accurately set,
should pass between the end of the spindle by thelr own
woelght I()'JE‘:I.g. 16B) .

NOTE: When reading the micrometer, remove the thumb and
forefinger from the thimble so that the setting 1s
not disturbed.

NOTE: An inside caliper may be used as a gage to check an

internal measurement Dy first setting the inside
caliper to & micrometer callper reading.

. THE STEEL SQUARE

! 1. Remove all burrs from the surface of the work to be checked.
Wipe work clean of chips, oil, and dirt.

2. Wipe the square clean, and draw the edges to be used over the
palm of the hand to insure absolute fresdom from small particles.




MACHINE SHOP PRACTICE MEASURE MENT

HOW TO USE MEASURING TOOLS
Se Face the source of 1ight so that 1t will shine on the work.

4. Hold the work with the left nand; graspP the besan of the
square with the right hend. Place the inslde of the square
against & finished surface of the work, sO that the besan is
in full contact with one side and & sllght space remains

petween the plade and the other gqurface of the work.
(Fig. 16 - Position A).

SPACE BETWEEN
BLADE AND WORK

ALL LIGHT
EXCLUDED

POSITION
(A)

FI1G. 16 CORRECT METHOD OF TESTING FOR SQUARENESS

e Tower the blade carefully to the surface of the work, and
note where the blede f£iprst comes in contact with the gurface.
1If the angle i1s square, all light will be excluded (Fige 16 =

Position B).

NoTE: If the angle 1s not squerse, 1ight will be seen at
oither end of the blade//(Fig. 17) .

L
Z LIGHT , i

Y,

7

F1G.17 EXAMPLES OF WORK NOT SQUARE

NOTE: The error resulting from

purred edges, when attempt-

ing to check the squareness
of work, is shown in Fig.18.

NOTE: The method of checking &n

inside right angle with the FIG. 18 EFFECT OF A BURR

outside ed%es of the square is 111ustrated in Flgure 19,
Positions A) and ( ).

SPACE BETWEEN 7
SLADE AND WORK

ALL LIGHT EXCLUDED

POSITION BLADE PO?IB'SION

(A)

F1G. 19 TESTING AN INSIOE RIGHT ANGLE FOR SQUARENESS
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Machine Shop Practice Unit IM-T?2 Trade Theory Series
MEASUREMENT

DESCRIPTION OF LAYOUT TOOLS

OBJECTIVES OF UNIT

1. To describe the varlous tools comrmonly used in layout work.

2. To point out the applicatlon of simple layout tools.

INTRODUCTORY INFORMATION

Layout tools are mede in a variety of designs to ald the
machinist in transferring information and dimensions from the
drawing to the surfaces of the job. (Fige 1). The general uses
of these tools are to scribe lines involving clrcles, arcs,
angles and stralght 1ines which indicate intersections and the
outlines of the shape of the work. They are also used to indl-
cate centers of holes to be machined.

FIG.1 BENCH PLATE AND COMMON LAYOUT TOOLS

Straight, sharp and keen~edged tools are essential for accur-
acy slince a clean but distinctly scribed layout guides the workman
more closely to deslred sizes and shapes of the finished article.
Therefore, it 1s important that the workman keep his tools in the
best conditlon and use them only for the purpose for which they
are intended.

13




Cogriamies

MACHINE SHOP PRACTICE MEASUREMENT
DESCRIPTION OF LAYOUT TOOLS

BENCH PLATE

The bench plabte is a cast
iron plate carefully machined to
e flat surface. (Figs 2). Bench
plates vary in size. An average
size for the work bench is aboub
18" square by 1~-1/2" thick. It
is used a&s & base upon which to
work. The work may 1ie directly
on the bench plate, Dbe clamped
to an angle plate, Or held on "V"
blocks while being marked or scribed. The bench plate 1s used for
ordinary layout work where greab sccuracy 1s not required.

i FiG. 2
/  BENCH PLATE |

SURFACE PLATE

The surface plate 1s used where & finer degree of accuracy is |
required. This plete 1ls an expensive plece of equipment and must D4
used with care. Tt 1s made of a gpeclal grade of close grained cas
iron and: is well ribbed on the under side to prevent warping of the

surface (Fig. 3).

After belng carefully machined, the plate 1s hand scraped to 8
f£lat smooth surface. Besides being used for precision layout work
1t is also used for checklng aceurate work such as gages, Jigs, fis
fures, eto.

ANGLE PLATE

The angle plate 1s an Nt ghaped
piece of cast iron or steel carefully
machined to &n angle of 90 degrees.
(Fige 4). The angle plate 1s used
when the work must be held at right
angles to the bench or surface plate
The work 1is clamped in this position
on the engle plate while being laid
out or checked.

14



MACHINE SHOP PRACTICE MEASUREMENT

DESCRIPTION OF LAYOUT TOOLS

‘““ v ”’ BLOCKS
ny" blocks are mede of either cast lron

or steel in various sizes to accommodate &
wide range of work. (Fig. 5). They are 2 FIG. 5
mechined with a "V" shaped slot of 90° on éi' V - BLOCKS
top and bottom. The sldes ususlly are ] [B=

ooved to recelve the clamp vyoke which 1s E .Wﬁy g
used to hold the work securely in place 10 Uy G
while being laid out or drilled. e "‘“""Jm

PARALLELS

‘ Parallels are bars of ateel or

i cast iron, squere or rectangular 1in

shape and carefully machined for accuraoy.
{Fig. 6). They are made in palrsof
various sizes and lengths depending upon
the nature of the work for which they are

to be used.
Precision layout work requires hard-

ened and ground parallels. For ordinary
work, cold drawn steel, or planed cast
iron bars are commonly used.

be used for mounting work parallel to the surface
or other surface. They may also be
used for levellng work on & flat surface when projections on the work

prevent getting the Job directly upon the plate.

THE COMBINATION SET
The combination set (Fig.7) is a ool consisting of four parts:
1. The stock (square). One side 1s 90°, the other 459,
2, The protractor head.
3. The center head.
4. The steel rule or blade which fits &any of the
three heads.

Parallels may
of -2 bench plate, surface plate,

COMBINATION

WCENTER
HEAD

PROTRACTOR
HEAD

FI1G6. 7

15




MACHINE SHOP PRACTICE MEASUREMENT
DESCRIPTION OF LAYOUT TOOLS

The combination set 1s one of the most useful and convenient
tools for layout worke

1. The stock can be moved along the
steel blade and ¢ ed in any posi-
tion desired. (Fig.8). It 1is usged as
s square for checking angles of 909,
as a depth gage, for scribing lines

at right angles to & surface, or for @sﬂ%

angles of 45%.
By setting the end of the steel

rule flush with the stock, it may be COMBINATION
used as a helght gage directly or in SOUARE
combination with a surface gage. FIG.8

A spirit level is mounted in the
stock. A scriber 13 held in the
lower end by & friction bushing. The
seriber may be drawn out when needed.

2. The protractor head is provide
with a swivel or turret to which the ste
rule is clamped. (Fig.9) . The revolving
turret 1s graduated in degrees from O %o
180, On some stendard makes, 1t is grad
unated in degrees from O to 90 in either
| direction.

It caen be accurately adjusted %o
ghow any angle and 13 clamped 1n positis

PROTRACTOR with a knurled nut.

The protractor is used for laying
out lines at any given angle and* for
measuring angles.

