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V4
PREFACE

The use of the oxy-acetylene flame for
automobile repairing is by no means new.
When the process was introduced into
this country ten years ago, the automo-
bile industry, or rather, perhaps, the
automobile owner, was the first to recognize
its value. Broken frames, requiring ugly
patches or the complete dismantling of the
car, were quickly repaired with the oxy-
acetylene flame. Smashed cylinders, erank
and gear cases were made as good as new at
a cost but a fraction of a new part.

The purpose of AUTOMOBILE WWELDING
then is not to introduce a process—rather,
to show how to weld properly those parts
which should be welded and as well to point
out those parts which should not be welded.

The workman who can successfully weld
all automobile parts is capable of welding
anything, since in the construction of the
automobile practically every commercial
metal is used. The principles of automobile
welding then are applicable to all kinds of
welding and even though we are not partic-
ularly interested in the welding of automo-
bile parts, we can with profit study the vari-
ous details of successful automobile welding,
since it is principles, rather than details,
which must be grasped in any kind of weld-
ing, and these principles the author has tried
to explain in a simple, practical way.

M. KEITH DUNHAM.

October, 1916. 3 53‘3 842
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AUTOMOBILE WELDING

CHAPTER 1.

APPARATUS KNOWLEDGE.

Oxygen Supply—Care of Oxygen Cylinder—Acetylene
Generation — Care of Generator — Regulators—
Care of Regulator—Creeping Regulators—
Gauges—Care of Gauges—Welding Torch—Care of
Welding Torch—Effects of Heat—Hose and Gog-
gies.

A workman in any line must have a knowl-
edge of the tools he uses. The operator of
the oxy-acetylene flame must understand the
principles of his apparatus to avoid serious
errors. Knowledge of the gases used, as
well as an understanding of the regulators,
torch, supplies and shop equipment, is essen-
tial to an intelligent application of the flame.

Oxygen Supply.—Tank oxygen is today in
universal use by oxy-acetylene shops. There
is no method of producing it on any small
scale which will compete in cost with it.
Wlhen we specify tank oxygen, we mean that
purchased in seamless drawn cylinders un-
der a pressure of 1,800 pounds to the square
inch.

The oxygen purchased in this form is pro-

duced by two different methods—one by the
15
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16 .. . . AUTOMOBILE WELDING.
electricdl decomposition of water, which con-
sists of two parts of hydrogen and one of
oxygen. By this method, which is termed
the electrolytic process, the water is decom-
posed into its constituents and the oxygen
after being led into a gasometer is from
there pumped into a steel cylinder under
pressure. The other process is-known as the
liquefaction system. The air, which consists
of four parts nitrogen and one part oxygen,
is frozen. When the air reaches this liquid
condition, the nitrogen boils off first, leaving
the oxygen, exactly the same as if gasoline
and oil were mixed together and placed in an
open vessel, the gasoline would first evapor-
ate. The oxygen is then led to the gasometer
and from there pumped into a steel cylinder
ready for shipment.

Both methods produce a commercially
pure oxygen with practically no difference
between them for welding purposes.

Care of Oxygen Cylinder.—Oxygen is a
non-combustible element. It will not burn,
but it is the supporter of combustion—with-
out it nothing will burn. Obviously, some
care must be used, since its escape from the
cylinder in the vicinity of sparks, a flame or
any greasy or oily substances, may be haz-
ardous.

Oxygen is usually supplied in a cylinder
with a narrow base which is easily tipped
over unless some precautions are used to
guard against this. If a truck is employed,
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the tank is chained or strapped to the truck.
If the cylinder is used without a truck it
should never be left standing without sup-
port, but should be clamped to the wall or
the beneh, and where this is not possible it
should be placed in a horizontal position on

OUTLET

bz

I'16. 1.—Oxygen cylinder and valve.

-

(the floor. Regulators are sometimes de-
stroyed by the oxygen cylinder being tipped
over and care should be taken to prevent
(this.

Since oxygen is the supporter of combus-
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tion, particular caution must be erercised
not to oil or grease any part of the oxygen
supply line, particularly the outlet of the
oxygen tank valve or the oxygen regulator.
If any grease is present with oxygen under
a high pressure there is an ideal condition
for spontaneous combustion and a violent
explosion may result.

Due sometimes to natural conditions, but
at others to carelessness, considerable water
may be present in the cylinder. This water
will damage the regulator and as well ad-
versely affect the welding flame. At inter-
vals it is advisable to test cylinders by tip-
ping them upside down and opening the
valve slightly to detect the presence of any
considerable volume of water. This method
will expel the water from the cylinder before
the regulator is attached.

As a general rule, repairs to the oxygen
cylinder valve should not be attempted by
the user, but the cylinder, if in a leaky con-
dition, should be returned to the manufac-
turer for repair.

Acetylene Generation.—Acetylene gas is
produced by allowing carbide to come into
contact with water. The process of man-
ufacture is so very simple that apparatus not
meeting the requirements of safe and pure
generation has been common. Lately, how-
ever, these poor generators have been very
much in the minority and very few are now
sold. A generator which will deliver reason-
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ably pure gas safely must be built with the
following requirements:

A capacity of one gallon of water for each

pound of carbide; means to prevent a pres-
sure greater than 15 pounds to the square

ACETYLENE CALCIUM CARBIDE

BN uSeiss
’:3’.' 35S
R0 ﬁ'»:-s‘

WATER LINE

Fie. 2.—Principle of acetylene generation—carbide to
water,
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inch; automatic control of feed mechanism
water valve to prevent return of flame into
the generator; filtering or screening devices
to prevent dust or dirt getting into the flame.

These are but a few of the proper re-
quirements of a good generator. The Na-
tional Board of FIire Underwriters’ rules
specify in detail how the generator shall be
constructed. It is hardly necessary to add
that any user should see that his generator is
built in accordance with these specifications.

Care of Generator.—One of the important
things to guard against in the use of the
generator is the excessive use of gas. If
it is generated too quickly, there is undue
heating of the gas, and when acetylene
recaches a critical point of temperature it
ceases to be acetylene, but is a mixture of
gases. It will burn, but it gives an improper
flame—one wholly unsuitable for steel weld-
ing particularly.

The generator should not be called upon
at any time to deliver more than onc foot
per pound of carbide per hour. This, if it
is a carbide to water feed; if water to car-
bide, half this speed. That is, a generator
with a 50-pound capacity of carbide should
not be used at a rate greater than 50 cubic
feet per hour. Particular care should be
used in recharging the generator, to thor-
oughly wash out all the residue and to follow
minutely the instructions of the manufac-
turer in its care.
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Fig. 3.—Sections of dissolved acetylene cylinders of
the principal companies.
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There is a custom at times among users
not familiar with the peculiarities of acety-
lene gas under pressure to lock the safety
device. Such a proceeding is criminally
careless and may lead to loss of life.

Dissolved Acetylene.—Dissolved acetylene,
or as it is more commonly called tank acety-
lene, is in wide use by all classes of users.
Here gas is bought in ready-made form,
ready for use by the opening of a valve. Care
is exercised by the manufacturer of dissolved
acetylene to purify it before it is compressed
into the cylinder. These cylinders vary in
size according to the needs of the user, from
100 cubic feet capacity to 500 cubic feet
capacity.

Since acetylene is dangerous under pres-
sure in a free state, the method of eliminat-
ing this hazard is interesting. The cylinder
is filled with a porous material and then ace-
tone, a very volatile liquid, is poured into the
cylinder. This acetone absorbs the acetylene
and as there is no free space in the tank
there is no danger in handling or using
acetylene furnished in this way.

Care of Acetylene Cylinder.—Since the
acetylene gas is dissolved in acetone it should
not be withdrawn from the tank at a rate
fast enough to bring out with it this liquid,
which is harmful in its effects on molten
metal. The flame used should not require
an acetylene consumption at a rate greater
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than one-seventh the capacity of the tank
per hour, that is, a 100-foot cylinder should
last 7 hours.

It is for this reason that steel welds made
with acetylene from an automobile lighting
cylinder are so often unsatisfactory. The
gas in automobile cylinders costs more than
that in regular size welding tanks and ex-
cept in emergencies the automobile cylinder
should not be used. If it is necessary to em-
ploy these cylinders instead of welding cyl-
inders, it is advisable to connect three or
four on a manifold to eliminate the possi-
bility of the withdrawal of the acetone.

Acetylene cylinders, when full, should be
kept away from any excessively hot place,
since the pressure in the cylinder will double
as the temperature is doubled.

‘When the cylinder is exhausted of its gas
the valve should be closed, for it must be
remembered that the tank still contains ace-
tone which will evaporate with the valve
open and it will do this especially quick if
the cylinder is in a warm place.

Leaks are quickly detected, as acetylene
has a decided odor. Tt is hardly necessary
to state that these leaks should be hunted
for with soap suds and not with a match.

Regulators.—An essential part of the weld-
ing equipment is the regulator. Swuccessful
welding demands that the two gases be de-
livered to the torch in wunvarying propor-
tions and it is the duty of the regulator to
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reduce the pressure of the gases in the cyl-
inder to the desired using pressure. In prin-
ciple, all regulators are alike. A diaphragm
is interposed between the cylinder pressure
and a spring, and when the pressure in the
body of the regulator exceeds the tension of
the spring, the diaphragm is pushed out-
ward, overcoming the spring tension. At-
tached to the diaphragm is a seat or plunger,
varying in design with the different types,
which closes the inlet from the cylinder, as
the spring tension is so overcome.

The details will of course vary—in some
instances the diaphragm is metal; in others,
a rubber composition. At times, the action
of the seat, in conjunction with the dia-
phragm, is direct; at others, it may be com-
pounded. Some regulators are equipped
with diaphragm safety devices to permit the
escape of gas if for any reason the seat does
not properly close. Others do not have this
safety. The manufacture of a proper reg-
ulator is no easy task and undoubtedly there
are poorly constructed ones in use. But
even a good regulator will not long remain
in good working order unless it is cared for
properly, and the user cannot give it this
care unless he understands its principle.

Care of Regulator.—In Fig. 4 is illustrated
one type of regulator which is in wide use.
The regulating screw pushes against two
springs, one within the other, the object in
this instance being to secure flexibility by
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having a comparatively light spring take
care of the pressure up to about five pounds
and the heavy, outer spring actuate from five
pounds up. ‘As the springs press against
the diaphragm, the seat, which is attached

[ ]

e

!

INLET NOZZLE

GAS INLET

COMPENSATING
SEAT SPRING

F'16. 4.—Section of diaphragm regulator.

to the diaphragm by means of a yoke, is
pushed away from the inlet nozzle. As the
spring tension is released the seat closes
against the nozzle; or when the regulator
is in use the pressure of the gas entering the
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regulator will close the seat when it becomes
greater than the spring tension.

It will be seen that the diaphragm is con-
stantly moving, and that therefore the seat
is subjected to considerable wear by bemg
brought into contact many times with the in-
let nozzle. The user must see that this move-
ment of the diaphragm is never sudden;
otherwise, the seat is liable to be quickly
destroyed.

