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The Advanced Machinist. 59

USEFUL MEASUREMENTS.

A measurcment is an ascertained dimension, as the
length, breadth, thickness, depth, extent, quantity, capacity,
etc., of a thing as determined by measuring.

Mensuration s the art of measuring things which
occupy space; the art is partly mechanical and partly
mathematical.

There are three kinds of quantity in space, viz., length,
surface and solidity ; and there are three distinct modes
of measurement, viz., mechanical wmeasurement, geomet-
rical construction and algebraical calculations. The last
two modes are done by calculations, while in mechanical
measurements they are made by the direct application of
rules and special measuring instruments.

Lengths are measured on lines, and the measure of a
length of a line is the ratio or relation whiclk the line bears
to a recognised unit of length—the inch, foot or mile deter-
mined by reference to brass rods kept by the United
States Government at Washington as a standard. The use
of the “rules” is called direct micasurement.

The sccond kind of quantily to be mcasured is surface.
This sort of measurement is never done directly or mechan-
ically, but always by the measurement of lines, as will be
seen both under this division and under the sections
relating to geometry.

The third species of quantity is solidity. Direct meas-
urement of solid quantities consists simply in filling a vessel
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of known capacity, like a bushel or gallon measure, until
all is measured. The geometrical mode of computing
solids is the one hereafter shown by cxamples and illustra-
tions.

SURFACES.

A surface is the exterior part of anything that has
length and breadth, as the surface of a cylinder.  7Ve arca
of any figure is the measure of its surface or the space con-
tained within the bounds of that surface, without any

regard to the thickness.
TO FIND THE AREA OF A TRIANGLE.

A Triangle is a figure boundced by three sides, and is
half a parallelogram ; hence the

RULE.—Multiply the basc by half the perpendicular
height.

ExaMPLE.—The base of the triangleis 12 feet, and it
is also 12 feet high; what is its area?
Half the height—=6 feet; and 12X6—72 square feet

area.



The Advanced Mackinist. 61

SURFACES.

To FIND THE AREA OF A TRAPEZIUM.

A Trapezium is any foursided figure that is neither
a rectangle, like a square or oblong, nor a parallelogram.

RULE.—1. Join two of its opposite angles, and thus
divide it into two triangles.

2. Measure this line and call it the base of cack triangle.

3. Measure the perpendicular height of eack triangle
above the base line.

4. Then find the area of caclk triangle by the previous

rule; their su is the arca of the whole figure.

Fig. 7.

To FIND THE AREA OF A TRAPEZOID.

A Trapezoid is a trapezium having two of its sides
parallel.

RULE.—Aultiply half the sum of the two parallel sides
by the perpendicular distance betwween them.

1] .
e 7 N,
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USEFUL MEASUREMENTS.

Let the figure be the trapezoid, the sides 7 and 5 being
parallel ; and 3 the perpendicular distance between them.

ExaMPLE.—Find the area of the above trapezoid, the
parallels being 7 feet and 5 feet, and the perpendicular
height being 3 feet.

7
5

2)12
6 And 6X3—18 square feet.
TO FIND THE AREA OF A SQUARE.
A Syuare is a figure having all its angles right angles
and all its sides equal.
RULE.—Multiply the base by the height ; that is, mul-
tiply the length by the breadii.

EXAMPLE.—What is the area of a square whose side is
2} feet?

2.5

125
50

Answer, 6.25 square feet.
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SURFACES.

To FIND THE AREA OF A RECTANGLE.
A rectangle is a figure whose angles are all right
angles, but whose sides are not equal; only the opposite

sides are equal.
RULE.—Multiply the length by the breadth.

ExXAMPLE.—WHhat is the area of a rectangular figure
whose base is 12 fect and height 8 feet?

12

8

Answer, g6 square feet.

TO FIND THE AREA OF A PARALLELOGRAM.

A Parallelogram is a figure whose opposite sides are
parallel, the square and oblong are parallelograms; so also
are other foursided figures whose angles are nof right
angles. It is these latter whose area we now want to find.

RULE. —=dultiply the base by the perpendicular height.
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USEFUL MEASUREMENTS.
ExXAMPLE.—Find the area of a parallelogram whose

base is 7 fect and height 5% feet?

5.25
7

Answer, 36.75 square feet.

To FIND TIE AREA OF A POLYGON.

RULE.—Multiply the sum of the sides, or perimeter of
the polygon, by the perpendicular dropped from its center to
one of its sides, and half the product will be the area. This

rule applies to all regular polygons.