3. The center head forms &

center square when clamped to the FIG. 10
steel rule. (Fig.10)s The sides

of the center head are placed on ;;
the outer surface of round Jobs &
and the center is found by seribing £  CENTER
1ines along the edge of the rule. SQUARE

RULE |
STEEL 4. The steel blade or rule, which 1s

part of the combination set, may be
fitted to either the square stock, the
center head, or the protractor head.

T -H‘FJ'.; (Fige 11). It may be set at any desir
R P T AP P B P position and clamped. It is sometimes
used separately for measuring or used |
as a stralght edge.

16




MACHINE SHOP PRACTICE MEASUREMENT
DESCRIPTION OF LAYOUT TOOLS
THE SURFACE GAGE

The surface gage 1s &an
instrument used for scriblng lines
at a given height from some face
of the work or for the construc-
tion of lines around several sur-
faces of the job. (Fig.l2). The
gage conslsts of a heavy base and
a spindle pilvoted upright, to
which is attached a scriber held
by a clemp. The scriber may be
turned through a complete revolution.

SURFACE

By resting both the surface
gage and the work upon a plane sur-
face, it 1s possible to set the
point of the secriber at a glven
height, either by use of a scale or
some other standard, and draw lines
at this height on all faces of the
work or on any number of pleces
when duplicate parts are being made.

The use of the surface gage 1s
not restricted to the scribling of
horizontal lines, but may also be used
on other surfaces from which it can be convenilently guided or held.

It can be used as a helght gage and also for levelling work on &
machine vise or plate.

The bent end on the scriber permits lines to Dbe drawvn on hori-
zontal surfaces, while a groove 1in the base of the gage makes 1t
possible to mark out desired distances from the outside of a circular
plece.

THE SCRIBER

The soriber is a plece of tool steel, usually drill rod, saboutb
1/8" in diameter, 8" to 12" long, tapered at both ends to a needle

e — ———————e———

‘ SCRIBER
FiG.13

point. (Fig.13). One end is bent to be used in reaching through holes,
otc. The scriber is hardened and tempered. It 1s used to scribe or
merk lines on metal surfaces whlch have been prepared with chalk or
blue vitriol.

17




MACHINE SHOP PRACTICE MEASUREMENT

DESCRIPTION OF LAYOUT TOOLS
DIVIDERS

Dividers have two stralght legs,
both tapered to a needle polnt and ad-
justed for opening by screw and knurled
nut (Fig.l4).

They ere used for scrilblng circles;
and redil; and in combilnation with the
steel rule or other stendard, to measury
distsnces between points, or to transfs
FIG. 14 DIVIDERS distences teken directly from the steel
rule.

HERMAPHRODITE CALIPERS

The hermaphrodite calipers are made
with two legs; one blunt and bent at the
end, the other with scriber poilnt. (Fig.15).
The scriber point is usually adjustable so
that it can be adjusted for length when
the bent leg 1s resting on an outer edge.

It is used for locating centers of

round pleces, centers of bosses, etc. It HERMAPHRODITE
may also be used to scribe a line or locate CALIPERS
& point parallel with a surface or shoulder.

PRICK PUNCH

The prick punch is made of tool steel, usually from 4" to 6"
long, and is hardened and tempered. It is knurled %o glve a good
finger grip. One end ls tapered to a point that 1s ground to an
engle of about 30°." The prick punch is used for making small in-
dentations along scribed lines, for marking the location of polnts,
and centers for divider polnts.

CENTER PUNCH

The center punch is similar in design to the prick punch, excej
that the tepered point is ground to an angle of about 90°, (Fig.ls]

FIG. 16
CENTER PUNCH

The center punch is used for making indentatlions along scribed
lines, for marking the locatlon of points and the centers of holes

to be drilled.
SELECTED REFERENCES
Burghardt ----------===-=--= Part I -------- Machine Tool Operatlon

Henry Ford Trade School =-===-===---- e —————————— Shop Theoryg



Machine Shop Practice Unit IM-P2 Fundamental Process Series
MEASUREMENT

HOW TO USE LAYOUT TOOLS

OBJECTIVES OF UNIT
1. To point out how to care for layout tools.

2. To show how to use layout tools.

INTRODUCTORY INFORMATION

The more commonly used layout tools are: the scriber; the
combination set consisting of the protractor head, center head,
square, and the steel blade; hermaphrodite calipers; the center
and prick punches; the spring dividers; and the surface gage.

care should be taken in the use of these tools so that
sherpened and pointed edges are kept in good condition to prevent
impairing the accuracy, which is essential to a good layout Jobe.
Tools which have pointed ends should only be used for the purpose
for which they are intended and not on hardened surfaces.

TOOLS AND EQUIPMENT

Scriber Center punch
Steel rule Prick punch

011 stone Machinist'!s hanrmer
Combinatlion set Surface plate
Hermaphrodlte callper Surface gage

Spring dividers

PROCEDURE

SCRIBER

1. Inspect the point of the scriber
to make sure that it 1s sharp.
If the point is dull, sharpen it
on an oll stone by rotating the
sceriber between the thumb and
forefinger while moving it back
and forth. (Fig. 1).

(e
NG

s

2. Wipe the surfaces of the work to
be scribed clean and free of oll, FiG.1 SHARPENING A SCRIBER

dirt, and chips.
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MACHINE SHOP PRACTICE MEASUREMENT !

HOW TO USE LAYOUT TOOLS

3., Place the steel rule f1at on the
work in position for scribing.
Greasp the scriber in the right
hend as & pencill is gripped. (Fig.2).

4. Hold the rule firmly by exerting
pressure with the tips of the
fingers of the Jeft hand (Fige2).

FIG.2 SCRIBING A LINE

SCR?EEEL 5. Set the point of the scriber as
RULE close to the edge of the rule
as possible by tipping the top
of the scriber outward (Fig.3). |

SOURCE
OF LIGHT ™\

7. WORK 2
FIG. 3 SCRIBING CLOSE TO RULE

6. Scribe the 1ine by exerting
pressure on the scriber and
drawing it along the edge of
the rule, inelining the top
of the scriber slightly in
the direction in which it is -
to be moved. (Fig.4). FIG.

4 INCLINING SCRIBER
NOTE: Maeke sure that the light shines on the portion of the
work being scribed.

COMBINATION SET
A. CENTER HEAD

1. 1Insert the blede through the slot in the head s0 that the
round clamping groove in the blade engages with the end of

the clampling bolt.

o, Extend the blade, through the
V-opening & length equal to the
Vv OPENING diemeter of the work to Dbe
WORK centered. Clamp the blade in
INNER position by tightening the

EDGE knurled nut.
N %, Place the v-opening against the
ROUND CLAMPING BLADE diameter of the work to Dbe
GROOVE centered.
Fie. 3 SCU?,',R,'GNGA ACECNETNJ;E%E‘;‘SE 4. Scribe a line along the 1nner

edge of the blade (Fig. 5).
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MACHINE SHOP PRACTICE MEASUREMENT

HOW TO USE LAYOUT TOOLS

B. COMBINATION SQUARE

1. Insert the blade through the slot in T s s
the head so that the round clamping i
groove in the blade engages with the ANEA

end of the clamping bolt (Fige6). gy

o, Extend the blade through the slot at
the required length and clamp in posi- Rl
tion by tightening the xnurled nut.

FIG. & COMBINATION SOUARE

3., Place the head of the square
against the gide of the work
to be seribed, and scribe lines
from either side or the end of
the square according to the

FIG. 7 USING COMBINATION SQUARE requirements of the job &b
FOR LAYING OUT LINES hand. (Fig.7).

C. PROTRACTOR

1. Insert the plade through the slot in the swivel turret so
that the rounded groove in the blade engages with the
clamping bolt.