A very frequent cause of regulator trouble
is due to the operator turning on the pres-
sure by opening the valve of the gas cyl-
inder while there is tension on the springs.
Since we have learned that while the spring
tension is on the diaphragm, the seat is away
from the inlet nozzle, it can be appreciated
that the sudden entrance of the gas will
cause the seat to be thrown against the inlet
nozzle with considerable violence.

One rule, then, which should always be
followed: Have the spring tension released
(thumb screw unscrewed) when turning on
the gas.

Another way of quickly destroying the
seat is to reduce from a higher to a lower
pressure with the outlet closed. To illus-
trate, assume that the torch is being oper-
ated with a large tip requiring an oxygen
pressure of, say, forty pounds. The tip on
the “eldmg torch is changed to a small one
requiring a pressure of one or two pounds
and the thumb screw then unscrewed (ten-
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sion of springs released) and the valve of
the welding torch then opened. There being
little or no tension against the diaphragm,
it is suddenly forced outward and the seat
again brought v101ent1y agalnsf the inlet noz-
/le This abuse is likely also to buckle the
diaphragm, so that still andther rule to re-
member in handling the regulator is:

Always reduce from a higher to a lower
pressure with the outlet open.

Creeping Regulators.— A regulator
“creeps” when the seat does not close against
the inlet nozzle, allowing the gas from the
cylinder to enter the body of the regulator
beyond the pressure desired. A creeping
requlator is detected by the low pressure
gauge, the one over the body of the regulator,
the dial of which is calibrated in pounds up
to fifty or seventy-five. With the valves on
the toreh closed, the hand on the dial does
not remain stationary, but indicates a higher
pressure than it did while operating the
torch. A creep of a few pounds is allowable,
but when it is ten or fifteen or twenty pounds
beyond the operating pressure, the use of the
regulator becomes a menace, since the pres-
sure may become great enough in the body of
the regulator to burst the diaphragm or the
gauge with considerable force, if there is
no safety of an approved design.

The user then should become acquainted
with his regulator and be able to renew the
seat when required. In the type illustrated
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the back cap, which is in the form of a
square nut, may be screwed off, exposing
three screws which hold the seat retainer to
the yoke. After these screws are taken out,
the seat may be examined and if in bad con-
dition, it may be turned over and the other

SING PRESSURE

-TANK PRESSURE

Fi16. 5.—Regulators should have two gauges.

side used ; or if both sides are in poor shape,
a new seat may be put in.

Particular care should be exercised that
this seat be correct. Any material handy
must not be used since there are very few
substances suitable. It is advisable to se-
cure from the manufacturer extra seats when
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the regulators are purchased and have them
on hand. For reasons already explained,
see that no grease or oil gets into the interior
of the regulator. Some little judgment is
necessary in adjusting the regulator, after
inserting a new seat, and it is sometimes
necessary (in the type illustrated) to bring
the seat closer to the inlet nozzle by put-
ting a small piece of paper in back of the
seat. In other types it is only necessary to
screw the seat closer to the nozzle, but with
all, the idea is to have the seat in contact
with the nozzle with the spring tension re-
lieved ; then with the gas from the cylinder
turned on, no gas should come through the
regulator until some tension is put on the
springs.

Considerable space has been devoted to
the regulator, since it is a common practice
to pay no attention to the action of it. Not
only is good welding difficult with a reg-
ulator out of order, but there is a danger
hazard not to be passed over lightly. A
good mechanic understands his tools—see
then, that we understand the regulator.

Gauges.—Both the oxygen and acetylene
regulators, if we use the tank system of
acetylene, should be equipped with two
gauges each, one indicating the pressure in
* the cylinder and the other the using pres-
sure. Some of the lower price apparatus are
sold without these tank indicating gauges
and while the regulator may be, and prob-
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ably is, of good construction, the user is
handicapped without them, since he cannot
at any time estimate the cost of the job being
done or tell the contents of the cylinder.

The dial of the high pressure oxygen gauge
is sometimes calibrated in atmospheres and
sometimes in pounds, and recently there has
been a tendency to use both calibrations on
the same dial and as well a percentage grad-
nation. This is sometimes confusing to the
user.

While the cubic capacities of the cylinders
vary, some being of 50, others of 100, 150,
or 200 feet, the initial pressure is always
the same—120 atmospheres. For all prac-
tical purposes, we may consider one atmos-
phere equal to 15 pounds, so that a full
cylinder will register on the high pressure
gauge 120 atmospheres or 1 800 pounds or
100 per cent. Knowing the size of the cyl-
inder, it is very easy to figure how much gas
is used or how much is left in the cylinder.

The tank pressure indicating gauge on the
cylinder of acetylene does not indicate the
contents of the cylinder, as it does with oxy-
gen. As we have already learned, acetylene
is dissolved in a liquid and there is no
method of determining the contents of the
acetylene cylinder by gauge pressure—this
gauge is merely a help in estimating the con-
tents. In.later chapters, we will take up
the method of ascertaining costs.

Care of Gauges.—At all times care should
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be used not to break the glass of the gauge,
and if broken, it should be promptly re-
placed. Remember that the low pressure
gauge on each regulator is the index of reg-

F1e. 6.—IHigh pressure oxygen gauge dial.

ulator trouble—it warns us of the need of
repairing the regulator. It is the danger
signal of the welding apparatus and should
always be in good working order.



32 AUTOMOBILE WELDING.

Welding Torch.—There are as many dif-
ferent types of welding torches as there are
kinds of automobiles. Some use the acety-
lene under a very low pressure; these we call
injector torches. Others use the acetylene
under a pressure up to eight or ten pounds
and are termed medium pressure torches.
In both of these designs, the oxygen is used
under a considerably higher pressure than
the acetylene. And finally, there is the
equal pressure torch, using both gases under
about the same pressure. It is not our pur-
pose to discuss the relative claims of the ex-
ponents of the various classifications. e-
chanically, the welding torch which is to be
used for repair purposes should be rigidly
constructed, since it is subjected to consider-
able variation in temperature. A torch
which is built from very light material may
be exactly right for light gauge welding and
wholly unsuitable for repair work. The
weight of the welding torch used for automo-
bile repair work should be sufficient to in-
sure its standing up under the rather hard
usage it gets.

Whether the gases mix in the handle, the
head or the tip is of minor importance, pro-
vided the tevch is properly designed. The
construction of the torch is, of course, out-
side the influence of the user. Since it is a
very simple matter to destroy a good torch
by improper use, let us see how to take care
of the welding torch to get the best out of it.
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Care of Welding Torch.—The welding
torch is something more than a couple of
pieces of tubing terminating in a head. The
mixing chamber proportions the two gases
and the tip, as a rule, is carefully made to
insure an even flow of the mixed gases. Dirt,
obstructions of any kind, rough spots, de-
pressions, etc., cause an interruption of this
cven flow and result in an improperly shaped
flame and as well may cause the torch to
flash back, that is, the gases, instead of burn-
ing at the tip where they properly should,
go back to the mixing chamber. To a great-
er or less extent, the user controls the proper
working of the torch provided it has been
properly constructed.

Effects of Heat—At times it is necessary
to execute a weld in a corner, a depression
or some place where the heat arising from
the metal strikes back against the head or
tubes of the torch. If at the point where
the gases mix, this heat becomes great
enough to ignite the gases, a flash-back is the
result in most types of torches. When a
flash-back occurs, the two gases are burning
inside the torch and continue to burn until
the oxygen is turned off. The combustion
is not perfect, however, and considerable car-
bon is deposited in the interior of the torch,
which makes a desirable condition for a sec-
ond flash-back. The heat of the flash-back
is often sufficient to partially melt some sec-
tion or to roughen up the walls, and when
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the torch gets into this condition, continued
flash-backs are inevitable. In working in
confined areas then, the torch should be fre-
quently cooled by dipping in water, slowly—
not plunging the torch quickly.

When the torch is particularly warm, the
tips should not be unscrewed or screwed up,
but the torch first cooled. The tips should
make up by hand freely to the last haif turn
or so; when they bind and it is necessary to
use a wrench to start them on the threads,
the threads should be recut. Awvoid dirt—
keep the torch hanging up when not in use
and see that the tips are in a rack. Don’t
shorten the tips by filing—the length of
the tip is usually one of some exactness to
maintain the proper shape and velocity of
the flame. The shut off valves should be
kept free and easy working. Repack when
necessary, using the same packing material,
which is usually one of graphitic asbestos.
If the interior of the torch becomes clog-
ged connect the oxygen hose to the tip and
blow the obstruction back through the
torch.

Bear in mind that brass or bronze when
hot, as a rule, is quite brittle—don’t use the
welding torch then as a pair of tongs in
turning over a cylinder in the fire. If the
torch gets the flash-back habit, that is, if
it is difficult to keep lighted, or if the ve-
locity of the flame is so great that it is im-
possible to control the flowing metal in the
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weld, return it to the manufacturers for re-
pairs. If the torch is not then right, pur-
chase a new one. Good welding is hopeless
unless the torch is correctly designed and
properly manufactured and it is probably
needless to add that all welding torches are
not properly manufactured.

Hose and Goggles.—There are a great
many varieties of hose used for welding pur-
poses. The choice is largely a matter of
personal fancy, but it is to be remembered
that size and weight do not necessarily
mean strength and that clumsy, heavy hose
is not essential.

Preferably the hose should be clamped to
the connections on the regulator and torch
by a device similar in construction to that
used on the hose for water circulation in the
automobile motor. If the hose is wired on
care should be used not to cut or break the
wall and cause a leak. Take care of the
hose. Don’t allow it to trail on the floor to
be tramped upon, to pick up oil, or to be cut
or damaged. Replace it when it becomes
imperfect. A leaky hose may cause a seri-
ous burn or a fire.

To protect the eye from the intensity of
the light of the flame, as well as the incan-
descence of the melting flux, it is necessary to
use a darkened glass. For automobile work
a simple design is all that is necessary, the
lens of a greenish gray color, the depth of
which will depend upon the workman. Don’t
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weld without this protection—serious im-
pairment of the vision will result.

This completes the welding equipment. Of
course, we need some aids to welding, fluxes,
welding rods, a fire of some kind, etc., which
we will next take up,



CHAPTER IL
SHOP EQUIPMENT AND INITIAL PROCEDURE.

Preheating Agencies—Welding Table—TLocation of
Welding Outfit—Starting the Welding Outfit—
Adjustment of Flame—Principle of Welding—
General Welding Knowledge—Welding Rods and
Fluxes—Choice of Tip—Expansion and Con-
traction.

Preheating Agencies.— The blacksmith

shop, garage or service station, after the pur-
chase of the welding equipment, has little to
buy in order to do successful welding. The
tools necessary to prepare and finish auto
parts are in most cases already in use for
other purposes. Files, chisels, a grinder,
clamps, ete., are some of the aids to welding
that we will speak of only as may be neces-
sary in illustrating their use. It is neces-
sary, however, that we have some method
of heating many of the parts to be welded
other than the flame of the welding torch.
As the case may be, we preheat a part for
one or all of three reasons:

First—To save orygen and acetylene, since
other forms of heating are cheaper.

