












































































































































































































































































































































































































































140 FIRST LESSONS IN METAL-WORKING.

it to touch along all these lines if the surface is
warped, or “in winding.” Trying the surface,
therefore, in all directions, and removing the high
parts carefully with the round or bellied part of
the file, and with lighter and lighter strokes as
the piece becomes more and more nearly true, you
will finish it at length to a true plane, or as nearly
8o as it is practicable to make it with the file.

As another exercise, involving greater difficul-
ties than the last, you may now finish up the
hexagonal prism of brass made in Exercise 39.

You will make, 1st, one of the hex-
Hxercise 43. .
Filingupa  2g0nal bases plane and perpendicular to
hexagonal . the faces of the prism; 2d, the other
prism. base plane, parallel to the first, and at
the proper distance (2”) from it; 3d, one of the
rectangular faces plane, of the proper width, and
perpendicular to the bases; 4th, two adjacent
faces plane, of proper width,
perpendicular to the bases, and
inclined at the proper angle
(120°) to the first face; 5th, the
last three faces plane, parallel to
the first three, and of the proper
width.

First try with a square, as in
Fig. 78, whether one of the bases
is perpendicular to the six faces.
If either of the angles is acute, the base is to be

Fi1a. 78,
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filed off at this place. Holding the block in the
vise, file the base true as in the last exercise, using
a coarse file first and afterwards a new and fine one,
and trying the surface in all directions with a short
thin-edged straight-edge while working, and with-
out removing the piece from the vise for the pur-
pose.

When this surface will bear every test, proceed
to the next—the opposite base. Since this is to
be made parallel to the first, whether that is per.
pendicular to the faces or not, it is to be tested,
not with the square, but with the straight-edge
and the calipers, Fig. 79. They are opened to the
width of exactly 2” and are
to be applied to the work
repeatedly as the second sur-
face approaches completion,
to prevent the cutting away
of more than the proper
amount of metal. Before
the piece is ready, however,
for the use of this tool, it is
to be first marked to the
proper height, and then cut
down close to the mark. The rectangular faces
being too rough to show a fine mark, may be first
filed smooth enough for this purpose. To avoid
injuring the finished base in this operation, use
the false jaws of lead or brass. Be careful, in this

Fia. 79.
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first filing of these faces, to take off no more than
just enough to enable them to show a fine mark.
Chalk the sides. Set the piece up on its finished
base, on a “surface-plate.” This is a square plate
or block of hard cast-iron, which has been finished
as nearly as possible to a true plane surface, and
serves as a standard of comparison for other sur-
faces which are to be made plane. The prism
being set on this, is held firmly with one hand,
while the “scriber block” s, Fig. 80,is held on the
plate with the other hand, and the “scriber-
point,” p, after being set to the exact height of 2"
above the base by the screw v,is carried carefully
round all the faces of the prism, making a fine
mark. Then, bolding the prism in the vise, cham-
fer the upper base down to this mark, and cut it
down, first with a coarse and afterwards with a
fine file. As you approach the mark, work more
and more carefully. When very near the mark
use the calipers frequently at all points of the two
bases, till the prism measures exactly gyorcise 44.
the right height at all points. Be Useofscriber
careful not to force the calipers, nor 224 calipers.

yet to make them go on too loosely. They must
just touch closely, and so that no rattle is possible. .
If the joint'is tight, as it ought to be, the width
between the points will not be altered by sliding
them on and off repeatedly, unless considerable
force is used. Furthermore, they must be held in
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the proper position while being usea. If one
point is farther advanced on the surface than the
other, as at A, Fig. 81, you may work the piece

too short; and you will do the same if one is in-
clined to the right of the other, as at 8. 1n short,
the line joining the two points must be exactly
perpendicular to the two surfaces, and when it is
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held thus, the two points must just touch both
surfaces. Finally, the calipers must be handled

Fia. 81, A.

carefully, being laid down on the bench gently,
so as not to alter their adjustment, and must be

Fie. 81, B.

occasionally tested by comparison with the rule,
or with a block already finished to the right size.
When the distance between the two bases is
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everywhere exactly 2”, the second surface is parallel
to the first, and is plane, provided the first is so.
You should not neglect, however, to apply the
straight-edge in all directions on the second sur-
face, as an additional test. This may be done
without removing the piece from the vise, if you
stoop down, so as to see under the edge.