2, Extend the blade to the required length and tighten (Fig.8).

i
FIG.86 BEVEL PROTRAC TOR FIG9 READING PROTRACTOR

3. Loosen the clamping screw On the body of the protractor and
swing the revolving turret to the desired angle. This angle
1s read at the index 1ine on the body and the graduatlions

on the turret. (Fig.9) Tighten the clamping screwg

4, Place the base of the protractor
against the side of the work and

seribe lines as desired. (F1g.10): g6 10

MEASURING
HERMAPHRODITE CALIPERS AN ANGLE

1, Inspect the scriber leg of the caliper to malke sure that
the point 1s sharpened. If the point 1s dull, sharpen on
oll stone.
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MACHINE SHOP PRACTICE MEASUREMENT

HOW TO USE LAYOUT TOOLS

so that it 1s even with the inside *
edge of the rounded callper leg \
when 1t 1s to be used to scribe /
1ines from the outside edge of the ‘
work. (Fig. 11). - LEVEN
FIG.11 ADJUSTING LENGTH OF
SCRIBER LEG
3, When scribing lines with
the caliper reversed, set
the scriber point to the
EVEN full length of the callper
FI1G.12 ADJUSTING SCRIBER LEG leg. (Fig.12).
WITH CALIPER REVERSED

4, Case 1

To set the caliper at the desired dimension, 1oosen the lock
nut slightly. Place the callper leg against the end of the

steel rule and adjust the geriber leg to the required gradua-
tion on the steel rule. Tighten the clamp nut. (Fig.1l3-Case 1)

CASE 1

i

FIG.13 SETTING HERMAPHRODITE CALIPERS
Case 2

To set the caliper gt the desired dimension with the legs
reversed, place the end of the steel rule agalinst a stralght
surface and set. the end of the cealiper even with the end of
the rule. Adjust the scriber leg soO that the point of the
scriber coincides with the required graduatlon on the rule
(Fig.13~Case 2)., Tighten the ¢clamping nut.

5. Grasp the top of the calilper with
the thumb and forefinger of the
right hand. Place the curved tip
of the caliper against the surface
from which the 1ine 1s belng
located, keeping the tip of the
caliper leg square vjv-ith the surface oy
from which 1t 1s gu ded and in
contact with the surface. Scribe FIG. 14 SCRIBING A LINE
the line by exerting & slight pressure on the scriber and
drawing the caliper along the surface belng scribed. (Fig.14).
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MACHINE SHOP PRACTICE MEASUREMENT

HOW TO USE LAYOUT TOOLS

CENTER PUNCH AND PRICK PUNCH

1. Inspect the point of the punch PRICA CENTER
to meke sure that 1t is sharp. PUNCH PU? H
' !
NOTE: The point of the prick &J
punch 1s usually sharpened to
P angle of 300, whlle the [> Vaort

center punch 1is usually ground
to an ang%gaof 9

0° (Fig.15)- FIG. 15 CENTER AND PRICK PUNCH

2, Grasp the punch in the left hand
and punch directly on the line
or intersectlon of lines to be
marked. (Fig.16).

NOTE: With a 1ilttle practice,
the beglnner can feel the polnt
of the punch when 1t strikes the
scribed line or meets the inter-
section.

3, Hold the punch in & vertical position and tap it 1ightly
with & machinist!s hammer. Repeat blow if indentation is
not deep enough.

NOTE: Tap the prick punch lighter than the center punch.
The prick punch 1s used for making light indentations,
ps for the point of the divider. The center punch 1is
used to make heavier indenitations such as the starting
point for & drill.

DIVIDERS

1. 1Inspect the points of the dividers
to make sure they are sharp.

2., To set the dividers, hold them in
the left hand and place the point
of one leg 1in a graduation on the
steel rule. By turning the kmurled
) adjusting nut with the thumb and
forefinger of the right hand, ad just
the divider until the point of the
. other leg rests on the graduation of
the steel rule, which gives the re- FIG.17 SETTING DIVIDERS
gquired meeasurement. (Fig.17).

5., To scribe an arc or circle with the dividers, grasp the
knurled thumb attachment on the top of the dividers wilth
the thumb and forefinger of the right hand.
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MACHINE SHOP PRACTICE MEASUREMENT]

HOW TO USE LAYOUT TOOLS

4. Place the polnt of the pivoting leg
on the punched mark. With pressure
exerted on both legs, swing in a
clockwlse directlion and scribe the
desired arc or clrcle. (Fig. 18).

NOTE: By ilncllining the dividers in
the directlion 1n which they
are belng rotated, the tendency ‘
to slip is avoided. FIG.18 SCRIBING A CIRCLE

SURFACE GAGE

1. Clsan the surfaces of the surface plate, the base of the
surface gage, and the work.

2. Declide on the best position in which to set the spindle and
scriber of the surface gage.

NOTE: The surface gage will be more rigid if the scriber is
clamped close to the spindle and as near the base as
possible.

3. To set the surfece gage to a glven gNNBLE
dimensilon, adjust the position of \ SCRIBER
the spindle by loosening the swivel

bolt lock nut and adjusting the
spindle to a convenient position.
Clamp in position. (The position
of the spindle depends on the nature
of the job. Ordinarily, it can be
set in a vertlcal position but may
be tilted as the jJob demands).

Then, set the scriber at approxi- BRACKET i
mately the glven dimension by loosen- FIG. 19 ADJUSTING SURFACE GAGE
Ing the serlber clamp nut and adjusting

it for 1ts position on the spindle and its extension from the

swiveling head. Clamp in position (Fig.19).
BLADE

To make the final adjustment, turn
the small adjusting screw at the
rear of the rocker bracket so that
the scriber 1s elevated or depressed

FIG.20 ADJUSTING SCRIBER to th :
TO DESIRED DIMENSION © the glven dimension

SCRIBER

4. To scribe lines, grasp the surfac
gage at the base and move 1t slong the surface plate wlth the
scriber point bearing ageinst the surface to be laid out.
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Machine Shop Practice Unit IM-T3 “Trade Theory Series
MEASUREMENT

DESCRIPTION OF LAYOUT WORK

OBJECTIVES OF UNIT

1. To define the meaning of layout as it applies to machine shop
practice.

2. To indicate the kinds of work where laying out 1s regqulred and
the necessity for laying out work prilor to machining.

3. To describe the materials used for preparing surfaces for
marking.

INTRODUCTORY INFORMATION

Laying out 1s the plenning of the work on the surface of the
job prior to machining. It 1s the scribing of lines which are
used to iIndicate the boundaries, centers, and other locetions which
gulde the workman in meking the Job to given dimensions.

Through layout, the machinlst 1s able to analyze the sequence
of operations and thereby plan hls work in more efficlent and
orderly steps.

The accuracy of the flnished job depends largely upon the
care taken in the original layout. The nature of the Job deter-
mines the kind of tools to be used.

NECESSITY FOR LAYOUT

Laying out 1s frequently used on work that 1s to be machined
on shaper, planer, milling mechine, ®dr drill press. Much layout
work 1s dene on castings. Thls requires skill and Judgment on
the part of the worlkman to see that the job 1s properly machined.
Qulte often a casting 1s unteven or scant in places and, therefore,
needs some calculatlion and judgment in layout.

Machined parts and finished surfaces can be lald out more
readlly and to a finer degree of accuracy than rough castings or
unfinished work, since it 1s possible to set up the work on a
surface plate or angle plate before scribing lines and locations.