Second—7To offset strains set up by weld-

ing and so avoid warpage or fracture.
37
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Third—7To improve the quality of the
welded section.

Charcoal, gas and oil are the three agen-
cies used for preheating purposes and their
popularity and probably their efficiency are
in the order named. Gas offers some advan-
tages over charcoal for heavy work other
than automobile repairs and it is many times
used in preference to charcoal even in auto-
mobile welding. Undoubtedly it is neces-
sary to use more care in preheating with gas
or oil torches than with charcoal, because of
the fact that the flames are concentrated and
it is rather difficult to heat slowly all sec-
tions. For many kinds of welding, a con-
centrated heat is desirable but for automo-
bile welding a slow even heat is preferable
and this we are better able to obtain with
charcoal than with a flame.

In shops equipped with natural or city gas
it is sometimes preferred as a preheating
agency. Torches suitable for the purpose are
quite simple in design and may be purchased
about as cheaply as they can be made. These
torches use air under a very low pressure,
usually one or two pounds. If we were new-
ly equipping a shop, this air could best be
obtained by the use of a positive pressure
blower. If air is being used for other pur-
poses, such as filling tires, we can use this
supply. A general idea of the Jayout of gas
preheating torches may be obtained by ref-
erence to Iig. 7,
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It will be noted that a header or manifold
is used to reduce the velocity of the air
coming from the pressure tank. This header
may be constructed from two or three-inch
pipe, welding in the ends.

70 AIR TANKy

F16. 7—Gas preheating torches, with manifold for air.

Welding Table.—We need a table upon
which to do the various welding jobs.
Large shops have several styles but we
can get along nicely with one type
which we can easily construct. Note
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Fig. 8, a table made from angle iron, with
all joints welded. We can as well make it
from pipe or flat stock if angle iron is not
easily secured. The shelf may be used for
fluxes and welding rods, and the top is filled
with fire brick which may be renewed when
broken.

The table should be large enough to hold
good sized crank cases and to construct upon
it a temporary fire brick furnace whenever
desired. The measurements shown both for
surface and height need not be strictly ad-
hered to. They will be found about right,
however, for general use.

Location of Welding Outfit—In choosing
the place to set up the welding equipment,
particular care should be used to get away
from any part of the shop where gasoline
vapors are present; not because the welding
flame is dangerous but any flame is likely to
prove hazardous under these conditions.

Preferably the welding equipment should
be located where wvisitors are not allowed.
Tripping over the welding hose is a favorite
pastime of people unfamiliar with welding
apparatus, and this is very likely to result
in burning the operator of the torch.

Good welding demands concentration. The
welding flame is noisy, the gases burning
with a hissing sound much like escaping
steam ; and this noise precludes conversation
with the operator at any distance. As each
detail of the molten metal must be carefully
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watched, it is advisable to have the welding
equipment isolated—to insure concentration
and safety.

There are as well many other reasons why
the welding outfit should not be too out-
standing, and one of these reasons pertains
to the price secured for work done. It is
sometimes a difficult matter to persuade a

AN
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Fic. 8.—Welding table, angle iron construction with
welded joints.

customer that fifteen minutes work may be
worth a couple of dollars but if the customer
doesn’t know that only fifteen minutes of
labor were consumed, it obviates the neces-
sity of explaining that oxygen and acetylene,
as well as fluxes and welding rods, are fac-
tors entering into the cost of the job as well
as the labor.,
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Starting the Welding Outfit. —Previously
we have explained in detail the care of reg-
ulators and torch, the necessity of having the
hose firmly attached, etc. Usually, though
not always, the threads on the valves of the
oxygen and dissolyed acetylene cylinders are
different; but we can recognize the proper
regulators by the high pressure gauges, the
acetylene being in pounds up to not more
than 500 and the oxygen calibrated up to
3,000 pounds or 200 atmospheres or both.
Each regulator should make up to the valve
by means of ground joints and washers
should not be employed.

Bear in mind that the oxygen is under a
pressure of 1,800 pounds and while there is
no danger if we properly handle the appar-
atus, it behooves us to use care in turning
on this pressure. Always then turn on the
oxygen from the cylinder, opening the valve
slowly, in accordance with Fig. 9. Stand
behind the cylinder, the spring tension of the
requlator off, the valve on the welding torch
open and if there is a shut off valve on the
regqulator, have this valve also open. Make
this a rule from which there will never be
any deviation. Then when the oxygen comes
into the regulator and the pressure indicates
on the gauge, the valve on the torch may be
closed, provided the regulator does not
“creep,” the danger of which has been previ-
ously described.

Adjustment of Flame.—So far as possible,
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the instructions of the manufacturer should
be followed in adjusting the flame, paying
particular attention to the pressure of each
gas; yet many times it is difficult and some-
times impossible to secure the correct weld-
ing flame if these directions are followed,

THISVALVE OPEN
- =

SPRING TENSION RELEASED.

THIS VALVE OPEN

Fic. 9.—Turn on the oxygen carefully.

since conditions beyond the control of the
manufacturer may preclude the proper car-
rying out of these instructions. Since we
must first learn that we may obtain three
kinds of flames and that only one is suitable
for welding, it is necessary that we know
how to obtain the right flame and to rec-
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ognize the other flames in order to change
them to the correct one.

As we have already learned, different
types of torches use the gases under vary ing
pressures and the size of the orifice in the
tip governs this also. No hard and fast rule
can be laid down as to exact pressure to use
on each gas for a certain size tip yet the best
results are secured if we can even approx-
imately use the pressures recommended.

To light the torch, open the acetylene valve
on it, then turn the regulating screw on the
reducing valve or regulator until gas is com-
ing through the tip. Light it over a gas jet
which should be kept burning in proximity
to the welding table or on a piece of burning
charcoal on the preheating table or which
may be kept in a small can for this purpose;
or use a friction lighter. Do not hold the
tip over the gas flame or the lighted charcoal
first and then turn on the pressure. Wait
until the gas is coming through. The first
method is a bad one because the air has not
been expelled from the torch and as a rule
the gas coming through lights back into the
interior of the torch, with a snapping noise.
While there is no danger to this procedure,
it fouls the interior of the torch with carbon
and in time affects the proper working of
the instrument. 'With most types of torches,
the acetylene should blow away slightly from
the tip and the flame have the general ap-
pearance of Fig. 10. The distance it should
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Fig. 12.—Neutral flame—proper proportions of both
gases.

Fig. 13.—Oxidizing flame—ruinous to good welding.
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blow away will vary with the drill size of the
tip, just a little distance on a small tip and
around a quarter of an inch on a large one.

Now proceed with the oxygen in the same
manner, increasing the tension on the regu-
lator spring until the flame begins to assume
the shape shown in Fig. 11. It will be noted
that the yellow flame has entirely disap-
peared and this one is blue white in color
with two distinct shapes, the inner one
whiter in color than the longer, outer one.
This is termed a carbonizing flame. Not
enough oxygen has yet been turned on but
at this time we should watch the flame
closely for we are getting to the point where
the adjustment becomes important.

Fig. 12 shows the neutral welding flame
with which all welding is done. The inside
cone is blunt and the ragged edges of the
flame in Fig. 11 have disappeared. Too
much oxygen, causing an oxidizing flame,
is shown in Fig. 13. The shape of this cone
is exaggerated and long before it has be-
come sharp and pointed as shown it may be
oxidizing in character and so ruinous to suc-
cessful welding. Fig. 12 then is the correct
welding flame and it must be frequently
tested to make sure it is neutral. When the
flame is properly adjusted, it is good policy
to decrease the oxygen pressure until the
ragged edges of the cone as shown in Fig. 11
begin to appear and then increase the oxygen
until the ragged edges disappear.
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Once adjusted, it does not necessarily
“stay put.”” Regulators may fluctuate
slightly and the heat arising from the molten
metal may expand one gas more than it does
the other, so not only at the start of a weld-
ing job but at intervals during the work the
flame must be tested.

Understand this flame adjustment thor-
oughly. Appreciate that a carbonizing
flame on mild steel will make it hard and
brittle, that an oxidizing one will burn the
metal and that a neutral one will join it
without materially changing its character.
To become successful welders then, one of
the first requirements, and it is by no mcans
the least important, is a neutral welding
flame. Surrounding the inner cone and ex-
tending out from it is a flame-of darker color
which we term the envelope. It will be neces-
sary to refer at times to the cone or to the
envelope and before proceeding, let us under-
stand that the cone is the short blunt inner
shape and the envelope the longer, outer one.

Principle of Welding.—With the cone of
the welding flame in contact with steel and
held slightly away on all other mctals, the
temperature of over 6,000 is sufficient to
melt the metal at that particular point. If
the torch is properly adjusted, and correctly
operated, the metal oecomes a fluid and
should run or flow together without harmful
effects. Welding by this process then is
the actual melting of the parts to be joined
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and no pounding is necessary, as is the
case where the metal is heated to a point
approaching the melting point. It must not
be confused with soldering or brazing, where
the bond is made with a metal of a lower
melting temperature than the material
joined. Beginners often mistake oxy-acety-
lene welding for brazing and fail to realize
that the torch must be held on the break or
joint until the sides have actually melted and
flowed together.

General Welding Knowledge.—With near-
Iy all automobile parts it is necessary to
first bevel the break and the angle of this
may be about 90 degrees. This bevel is
made for two reasons—to insure the bond
for the entire thickness and to have a clean
line of welding. Welders with little exper-
ience are very likely to underestimate the
importance of grinding or chiseling and to
depend upon the velocity of the welding
flame to penetrate to the bottom of the break.
This method is almost sure to prevent a
good weld, and with cast iron, for instance,
the welded section is likely to be porous and
the weld deficient in strength. There are
instances where exceptions may be made
which will later be mentioned, but until we
are well trained in oxy-acetylene welding,
beveling should always be done.

Welding Rods and Fluxes.—If the two sec-
tions to be joined are beveled in this manner,
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it is obvious that we must add more material
to get the original thickness and this added
material we call the welding rod or the filler
rod. The quality of this rod is usually of
considerable importance, as we shall later
see. TFor automobile repair work we can get
along with one size with but few exceptions
and this size should be either one-quarter or
three-sixteenths round. It should be remem-
bered that this rod is approximately the
same metal as the article welded and that it
melts at the same temperature—therefore,
the rod and the break must be melted at the
same time if a proper weld is to be made.

Certain detrimental changes may take
place in melting metals together unless we
provide against them with proper welding
rods and fluxes. The flux may aid in pre-
venting serious oxidation (burning) or it
may help in maintaining the same physical
characteristics of the metal ; a good flux then
does something more than make the metal
more fluid. & Fortunately, the automobile
welder does not have to consider the manu-
facture of either the rod or the flux and it is
sufficient here to state that both should be
purchased from a reliable house to insure
quality. The price of these supplies is not
a factor, since the quantity used is very
small.