Protecting the finished bases by false jaws, file
up one of the faces. The process is essentially
the same as before, but even more care is neces-
sary, to avoid filing away too much. As all the
lines previously drawn on the bases have been
filed away, it will be well to draw them again,
but very lightly, with sharp-pointed compasses
and a marking-awl, and then take care not to
work beyond them. When one of the rectangu-
lar faces has been finished, the template should be
used, as well as the straight-edge, in filing the
others, care being taken, however, to test the cor-
rectness of the template, and to apply it properly,
as explained in Exercise 89.

If properly finished, the prism will stand the
following tests:

1°. All the surfaces, as tested with the straight-
edge, will be true planes.

2°. Each pair of opposite surfaces will be par-
allel, as shown by the calipers.

8°. All the faces will be perpendicular to the
bases, as shown by the square.
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4°. All the angles will be true, as measured by
the template.

5° All the faces will be of equal width.

6°. All the edges will be straight and sharp,
and all the surfaces smooth, and free from coarse
scratches, showing only the fine and regular marks
of the file.

Other methods of producing a finer finish on
surfaces, known as draw-filing, scraping, grinding,
oil-finishing and polishing, will be explained here-
after.

As a last exercise in filing, finish the slot that
you began in Exercise 41, making it 84 mm. X 12
mm. The surface being in this case narrow, con-
siderable care will be needed to avoid cutting off
one edge more than the other, and you must look
frequently at the back of the work to see that you
are not passing the mark. You will lessen the
trouble of this part of the work, if, as in working
" to a mark in general, you first cut, on each side,
a chamfer down to the mark, which will then
serve as a guide. The ends of the slot, which
were left round by the drill, are to be filed square
with the edge of the file. After the ends are
finished, if any more work is to be done on the
sides, for the purpose of finishing up the corners
sharp and clean, the “safe edge” of the file which
has no teeth, should be used in the corner, so as
to avoid injuring the finished end. If the file hag
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no safe edge, you can make one by grinding off
the teeth on one edge. This will be even better
than the safe edge made by the manufacturer, as
the teeth on the face will come up more sharply
to the edge, and will finish the corners better.
The tests of the work are obvious. The sides and
ends must be straight and plane, and perpendicu-
lar to the face of the plate and to each other, and
the slot must be exactly true to the proposed
dimensions, 84 mm. X 12 mm.
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LESSON XXIIL
SOLDERING. BUNSEN BURNER.

WE have now learned how to give approxi-
mately any desired form to wrought-iron or steel
by forging and welding, and to cast-iron, steel,
brass, zinc, and other easily fusible metals by
founding. When the approximate form has been
given, we have seen how to produce small changes
by chipping and filing. We have now to learn
another method of building up complex forms by
uniting simpler pieces, which partakes in part of
the nature of welding, and in part of that of cast-
ing.

Soldering is uniting two pieces of metal by
means of another metal. This other metal may
be, first, one which melts at a lower temperature,
and which adheres closely to the two pieces or
partially combines with them and thus joins them
together; or, secondly, it may be the same metal
as that of which the two pieces are composed. In
. the first case the operation is very much like that
of gluing. It is called “soft soldering” when the
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solder is an alloy of tin and lead, sometimes with
the addition of bismuth to make it more fusible;
and “hard soldering” when a less fusible material
is used, as gold, silver, copper, or an alloy of tin
lead, and zinc, called spelter solder. In the second
case, when the pieces are joined by a portion of
the same metal, the operation is more analogous
to welding, and is called “burning” or “brazing.”
A few examples wiil make clear the nature of the
operations and the mode of proceeding.

For a first exercise, join with soft solder two
pieces of brass in the manner shown in Fig. 82.
File the edge of the
piece A straight and ”A
square. Scrape or file —— =T
the surface of B clean,
where A is- to join it.
The two are now ready
for the solder. A 8

As in welding, so in
soldering, it is necessary
that the two surfaces should be clean and free
from oxide. A flux is therefore used as in weld-
ing, to carry off the oxide that will be formed on
the surface when heated, as well as any dirt that
may be there. Various fluxes are used for differ-
ent kinds of work, as borax, sal ammoniac, resin
and muriate of zinc. For this exercise we will use
the last. It is prepared by dissolving scraps of