In layout work, some "base' line or finished surface 1s
selected from which to begin to make measurements. Thls serves as
a starting polnt from which to lay out dimensions and as a loca-
tion from which to check, should the work be shifted during the
layout process.
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MACHINE SHOP PRACTICE MEASUREMENT
DESCRIPTION OF LAYOUT WORK

MARKING MATERIALS

When scribing lines on metal surfaces, 1t is necessary to
prapare the surface with a marking material so that the lines and
markings are more leglble. Several materials are used for this
purpose.

1. Chalk 1s used for rough castings or unfinished steel that
has sn oxidized surface. Chalk rubbed on the surface before mark-
ing will make the scribed lines and markings much plainer.

2, A soapstone pencll is also very useful in marking the
surfece of rough castings.

3., Blue vitriol is generally used in preparing e finished
gurface for layout. The blue vitriol solution contalins copper
sulpbhate, weter, and sulphuric acld. As much copper sulphate
as will dissolve is added to four ounces of water and then ten
drops of sulphuric acid are added to the solution.

CAUTION: To prevent personal injury when mixing the solutimy
edd the acid to the water. Never add water to acld]

This solutlon glves a reddish~brown color against which the lines
will show. '

CAUTION: Care should be exerclsed in the use of blue vitriol|
solution so that none 1s spilled on the bench,
surfece plate, tools, or machinery. This solution
1s 1likely to rust or demage the tools and lmpair
their sccuracy. Blue vitriol spilled on clothing
willl cause the fabric to rot.

4., Coloring by heat 1s sometimes used on jobs where the temp
of the metal is not to be considered. Heating the metal to a blue
will give a satlsfactory coloring through which scribed lines are
plainly visible.

SELECTED REFERENCES
Burghardt -=---===---=---==- Part I ~=~=cem=- Machine Tool Operatio
Henry Ford Trade Seh00] ~--emmmcscmccesemeee s e se s s S Shop Theo

Machinery!s Handbook
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MEASUREMENT

HOW TO LAY OUT WORK ON A BENCH OR SURFACE PLATE

OBJECTIVES OF UNIT

To explelin the method of preparing a surface prior to laying
out.

To explaln how to 1lay out work on rough castings.

To explaln how to 18¥ out work on £1at surfaces of a squared
plece.

To explain how to lay oub work on the pench, surface, or
angle plate.

INTRODUCTORY INFORMATION

Practically all layoub work 1s done on & pench plate or

surface plate. The bench plate 1s generally used for rough end
approximate layoubs while the gurface plate {s used for preclsion
work as well &as checking the sccuracy of tools and finished jobs.
Each job of layout 1s & problem 1in itself involving judgment on
the part of the workman according to the requirements pecullar to
the job ab hand .

TOOLS AND EQUIPMENT

Bench Plate Hermephrodlte Calipers

gurface plete Clamps

Perallel bars g0141d steel square

Angle plate steel rule

surface gauge Marking materials

Combination square set a. Chalk

Scriber . Copper gulphate

center punch and hammer (Blue vitriol)

Dividers gwab for copper solution
l?RIX:EﬂIUTUE

LAYOUT WORK ON ROUGH CASTINGS

check casting with the blueprint or drewing to determine®
starting point and also to ascertain the amount of material
to be removed.
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MACHINE SHOP PRACTICE MEASUREMENT]

HOW TO LAY OUT WORK ON A BENCH OR SURFACE PLATE

NOTE: Remove all rough pro-
jections and fins from sur-
faces upon which lines are to
: be scribed as well as those SETTING
A& upon which the work rests.
k. A SURFACE GAUGE
ke o, ILevel the casting on the
bench plate, using & square,
or surface gage.

S Rub chalk over surface upon
which lines are to be scrilbed.

4. Refer to the drawlng or blue-
print for dimenslons and de-
termine the distance from the
base of the bench plate to
the first line to be scribed.

FIG. 2
TRANSFERRING A GIVEN

HEIGHT TO THE SURFACE
OF A CASTING

Horizontal lines may be
scribed by use of the surface
gage resting on the bench
plate.

The surface gage should be
set to the desired helght

with the ald of the steel
rule, comblnation square or

other gage. (Fig.l).
Transfer the given helght to
the surface of the casting
by sliding the surface gage
along the bench plate with
the soriber in contact with |
the casting (Fig. 2).

5. Vertical lines are next lald
out by using the combinatlon
square or solld steel square
and scriber. Intersectlons
and centers are then marked
off on the horlzontal lines
from the first vertical line
by use of the dividers. The
subsequent vertical lines are
marked with the dividers,
square, and scriber. (Fige3).
Anguler lines may be lald oub FIG. 3 LAVING OUT
by using the bevel protractor. VERTICAL L
(Figo 4).
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MACHINE SHOP PRACTICE MEASUREMENT

HOW TO LAY OUT WORK ON A BENCH OR SURFACE PLATE

22
N FIG. 4
==y LAYING OUT ANGULAR LINES
WITH A BEVEL PROTRACTOR

6. Light indentatlons are made at
polnts of intersectlion with a
prick punch. Using these marks
as centers, clrcles are
scribed with dlviders to the
dlameter of the hole to be
drilled and prick punched
around the clrcle to gulde
the workmaen. After the circles
are scribed, make a deeper
Indentation at the center so

that the drlll willl start VTR TR P
SCRIBING A CIRCLE centrally. SETTING DIVIDERS
FIG.5 7 Check layout wlth the blue- FIG. 6

print for errors.
B. LAYOUT WORK ON FLAT SURFACES OF A SQUARED PIECE

1. Remove all burrs.

2. Clean or pollish surface to be laid out before applylng copper
sulphate %Blue Vitriol). Surface must be kept free of grease
or oll.

CAUTION: Copper sulphate ls s polsonous substance and should
be handled with care.

Se Usling a swab or clean plece of cloth, apply copper sulphate
(blue vitriol) solution to the prepared surface and rub it
untill a copper coating appears.

NOTE: Blue vitrlol solutlon has & corrosive action and
should be kept away from tools and polished surfaces.

4. Refer to drawing or blueprint for dimen-
sions and determlne the distance from

; the squared edges to the first 1line to

be scribed.

5. Set the hermaphrodite calipers by
placing the blunt leg on the end of the £ TH
scale and the pointed leg to the gradua- SETTING THE
tion at the desired distance. (Fig. 7). HERMAPHRODITE CALIPER
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MACHINE SHOP PRACTICE

10. Angular 1in
11. Check layoub wit

30

MEASUREMENT

HOW TO LAY OUT WORK ON A BENCH OR SURFACE PLATE

By setting the plunt leg
ageinst the squared edge

of the plece, scribe & 1line
parallel ro the edge with
the scriber point of the
caliper (Fige g8). Repeat
the process for other
parallel lines.

parallel lines mey 2lso Yo
scribed by using the com-
bination squares set the

plade of the square at the
desired dimenslon and scrlbe
1ines &at each end &s gshown 1in
Figure 9. Connect theseé 1ines
with the steel rule or combina-

tion square pleced on edge.

FIG. 8

‘|Ill|'|'|~n||n|||n|»|.|.|| ™7

I’llﬁl“l“!sllﬁlﬁ

8. Lines are drawn at right angles 1
using the combination square or 8v

goribed along the edge of the blad
(Fig. 10) .

9. Distances may be 1aild off along &
of the llnes by using the divider
or the steel scale and scriber.

SCRIBING LINES
AT RIGHT ANGLES

os may be 1a1d out by using the bevel protractor.

h the blueprint for errors.