Fig. 12.

ExaMrLE.—What is the area of a regular pentagon,
or five-sided figure, B A D whose side 4 D is g feet and
the perpendicular C £ is 6 feet?

9
5

43 the perimeter.
6

2)270

Answer,135 feet.
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THE CIRCLE.

The circle is a plane figure, comprehended by a single
curve line, called its circumference, every oart of which is
equally distant from a point called the cenzer.  Of course,
all lines drawn from the center to the circumference are

equal to each other.

7854

“ Why is the decimal .7854 uscd to ascertain the area of
a circle or round opening ? 7’ is a question frequently asked.
Now, if you will divide a square inch into 10,000 parts,
then describe a circle one inch in diameter and divide that
into ten thousandths of an inch, you will find that you have
7834 of such squares, each one-thousandth of an inch,
hence the decimal .7854 is used as a “constant " or multi-
plier, after squaring the diameter, and the result is the

area of the circle.

3.1416

The Greek letter 7, called pi, is used to represent
3.1416, the circumference of a circle whose diameter is I.
" The circumference of a circle equals the diameter multi-
plied by 3.1416, nearly. Another approximate proportion
is 22, and another still nearer is $7}.
This decimal has been worked out to 36 places, as
follows :
3.141592653589703238462043383279502884-+
and called the Ludolphian number, because calculated by

Ludolph Van Ceulen, a long time ago.
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ToO FIND TIE LENGTH OF THE CURVE LINE, CALLED
THE CIRCLE; THAT IS8, TO FIND THE CIRCUMFERENCE OF
A CIRCLE.

RULE.—0/ultiply 3.1416 by the diameter.

O

Fig. 13.

ExAMPLE-—\What is thce circumference of a circle
whose diameter is 3 inches?
3.1416
3
Answer, 9.4248 inches.
To FIND THE DIAMETER OF A CIRCLE.

RULE.—(1) Multiply the circumference by 7 and
divide by 22 or, (2) Divtde the circuniference by 3.1416.

EXAMPLE.
A pulley has a circumference of 50.30”, find its

diameter?

50.30 X 7
—— - 16” diameter. Answer.
22
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THE CIRCLE.

To FIND THE AREA OF A CIRCLE.
RULE.—Multiply the square of the diameter by .7854.

< T

Fig. 14.

ExaMPLE.—The diameter of a circle is 3 inches, find

its area.
3 7854
3 9
9 Answer, 7.0686 square inches.
ExaMrLE.—The diameter of a circle is 3.5 inches, find
the arca.
3.5 7854
3.5 12.25
175 39270
105 15708
R 15703
12.25 7854

Answer, 9.021150 square inches.

NoTE.—“In every branch of science our knowledge 1ncreases as
the power of measurement becomes iz proved.’
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USEFUL MEASUREMENTS.

ToO FIND TIE SECTIONAL AREA OF A RING OR PirE.
RULE.—Zrom the arca of the greater circle subtract

that of the lesser.

ExAMPLE—A\ pipe has an external diameter of 2"
an internal diameter of 137, find its sectional arca i1l

and
square inches.
Thus area of 2’/: — 227 X 7854 — 3.1410
“ 1 = 1§? KX 7854 = 2.4053

Answer, .7363 square inches.

To FIND THE AREAN OF AN ELLIPSE.
RULLE.—ultiply 7854 by the product of the diameters.
//”’-“‘f\'(f""“’T'

A
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:_\ ~ Lo

e 5 e
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THE CIRCLE.

ILNAMPLE.

What is the area of an ellipse whose diameters are 53

and 41?
5.75 24.4375
4.25 7854
2875 977500
1150 1221875
2300 1955000
—— 17100625
244375 -

19.19321250
To FIND THE SURFACE OR ENVELOPE OF A CYLINDER.
RULE—J/ultiply 3.1416 by the diameter, to find the
circumference, and then by the height.

EXAMILE.

What is the surface of a cylinder whose diameter is
¢ inches and height 13 inches.

3.1416
9

28.2744 ~circumference.

1413720
282744

424.1160 arca of surface in square inches.
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To FIND TIHE SURFACE OR ENVELOPE OF A SPIERE.

The surface of a sphere is equal to the convex surface
of the circumscribing cylinder; hence the

RULE.
and this again by the diameter ;) because in this case the

diamicter is the lictght of the cylinder ;

ALultiply 3.14106 by the diamieter of the sphere,

Or nultiply 3.1416 by the square of the diamcter of the
sphere.