Fra. 82. (Full size.)
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zinc in dilute hydrochloric acid. A small wide-
necked bottle of this solution is kept on the bench
ready for use. It should have a piece of iron wire
thrust through the cork and dipping down into
the fluid. With this a drop or two of the fluid can
Bxercise 45. be applied to the surface of a piece of
Soldering  metal as needed. Or, a stouter piece of
::: win  Wire may be fitted with awooden handle
softsolder.  and used for this purpose, as well.as
for “ tinning” small surfaces, such as those of this
exercise. For the latter purpose the wire must it-
self be tinned at the end. To tin the wire, dip it
into the solution, then hold it in the flame of the
Bunsen burner, the outer tube of the burner being
turned so as to admit plenty of air, giving a blue
flame. If the air supply is insufficient, the flame
will be yellow and smoky, and not so hot. Rub
the end of the wire with the solder-stick, using
the “ tin-solder” compound of 3 parts of tin to 2
of lead, or 2 of tin to 1 of lead. The solder will
adhere to the surface wherever it is clean. If
there is any spot where it does not adhere, it must
- be cleaned with the file or a piece of sandstone,
and the operation repeated. With the tinned wire
we can now tin the surfaces of the brass. Hold
the piece A in the flame with pliers. Apply a
drop of the flux to the edge with the tinned wire,
and as it boils off rub the wire to and fro along
the edge till the latter is covered with a bright
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clean layer of the solder; or, touch it with the sol-
der stick till a drop of the solder adheres, and
then spread it along the edge with the wire. With-

Fia. 83.

draw it from the flame and let it cool. Tin in the
same way the portion of B on which a will rest,
The two surfaces will now unite, if held together
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while the solder is melted. They may be held
together in various ways.

1. The piece B may be laid on a retort-stand,
Fig. 83, and the piece A set up on it at the proper
place. The flame being then applied below s,
the solder will melt, and then, the flame being re-
moved, the piece will cool. As the two surfaces
of the solder are somewhat round, it is difficult to

make the thin piece a stand

upright. It may be held
= — down during the melting

with a pointed wire, or still
Fra. 84 better by means of a wire
spring of hard brass, as in Fig. 84. In either case
it will be best to file the two round surfaces of the
solder flat before putting them together. Or,

2. The pieces may be held, one in each hand,
with a pair of pliers, fand pressed lightly to-
gether in the flame till the solder melts, and then
removed to cool. Or,

8. Clamped together by the spring as in case 1,
they may be held in the flame with a pair of
pliers, and soldered and cooled as before.

With such light pieces as these the last method
will probably be found the most convenient. If
the piece A were considerably heavier, and broader
at the base, its own weight would keep it in posi-
tion, and no special device would be needed for
holding it.
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The two pieces of this exercise may be soldered
without previous tinning, if the surfaces are thor-
oughly clean. Hold the pieces together with a
spring, as before. Taking B in the pliers with
the left hand, put a drop or two of flux, and a few
small chips of solder cut off with a knife, in each
of the angles. Heat the pieces in the flame. First
the flux will flow into the joint and afterwards
the solder. If the solder does not spread along
the whole length of the joint, draw it along with
the end of the fine wire which is in the bottle.
Cool as before.

In whichever way the pieces are prepared and
heated, the principal points to be heeded are:

1. To have the surfaces quite clean.

2. Not to allow the pieces to be displaced by
the boiling of the flux or the melting of the solder.

8. Not to hold the pieces in the flame longer
~ than is necessary to melt the solder, as overheat-
ing burns the solder and weakens the joint.

4. Not to disturb the pieces till the solder has
“set,” or hardened. The moment of setting can
generally be observed by watching closely. At
this moment the bright surface of the solder be-
comes dulled by the formation of a multitude of
minute wrinkles as the metal contracts. The
cooling may be hastened, in the case of very light
pieces, by blowing, and in that of heavier pieces
by applying a few drops of water.
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5. Not to use too much solder. Besides being
wasteful, this fills up the angle, and the excess
will have to be filed away to make a neat job.

Where gas cannot be used, the exercises of this
‘lesson can be performed with a blow-pipe (as in
Lesson XXIV) or with a blastlamp, Fig. 85.
This is an alcohol lamp, o, which burns under a
vessel of alecobol, B. The alcohol in B boiling,

drives off first the air and then alcohol vapor
through the tube ¢, thus blowing a strong blast
through the flame of the lamp, and shooting out a
tongue of hot flame which can be directed on the
work. If the lamp alone is used, and the blast is
produced by blowing with the mouth through a
bent tube, the instrument becomes an ordinary
blow-pipe. '

ponpee
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It is obvious that such a joint as that in the
last exercise cannot have any very great strength.
It will nevertheless often be useful when, as in
experimental work in the physical laboratory, it
is desired to put two pieces together quickly, and
strength is not important.