MACHINE SHOP PRACTICE MEASUREMENT
HOW TO LAY OUT WORK ON A BENCH OR SURFACE PLATE

C. LAY OUT WORK ON THE ANGLE PLATE

1. check work wlth the blueprint or drawing to determlne the
locations of lines to be scribed.

2. Select an angle plate of a size suitable for the job at hand.
Se Remove all burrs from surfaces of the work.

4. Prepare the surfaces for marking:
a) If rough casting, use chalk.
b) If machined surface, use copper sulphate.

5. Clean bench plate, angle plate, parallel bars, and work.

6. get the angle plate and parallel bars on & bench or surface
plate.

7. Place the machined surface of work against the angle plate
and rest the lower edge on perallel bars prior to clamping.
gecure the work with clamps. (Fig. 11)

NOTE: Place clamps SO that they do not lnterfere
with the M., scribing of lines.

LAYING OUT WORK
HELD ON AN ANGLE PLATE
FIG. 11

8. Set surface
gauge to the
desired height and
scribe a center 1ine.

9. Scribe other parallel lines in relation to the center line.

10. Turn angle plate on end to scribe lines at right angles %o
other lines.

11. Repeat steps 8 and 9.

12. Remove work from angle plate and center punch intersections.

13. Check layout with blueprint for errors.
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MACHINE SHOP MEASUREMENT

SECTION 1i

Machine Shop Mathematics Unit IM-BP1 Basic Principle Series

INTRODUCTION TO THE UNITS OF MEASURE

A. THE UNITS OF MEASURE ARE STANDARDIZED FOR EACH TRADE.

1. THE BASIC UNITS OF MEASURE

The basic units of measure, such as length, welght,
capaclty, temperature, etc., are determined in
Washington, D. C. by the properly authorized
Federal organization to do such work, the Bureau
of Standards.

These unlts are in accord with those used through-
out the world, and the United States standards are
set up to be 1ln agreement with them.

The measuring tools of industry are periodically
sent to thls bureau and there the Bureau of
Standards furnishes the inquirer the informstion
to show how clossly that measuring tool (used
within some factory as a standard) agrees with
the universally accepted standard.

2, THE STANDARDS OF MEASURE WITHIN THE VARIOUS TRADES

For almost every industry, there is a committee on
standardization of some sort which determines the
units, specifications, forms, and practices for
that industry.

To secure a closer working agreement between those
different industries, one great body has been formed,
the greatest of its kind, representative of every
great industrial orgenization in this country, the
American Standards Association. This body passes

on the standards set throughout this country and
secures the cooperation of other similar organiza-
tions throughout the world to establish and maintain
standards of measure, specification, and practice.
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Machine Shop Mathematics Unit IM-Al

ME ASUREMENT

CONCEPTS OF UNITS OF MEASURE

1. List several examples

on measurement and the for:

units of measure

a. The esgsembly of unit parts in @& single menufacturing
plant.

.
-
-
-
-

and agssemblies throughout 2

The production of parts
closely

whole country for a single 1ndustry or ®Y¥
related industries.

be.

S
-
-
-

-

o. Name one Or two of the units of measure used in determining:

a. Length
b. Surface
c. Welght
d. Volume

e. Temperature

Assignment Series

of the necessity for & general agreement




Machine Shop Mathematics Unit IM-BP2 Basic Principle Series |
MEASUREMENT f

THE UNITS OF LINEAR MEASURE

TABLE OF LINEAR MEASURE

unit = 1 inch
12 inches = 1 foot
3 feet = 1 yerd

The divisionsof the inch, binary system.
1

64

n il mlm‘;hhh I|lIlllllllllllllll‘lllllll’I|l

32

1
87" 1 |
a

(.
gi

(-
p i

] .
2

- |
The divisionsof the inch, decimal system. Divisions

of the inch with the denominator of the fraction a power
of ten.

1. = 1.000
1 -

one

10 = <10 = one~tenth
1 - -
300 = .010 one-hundredth
T%T)T) = «0010 = one-thousandth
1
10000 .00010 = one ten thousandth
00

unhm|||mum|nlnnlunlmmmlnulx|||n|ul|mhmhlnhmmnlun|||||Inn
.OIO———L-

1o

~ 1.000
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Machine Shop Mathematics Unit IM-A2 Assignment Series
MEASUREMENT

APPLICATION OF LINEAR MEASURE

A. USE OF SCALE IN TAKING LINEAR MEASUREMENTS

1. With the steel scale, construct straight lines of the
following lengths;

a. 2=1/4 inches
b. 3-3/4 inches
c. 4-1/2 inches
d. 1-1/8 inches
®. 2=5/8 inches
f. 4=3/8 inches
g. 5-7/8 inches
h. 2«1/16 inches
1. 4-5/16 inches
J. 5-9/16 inches
k. 3-15/16 inches
1. 5-7/32 inches
m. 1-19/32 inches
n. 2-1/64 inches
0. 1-9/64 inches
p. 3-3/64 inches
q. 4-47/64 inches
r. 1=7/10 inches
8. 2-9/10 inches
t. 3=7/100 inches
u. 5«29/100 inches
V. 4=31/32 inches
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MACHINE SHOP MATHEMATICS MEASUREMENT

LINEAR MEASURE

2. Measure these lines to the nearest quarter of an inch.

8.,
e o

Ce. —_—

|

d.' 4‘:

 ——

S Measure these lines to the nearest eighth of an inch.

A
1

4., "
v

4. Measure these 1ines to the nearest sixteenth of an inch.
8. | g

a., .

5. Measure these 14nes to the nearest thirty-second of an inch.
al1 Y

d., _

6. Measure these llnes to the nearest sixty-fourth of an inoch.
a'| ——

b., —

Co — —

d., _
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MACHINE SHOP MATHEMATICS MEASUREMENT

LINEAR MEASURE

Measure these lines to the nearest tenth of an inch.

a. , »

b.

C. , "

d. |
s -4

8.

f.

i

Jo v

Measure these lines to the nearest one hundredth of an inch.

a. "

b.

37



MACHINE SHOP MATHEMATICS MEASUREMENT

B.

1.

38

LINEAR MEASURE

PRACTICAL APPLICATION OF LINEAR MEASURE

Allowances For Cutting Off Stock

B

i

L—%FOR CUT-OFF

‘2

IIII ||T]l‘l

1

INnNNnnm

l

lll lll ll] l'l Ill III IIT

16
8

@A\
L/

How much stock is required for 4 pleces of C. R. S. 24" long,

1f 1/8" must be allowed for each plece for cutting off?




MACHINE SHOP MATHEMATICS MEASUREMENT

2.

3.

4.

5.

LINEAR MEASURE

In this milled block, measure lengths A, B, C, and D and check
the sum of these agalinst the overall dimension X. Do the same

for dimensions E, F, and Y.

} A 1 B -
| | C l D

Y

|

= x |

On the lathe center, measure the length K, L, and M, and check
the sum of their lengths against the overall dimension Z.

K—] L i M

z

Measure dimensions E, F, G, H, and the overall length Y of
this V-=block; and check.

TE ILF'GT H—-—l

! Y

Measure dimensions T, U, and V, and check with the overall
length Z of the lathe slide. Do the same for I and J and
check with the overall length W.

i T i U i vV—

/ A\

w
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MACHINE SHOP MATHEMATICS MEASUREMENT
LINEAR MEASURE

C. APPLICATION OF TRANSFERRED MEASUREMENT

1. The clrcles below represent the slizes of holes to be
drilled. Measure the dlameters with an inside caliper,
transfer the measurement to a scale, and record the
slze drill to use.