Choice of Tip.—The different metals used
in automobile construction have different
melting points, different degrees of heat con- .
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ductivity, different heat absorbing qualities
and are of varying thicknesses; yet all these
things govern the size of the flame to be
used. Ome of the first questions asked by
the inexperienced operator is “What size
welding tip will I use?” 'No definite answer
can be given this question, since drill sizes
have not been standardized so far as the num-
bering of tips is concerned and a number five
of one manufacturer may be about the same
drill size as a number ten of another. The
proper choice of the tip can only be made
after some practice. 7Too large a tip makes
the melting metal difficult to control—too
small, the metal does not melt easily and the
heat from the welding flame is conducted
away from the weld. It might be well to
add that the flame should not be materially
reduced in velocity nor increased, after the
adjustment is made, to obtain a flame of
less or greater force; but the tip should be
changed to a smaller or larger size as de-
sired.

Expansion and Contraction.—Metals ex-
pand when heated and contract when cool-
ing. Knowledge of such elemental nature
would hardly seem worth while repeating
yet it is a strange fact that the blacksmith
who heats a tire so that it will shrink to the
proper size when cooling and fit the wheel
will attempt to weld an aluminum case with-
out thought of this same expansion and con-
traction. The repair man will shrink on a
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bushing, taking advantage of the contrac-
tion of metal while cooling, and yet fail to
take into consideration this same contrac-
tion when the water jacket of a cylinder is
welded. If we do not grasp this principle,
the successful welding of cylinders, cases,
housings, etc., is impossible, since the pre-
servation of alignment is fully as important
as ¢ good weld.

B A B

e 1

=

Fie. 14.—Effects of expansion and contraction.

One of the best known ways of illustrating
the effects of expansion and contraction, but
which often is improperly explained, is rep-
resented by Fig. 14. Here is a rod or bar
which is broken at A. If the weld is made,
no ill results will follow since when the sec-
tion around A is heated, the ends B are free
to move, and when the metal starts cooling
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they will contract. To be sure the break at
A should be slightly separated before the
weld is started to allow for this contraction
and to maintain the same length of the rod.

Now we c¢ake this same bar and make it
the middle member of the frame as shown,
with identically the same break in the same
location. If we make the weld in the same
manner as we did when the bar was not a
part of a frame, we would note that as the
metal at and surrounding the break A
started to cool, the ends B would not freely
contract, since they are rigidly held by D
and C. But if we heat the sections E, we
expand the bars D and C and the break at
A opens up, the weld is made and the points
A and E being of about the same tempera-
ture cool equally and therefore the contrac-
tion is equal.

What is the result if we do not follow
this course? It depends upon the character
of the metal used for the frame. Cast iron
being quite brittle, the weld would probably
break. Steel being ductile at practically all
heats, the ends B would probably pull to-
wards the weld and the frame would then
be out of alignment as shown by the dotted
lines. Aluminum might break at the weld
or it might twist the same as steel ; it would
depend upon the alloy used in the casting.
From a practical standpoint the weld would
be unsuccessful in either case, since the ar-
ticle would not be usable.
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There are other ways of offsetting the ill
results of expansion and contraction besides
heating, but in automobile repairs they are
rarely used. It must not be assumed that all
parts must be heated at some point to guard
against fracture or warpage. The figure il-
lustrated will clearly indicate that the bar,
with the ends free, did not need any atten-
tion. The frame of an automobile may be
similarly used as an illustration. The bar
when it became joined to a frame, however,
presented difficulties which had to be over-
come by heating another section. An alum
inum crank case, broken anywhere in the
body of it, would have to be treated along the
same lines.

Naturally, not all parts are so simply
treated or so easy to handle as the one illus-
trated. The break may adjoin @ heavier
section and this heavier section requiring
more heat than the lighter one, more judg-
ment would be necessary in keeping this
heavier section hot to avoid the too quick
cooling of the lighter part. But if we but
understand the principle, it is not difficult
to handle individual cases. Metals must ex-
pand when heated and must contract when
cooling and the use of clamps, vises or bolts
cannot prevent either. We must understand
moreover that erpansion will always take
place the easiest way and not the hardest.
If we bolt or clamp two ends or otherwise
hold them to make the weld in the center,
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we have not prevented expansion. To be
sure, the two ends did not move but the ex-
pansion took place toward the weld as this
was the easiest way and as cold metal must
occupy a smaller space than hot metal, upon
cooling the weld will break or the piece will
warp, since the ends are held and cannot
move. Clamps may be used in helping to
secure alignment or in guiding expansion—
they should never be used to prevent expan-
sion, since this is impossible.

Failure to understand expansion and con-
traction is undoubtedly responsible for most
of the troubles of repair welders. Keep in
mind the principle illustrated, study each
job carefully before attempting to weld it,
ascertain where the contraction strain will
be set up and then overcome that strain by
heating either another section or the whole
casting.

So far the instructions have been general,
applicable to all metals and to any work but
we must understand these general principles
before we start on actual welding. How to
prevent warping an automobile cylinder and
maintaining the alignment of an aluminum
crank case is more easily understood if we
but get hold of the fundamentals.



CHAPTER III.

CAST IRON.

Simple Welding—How to Hold the Flame—Hard
Cast Iron—Pin Holes and Blow Holes—Lug on
Cylinder — Water Outlet — Cylinder Welding—
Compression Head — Finishing and Testing —
Scored Cylinders—Cylinder Parts—Fly Wheels—
Pistons — Crank Cases — Babbitted Bearings—
Valve Guides—Preserving Threads—Conclusion of
Cast Iron.

Simple Welding.—A frequent small repair
by oxy-acetylene welding is the lug of an
exhaust manifold. We prepare this by first
¢rinding both pieces, each on an angle of
about 45 degrees, leaving just enough of the
old metal at two points or on the bottom
so that the pieces fit together. As we have a
planed surface, alignment is simple and it is
necessary only to lay the pieces on a flat
object—a piece of tire iron will do (Fig. 15)
or some shops have for this purpose a por-
tion of an old planer bed or a section of
cast iron one or two inches thick with a
planed surface. Now, after fitting the two
pieces together, separate them ever so slight-
h/—about 1/64th of an inch. Have the two
pieces qecurelv held by means of clamps or

by heavier pieces of metal so that they will
55
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not move until a portion is bonded. Now,
we “tack” the two pieces to hold them. In
welding shop language, “tacking” means
that the flame is brought down and concen-
trated on one spot until the edges flow to-
gether. There is a difference between weld-
ing and tacking, since the latter is merely
a surface weld and is not of good quality and
later as the weld is made, this metal is re-
moved by pulling it out with the welding
rod. After tacking, it is advisable that we

TIRE IRON

A

F1e. 15.—Set up of exhaust manifold.

remove the manifold from the metal plate
and put it on the fire brick table.

How to Hold the Flame.—If we do not pre-
heat the manifold, and on small pieces it is
not customary to do so, we hold the end
of the cone some distance awaey from the
break and move it slowly back and forth in
line awith the break, warming the entire sec-
tion. Tt will be found that the broken lug
probably has a tendency to get hot much
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quicker than the manifold, because the lug
usually being smaller, does not absorb so
much heat nor has it as much chance to con-
duct the heat. It will be necessary, there-
fore, to so direct the angle of the flame that
the greater part of it is directed toward
the manifold and a very little of it strikes
the lug, as in Fig. 16. - This procedure must
always be followed in welding a lighter to
a heavier piece.

As the metal reaches the red heat, we stop
moving the torch, and concentrate it in one

s
TORCH TIP

Fig. 16.—Flame di- Fia. 17.—Sturt of the
rected toward weld—sides flowed
heavier section. down.

spot, the end of the cone not quite touching
the metal. As this spot starts to melt, flux
is added from the end of the welding rod
previously dipped while hot into the flux can
and the sides of the break are flowed down
to the bottom as shown in Fig. 17. It will
be noted that as yet no*metal has been added
from the welding rod. We now proceed in
the same manner on the spot immediately
adjoining, flowing down the sides without
adding metal from the rod until we have a
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half or three quarters of an inch welded.
Then the rod is brought down in contact
with the metal, a portion melted off the rod
and fused with the metal at the bottom and
sides by a circular motion of the torch. This
operation is continuous until the thickness
of the weld is slightly greater than the orig-
inal metal. The manifold is then turned
over and the weld made from the other side
S0 that no portion is unwelded or any crack
shows.

If this is our first job we must partic-
ularly guard against the following: Trying
to get the metal to flow too quickly by
bringing the cone in direct contact with the
metal—this results in burnt spots. Failure
to melt the rod with the metal of the mani-
fold—unless all portions are actually melt-
ing when the rod is added, the metal merely
adheres and does not become a part of the
weld.

Apparently we have paid no attention to
expansion and contraction. Let us find out
if we have distorted the lug. Try it with a
straight edge, as in Fig. 18. If we have
welded correctly, the lug should be in line
with the opposite side, as it originally was.
Perhaps, though, we will find it as shown
by the dotted line in Fig. 18 and in this case
it will be necessary to add more metal to the
finished surface to build it up to the proper
height. The reason for this distortion
should be understood, since this is our first
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practical illustration of the effect of con-
traction.

To begin with, the lug should have been
slightly separated from the manifold and
then tacked, as described. When the metal
at the tack cools, it should close the crack.
Then as we warm that entire section be-
fore starting to weld by moving the torch
slowly back and forth, the crack again opens
up and when the entire weld cools, it should
contract into place.

Because jobs of such simplicity can easily

Fia. 18.—Testing for alignment.

be remedied if not in line, the usual custom
is to make the weld while the lug is clamped
to the plate and without separating . the
edges. It may quite readily be seen that the
metal at the bottom must cool first (due
partly to the heat conducting qualities of
the plate) and as the weld is completed, the
lug will naturally twist toward the direction
of the shrinking or cooling metal, as cold
metal must occupy a smaller space than
hot metal.
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Hard Cast Iron.—1In filing the surface to a
finish, we may find that the metal is so
hard that it resists the file and that it is
necessary to use the grinder. Since hard
cast iron is very brittle, and therefore easily
broken, it is to be avoided. If the welding
rod and flux used are the right quality, this
hardness may be caused by the too quick
cooling of the welded section. Each time
cast iron is melted (or welded) it becomes
harder and unless particular care is used to
allow it to cool slowly, the proper rod and
flux will not prevent this hardening action.
It will be noted that we advised taking the
manifold off the plate after the tack was
made—this for the reason that the conduct-
ing qualities of the plate too quickly would
cool the metal, which would cause hard spots
on the finished surface. At all times, the
cooling of any cast iron should be effected
slowly and evenly and a safe rule to follow
is:

Preheat whenever possible at least the
area around the weld and cool in short fibre
asbestos, lime, ashes or any cheap similar
material.