Let us now look a little more closely into the
strength of a soldered joint. Join two pieces of

| A |

4' /

Fie. 86. (Full size.)

brass with a “lap-joint” as in Fig. 86, cleaning
and tinning the surfaces, and holding them to-
gether in the flame with a pair of pliers. Put the
jointed strip into the small testing-machine (Wood-
working, Fig. 8, p. 19), and pull till g_. e 46.
the joint breaks. Record the force Testing asol-
used. Put one of the pieces into the deredieint-
machine and break it, and record the force used.
Find,

1. How many times stronger the brass is than
the soldered joint.

2. How many times stronger the brass is than
a soldered joint of the same area as the cross-sec-
tion of the brass; and thence,
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3. How large the joint should be to be just as
strong as the brass.

Then make another joint of the same kind,
with a lap just sufficient to make the joint as
strong as the metal. Test the metal and the joint
in the machine and record the result. You will
know henceforth how large a joint surface to al-
low, with this kind of solder and this kind of
brass, if you wish the joint to be as strong as the
metal. Stronger than the metal it is not worth
while to make it.
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LESSON XXITII.
SOLDERING. THE SOLDERING-IRON.

‘WHEN the pieces are large, it is convenient and
usual to heat only the part which is to be soldered,
leaving the rest cool. Thisis done with the “ bit”
or “soldering-iron.”

The iron is first to be tinned. Heatit to a dull
red on a charcoal fire, or over a large Bunsen
burner. Filethe sides bright, quickly. grercise 47.
Rub it on a piece of board sprinkled Tinning asol-
with powdered sal-ammoniac or resin, 9ering-iron.
and then on a plate of copper on which are some
chips of solder. Wipe it clean with a rag. If
you have allowed it to fall below the temperature
at which solder melts, the operation will fail, and
reheating will be necessary. If afterwards, in
using the soldering-iron, you overheat it, the tin
will burn off, and you will have to tin it again.

We will now make a joint somewhat like that
in Exercise 45, but longer and stronger, and be-
tween two sheets of tin (that is, tinned iron), ar-
ranged as in the isometric sketch, Fig. 87. Mois
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ten the angle ¢ between the two pieces with flux,
or sprinkle it with powdered resin. Scatter along
it small chips of solder. Hold the piece oA down
firmly at one end with the end of a file, or any
pointed tool, and melt a drop of solder in the
angle. This will fasten or “tack” the piece at
one end. Tack it in the same way at the other

end. This will hold it in place while you finish
the job. Hold the piece level, or inclined in such
Bxercise 48. 8 way that the solder shall run into
:O!i:o;:xml_ the joint. Draw the bit slowly along
dering-ron.  the angle, melting the solder and caus-
Tinontin.  ing it to run into the joint. If any part
is missed, go over it again in the same way.

The two sheets of metal in the last exercise are
in planes perpendicular to each other. In this
case, when the joint is at the edges of both pieces,
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it may be made as in Fig. 88, o or B. The joint
A would be tacked and soldered as in the exercise
just finished. In B the lower piece should bLe
closed tightly on the upper with the hammer, and
then soldered along both the
exterior and the interior an-

gle. The manner of bending A
the sheets for this exercise
and the last will be explained ¢
in connection with the next.

When the two sheets are
to be in the same plane, there B
are several ways in which =)
they may be joined. These E
are shown in Fig. 89. Fio. 88. (Full size.)

The joint A is called the lap-joint. It needs
but to be tacked at two or three points, as in Ex-
ercise 48, and soldered as there descrihed.

B is a “cramp-joint.” The edge of the left-
hand piece is thinned almost to a knife-edge by
hammering on a small anvil. The edge of the
other is nicked obliquely with the shears, and the
pieces between the cuts are turned alternately up
and down. The thinned piece is pushed into the
V-shaped space thus made, and the “cramps” are
hammered down on it. It is then tacked and
soldered.

The edges of the two pieces in ¢, as well as in
B, Fig. 88, and 4, Figs. 87 and 88 are prepared
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on a tool called the “hatchetstake,” Fig. 90,
which is set in & hole in the top of the work-
bench. The sheet is laid on the edge aB at a
proper distance from the edgé of the sheet, and
turned over by blows of a flat mallet, the edge

L7
i
A

Fia. 89. (8cale {.)

being either turned up at right angles to the
sheet, or doubled over on it, according to the
kind of joint proposed.