N
Ve
-

> Ve
. C

AN

>
w
O

(1

NN

Diameter A What silze drill should be used? .
Diameter B What size drill should be used? .
Dismeter © What size drlll should be used? .
Diameter D What slze drill should be used? .
Dliameter E What size drill should be used? .
Diameter F What size drill should be used? .
Dlameter G What size drill should be used? .
Diemeter H _ What size drill should be used? .
Diameter I What slze drill should be used?
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MACHINE SHOP MATHEMATICS MEASUREMENT

COMPUTED MEASURE

When a measurement is transferred from one measuring device
to another, or an overall length is divided into a number of equal

parts, the measurement ls obtained indirectly.

1. The overall length of a plece of metal 1s 30". If 1/4"
13 allowed on each end, how many 1" holes can be bored
leaving 1/2" between them? What 1s the distance from
center to center of each hole?

|
o At~ L~—D—+-o'$*—o—a—u—A—»—

—e OVERALL LENGTH

2. On the bending jig i1llustrated above, find the mlssing
dimensions and place these in the indicated place on the

table.
() (X) (D) (0)
Overall End No. of Center Diameter Space
length spaces holes to center of circle | between
114-7/8" | 17/16 1" gL .
2t o" 12 13" 3/8
7/8" 16 1/8" 3"
1-1/16 17 2-9/16 2"




Machine Shop Mathematics Unit IM-BP3 Basic Principle Series
MEASUREMENT

THE UNITS OF AREA
A. TABLE OF SQUARE MEASURE

unit

1 square inch

144 square in. = 1 square foot
1 square yard

9 square ft.

3FT. =1YD

1I2IN.=IFT. ——————

—t | f—
N

12IN=IFT.

3FT.=1YD.

B. SIMPLE SURFACE FORMULAS
The area of a'rectangle is equal to length times width.
A = 1w
The area of a square 1ls equal to the square of one side.

A=z sxs or A= 82
42




Machine Shop Mathematics Unit IM-A3 Assignment Series
MEASUREMENT

APPLICATION OF SURFACE MEASURE

1. The top of a magnetic chuck for a surface grinder is 6" wide
and 14" long.

&. How many square inches are there on the surface of
the chuck?

b. How many pleces 2" x on can be placed over the entire
area of the chuck face?
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Unit 1IM-BP4
MEASUREMENT

Machine Shop Mathematics

THE UNITS OF VOLUME

TABLE OF CUBIC MEASURE

Al

1 cubic inch
1 cuble foot

1 cubilc yard

unit

1728 cublc inch
27 cubic feet

A AV

NAVANANAVAVANAVANAVANAN

AN

AN
AN AVAAVAVANAY

A NAVANAVANANANAVANANANAN
=% NAVANANAVANANAVAVAVANAY
RN NAVANBVANANANANAVAVANA

NAVANAVAVANANAVANA VAW

NAANAVANAVAVAVA VA VA VA
N ‘ AN AN AN
\’0 R VANV VA VA VA VANANANA

\\@\ a N LLLSL S S LS
W7 T
[/

[ S
[T
[ LSS
[ LSS

/7))

[ [/ /LS

ANEWNRA /
.Qﬁ/d\il
\\\\\\ /

RN S

SIMPLE VOLUME FORMULAS
The volume of a rectangular solid equals the length times the

B.
width times the thickness.

= 1lwh.

\')

the équare of the
h

V= T1Tr

ls T tlmes
= 3.14

The volume of a cylin%er equa

radius times the helght.
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Machine Shop Mathematics Unit IM-A4 Assignment Series
MEASUREMENT

APPLICATION OF VOLUME MEASURE

1. Twelve bars of 1" x 2" flat cold rolled steel are to be cut
10" long.

N v

-

(2

.o -

(a) How many cublc inches are there 1ln each plece of stock?

(b) What 1s the weight of each plece when cold rolled stesl
weighs .28#/cu. in.

(¢) What is the cost of the twelve bars of cold rolled
steel at elght cents per pound.

2. Two bronze discs are to be machined from 4" diameter stock,
2" ghick.

(a) How many cubilc inches of metal are there in each dise?
(b) What is the weight of each disc if bronze weighs .28#/cu.in.?
(¢) What 1s the cost of the two discs at forty cents per pound?
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Machine Shop Mathematics Unit IM-BP5 Basic Principle Series
MEASUREMENT

THE UNITS OFf ANGULAR MEASURE

A. ANGULAR MEASUREMENT

Table of Angular Measure

60 seconds = 1 minute

60 minutes = 1 degree

90 degrees = 1 quadrant

360 degrees = 1 cirocumference

Illustration shows
1° between each space.

\J Anguler Measure 1is
obtained by measuring

with a protractor.

o O
B. LINEAR MEASURE ON T S
)
A CIRCULAR FORM /\
Illustration shows .00l N -
movement between each J
space for .260 lead screw.
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Machine Shop Mathematics Unit IM-AS Assignment Series
MEASUREMENT

APPLICATION OF ANGULAR MEASURE

Use a protractor to measure the angle to the nearest degree
between the following holes on the face plate shown in the accom-
panying sketch.

1. Hole A to Hole B includes an anﬁle of degrees.
2 . f B " " L 1" " 4] " R
3 . " C " " E " " " g — " v
4 . " L it " M " " " " — i .
5 . " E 1" " J " " " gy — " .
6 . " F " " H 1" n " " — 1" .
v . " P 1 1t A i 1] 1" gy " N
8 . 1] B 4] " P " 1" " " —— 1] .
9 . " 'L " " P | L " y§ — 1" .
10 R n G’ " " L " L] 1 " — " .
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Machine Shop Mathematics Unit IM-BP6 Basic Principle Series
MEASUREMENT

MEASURE OF CIRCULAR LENGTH AND AREA
A. MEASURE OF CIRCULAR LENGTH
Circumference = 1T x Dliameter

C= 7D

Iﬁﬁ& DED

For a portion of the
clrcumference,

DIAMETER=D

No. of degrees
in the
included angle

= 3600

x D

B. MEASURE OF CIRCULAR AREA

INCLUDED ANGLE
IN DECREES

Portion of Area,
as 1lndicated =

No. of degrees in o
the included angle D

360° 4 DIAMETER=D |
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Machine Shop Mathematics Unit IM- A6 Assignment Series
MEASUREMENT

APPLICATION OF {IRCULAR MEASURE

1. Measure thé dlameter of each of the followling clrcles and

compute thelr circumferences.

7N
i

an
)
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Machine Shop Mathematics Unit IM-BP7 Basic Principle Series
MEASUREMENT

COMPARISON OF METRIC AND ENGLISH UNITS OF MEASURE

A. UNITS OF LENGTH

Metric English
One Millimeter = .001 meters equals 03937 inches
One Centimeter = .01 " " « 3937 "
One Decimeter = .10 " " 3.937 "
One Meter = 1.0 " " 39.37 "

One Kilometer 1,000 meters .6214 miles

B. UNITS OF AREA
Metric English

One Sq. Millimeter
One Sq. Centimeter

. .000001 sq. meters
.0001 sq. meters

.00155 sq. in.
.155 8q. in.

nmwnn i

One Sq. Decimeter .0l sq. meters 15.50 sq. in.
One Sq. Meter 1.0 unit 1550. sq. in.
One Hecotare = 10,000 sq. mwters = 2.471 acres

C. UNITS OF CUBIC MEASURE
One Milliliter = .001 liter = 1 cubic centimeter
Unlt = one liter = 1,000 cuble centimeters = 1.067 gbts.