As cast iron becomes harder each time
it is melted, it is necessary to use a special
casting for a welding rod containing an ele-
ment—silicon—which tends to soften the
weld. As it is the material from this rod
which constitutes the weld, because we have
grooved out the old metal before welding,
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the weld will be soft and workable if we
but cool slowly. [If it is necessary at any
time to reweld, grind out the metal. Do not
depend upon the force of the flame to get
to the hottom of the weld, since this course
is almost certain to produce brittle iron, as
the old metal is not removed, but simply
melted.

Pin Holes and Blow Holes.—As the weld
is ground or filed down, it may be noted that
the line of welding possibly has a number
of holes, perhaps very small or in some cases
quite large. While this porous condition
makes little difference on a weld of this char-
acter, it would be decidedly bad on the water
jacket of a cylinder. What causes these
holes? Very frequently dirt; therefore, the
line of welding should be thoroughly clean
before starting to weld. More often, the
large holes are caused by not getting the
material from the rod in fusion—actually
melting—with the weld, and this, of course,
causes a weld deficient in strength as well.
But probably the chief reason for these holes
is the absorption of gases. When cast iron
is melted, it is really a liquid and in this
condition it will absorb air, for instance,
and in cooling to a solid state will partially
give up this air or perhaps all of it. If the
iron comes to a solid state before all the air
is expelled, a blow hole is the result. While
air has been named as the gas which is ab-
sorbed, it must be remembered that other
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gases are present in the welding flame which
may be taken into the iron with the same
result.

Largely, the elimination of blow holes is
controlled by the proper manipulation of the
welding torch. Since it is the liquid metal
which absorbs gases, care must be used in
bringing the metal to the molten condition
not to have too big a zone melting at one
time—which would be the case if too large
a flame were used—and not to keep this
flame on one spot after fusion has taken

Fi6. 19.—Broken cyl- F1e. 20.—Bore warp-
inder lug. ed as shown.

place. Beginners often do this—yet econ-
omical and good welding consists of bring-
ing all parts in fusion quickly and as quickly
moving to the adjoining spot.

Lug on Cylinder.—Bolting the cylinder to
the crank case, a broken connecting rod, or
a loose or missing nut on the stud holding
the cylinder, may cause a break, as outlined
in Fig. 19. It is not unlike the lug on the
exhaust manifold; yet the welding presents
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more difficulties, due to the fact that the
bore of the cylinder must not be too greatly
warped to permit the proper fit of the piston.
If it is a single cylinder, we can properly
take care of contraction by heating the four
lugs, after tacking the broken lug in one
place only, in this way opening the break
slightly so that the weld, in cooling, will
shrink sufficiently to have the bore the same
diameter. But modern cylinders are rarely
cast singly and to heat a block of cylinders
to weld a lug would undoubtedly distort
other portions. We must then, in this in-
stance, make the weld without regard to con-
traction. and when. finished, we will find the
cylinder out of round- as shown in Fig. 20.
The bore will be slightly smaller, the shrink-
ing metal of the welds pulling the lug in
slightly towards the cylinder and as well the
lug will not be absolutely level, for the same
reason that the lug on the exhaust manifold
twisted. In some shops, work of this char-
acter is welded from the outside only, but
it seems preferable to weld from both sides
to secure the best job. In finishing a weld
of this character, a portable grinder is de-
sirable, but the work may be done with a
stationary one or a file, finishing with emery
cloth, particular care being used not to
touch the bore where it has been unaffected
by the weld. The piston should be frequent-
~ ly fitted to ascertain where grinding or filing
is necessary. Work of this character is easy
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to weld, but rather “fussy” to finish; yet
the weld is not successful unless the cylinder
is practically as good as new. Since the
heat of the welding flame is so concentrated,
the bore is not affected, except below the
piston rings, and the compression of the
cylinder remains the same, but unless care
is used in finishing, a piston slap will result
if too much metal is taken off,

Water Outlet.—The water outlet is an-
other illustration of a job rather difficult to
preheat, but which warps easily unless we
guard against contraction. This should be
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Fie. 21.—Water outlet set up for welding.

clamped lightly to a face plate or a planed
surface, as in Fig. 21, with the edges slightly
separated. Because this casting is usually
quite thin and therefore will eool quickly,
the entire width of it should be kept hot,
care taken not to have one edge welded and
cool while welding the other edge. On work
of this character, it is preferable to start
welding from the center and work toward-
the edges, holding the entire line of welding
at as even a heat as possible.

The exhaust manifold, the lug on the cyl-
inder and the water outlet are quite simple
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welding jobs; yet many shops are improp-
erly welding them. Because the welding of
them is simple, the method should not be
too quickly passed over, since principles have
been discussed, the proper understanding of
which is necessary in more intricate work.

Fic. 22.—Cross section of cylinder, showing heavy and
light metal.

It may be seen that where the ends are free
to. move, as they are in these cases, pre-
heating is not necessary to prevent fracture
or warpage, but with cast iron is desirable
for another reason—maintaining the soft-
ness of the metal.
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Water Jackets.—If all parts of a cylinder
were of the same thickness, there would be
no difficulties in welding any portion of it.
Note Fig. 22, representing a cross section of
a single cylinder. It will be seen that the
wall is considerably thicker than the jacket,
that there are sections joining the wall with
the jacket and that the metal around the
valve seats is much heavier than at other
places, yet we have learned that heavy metal
requires'more heat than light metal and that
to prevent warping or breaking, parts must
be evenly heated.

On breaks in a cylinder, other than a lug,
it is necessary to heat the cylinder prior to
welding, to expand that portion of it affected
by welding, so that the cooling metal of the
weld will contract without fracture. If the
cylinder is not heated evenly, fractures in
other places are imminent (due to unequal
expansion) consequently the first require-
ment of water jacket welding is a slow fire.

If the welding table previously described
is used, build upon it a temporary fire brick
furnace large enough to easily move the cyl-
inder around in it, placing the charcoal in
first and the cylinder on top of it and then
lighting the charcoal. If the welding is done
on a forge, the blower should not be used and
if gas is employed, the air should be cut
down to a point where the flame is yellow
instead of blue, the object being to heat
slowly.
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The break has previously been beveled out
with a diamond point chisel and for a dis-
tance of a half inch each side of the weld has
been thoroughly cleaned; all fittings have
been removed, valve caps, petcocks, springs,
valves, etc. Then the cylinder.is placed head
down in the fire. There is no necessity for
heating the lower part of the cylinder on a
water jacket weld, since this portion is un-
affected. It will take some time to heat it,
depending, of course, on the size of the cyl-
inder and the amount of fuel we are using,
but this remember: Do not force the fire—
let the cylinder heat slowly. How hot shall
we heat it? Probably to a very dull red is
the best heat as a rule but many shops make
the weld before the cylinder reaches the red
heat and others believe in heating to a bright
red. Examine the cylinder at intervals to
see if the heat is even; possibly around the
valve chamber the metal is still black, while
further away it is a bright red. Change the
position of the cylinder then that the heat
be more evenly distributed. If the break is
a small one the weld may be made without
stopping but if it is long enough so that the
cylinder begins to cool, stop the weld and
again heat the cylinder to an even point.

It is desirable to weld the cylinder while it
is in the fire and personal comfort demands
that all portions of it except the weld is cov-
ered with asbestos paper—and as well this
method shelters it from draughts,
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Cylinders cast en bloc naturally are more
difficult to handle than single cylinders,
since it is harder to heat them evenly, yet
once we grasp the idea of evenly heating and
examining each job to find the general con-
struction, i. e.,, where we must apply more
heat because the metal is thicker, their suc-
cessful welding becomes almost routine.

In Fig. 23 is illustrated a four-cylinder
en bloc casting, the water jacket of which
usually breaks along the general line A. In
this type of cylinder the head is removable
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I16. 23.—Water jacket break in four-cylinder casting.

and the even heating of the casting is not
difficult, as it may be laid head down on the
fire and all parts thoroughly heated because
the fire has an opportunity to reach all sec-
tions. Closely adjoining the break is the
wall of the cylinder. On the other side is
heavier metal, as we can see by examining
" the construction. Here is a condition where
we must use care in so arranging the fire
that we direct more heat on the heavier
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metal than we do the light; for unless this
heavy metal ts sufficiently hot it will absorb
the heat from the weld, causing that section
to cool too quickly, which will result in a
shrinkage crack, either in the weld or close
to the wall of the cylinder. If through im-
proper heating the crack gets near the cylin-
der wall, we may consider the casting ruined,
as a weld at this point would warp the bore
and make regrinding necessary. The initial
cost of this particular casting forbids this
expense.

We may conclude that water jacket weld-
ing is not at all difficult; rather the diffi-
culty lies in properly judging where and how
much to heat. If a cylinder is merely thrown
in a fire with no study of its construction in
relation to heavy and light parts failure,
while not inevitable, is very likely.

Compression Head.—Welding the compres-
sion head of a cylinder is no harder than
welding the jacket, with the exception that
the crack is sometimes harder to follow to
its end. Here it is rarely practical to weld
the head or dome from the interior of the
cylinder but the water jacket should be cut
or drilled off to enable us to reach the break.
In cutting the jacket, make considerable al-
lowance for the crack, that is, cut it so that
it is reasonably certain there will be plenty
of room to get to the break. With the jacket
removed, the cylinder will look about as
shown in Fig. 24. All rust should be re-
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moved from the vicinity of the weld and the
break beveled out nearly to the bottom—not
quite through, however, since in a break of
this character, it is better to provide for
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Fi16. 24—Break in compression head.
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strength by building up with excess metal
rather thaw go entirely through, for the rea-
son that globules of metal or rough spots in
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the compression head will reduce the com-
pression space and as well afford an oppor-
tunity for carbon to accumulate. It will be
noted that the break as shown in Fig. 24
runs quite close to the valve chambers. The
weld should be started at this point then,
since it is desirable to weld first that section
adjoining a heavier part, leaving until the
last the weld which will join approzimately
even thicknesses. 'The reason for this may
be apparent if we consider that the heavier

F1e. 25.—Welding rod tacked to jacket.

section will absorb or pull the heat from
the weld and if there is still an unbonded
section, that end will move instead of the
weld breaking. This rule should at all times
be followed. If the break is in proximity
to the spark plug hole, for instance, start
the weld near that opening, since here is
heavy metal. This rule is rarely observed,
yet lack of its observance is responsible for
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many contraction cracks and ruined cylin-
ders when the break finally gets into the
valve seats or spark plug opening.

After welding in the compression head, as
a rule the cylinder should be allowed to cool
down and then tested with gasoline to ascer-
tain whether the head is tight. Then the
cylinder is again heated and the water
jacket welded in. It is rather risky to weld
in the jacket without first testing the cylin-
der with gasoline, yet at times it may be
necessary to do so, where time is an object.
It is a little difficult to fit the jacket prop-
erly into place with the cylinder at a red
heat and a suggestion to overcome this dif-
ficulty is offered in Fig. 25. Here a welding
rod has previously been tacked to the jacket
and the jacket can be put into place without
inconvenience and the rod melted off after
the jacket has been bonded.