ENXAMPLE.

Whnat is the surface of a sphere whose diameter is
3 feet? Sce figure page 73.
3.1416
937

28.2744 arca of surface in square feet.

QUOTATION.—*‘ Observe any of the best-known mechanics’ pocket
reference books after it has been used a few years, and there is always
indisputable evidence that the arithmetical tables are used oftener than
«:17 other part of the contents. Though it may be well preserved in

all cther parts, the tables are worn to a useless condition.”’
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SOLIDS.

A solid is a body or magnitude which has three dimen-
sions—length, breadth and thickness—being thus distin-
guished from a suzface, which has but two dimensions, and

from a line, which has but one ; the boundaries of solids are

surfaces.

The measurement of a solid is called its solidity,

capacity or content.

ToO FIND THE SOLIDITY OR CAPACITY OF ANY FIGURE
IN TIIE CUBICAL FORM.

RULE.—MMultiply the length by the breadth and by the
depti.

EXAMPLES.
A tank is 10 feet long, 6 fect broad and 3 feet deep;
how many cubic feet of water will it hold?

10X 6% 3==Ans. 130 cubic feet.

A bar of iron is 24" long, 61 broad, and 21" thick;
how many cubic inches does it contain?

24X 6.5%2.25 ~Ans. 351 cubic ins.

Find the cubical contents in inches of a shaft 3’ diam-
eter and 15" 0" long?

327854 -7.c086X 15X 12 ~Ans. 1272.348 cubic ins.
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MFEASUREMENTS O SOLIDS.
A CUBE is a solid having six equal square sides. To
FIND THE CONTENTS—

RULE—Multiply the area of the base by the perpendic-
wlar height.

Fig. 18.
Ex.—What is the contents of a cistern whose sides
and depth are 3 fcet 6 inches?
3/ 6" x3 6" X3 6”--42" 10" nearly (42.875 cubic feet).
TO FIND TIHE CONTENTS OF A RECTANGULAR SOLID,
RULE—Multiply the length, breadth and height to-
gether.

~
-
i

.l_z_,‘i’m ‘
: llli)f(/”ml |
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EXAMPLE.
What is the contents of a rectangular solid whose
length is 5 feet, breadth 4 feet and height 3 feet?
5 feet
4 feet

2

square feet of base
feet

e 81

00 cubic feet
To FIND TIHE CUBIC CONTENTS OF A SPHERE.
RULE—ultiply 7854 by the cube of the diameter,

and then take 3 of the product.

Fig. 20.
Ex.—Find the cubic contents of a sphere whose

diameter is 5 feet.

5 7854

5 125

25 39270
5 15708
_— 7354

93.1750
2

3)196.3500

Answer, 65.4500 cubic feet.
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The rule is only approximate, owing to the “repeat-
ing decimal " used in the calculations. Another rule is

as follows:

Multiply the cube of the diameter by 5236, or the cube
of the circunmfercince by 016887, and the product will be
the solidity.

To FIND THE SOLIDITY OF A HEMISPHERE.

RULE—Multiply the square of the diamcter by the
radius, and multiply the product by 5236, which is the ratio
betwocen the solidity of a cube and that of a sphere, whose

diameter is cqual to one side of the cube.

Fig. 21.

ExaMPLE.—How many cubic inches in a hemisphere

whose diameter is 60 inches?

€oX 60X 30%X.5236—56548.8 cubic inches. Answer.

NoTE —The convex surface of a sphere may be found by multiply-
ing the circumference by the diameter. Or, multiply the square of the
diameter by 3.1416, and the product will be the convex surface.

The solidity of a sphere is equal to two-thirds of the solidity of its
circumscribing cylinder.

The surface of a sphere is equal to 4 times the area of a circle of the
same diameter as the sphere; or to the area of a circle whose diameter
is double that of the sphere; or to the convex surface of the circum-

scribing cylinder.
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SOLIDITY OF A HEMISPHERE.

To FIND THE SOLIDITY OF A SEGMENT OF A SPHERE.

RULE 1.—70v three times the square of the radius of
the segment’s base, add the square of the depth or height ;
then multiply this swim by the depth, and the product by .5230.

Fig. 22.

ExXAMPLE.—How many cubic inches in a spherical seg-
ment which has a diameter of 6o inches and a depth of
20 inches?