D. UNITS OF WEIGHT

Metric English
Unit = 1l gram = .03527 ounces
1,000 grams = 1 kilogram = 2.205 pounds
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Machine Shop Mathematics Unit IM-A7

How

How

How

How

How

How

How

How

How

How

How

How

How

nany

many

many

meny

many

many

many

many

many

many

many

mnany

many

Assignment Series
MEASUREMENT

PROBLEMS IN CONVERTING ENGLISH AND
METRIC UNITS OF MEASURE

millimeters are there in 4 inches?

millimeters are there in 10% inches?

inches are there in 27 millimeters?

inches are there in 340 millimeters?

centimeters are there in 8 inches?

centimeters are there in 36 inches?

inches are there in 100 centimeters?

square centimeters are there in 5 square inches?
square inches are there in 80 square centimeters?
grams are there in 16 ounces?

ounces are there in 1000 grams?

pounds are there in 12 kilograms?

kilograms are there in 8 pounds?

51
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Machine Shop Mathematics Unit IM-BPS8 Basic Principle Series
MEASUREMENT

DEGREE OF ACCURACY

A, CONDITIONS WHICH AFFECT THE DEGREE OF ACCURACY

In a large number of machine shop operations, extreme
accuracy 1s not required. As the production cost of a
machine depends to a large degres on direct labor, it is
Important that the parts be made as economically as possible.
If extreme accuracy is required by the designer when it is
not needed, unnecessary costs are added.

To achieve extrems accuracy, rough machining, finish
machining, grinding, and lapping are often required. TFor
these operations, the degree of accuracy varles.

For rough machining, plus or minus 1/32" may be
specified and this would be measured by a scale. For the
second machining plus or minus 1/64t may be specified and
measured by micrometers. For the grinding operation plus
or minus .0002" may be given and aﬁain measured by a
micrometer which should have .0001 graduations. For
measuring the products during the lapping operation and
also in 1ts finlshed state, gage blocks and Indicators would
be used. (Comparison method). That this procedure 1s
costly can be clearly seen. In determining the degree of
accuracy for a part, great care must be exercised. Ir,
for instance, a drill produces a slightly larger hole than
is required for the corresponding tap, no harm would be done.

Should a drill cut larger by the amount allowed for
reaming, no material would remain for this operation and
spollage may result. For milling machine and lathe operations
the advance of the tool into the work or the work Into the
cutter 1s controlled by the graduated dial. A faip degree of
acouracy may be expected of screws which transmit movement;
but due to wear they should not be depended upon.

Lathes, milling machines, shapers, etc. are designed
and buillt with such a degree of accuracy that tolerances of
better than plus or minus .001" are obtainable if care and
8kill are employed. When measuring for extreme accuracy,
care must be taken or the results will be misleading. If
a micrometer is set too tightly, as much as .0005" can be
forced. When reading a vernier scale, excessive pressure
against the sliding jaw must be prevented as the deflection
of the material and slight clearances in the bearing
surfaces of the sliding jaw may cause wrong readings.




MACHINE SHOP MATHEMATICS MEASUREMENT

DEGREE OF ACCURACY

Often a magnifying glass 1s used for measuring to
a graduated line as the wldth of the line 1tself 13 appro-
ximately .006. The temperature of the work to be measured
should be about room temperature of 72 degrees, as higher
temperatureswill expand, lower temperatures contract the
work.

B, THE FACTORS WHICH DETERMINE THE DEGREE OF ACCURACY

1. Possible Limits.

Measure cah be determined under the best condltions

to the accuracy of the wave~lengbh of light. For most
commercial uses, the 1limit of accuracy required will
be to the fourth declmal place.

2. Specifiled.

Specified tolerances are definitely a part of all
englneering drawings. These are a function of many
design and construction requirdments.

The American Standards Association has standardized

tolerances and classes of fit for cylindrical flts,
screw threads, and surface finlsh.

Tolerances (specified deviations) originate in the
design, and indicate the 1limlits of accuracy desired.
3. Limitations of the measuring instrument.

Possible exactness of meassurementas 1s limited to the
tool used.

a. The ordinary pocket scale has a 1limit of 1/64" and
1/100".

b. The micrometer and caliper indicate measure to .001",
with a vernier attachment, to .0001".

c. Precision Gage blocks measure, (if ordinary) to
.000008 of an inch, to .000002 of one inch (if of
the finest grade). These blocks may be used in
combination of ordinary and fine.




MACHINE SHOP MATHEMATICS MEASUREMENT

DEGREE OF ACCURACY

The figures (except those for precision gage blocks)
represent the graduation on the scale on which the
measure 1is indicated. The precision gage blocks are
fixed and piled together in series to make the required
dimension.

d. Tool-maker's microscope.

4, Errors in Measurement
8. Measuring tool
(1) Manufactured accuracy

(2) Wear
(3) Temperature (in 4th place work)

b. Hunan Element

(1) Eyesight (1ight available to read properly)
(abllity to interpret 4th place correctly)
(2) Touch (ability to "feel" measure on measuring tools)

¢. Possibllity of securing mechanical duplication depends on:

(1) Variation in material

(2) Kind of machine, its rigidity, tightness of bearings,
of bed, and fixture.

(3) Wear and support of tools

d. Development of Judgment iIn working to practical limits
of accuracy.

The character of the manufactured part and the
nature of fit to mating members in an assembly determine
the degree of accuracy required in production.
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Machine Shop Mathematics Unit 1IM-AS8 Assignment Series
MEASUREMENT

DEGREE OF ACCURACY

A, PROBLEMS INVOLVING DEPTH OF CUT

turned, if the exlsting

On the plece to be
diameter A 1s measured
and the finished dlameter
' B is known, what 1s the
> depth of the cut?
\&j

1. A 1s 1.876 B is to be 1.00" requiring " to be removed.

g, " w130 " " " " 1.100 " _mwow
3. " ovw137s """ " 1.300 " momm
4, " "2,125 " " " " 1.875 " mw e
5. " "3,000 " " " " 1.600 " UL L
6. " nmg,83 " " " " 1.750 " _momomm
7. W wga.meys " " " M 3.500 " L LA
g. " mai,380 " " " " 1.275 " L L R R
9. " "g.m3e " " " " 1.254 " __vowomom
10. " "o1.937 " " " "1.854 " mmm
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MACHINE SHOP MATHEMATICS MEASUREMENT

DEGREE OF ACCURACY

B. PROBLEMS INVOLVING ALLOWANCES FOR REAMING

1. Find the distences A, B, ¢, D, E, F, G, and H, if
on all 3/8" and 1/2" holes 1/64" is allowed for reaming.

) 2. What are the respectlve distances after reaming?
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MACHINE SHOP MATHEMATICS MEASUREMENT

DEGREE OF ACCURACY

C. PROBLEMS INVOLVING ALLOWANCES FOR TURNING AND GRINDING

1 | ]
e o v el 9 :
« R ' ) e
- L l
J L
— 3 — 24 i
5

The above spindle must be rough turned, annealed, finish
turned, hardened and tempered, and ground.