Finishing and Testing.—Finishing a cylin-
der is of equal importance to welding and
more so from the owner’s standpoint. A
great many welding shops leave bunches of
material piled up—the welded area perhaps
being twice as thick as the surrounding
metal. Since a cast iron weld properly exe-
cuted with the right welding rod is really a
better material than the casting, there is no
need of reinforcing a weld on the outside of
the cylinder and the weld should be ground
down practically smooth Then the eylinder
should be tested under water pressure for
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leaks. To do this, plug all water connec-
tions, except two, one for the water inlet
and the other for the escape of air, and then
connect with the water supply, if the pres-
sure is under fifty pounds. If over this
pressure, a reducing valve should properly
be used. When the jackets are full of
water, close the remaining outlet and if there
are any cracks or porous places, they may
be quickly detected. If no water supply
under pressure is available, simply fill the
jacket with water, close all openings and
connect the oxygen hose to a water inlet and
use the oxygen under a pressure of fifteen
or twenty pounds. Most shops have various
fittings and plugs at hand with which to
make connections but a few rubber plugs
tapered to fit various size holes will be
found handy for testing purposes. After
testing, the cylinder bore should be wiped
out with oily waste and as well the valve
seats and chambers and then the cylinder
painted with a heat, resisting paint. Pay
attention to the finishing; it means dollars
to spend a little time in having a nice ap-
pearing as well as a properly executed weld.

Scored Cylinders.—Not an infrequent oc-
currence to a cylinder is a scored condition,
resulting in loss of compression. Filling
this depression with new metal and regrind-
ing so that the same piston may be used is
not at all easy. Filling the score and re-
grinding to use an oversize piston is simple
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but this latter course involves considerable
expense. Since the welding flame must in
this instance be in the bore, and contraction
take place there, necessarily the greatest
care must be used in heating the cylinder
as evenly as possible. It must be frequently
turned in the fire and no part allowed to
reach a greater heat than another. In a
weld of this kind, na beveling, of course, is
necessary, since the score itself is the groove.
Cleanliness of the weld and adjacent sec-
tion is especially to be desired. A torch
with a straight head or one with but a slight
angle is almost essential to do good work,
the position of the flame in relation to the
weld being about as shown in Fig. 26. It
will be noted that the cone is about parallel
with the break unlike most welds, where it
is nearly at right angles with it; but in this
instance, the object is to add metal without
breaking down adjoining sections. The
force or velocity of the flame if allowed to
play directly down upon the score, as would
be the case in ordinary welds, slightly col-
lapses the metal adjoining the score and in
regrinding there would be a depression on
each side of the weld. To overcome this,
the torch is held as described.

Cylinder Parts.—In rare instances it is
necessary to build up the valve seat with
new metal. Remembering that the remelt-
ing of old metal produces hard cast iron,
the surface of the seat should be either
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turned down before welding or particular
care used to scrape out this old metal while
making the weld—otherwise, machining the
seat will be a difficult matter. Sometimes
it is necessary to build up threaded portions
—valve caps or the valve chambers perhaps
—and the same rule should apply. When-
ever possible, the threads should be turned
or ground off before making the weld. Valves

WORN GROOVE. SCASCR I

Fie. 26.—Welding scored cylinder—position of flame.

may be enlarged 1n the same manner, watch-
ing out for too quick cooling and the use
of too large a flame which would produce a
very porous condition.

Fly Wheels.—There is no particular diffi-
culty in the way of successfully welding fly
wheels, either solid or with spokes; simply
the same judgment in where and how much
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to heat that is used with cylinders. Here
the rim is the heavy section and more fire
must be directed to this portion than to
others.

Pistons.—Pistons may be welded the same
as cylinders but they are much simpler, due
to their construction.

Crank Cases.—F'ig. 27 illustrates a cast
iron crank case, which has been broken and
the piece lost. We have three methods of

F1e. 27.—Cast iron crank case with steel patch.

repair open to us. A plaster paris mold may
be made and the piece recast—parts may he
made up from old castings around the shop
—or a piece of sheet iron or mild steel may
be cut out and welded in, since in this in-
stance there is practically no strain on the
welded section. In welding cast iron to
steel, a cast iron welding rod is used, as
well as the cast iron flux. While the weld
is hard and brittle, it is strong enough for
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this purpose. The case must be preheated
the same as cylinders to prevent fracture.
Babbitted Bearings.—In the case illus-
trated in Fig. 27, there is a center bearing
which is poured. In a well known car,
where the upper half of the crank case is
cast integral with the cylinders, the bear-
ings are also poured. The repair man in
welding these parts is often confronted with
the trouble of repouring these bearings and
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Fic. 28—Method of saving babbitt.

makes many efforts to save them. Since
babbitt melts at a very low temperature, the
fire'used to preheat the casting is usually
sufficient to melt them. If they are far
enough away from the fire, the method out-
lined in Fig. 28 may be tried. Pipe the
right diameter to snugly fit into the bear-
ings is clamped or bolted to the stud holes
and water kept running through it to keep
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the bearings cool. It is to be advised that
the saving of the bearings is of secondary
importance though and the weld should be
given first attention—in other words, not
to save the bearings at the expense of the
weld.

Valve Guides.—Old cylinders, and these
are the ones usually difficult or impossible
to duplicate, frequently have the guides so
worn that bushing them is impossible. Weld-
ing a new guide is the only cure and the best
method to pursue is to first cut off close to
the cylinder the old guide. The cylinder is
then heated the same as if we were to make
a water jacket weld and the making of a
new boss, which is later drilled from the
valve chamber side, is started. The old metal
must be burnt out as shown in A of Fig. 29
and the new metal added almost down to
the valve seat. Then as we reach the surface
we start building up the boss as shown in
B of Fig. 29. With a little skill, the general
outline may be maintained quite easily but
if the metal is inclined to “run away” a
block of carbon or.graphite may be used,
as in C of Fig. 29, to hold the metal in place.

Preserving Threads.—Sometimes cracks or
breaks run through threaded portions, where
it may seem necessary not to touch the
thread. A graphite or carbon block is used
in this instance to plug the hole—never clay
as is sometimes recommended—and the weld
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carried up nearly to the thread. But such
a course should never be pursued when it is
possible to recut the thread. This is “hit or
miss” welding.

Conclusion of Cast Iron.—Do not mistake
malleable iron, which is used in rear hous-
ings and other parts of an automobile, for
cast iron—malleable iron is later treated.
It cannot be welded with cast iron. Use care
in welding any cast iron which has been
previously brazed. Make certain that all

CARBON BLOCK

Fie. 29.—Making new boss for valve guides.

brass is removed before starting to weld and
if this is impossible, scrape out the weld as
much as possible while adding the welding
rod. This completes the cast iron subject.
Necessarily the subjects have been briefly
treated and principles rather than details
have been outlined, since the full descrip-
tion of any one welding operation would
constitute a chapter. It will be necessary
for the reader interested in crank case weld-
ing for instance to study the principles of
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cylinder welding. Most important is the
carrying out of the ideas by actual welding
on old parts easily obtainable from garage
scrap-heaps or junk yards,



CHAPTER 1V.
ALUMINUM.

Use of—Welding Knowledge—Puddle System—Flux
System—Comparison of Systems—Welding Rod—
Preparation of the Weld—Inlet Manifold—Arm of
Crank Case—Welding the Arm Without Taking
Out the Motor—Break in the Body of Case—Weld-
ing Cold—Wrong Method of Setting Up—Lug or
Boss Welding—DPreheating the Case—Gas Pre-
heating Flame—One Side or Both—Collapse of
Weld—Broken Bearings—Direction of Welding—
Shrinkage Cracks—Missing Parts—Finishing—
Die Moulded Castings—Body—Other Parts.

Use of.—The use of aluminum in automo-
bile construction is wide—crank and trans-
mission cases, perhaps the cylinder and pis-
tons, the body, etc. Except in the body, it
is rarely used in the pure state but is al-
loyed with one or more other metals, cop-
per, tin, magnesium or sometimes zinc.

While the repairman as a rule considers
the welding of aluminum the most difficult
of all the metals, as a matter of fact it is
quite simple—very little harder to master
than cast iron—but unless the welder thor-
oughly understands the principles of expan-
sion and contraction, failure is certain.
Briefly, let us understand the characteristics
of this metal before proceeding to actual

welding.
81
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Welding Knowledge.— A luminum with a
melting point about half that of cast iron
conducts heat three times as fast. Its
shrinkage is also greater—the same section
will cool from a molten state to a smaller
space than cast iron. These facts will guide
the welder to choose for the same thickness
of aluminum a tip as large or perhaps a lit-
tle larger than for cast iron and to partic-
ularly guard against warpage or fracture,
remembering that because of its great con-
ductivity there is a large zone of metal
around the weld which is very hot—and
therefore expanded—and when cooling this
metal must occupy a smaller space.

Aluminum castings are not as brittle as
cast iron ones and a crank case will usually,
though not always, stretch or warp consider-
ably before breaking. Throughout the text,
constant reiteration has been made of the
fact that cold metal must occupy a smaller
space than hot metal. Once this fact is
grasped, the great obstacle to repair welding
is removed, for we then plan to meet this
condition wusually, as we have already
learned, by heating and thus expanding the
area or section affected by the cooling metal
of the welded zone. Unless we do under-
stand this, return to the principles of ex-
pansion and contraction, for without this
fundamental knowledge aluminum case
welding is beyond us.

An aluminum break when melted does
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not flow together as other metals do but the
edges creep away from each other. There is
a film on the surface, dull gray in color,
wrinkled in appearance. This film is alum-
inum oxide which melts at a much higher
temperature than the metal and it must be
destroyed or removed before the edges can
be bonded. The welder has two methods of
eliminating this oxide—one by mechanical
means, scraping it out with a rod and the
other by dissolving it with a flux. The first
way is termed the puddle system and the
other the flux method.

Puddle System.—Welding rods used for
C—

TF16. 30.—Rods for puddling aluminum.

steel welding may be shaped up about as in
Fig. 30, one end bent to form an eye, so they
may be hung up and found when wanted and
the other end shaped as shown. The pointed
end rod may be used for scraping out the
weld and the flat end for “paddling” the new
material from the rod. The puddle system
of aluminum welding is not unlike the
method used by children in making “mud
pies” but instead of water to bring the mate-
rial to the right consistency to pat it into
form, the welding flame is used, but care
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must be exercised not to make the metal too
fluid as this would cause the metal to col-
lapse. This may be controlled by the choice
of proper tip size and as well by the prox-
imity of the flame to the metal.

The oxide of aluminum forms each time a
new surface is exposed; i. e., as we melt the
metal and scrape out the oxide that portion
of new metal on the surface immediately be-
comes an oxide. Care should be used then
to have the welding rod plunged into the
molten metal when adding it to the weld to
avoid too much oxidation.

Theoretically the flame should be so ad-
justed that it delivers an excess of acetylene
—a carbonizing flame instead of a neutral
one—as this flame more fully protects the
molten metal from oxidation. In practice
however, the neutral flame is used, since the
carbonizing flame heats too wide a zone and
as well the operation is longer due to the
lower heat of such a flame. Right handed
welders will as a rule find it more convenient
to hold the torch in the left hand, using the
right for adding the welding rod and hand-
ling the puddler.