60-+2=730 inches radius. 30X 30X 3=2700; 2700
+(20 X 20)=3100; 3100 X 20 X .5230=32463.2, which is
the number of cubic inches.

RULE 2.—/7om three times the diameter of the sphere
subtract twice the height of the scgment; multiply the re-
mainder by the square of the height, and that product by
52361 for the solidity.

ExaMrLE.—If the diameter of a sphere be 3 feet 6
inches, what is the solidity of a segment whose height is

1 foot 3 inches? Ans. 6.545 feet.
Now, 3.5 X3 = 1035
1.25X2 — 235
8

1.25%X1.25 — 1.5625X8 = 12.5 Product.
Then, 12.5X.52301 — 0.545 cubic feet.

NoTE.—When the segment is greater than a hemisphere, find the
solidity of the lesser segment and subtract the same from the solidity

of the entire sphere,
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USEFUL MEASUREMENTS.

To FIND THE CUBIC CONTENTS OF A SOLID CYI.-
INDER.
RULE~—Find the arca of the base, and multiply this by

the leight or length.

EXAMPLE.

What is the cubic contents of a evilinder whose diam

eter is 4 feet, and height ov length 7§ feet?

4 7854

4 16

16 47124
7854

12,5004 —arca of basc in square feet
7.5 height or length in feet

628320
879048

Answer, 94.24800 cubic fect.

To FIND TIIE SOLIDITY
OF A CYLINDRICAL RING.
RULE—T70 the thickucss of

the ring, add the inner diamcter ;

ig. 23.

and this sume being niltiflicd
by the squarc of the thickncss, and the product again by
2.4674, will give the solidity.

NoTE.—The surface of a cyviiudrical ring may be found by the
following rule: To the thickness of the ring, add the inner diameter ;
and this sum being multiplied by the thickness, and the product again
by 9.8696, will give the surface required.
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SOLIDITY OF A CYLINDRICAL RING

ExaMPLE.—What is the solidity of a cylindrical ring
whose thickness A B or C D is 6, and the inner diameter
B C 20 inches?

Here (204-6) X 62 X 2467426 X 36 X 2.4674=- 936 X
2.4674 —2300.4804 inches, the solidity required.

To FIND THE SOLIDITY OF A CONE.

RULE.—Jultiply the arca of the basc by the perpen-
dicular height, and § of the product will be the solidity.

G

Yig. 24.
LEXANMPLE.

1. Required, the solidity of the cone .1 72 ¢ the diame-
ter, .1 73, of the base being 12 feet, and the perpendicular
altitude, 2 C, 13 feet 6 inches.

Here 783407122 78344 144 113.00706, the arca of
the base; and (1130076 18,314 3 2092.3056+3--097.4352
feet, the solidity required.
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To FIND TIIE CUBIC CONTENTS OF A FRUSTRUM OF
A CONE.

A frustrum of a cone is the lower portion of a cone
left after the top picce is cut away.

RULE.—Zind the sum of the squares of the two diani-
eters (d, D), add on to this the product of the two diameters
multiplicd by 7834, and by one-third the height (k).

ExaMrLE—Find the cubic contents of a safety-valve
weight of the following dimensions: 12” large diameter, 6”
small diameter, 4" thick. Now:

144+ 30+72X.7854 X 1.33
232 %.7854 X 1.33—263.23, etc., cubic inches.

TO FIND TIHE SOLIDITY OF A PYRAMID.

Pyramids may be trilateral, quadrilateral, pentagonal,
hexagonal, heptagonal, octagonal, ctc., having three, four,

five, six, seven, eight triangular sides, respectively.
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SOLIDITY OF A PYRAMID.

The trilateral pyramid has three triangles.  The quad-
rilateral pyramid has four triangles, and the pentagonal
pyramid has five triangles, and so on.

RULE.—Multiply the arca of the base by onc-third of
the perpendicular Leight, and the product will be the solidity.

ExAMPLE.—What is the solidity of the regular penta.
gon pyramid A 7 C DD [Z, each side of the base being g
fect, and the perpendicular altitude, 77 C, 24 feet?

The area of the base, sce page 64, is

135 feet X & of 24 S
S

Answer, 1080 fcet, the solid contents.
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TO FIND THE SOLIDITY OF AN IRREGULAR SOLID.

RULE.

Divide the irregular solid into different figures; and
the sum of their soliditics, found by the preceding problens,
will be the solidity required.