1. Rough turn the plece allowing 1/16" for finish machining on
all diemeters and 1/32" on all faces. Finish turn to allow
«012 for grinding on all diameters and .008 on all faces.

a&. Find the corresponding dimensions for rough mschining.

b. Find the corresponding dimensions for finish machining.
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MACHINE SHOP MATHEMATICS MEASUREMENT

DEGREE OF ACCURACY

D. PROBLEMS INVOLVING ALLOWANCES FOR MILLING AND GRINDING

~— 1125 — 2.500
1.250 §
C— 3 +
(o]
3
3 |
2
N
1.750
4.7%0

1. On the turbine gage above, the part must be rough machined,
annealed, finish machined, hardened and tempered, and ground.

a. Find the dimensions to which the plece must be roughly
machined, allowing 1/32" for finish machining.

b. Find the dimensions to which the plece must be finish
machined before grinding, allowing .008" for grinding.




MACHINE SHOP MATHEMATICS MEASUREMENT

DEGREE OF ACCURACY

E. APPLICATION OF MEASUREMENT INVOLVING LIMITS

+.001
1. Dimension L must be .375 -.001 How mmch material

mist be removed on faces A or B 1f the mlcrometer reads:

372 . 362
374 .370
.380 376
.386 .351
.398 .350
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Machine Shop Mathematics Unit IM-BP9 Basic Principle Series
MEASUREMENT

READING A MICROMETER

A-Frame
B-Anvil
C~Spindle
D-Sleeve
E-Thimble

The spindle C 1s attached to the thimble E on the inside. |,
The part of the spindle which 1s concealed within the sleeve and
thimble is threaded to fit a nut in the frame A. The frame being
held stationary, the thimble E 1s revolved by the thumb and finger,
and' the spindle C being attached to the thimble, revolves with it
and moves thru the nut in the frame, approaching or receding from
the anvil B.

The article to be measured is placed between the anvil B and
the spindle C. The measurement of the opening between the anvil
and the spindle is shown by the lines and figures on the sleeve D
and the thimble E.

The piteh of the screw threads on the concealed part of the
spindle is 40 to an inch. One complete revolution of the spindle
therefore moves 1t longitudinally one fortieth (or twenty-five
thousandths) of an inch. The sleeve D is marked with 40 lines to
the inch, corresponding to the number of threads on the spindle.
When the micrometer 1s closed, the beveled edge of the thimble
coincldes with the line 0 on the sleeve, and the 0 1line on
the thimble agrees with the horizontal line on the sleeve.
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MACHINE SHOP MATHEMATICS MEASUREMENT
READING A MICROMETER

Open the micrometer by revolving the thimble one full
revolution, or until the 0 llne on the thimble again coincides
with the horizontal line on the sleeve; the distance between the
anvil B and the spindle C 1s then 1/40 (or .025) of an inch, and
the beveled edge of the thimble will coincide with the second
vertical line on the sleeve. Each vertical line on the sleeve

. indicates a distance of 1/40 of an inch. Every fourth line is

made longer than the others, and 1s numbered 0, 1, 2, 3, etec.
Each numbered line Indicates a distance of four times 1/40 of an
inch, or one tenth.

The beveled edge of the thimble is marked in twenty-five
divisions, and every fifth line is numbered, from O to 25.
Rotating the thlmble from one of these marks to the next moves
the spindle longltudinally 1/25 of forty thousandths, or one
thousandths of an inch. Rotating it two divisions indicates two
thousandths, etc. Twenty-five divisions will indicate a complete
revolution, .025 or 1/40 of an inch.

To read the micrometer, therefore, multiply the number of
vertical divisions visible on the sleeve by 25, and add the number
of divisions on the bevel sleeve. TFor example, as the tool 1is
represented in the illustration, there are nine divisions visible
on the sleeve. Multiply thils nmumber by 25, and add the number of
divisiong shown on the bevel of tr- thimble (23). The micrometer
i1s open two hundred and forty-eight thousandths. (9 x 25 = 225;
225 + 23 = 248).

(Courtesy of L. S. Starrett Company)
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Machine Shop Mathematics Unit IM-A9 Assignment Series
MEASUREMENT

PROBLEMS IN READING A MICROMETER
A. DIRECT MEASURE

Find the distance'x"for
the following micrometer
settings.

ROTE: Where possible, secure a micrometer, set at the indicated
positions, and note the reading in each instance.

Readling on sleeve Nearest line on
is between thimble Reading
.000 and .025 6
.076 and .100 14
.125 and .150 24
.250 and .275 3]
.3256 and .350 15
-450 and .475 23
400 and .4256 4
.575 and .600 16
.526 and .550 22
.675 and .700 3
.600 and .625 17
700 and .725 21
775 and .800 2
.8256 and .850 18
.800 and .925 20
.976 and 1.000 1
.800 and .825 19
.800 and .825 7
.7560 and .775 13
.625 and .650 8
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PROBLEMS IN READING A MICROMETER

B. COMPUTED MEASURE

1. Find distances A, B, ¢, D and E.

o O © ©

44,9375

3.687

2.438
~——1.189

‘ 4 PLUGS

$.250
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Machine Shop Mathematics Unit 1IM-BPI10 Basic Principle Series
MEASUREMENT

READING A MICROMETER GRADUATED IN TEN-
THOUSANDTHS OF AN INCH
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.2277
THIMBLE

09876543210

SLEEVE SLEEVE

& ” ® ©

09876543210

Readings in ten thousandths of an inch are obtained by
the use of a vernier, so named from Pierre Vernier, who invented
the device in 1631. As applied to a micrometer, this consists of
ten divisions on the adjustable sleeve, which occupy the same
space as nine divisions on the thimble. The difference between
the width of one of the ten spaces on the sleeve and one of the
nine spaces on the thimble is, therefore, one tenth of a space on
the thimble. In the illustration B, the third line from O on the
thimble colncides with the first 1line on the sleeve.

The next two lines on thimble and sleeve do not coinecide by
one tenth of a space on thimble; the next two marked 5 and 2, are
two tenths apart, and.so on. In opening the tool, by turning the
thimble to the left, each space on the thimble represents an open-
ing of one thousandth of an inch. If, therefore, the thimble be
turned so that the lines marked 5 and 2 coincide, the caliper will
be opened two tenths of one thousandth or two ten-thousandths.
Turning the thimble further, until the line 10 coincides with the
line 7 on the sleeve, as in the 1llustration C, the caliper has
been opened seven ten-thousandths, and the reading of the tool is
.2277.

To read a ten-thousandths micrometer, first note the
thousandths as in the ordinary micrometer, then observe the
line on the slesve which coincides with a line on the thimble.
If it is the second line, marked 1, add one ten-thousandth; 1if
the third, marked 2, add two ten-thousandths, etc.

64




Unit 1IM-A10
MEASUREMENT

Machine Shop Mathematics Assignment Series

PROBLEMS IN READING A MICROMETER
GRADUATED IN TEN-THOUSANDTHS OF AN INCH
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Find the distance "x"for the
following micrometer settings.
Where possible secure a
micrometer graduated in ten-
thousandths, set at the
Indicated positions and note
the readlng in each instance.

Reading on sleeve Readlng on Vernier
is between thimble between| 1line Reading
.000 and .025 7 and 8 2
075 and .100 15 and 16 3
.125 and .150 23 and 24 5
.250 and .275 6 and 7 7
.325 and .350 16 and 17 9
.450 and .475 24 and 25 2
.400 and .425 5 and 6 4
.575 and .600 17 and 18 6
.525 and .550 23 and 24 8
675 and .700 4 and 5 1
.600 and .625 18 and 19 5
700 and .725 22 and 23 9
J775 and 800 3 and 4 2
.825 and .850 19 and 20 6
.900 and .925 21 and 22 3
.975 and 1.000 2 and 3 7
.800 and .825 20 and 21 1
.800 and .825 8 ~nd 9 9
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