As an exercise in this kind of soldering, and
one in which a water-tight joint is required, make
a cubical box of tin or sheet brass, whose edges
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shall have the length of one decimeter exactly,
inside. Such a vessel will be a “liter” measure.
The bottom must be cut to the form and dimen-
sions shown in Fig. 91, A, and must be bent up-
ward, at right-angles, along the dotted o oise 4s.
lines. The sides are shown at B, and A cubical

are to be bent at right angles along vl
ad, de, and ¢b, and doubled along @b. The notches

A B

r____\

Beale, %

Fo. 90. (Scale 3.)

at the corners show where pieces must be cut out
to let the upturned edges lie flat. The dimensions
in the figure are those that all the pieces should
have if the material had no thickness. Owing
to the thickness of the metal these must be
slightly altered, and the amount of the alteration
will depend on the thickness. If the bottom is
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put on outside of the other pieces, it will be nec.
essary to make its inside dimensions larger by
twice the thickness of the metal. Furthermore, as

-t

>
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e

o ——— o —
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Fia. 91,
two opposite sides of the vessel are turned over the
other two, they also must be made wider by twice
the thickness, and all the sides must be higher by
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once the thickness. It will be well to cut out the
pieces in card-board and put them together, to
assure yourself that you can cut them correctly ;
make the proper allowance for thickness, and put
them together properly. Then mark out the
pieces with a “scratch-awl” Fig. 92, and cut them
out with the shears. Bend the edges of
the bottom upwards, the upper edges of
the sides outwards, and the other edges
inwards, over the hatchet-stake, being care-
ful to keep them quite straight, and not
to bruise the sheets. Set the five pieces
together to assure yourself that they fit
properly. You will now discover that the
overturned edges of the larger side-pieces,
overlapping the smaller side-pieces, pre-
vent the bottom from going on, and four
small square pieces have to be cut out from
the bottom of these. This cut is not
shown in the sketch, and you must deter-
mine for yourself its proper size and shape. Cut
out these pieces with small shears, being careful
not to make the cuts too large.

Now lay one of the larger sides on your bench,
and join the two narrower sides to it as in Exer-
cise 48, Fig. 87, being careful, in soldering, not
to miss any portion of the joint. Lay the other
large side on the bench, and repeat the same
operation, The four sides are now fastened to-

v

Fia. 92.



164 FIRST LESSONS IN METAL-WORKING.

gether, and ready for the bottom. Set the bottom
in place, and solder it in the same manner.

When the vessel is finished, all the angles
should be perfectly square, all the faces flat, and
all the joints perfectly water-tight and perfectly
smooth inside and outside, showing no places
without solder and no lumps of unnecessary solder,
and the internal dimensions should be exactly 10
centimeters each way.
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LESSON XXIV.
SOLDERING. BLOW-PIPE.

WaHEN a very small piece is to be soldered to a
much larger one, it is often convenient to use the
blow-pipe instead of either the Bunsen burner or
the soldering-iraon, as with this an intense heat can
be applied on a very small area. As an example
of such a joint we will solder an elec- gr . cise 4.
trical “binding-post,” a, Fig. 93, to a Use of the
brass plate B. Take a piece of sheet PlOW-Pipe:
brass about 5°" long, 3 wide, and 3" thick. Make
the end of the post flat, and clean with the file.
Scrape or file the portion of the plate at which
the post is to be attached. Lay the plate on any
convenient support, and set the post on it.
Moisten the angle all round with a drop or two
of the zinc solution, and lay a few granules of
solder there. Set the Bunsen burner by the side
of the work, with the bottom of the flame about
on a level with the plate. Turn the outer tube
of the burner so as to shut off the supply of air
at the bottom, giving a yellow instead of a blue
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flame, and less heat. Holding the blow-pipe in
the right hand, with the tip just outside the flame,
direct the current of air from the mouth through
the lower part of the flame. This will produce a
long slender jet of blue flame, in which the tem-
perature is very high. Direct this on the base of
the post and the plate adjoining. The flux will
quickly boil away, and the solder will melt and

—
bred @

Fia. 93. (Full size.)

run into the joint. Remove the blow-pipe, and let
the work cool.

In making a small joint in this way you must
be careful—

1°. Not to use too much solder.

2°. Not to let the flame play on parts of the
metal which need no heat, as it discolors them.