If the figure be a compound solid, whose two ends are
equal plane figures, the solidity may be found by nultiplying
the area of one cnd by the length.

To find the solidity of a piece of wood or stone that is
cragey or uncven, put it into a tub or crstern, and pour in as
mauch water as will just cover ity then take it out and find
the contents of that part of the vessel through whick the
water has descended, and 1t will be the solidity requived.

If a solid be large and very irregular, so that it cannot
be measured by any of the above rules, the general way is to
take lengths, in two or three different places; and their sum
divided by their number, is considered as a mean length,
A mean breadth and a mean depth are found by similar
processes.  Sometimes the length, breadth and depth taken

in the middle are considered mean dimensions.

There are five regular solids which are shown in Figs.

below. A revular solid is bounded by similar and regular
g g
planc figures.  Regular solids may be circumscribed by

spheres, and spheres may be inscribed in regular solids.

Fig. 27. Fig. 8. Fg. 29. Fig. 30. Fig. 3L,
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THE FIVE REGULAR SOLIDS.

The Zvtrakedron (fig. 27)is bounded by four equilateral
triangles.

The Hexvaledron, or cube (fig. 28), is bounded by six
squares.

The Octalicdron (fig. 29) is bounded by eight equi-
lateral triangles.

The Dodecakedron (fig. 30) is bounded by twelve pen-
tagons.

The feosakedron (fig. 31) is bounded by twenty equi-

lateral triangles.

TO FIND THE SURFACE AND TIIE CUBIC CONTENTS
OF ANY OF THE FIVE REGULAR SOLIDS.

RULE—ZFvr the surface, multiply the tabular area
belowo, by the squarce of the edge of the solid.

For the contents, multiply the tabular contents below,
by the cube of the given cdge.

TABLE OF CONSTANTS.
SURFACES AND CuBic CONTENTS OF REGULAR SOLIDS.

Area. Contents.

I(\)If“:ilcli)eesr" NAME Fdge =1 Edge =1
4 e Tetrahedron........ 1.7320 0.1178

(O Hexahedron..... ../ 6.0000 1.0000

S SEERRP Octahedron....... .. - 3.4041 0.4714

12 . Dodecahedron.....  20.6458 7.6631
200 ..., Icosahedron... ...... 1 8.6603 2.1817

A constant is a quantity or multiplier which is assumed

to be invariable.
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PARTS OF A CIRCLE.

The circumference of a circle is suppostd to be divided
into 360 degrees or divisions, and as the total angularity
about the center is cqual to four right angles, each right
angle contains go degrees or go°, and half a right angle
contains 435°.  Ifach degrec is divided into 60 minutes, or
60'; and, for the sake of still further minuteness of measure-
ment, cach minute is divided into 60 scconds, or 60””. In
acirclethercare, therefore, 360 X 60 X 60=1,296,000 seconds.

Fig. 32.
The above diagram exemplifies the relative positions
of the
Sine, Tangent,
Cosing, Cotangent,
Versed sine, Secant, and

Cosccant
of an angle.

NoTE.—The circumferences of all circles contain the same number
of degrees, but the greater the radius, the greater the ahsolute measures
of a degree. The circumference of a fly-wheel or the circumference of
the earth have the same number of degrees; vet the same number of
degrees in each and every circumference is the measure of precisely
the same angle.
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DEFINITIONS OF PARTS OF A CIRCLE.

1. The Complement of an arc is go° minus the arc.

2. The Supplement of an arc is 180° minus the arc.

3. The Sine of an angle, or of an arc, is a line drawn
from one end of an arc, perpendicular to a diameter drawn
through the other end.

4. The Cosine of an arc is the perpendicular distance
from the center of the circle to the sine of the arc; or it is
the same in magnitude as the sine of the complement of
the arc

5 The Zangent ot an arc is a line touching the circle
in one extremity of the arc, and continued from thence to
meet a line drawn through the center and the othes
extremity.

6. The Cotangent of an arc is the tangent of the com
plement ot the arc. The Ce is but a contraction ot the
word complement.

7. The Secant of an arc is a linedrawn from the centes
of the circle to the extremity of the tangent.

8. The Cosccant of an arc 1s the secant of the comple
ment.

9. The Iersed Sine of an arc is the distance from the

extremity of the arc to the foot of the sine.

For the sake of brevity these technical terms are con-
tracted thus: for sine AZD, we write sin. AB,; for cosine
AB, we write cos. AB; for tangent AB, we write fan.

AB, ctc.