Flux System.—By means of a suitable
flux, aluminum may be handled practically
the same as cast iron, the hot welding rod
picking up enough flux to destroy the oxide
as the rod is brought down into contact with
the break. Aluminum welded in this man-
ner should have about the appearance of
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Fig. 31. As the flux meets the metal the
dull gray color of the oxide disappears and
momentarily the metal assumes a bright sil-
very appearance and then resumes the dull
gray color as the oxide forms on the surface.
A flux weld should always be washed when
cool, either in running water or with wet
waste.

Dirt in the line of welding is removed by
getting the weld to a melting heat, scraping

F1e. 31.—Appearance of flux weld.

the old metal out with the welding rod, add-
ing the flux to the rod and then bringing it
in contact with the break. There are two
distinct operations then when the break is
more or less filled with oil or grease—first,
the use of the welding rod to scrape out the
weld ; second, the use of the rod with flux
attached to add to the metal.

Comparison of Systems.—The puddle sys-
tem is in wide use by repair shops and when
skilfully executed requires less finishing
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than a tlux weld. It takes longer to make
the same weld than by the flux system since
the welding flame cannot be held continu-
ously to the line of welding but must be
lifted away while the metal is scraped and
puddled. Tt is more difficult to learn than
the flux method, it inevitably leaves some
oxide in the weld but the strength of the
weld, while not as great as a properly exe-
cuted flux weld, is amply sufficient. Sheet
aluminum cannot be welded by the puddle
system. The growth of the flux method has
been greatly retarded because of the many
inferior fluxes marketed, many of them use-
less. No mechanical means are necessary if
a proper flux is employed to bond the metal,
the break flowing together much easier than
with other metals. Flux welding is much
easier to learn than puddle welding, is con-
siderably quicker and removes all oxide from
the weld. As previously stated a flux weld
must be washed off when cool, lest the alum-
inum is later attacked by chemical action,
but there are no detrimental after effects if
this is done. Sheet welding, to a very thin
gauge, is quite easily accomplished with a
proper flux, the aluminum bodies of the auto-
mobile being manufactured by this method.

Welding Rod.—The rod most commonly
used in successful repair shops is an alloy of
93 per cent aluminum and 7 per cent cop-
per. Except for sheet aluminum welding,
this composition casting should be used. The
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drawn aluminum rod offers the objection of
being too ductile—it bends very easily—and
does not mix so readily with the weld. As
with other welding supplies, caution should
be exercised in its purchase to make certain
that it is cast from pig material, no scrap
being used, to avoid excess impurities and
oxide.

Preparation of the Weld.

Unlike other

ASBESTOS
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F1c. 32—Set up of aluminum manifold.

metals, the break of an aluminum casting
is not grooved or beveled out preparatory to
welding, since the edges have a tendency to
separate as the metal comes to a molten con-
dition. Cleaning the casting by washing in
gasoline or soda is desirable and unless the
break is in a lug or away from the body of
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the case all shafts, pearings, ete., must be
removed. If the break runs into or through
any threaded portion holding studs or bolts,
these should be removed and the hole welded
solid.

Inlet Manifold—Assume that the first
aluminum break to be welded is the lug on
a manifold. We follow the same method
as we did with the cast iron one, clamping
it to a flat surface after separating the edges.
In this instance though, we may advisably
place a piece of asbestos paper between the
surface of the plate and the manifold (Iig.
32) to avoid the conduction of heat by the
plate. Instead of removing the clamps after
tacking, the weld is completed from the one
side with the clamps lightly attached.

As the flame is brought down to begin
welding, no apparent change in the metal
takes place for some time. Unlike other
metals, aluminum does not change in color
as heat is applied. The beginner is often
impatient to see the metal melt and does not
consider the conductive qualities of alum-
inum. If the puddle system is employed,
the iron rod may be scraped across the weld
to determine when it is melting. The weld
should be scraped out to the bottom and
then the welding rod added and puddled.
The control of the flanre is effected by rais-
ing it away from the metal as it becomes too
fluid. If the flux method is used, the flame
should be directed into the break and its
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velocity will still further separate the edges.
As the metal assumes the wrinkled appear-
ance the rod, previously dipped while hot
into the flux, is brought down into the break
and a portion of the rod melted. A circular
movement of the torch brings the sides and
rod into fusion and we move to the spot ad-
joining. The manifold is then taken off the
plate and welded from the other side.

Due to the great conductivity of the metal,
the beginner will find difficulty in prevent-
ing the metal from collapsing. He must re-
member that aluminum when highly heated
has no “strength,” and that this is true not
only in the weld, but for some distance all
around it, that a clamp tightly attached is
sufficient to crush it and considerable skill
is necessary in properly judging the heat to
raise the flame away from the metal at the
critical moment or to direct the flame to
another section.

Arm of Crank Case.—Due to vibration or
poor alignment in bolting the case to the
frame, a break similar to that outlined in
Fig. 33 is frequent. Here the end of the arm
is free to move, so it is not necessary to plan
for the effects of contraction, the only re-
quirement being to slightly separate the
edges. In setting up work of this character,
that is, any job where the break entirely
separates the pieces, make certain that the
sections will not move before they are
bonded. Clamps are not always necessary
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—the use of fire bricks, pieces of iron, etc.,
are many times more convenient.

It is rather difficult for an experienced
operator, and impossible for the beginner to
weld aluminum in any other position except
horizontally—consequently, this break may
be welded along the top first, remembering
to warm the entire area by moving the torch

F16. 33.—Break in arm of case.

slowly back and forth in line with the break
before concentrating it on one spot. After
completing the top, the sides may be welded
in turn and usually in jobs of this character
the weld is also made from the inside, re-
inforcing considerably by adding metal from
the rod to make the welded section thicker.

To make this weld—the break being some
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distance from the body of the case—it is not
necessary to strip the engine; in fact, no
part of the motor need be taken off.
Welding the Arm Without Taking Out the
Motor.—When time is an element to be con-
sidered, it is possible to weld a break of this
kind without taking the motor out of the
frame, first removing the pan underneath
the engine and taking all strain off the lugs

F1a. 34.—Arm broken into body of case.

of the crank case by the use of jacks sup-
porting the case. The broken lug is then
unbolted from the frame and the same meth-
od pursued as in welding with the motor
out of the frame. Naturally, the weld is a
little more difficult to handle, but in some
instances, the time saved in not removing
the motor is of such importance that a weld
of this kind is essential.

Break in the Body of Case.—In Fig. 34, the
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break extends into the body of the case. Here
conditions are entirely different than in the
preceding illustration and it is necessary
to entirely strip the case, since provisions
must be made for the effect of expansion and
contraction; and the presence of cam shafts
as an example would prevent the proper
movement of the case as it expands under
heat.

To understand the proper welding of an
aluminum break in the body of the case,
perhaps it would be clearer to the reader
to first demonstrate the improper manner in
which it is so often executed. With no atten-
tion paid to the fact that cold metal must
occupy a smaller space than hot metal the
weld is first made on the line A-A and then
B-B. Usually, the weld will hold, but in
determining alignment we find that the case
is shorter on the welded side than the other
and the end bearing is out of line in the
direction of the welded arm. The lower half
cannot be attached to the case since the bolt
holes are not in line; neither can the crank
shaft or cam shafts be put back, and while
we may have made a perfect weld, the case
is useless. Hven welders of erperience many
times try to wviolate the law of expansion
and contraction by welding a break of this
kind without preheating. As the welded
area cools, the metal shrinks, the welded side
shortens in length and in doing so, pulls
the end of the case toward the weld.
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Welding Cold.—It is possible but rarely
practical to effect this weld without pre-
heating in the following manner: The
edges of the break on the arm are ground
down on one side enough so that there will
be a space sufficient to separate the edges of
the weld at A-A. This weld is then made,
allowing it to cool. By means of a screw
jack, the case is then sprung slightly, open-
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Fic. 35.—Wrong method of setting up case.

ing the break at B-B about three-eighths of
an inch. This weld is then made, the jack
removed and in cooling the metal will shrink
and the case be approximately in line. It
should be understood that this is an emerg-
ency method for use where there may not
be facilities for properly handling the case
and should not be undertaken by beginners.

Wrong Method of Setting Up.—The use of
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flat stock, angle iron and shafts is allowable
in setting up a badly broken case. They
should never be attached as shown in Fig.
35 securely fastened to the case by bolts,
since this prevents the proper expansion or
contraction of the case. They may be lightly
attached by clamps, but in preheating the

F1e. 36.—Use of water to prevent expansion.

case these shafts or irons are cumbersome

and dangerous, their weight being sometimes

sufficient to collapse the case. 7The success-

ful welder rarely uses them except as a pre-

liminary to welding in pulling the case back"
to shape if it is sprung and in tacking many

broken parts in their proper position,
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Lug or Boss Welding.—Sometimes the
work to be done may be the building up of
new bosses or lugs and the case may be
otherwise perfect. The object here is to
form these bosses without preheating the
case if it is possible to do so. In Fig. 36 is
shown one method of preventing expansion.
The case is put in a pan of water, which
covers the side but which does not quite
touch the lug. The water keeps the side of
the case cool while the boss is being built
up.- In lug or boss welding where the broken
piece is small, it is usually inadvisable to
attempt to weld it back. The new boss may
be roughly built on by means of the welding
rod, added a drop at a time, particular care
being used to have the metal in fusion while
adding the rod, since in work of this kind
the temptation to add the rod before the
metal of the case is melting is great.

Short fibre asbestos soaked in water or
scraps of asbestos paper treated the same
way may at times be used when the shape of
the case prevents its being placed in water,
but this method is not so safe as the use of
water.

Preheating the Case.—With the arm of the
case spot welded or “tacked” or lightly
clamped in place as in Fig. 37, it is ready
to heat in order to offset the strain set up
by the cooling weld. If the welding table
previously described is used the charcoal fire
may be made on the fire brick top and with-
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out building any furnace as we do for cyl-
inders; in fact, we must guard against get-
ting the case too hot, remembering the low
melting point of aluminum. /It is not neces-
sary to heat all the case, but only that por-
tion affected by the cooling area of the weld.
Ip this instance, that section would be about
as shown by the dotted lines in Fig. 37. We
are trying to expand by heating all that sec-
tion so that the side opposite the weld will
be just as long as the welded side is while

Fi1e. 37.—Preheating to avoid warpage.

at the welding heat and so will contract to
the same length after cooling. How hot shall
we heat it? Some welders determine the
proper heat by waiting until just before
the case begins to “sweat”—that is until
tiny beads or globules of metal form on the
surface ; but this method is not definite, since
the appearance of these beads largely de-
pends upon the alloy of the casting. Some -
shops wait until the metal is hot enough to
quickly char sawdust ; others until the metal
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gives off a dull sound when tapped lightly
with a hammer and still others until half
and half solder quickly melts when touched
to the case. Largely the proper heat is a
matter of individual judgment and consid-
erable latitude is inevitable, particularly as
some alloys need more heat than others, but
for beginners the sawdust test is probably
the easiest.