8°. Not to continue the heat longer than neces-

sary.
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4°. Not to let the small piece be displaced by
the boiling of the flux. Hold it down with a piece
of wire if necessary. .

There is sometimes a still greater necessity than
in the last exercise of preventing the spread of
heat to other parts than that at which the joint is
to be made. A good example of this is in the
case of the soldering of a spring 4, such as you
made in Exercise 36, to the plate B, Fig. 94. If

A
.
L {
Fre. 4. (Full size.)

the spring is overheated, its temper will be
“drawn,” and the spring spoiled. This may be
avoided by “sweating” the spring on the plate.
Tin the plate, at the proper point,over g . ... w0
the Bunsen flame. Then hold the Sweatinga
spring in place by means of a clamp a, Joi=*
Fig. 95, made by filing or sawing a slit in a piece
of brass or copper. Apply flux and bits of solder
along the edge of the joint. Hold the clamp, not
the plate, in the Bunsen flame, and watch the solder
closely. The heat conducted along the clamp will
reach the plate and melt the solder. As soon as
this happens, remove the work from the flame,

and cool it off before there is time for the spring
to be heated.
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The exercises 45 to 50 illustrate the principal
methods of uniting small pieces by means of soft
solder, or such as melts at temperatures below
about 450° F. Joints with such solder are, as you
have found, not very strong, and when great
strength is important, or when the joint may be
exposed to much heat when it is used, a hard sol-
der must be employed. Hard solders, instead of
being made of lead and tin, are commonly made

F1a. 95. (Full size.)

of copper and zine, or of copper and silver, called
silver solder. They require a higher temperature
to fuse them, and the management of them, which
is somewhat more difficult than that of the soft
golders, may be deferred to a later stage in your
study, along with brazing and burning.
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Bending, 13.

Blast-lamp, 154.
Blow-pipe, 165.

Bunsen burner, 148.
Calipers, 144.
Cape-chisel, 114.
Casting, 70.

Chipping, 114.
Cold-chisel, making a, 100.
Cold-chisel, angle of, 104.
Cross cut Chisel. 114.
Countersinking, 21.
Cramp-joint, 159.
Drawing and Pointing, 9.
Drill, making a, 108
Drilling, 120.
Drilling-machine, Hand, 129.
Eye, making an, 13.
Files, care of, 135.

Files, varieties of, 183.
File-brush, 136.

Filing, 132.

Filing a Plane Surface, 139.
Fire, care of, 7.

Flask (moulding), 66.
Flattening, 15.

Flatter, 50.

Fuller, 47.

Hack-saw, 127.

Hardee, 5.

Hatchet-stake, 161.
Helper, 45.

Hot Chisel. 53,

Iron, case-hardened, 112.

Iron, cast, manufacture of, 61.

Iron, cast, varieties of, 63.

Iron, cast and wrought, proper-
ties of, 4.

Iron, chilled, 111.

Iron, malleable, 118.

Iron, pig. 62.

Iron, puddling, 78.

Iron, refining, 78.

Iron, rolling, 72.

Iron, strength of, 68.

Iron, testing, 59.

Iron, wrought, manufacture of,

.
Jaws of Vise, false, 187.
Lap-joint, 155.
Link, making a, 48.
Melting, temperatures of, 3.
Moulding. 67.
Oil, annealing with, 107.
Oil, hardening with, 107,
Pattern-making, 65.
Pointing. 9.
Priim, making a Hexagonal, 128,
140

Punch, 20.

Punch, Centre, 20.

Punching, 18.

Ratchet drill, 128.

Scarfing, 88.

Scarf-weld, 89.

Scriber, 142.

Slott, cutting a, 130.

Soldered Joints, testing, 156.
Soldering with Blow-pipe, 165.
So{;lsering with Bunsen burner,
Soldering with soft solder, 157.
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Soldering with soldering-iron,
150

Split Weld, 51.

Spring, making a. 106.

Steel, annealing, 92.

Steel, colors of heated, 94.
Steel, hardening, 88. .

Steel, temper indicated by colors

of, 96.
Stecl, temperature indicated by
colors of, 96.

Steel, testing, 79.

ALPHABETICAL INDEX.

Steel, varieties of, 76.

Steel, welding high-grade, 85.
Steel, welding, on steel, 81.
Steel, welding, on iron, low-

grade, 883,
Sweating, 167.
Template, 123.
Tongue-weld, 51
Twisting, 27.
Upsetting, 34.

elding, 29.