NOTE.— Trigonometry is that portion of geometry which has for
its object the measurement of triangles. \When it treats of plane
triangles it is called /Yane Trigonometry, and as the engineer will
continually meet in his studies ot higher mathematics the terms used
in plane trigonometry, it is advantageous for him to hecome fannhar
with some of the principles and definitions relating to this branch o
mathematics.
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MEASURING MACHINES, TOOLS AND
DEVICES.

The accuracy of a man’s workmanship can usually be
determined from knowing the kind of measuring instru-
ments he employs. It is an old saying among mechanics
that a blacksmith’s “hair’s-breadth” is anything less than a
quarter of an inch. There used to be good ground for
this statement, the reason being that the blacksmith meas-

ured with a square, the graduations of which were } inch.

When a man begins to use a scale graduated to hun-
dredths he finds, as soon as he learns to distinguish the
marks, that there is considerable space included in 14 of
an inch.

When a man has used a micrometer caliper for a
short time he learns to determine § of (v of an inch
quite readily, and then begins to appreciate the value of
fine measurements and close fits. In considering modern
methods and comparing them with older practice, we are
at once struck by the definiteness with which the sizes of
parts are now fixed. The fitting of one part to another
is no longer a question of working to gauges of which the

absolute sizes are unknown, but of working to sizes which

NoTE.—In a device consisting of a short steel rod fitting into a
hollow cylinder, the rod being three-quarters of an inch in diameter, it
was found that the fit was so perfect that it would slide freely in and
out, but if the rod was taken out and held in the hand for a few sec-
onds, the slight expansion caused by the warmth of the hand was
enough to render it impossible to insert the rod until it had been

allowed by gradual cooling to regain its normal size.
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MEASURING MACHINES AND TOOLS.

are definitely fixed and stated, and which are at any time
capable of reproduction. To carry out this system means
the general provision of instruments for accurate measure-
ment which were formerly only to be found in a very few
special establishments; it means the possession of skill in the
use of such measuring appliances, and a cultivation of an

appreciation of the value of small units.

Fig. 33 shows a side view of a standard End-Measuring
Rod; these are formed of steel, hardened on the ends and
accurately ground, so that the ends form sections of true
spheres whose diameters are equal to those of the length of
the rods. They are suitable for making internal measure-

Fig. 33.
ments, as rings, cylinders, etc.; and, as reference tools, are

particularly well adapted for setting calipers, comparing
gauges, and work of a similar character. They are also
suitable for measuring parallel surfaces, as the spherical
ends will pass such surfaces without cramping, the same as
spheres of like diameters.

Figs. 34 to 39 exhibit Inside Micrometer Gauges.
These arc adjustable, and designed for making internal
measurements, and work of a similar character, and are also
adapted for measuring parallel surfaces.

The device consists of a holder provided with a
micrometer screw and thimble. The screw has a move-

ment of 3”/; and, by the use of the extension rods fur-
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MEASURING TOOLS AND DEVICES.

124

nished, mecasurcments from 3”7 to 67 can be made by
the thousandths of an inch.

The extension rods vary by 4", and each rod is pro-

vided with an adjusting nut and check-nut, which are set

Figs. 34 to 39.
to obtain the proper mcasurcment of the given rod, and
should be adjusted only when the point of that rod has
become worn.
This instrument is provided with a micrometer screw
and nut, and is graduated to rcad by half-thousandths.
Provision is made for adjustment to compensate for

wear of the screw and measuring surfaces.
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MEASURING MACHINES.

Fig. 40 shows a standard form of measuring machine
for use in the tool room in preparing templates, reamers,
mandrels, etc. It will measure differences of the 11,4 of

an inch. Adjustments in the machine provide for the

wear of measuring points.

Fig. 41.
Calipering Machines are used to transmit sizes, and
be) b

differ from fixed calipers in that they record as the size is
approached, and show how much a piece is to be reduced.

Machines of this type arc used in connection with
standard sizes as an accnrate pair of calipers, and have the

features of a measuring machine, as they will measure
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MEASURING DEVICES.

accurately above and belowe a certain size after having been
adjusted and the index, which is on the edge of the wheel,
set for a standard size. The machine shown in fig. 41

will caliper to 6 inches. The index wheel is divided tc
read to ten-thousandths of an inch.

Fig. 42 shows corrective gauge standards. These
discs are employcd for testing and correcting fixed gauges,
for setting calipers, and also as a refcrence to prove
dimensions within their range.  Each disc is separate and

is ground independently to size.

The introduction of accurate scientific methods into

manufacturing and commercial processes involves the use
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MEASURING TOOLS.

of a great variety of standards of far greater accuracy than
formerly required. Fig. 42 is but one of very many
measuring devices introduced to secure the essential accu-
racy.

Standard reference discs are shown in fig. 43. These
are employed for testing and correcting fixed caliper
gauges, for setting calipers, and also as a reference to

250

GO ON
EXTERNAL

Fig. 44.

INTERNAL

prove dimensions’ within their range. They are intended
to serve principally as originals, not as working gauges.

The illustration represents “a set” of forty-five discs,
ranging in size from {" to 3", inclusive, by 16ths, and four
handles. The discs vary in width from 3" to 3", according
to the diameter, and afford ample contact surface.

The figures 44 and 43 represent the common form of
internal and external limit gauges. Gauges of this type
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MEASURING DEVICES.

are stamped with the words “go on’ and “not go on,” for
the external, and “go in” and “not go in” for the
internal; and, as the two ends are of different shape, the
workman is enabled to easily and quickly distinguish the
large from the small end without looking at the sizes

stamped upon the gauge.

These gauges are not only used as references for
finishing operations, but are of advantage in roughing
work for finishing. When used in this way the same
amount of stock is left on each piece, thus enabling the
operator who finishes the picces to work to better advantage

than if they were of various sizes.

Fig. 46.

The fig. 46 shows a limit gauge as used in shop prac-
tice. It is stamped 24, 2.300, 2.4995 ; the end marked 2%
is ground accuratcly to size, and is not used except as a
reference standard, the calipers or measuring instruments
being set by the ends marked 2.500, 2.4995. The difference
between these is a limit of .0003, or the 544 part of an

inch.

The advantages derived from the use of the limit
gauges are being appreciated more and more; as, by their
use the time consumed in testing and gauging is reduced

to a minimum, and the duplication of parts is insured.
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MEASURING DEVICES.

Fig. 47 shows an adjustable parallel measuring gauge.
It measures from } inch to 4 inches, and measurements
over the above are got by placing a base beneath. The
slide is tightened by the right-hand thumb nut and the
scriber by the the left-hand one, by which both work inde-

pendently of cach other. It is graduated into 64 parts
to the inch. The graduation on the tool is wider than the
ordinary scale, it being on an incline, but the operator
should read them just the same as a scale of 64ths, match-

ing the line of the slide to the graduation on the incline.
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GAUGES.

English or Birmingham gauges, for sheet and plate
steel and iron, are shown in figs. 48 and 49. The former
indicates sizes from I to 32; the latter from o000 to 23.
The illustrations are about two-thirds the real size.
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Fig. 50 represents, two-thirds actual size, the United
States Standard Gauge for sheet and plate steel and iron,
adopted by Congress March 3, 1893.
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GAUGES.

Figs. 51 and 52 are gauges for use in measuring
twist drills and steel drill rods.

160 17 1819

Fig. 51.
Gauge No. 51 is about ;" thick, 1§” wide, 51" long,
and contains gauge numbers from 1 to 60 inclusive.
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e ° L (-] e -® ° ° °

BROWN& SHARPE MFG.CO.
PROVIDENCE.R-I

7L 72 73 74 75 76 77 78 79 80

Fig 52.
Gauge No. 52 is about %" thick, §” wide, 2” long, and
=] lg ’ ’
contains gauge numbers from 61 to 80 inclusive.
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Fig. 53.
Fig. 53 shows an angle gauge, with the addition of a
protractor and registering dial. It is a very useful tool for
testing planed and finished parts.
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ANGLE-GAUGES.

Fig. 54 shows a simple form of bevel protractor
operated on the same principles as that shown in the

preceding illustration.

Fig. s5.

Tig. 55 shows still another form of the same device.
In cach of the above instruments the circles, or parts

thereof, are divided into degrees.
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USEFUL MEASUREMENTS.

This tool is well adapted for all classes of work where
angles are to be laid out or established; one side of the
stock is flat, thus permitting its being laid upon the paper
or work. The dial is accurately graduated in degrees the
entire circle. It turns on a large central stud, which is
hardened and ground, and can be rigidly clamped by the
thumb nut shown in cut.

The line of graduations is below the surface, thus pro-
tecting them from wear. The blade is about one-eighth
inch thick, can be moved back and forth its entire length,
and clamped independently of the dial, thus adapting the

protractor for work where others cannot be used.

THE VERNIER AND ITS USE.

SCALE.

VERNIER.
Fig. 56.

The Vernier is a small movable scale invented by
Pierre Vernier in 1631, and used for measuring a fractional
part of onc of the cqual divisions on the graduated fived
scale.

The Vernier consists, in its simplest form, of a small
sliding scale, the divisions of which differ from those of the
fixed or primary scale; the ingenuity of the invention has
given a lasting and world-wide fame to the discoverer of

its useful application.
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THE VERNIER AND ITS USE.

On the scale of the tool is a line of graduations divided
into inches and numbered o, 1, 2, etc., cach inch being
divided into ten parts, and each tenth into four parts,
making forty divisions to the inch.

On the sliding jaw is a line of divisions of twenty-five
parts, numbered o, 5, 10, 15, 20, 25. The twenty-five
divisions on the Vernier correspond, in extreme length, to

twenty-four divisions, or ¢ of an inch, on the scale; each

(]

—

Fig. 57.

division on the Vernier is, therefore, g of 4, or ;¢ of an
inch shorter than the corresponding division on the scale.

If the Vernier is moved until the line marked o on the
Vernier coincides with that marked on the scale, then the
next two lines to the right will differ from each other by
1o of an inch; and the difference will continue to increase
—1_of an inch for each division, until the line 25 on the

Vernier coincides with a line on the scale.
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USEFUL MEASUREMENTS.

Fig. 56 represents a Vernier caliper, showing the two
scales, and in the note is an admirable explanation of its
use, for which credit is due to Brown & Sharpe Manufac-

turing Co.

NoOTE.—On the bar of the instrument is a line of inches, num-
bered o, 1, 2, etc., each inch being divided into ten parts, and each
tenth into four parts, making forty divisions to the inch. On the
sliding jaw is a line of divisions of twenty-five parts, numbered o, 5, 10,
15, 20, 25. The twenty-five parts on the Vernier correspond, in extreme
length, with 24 parts, or twenty-four fortieths of the bar ; consequently,
each division on the Vernier is smaller than each division on the bar by
.0o1 part of an inch. If the sliding jaw of the caliper is pushed up to
the other, so that the line marked o on the Vernier corresponds with
that marked o on the bar, then the two next lines to the right will
differ from each other by .oor of an inch, and so the difference will
continue to increase, .0or of an inch for each division, till they again
correspond at the line marked 25 on the Vernier. To read the distance
the caliper may be open, commence by noticing how many inches,
tenths and parts of tenths the zero point on the Vernier has been moved
from the zero point on the bar.

Now, count upon the Vernier the number of divisions, until one is
found which coincides with one on the bar, which will be the numher
of thousandths to be added to the distance read off on the bar. The
best way of expressing the value of the divisions on the bar is to call
the tenths one hundred thousandths (.100), and the fourths of tenths,
or fortieths, twenty-five thousandths /.025). Referring to the cut shown
above, it will be seen that the jaw is open two-tenths and three-quarters,
which is equal to two hundred and seventy-five thousandths (.275).
Now, suppose the Vernier was moved to the right, so that the tenth
division would coincide with the next one on the scale, which will
make ten thousandths (.o10) more to be added to two hundred and
seventy-five thousandths (.275), making the jaws to be open two hun
dred and eighty-five thousandths (.283).
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USEFUL MEASUREMENTS.

Figs. 58 and 59 represent the entire calipers of which
the head only is shown in fig. 57.
These instruments are graduated on the front side to

FRONT SIDE,
BACK SIDE.

Fig. 58. Fig. 59.

read, by means of the Vernier, to thousandths of an inch,
and on the back to sixty-fourths of an inch; the jaws can
be used for either outside or inside measurements; points
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THE VERNIER AND ITS USE.

are placed on the bars and slide, so that dividers can be

used to transfer distances.

Verniers are applied to

minute measuring instruments, as the sextant, barometer,

etc.

Fig. 60

This double Ver-
nier caliper, fig. 6o,
is for the purpose of
accurately measuring
the distance from top
to pitch line, and the
thickness at pitch line
of gear teeth, measur-
ing all pitches.

The sliding jaw
moves upon a bar
graduated to read by
means of the Vernier
to thousandths of an

inch. A tongue, moving at right angles with the jaws, is

graduated in the same manner.

Both the sliding jaw and

tongue are provided with adjusting screws.
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