Particularly with aluminum it should be
a slow heat, and if heavy sections are in the
area affected by the weld, these heavy sec-
tions should be heated as hot as the lighter
ones—and to do this takes time. Always the
metal should as well be cooled slowly, packed
in asbestos, lime or ashes the same as cyl-
inders or wrapped in asbestos paper.

Gas Preheating Flame.—In using gas pre-
heating torches rather than charcoal, more
care must be exercised to secure an evenly
distributed heat. The flame striking on one
spot only, except i the rare instances where
it is necessary to heat only one spot, is likely
to expand one portion more than is required,
actually setting up more strains than if it
were not used at all. In the absence of a
helper to manipulate the gas torches, keep-
ing the flames moving over the entire sec-
tion to be heated, it is advisable to use fire
brick as a baffling plate, the flames striking
first against the bricks and the heat radi-
ating from the brick to the case along the
idea of Tig. 38,
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One Side or Both.—The finished weld pre-
sents a better appearance if welded from
both sides—yet it is difficult to handle the
case to do this without a helper in constant
attendance. If it is desirable or necessary
to do so, weld only one or two inches on
one side at a time, never completing the weld
from one side and then welding the entire
length from the other. As may readily be

F1e. 38.—Indirect heating with gas torches.

seen, this method sets up a very unequal ex-
pansion.

In welding from one side the metal should
slightly collapse before adding the welding
rod, forming on the other sides beads of con-
siderable size which may be chiseled off when
finishing.

Collapse of Weld.—Beginners have diffi-
culty in judging the heat of the metal and
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since there is a zone around the weld practi-
cally as hot as the weld itself, very often this
whole section suddenly collapses. To pre-
vent this, it is advisable for the student of
aluminum welding to make a mould of two-
thirds short fibre asbestos and one-third
plaster paris, mixed with water to a thick
paste and place it on the inside of the case
about half an inch thick. This mould is
made to support that section likely to col-
lapse. It should be thoroughly dry before
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Fi6. 39.—Use of shaft to line up broken bearings.

starting to weld and this drying should not
be forced. Admittedly, the use of a mould
prevents to a certain degree the proper ex-
pansion of the case, but its use is advisable
in preference to destroying the case by melt-
ing it.

- Broken Bearings.—Bearings entirely brok-
en out may be lined up as shown in Fig. 39,
a shaft being used to hold them in place.
If one or more bearings are intact, a thin
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shim should be placed between the shaft
and the bearings at this point, which will
slightly raise the broken bearings—separat-
ing the break. The breaks are then tacked
to hold them in place and the shaft removed
before the case is preheated.

Direction of Welding.—In Fig. 40 is illus-
trated a crank case with several breaks.

Fi1g. 40.—Direction of welding—toward unbonded
section.

Wherever possible any weld should always
be executed toward an opening. As an ex-
ample, a square piece with the break start-
ing in the centre and running to the edge,
should be welded toward the edge—not to-
ward fhe centre. In Fig. 40 then the end
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bearing should not be welded first,sioce this
completely closes the case and the expansion
set up in welding the other breaks makes the
job more difficult to handle. By welding at
A, then B and then C, the end of the case
at O is free to expand or contract as the
necessity may arise in the welding and cool-
ing of A and B.

A case with two bottoms offers no particu-
lar difficulties if evenly heated. It is to be
remembered that a break on the inside bot-
tom cannot be welded without fracture or
warpage unless we heat the outside to which
it is attached and wvice versa—we must ex-
pand so that in cooling both will contract
equally.

Shrinkage Cracks.—In some instances, even
with all precautions apparently taken, the
case cracks in cooling close to the weld.
Sometimes this crack is very small—just a
fissure—and at times it may be quite large.
Generally, we may look for the reasons;
first, in the too rapid conduction of the heat
by a heavier section adjoining, and second,
in the alloy of the metal; or not unlikely a
combination of the two. If it is difficult
to prevent this cracking, we may resort to
cutting the case in another spot to relieve
the strain caused by the pull of the heavier
piece. To illustrate, note Fig. .41, with the
break at A adjoining the centre bearing B,
which in this instance is very heavy metal.
We cut the case with a hack saw as shown
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at C =0 that -the cooling metal of the weld
will not break by the rapid conduction of the
heat by the section B, but will open at C.
Then the weld at C is made, remembering
to heat that general section shown by the
dotted square.

Missing Parts.—When parts broken out
have been lost, the repair man has several
methods of replacement. One common form
is to bend a piece of thin sheet iron to the
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F'16. 41.—Case cut to relieve strains.

general shape of the break and place it on
the inside of the case, completely covering
the hole. Sections broken out of another
case are then laid on this and melted to-
gether with the torch, adding stock from
the welding rod whenever required; or a
plaster paris mould made along the same
lines. ;

Sheet aluminum, which may be purchased
in any gauge, may be used on the lower half
of the crank case and on some types of
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transmission cases, but the irregular shape
of the upper half of most crank cases ordi-
narily prohibits its use on these.
Finishing.—The ordinary file is useless for
aluminum and that known as the Vixen is
necessary. Grinding wheels fill up quickly,
but the liberal use of ordinary lubricating
0il on the wheel will be found helpful. Shops
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F16. 42.—Finishing wheel for aluminum.

using a portable grinder will find it ad-
vantageous to purchase or make a steel
wheel with teeth shaped about like Fig. 42.
All surfaces should be tested for alignment
and the bearings as well. Do not always ex-
pect that bearings will line up as exact as
they were before welding. Some finishing
is generally essential and before the shafts
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are put back in, the bearing metal must, of
course, be scraped as it would be in over-
hauling a motor. If there are low spots in
the case, they may be built up with the weld-
ing flame.

Die Moulded Castings.—Manufacturers
sometimes find it economical to cast small
sections out of what is usually called white
metal by the die moulding process. Pump
housing covers, perhaps the housing itself,
and similar parts on not a few cars, are made
in this manner. Having an appearance not
unlike aluminum, they are frequently ac-
cepted for repairs. Because they are made
of a mixture of tin, zinc and aluminum, with
tin and zinc predominating, they cannot be
welded. They can usually be detected by
their color, which is darker than that of
aluminum, but always by their much heav-
ier weight.

Body.—A pole of a carriage or a collision
of two cars will sometimes break the alum-
inum body. Conditions here are entirely dif-
ferent than with cases and housings, since
it is impractical to strip the body or to pre-
heat it, yet we must guard against contrac-
tion cracks. Breaks of this kind are usually
jagged and the first operation will be to cut
out the broken section, so that the hole in the
body will be oval or round. The paint is
then burned off for some distance around
the break and the edges of the hole filed un-
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til they are bright, removing all dirt. Then
a patch is made from sheet aluminum the
same gauge as the body and this patch is
made slightly larger than the hole it is to
fit. The edges of this patch are also filed
bright. The patch is then dished, as shown
in Fig. 43, so that it will just fit the hole.
For a weldlnﬂr rod, a drawn aluminum wire
is used—about a No 9 gauge is correct. The
flux is then moistened with water and the

F1a. 43.—Preparation for body welding.

edges of the break and the patch covered
with the flux. The patch is then tacked in
three or four places and the weld made in
the usual manner. Here contraction of the
cooling metal is provided for in the shape
of the patch and as the weld cools the patch
pulls towards the weld and it straightens
out. It will probably be necessary to do
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some hammering to completely finish the
job, this hammering being perfectly safe on
sheet aluminum which is very ductile. The
oversize of the patch will largely depend up-
on the size of the hole, but this may be de-
termined by first welding a similar size
patch in the centre of a piece of sheet alum-
inum. It is desirable to have another torch
or a gas flame warming the patch as the
weld cools to aid in the straightening out
of the dished patch, but this is not essential.

Other Parts.—There are, of course, other
parts of the automobile constructed from
aluminum which may come to the welding
shop. Crank case welding has been partic-
ularly dwelt upon since it is the most diffi-
cult; end the principles illustrated may be
applied to the welding of any aluminum
parts.

The clutch casting may be classed as sim-
ple welding; the running board is easily
welded; the fenders present no difficulty.
The spider of the steering wheel is somewhat
harder to handle, due to the wooden hand
grip. Where it is not practical to remove
this wooden handle, wet asbestos may be
packed on each side of the break and the
expansion thus limited while the weld is
being made,



CHAPTER V.

STEEL.

Welding Knowledge—What the Flame does to Steel—
The Welding Rod—Simple Welding—Position of
Flame—Reinforcing the Weld—Frame Welding—
Lengthening the Chassis—Tube Housings—Worn
Parts—Gear Welding—Case Hardening—ILight
Metal Welding—Gasoline Tank—Welding Adjacent
to Rivets—Shaft Welding—Construction of Parts.

The successful welding of steel presents
many difficulties not apparent to the begin-
ner. Based, perhaps, on previous experience
or understanding, he considers cast iron the
most difficult and steel the easiest; whereas
the reverse is true.

With cast iron and aluminum, the difficul-
ties encountered are largely in the control of
the effect of expansion and contraction and
the actual bonding of the metal is compara-
tively simple. In the welding of steel parts
of the automobile, practically no attention
need be paid to expansion and contraction,
but the greatest care must be used in flowing
the metal together. No detail is unimpor-
tant—the absolute adjustment of the weld-
ing flame to a neutral cone; the proper choice

of the welding rod; a flame neither too large
107
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nor too small; and finally the proper manip-
ulation of the flame to secure a sound weld
without seriously affecting the character of
the metal. How to guard against discour-
aging failures may be better understood by
some knowledge of the behavior of steel as
we melt and flow it together with the flame.

Welding Knowledge.—To attempt to clas-
sify the various grades of steel and their
qualities would lead to long considerations
of the effects of vanadium, chromium, nickel,
manganese and other alloys used to strength-
en, harden or toughen, and while these al-
loys are of interest to welders well advanced
in the art, they need not be considered by the
beginner. A failure of a steel weld is many
times thought to be caused by the presence
in the metal of one or more of these alloys
when more often it is because of lack of
knowledge of an elemental nature.

It is necessary to understand that the car-
bon content of steel must always be con-
sidered—steel low in carbon may be quite
easily welded, and if high in this content,
it 1s very difficult to weld. No steei weld
can ever be as strong as the original metal
(if there were no flaws) for reasons which
are obvious, the weld being simply a local
recasting and not subjected to heat treat-
ment, rolling or forging. With low carbon
steel, we can very closely approach the origi-
nal strength and because the metal may usu-
ally be reinforced by making it thicker than
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the original piece, we can really make that
section stronger than ever. In cases where
this reinforcement is not possible, due to
the shape or location of the article, consider-
able ability is essential and, as well, a knowl-
edge of the use of the article, that is, know-
ing what strain or service test it must un-
dergo.

Steel low in carbon is very ductile—it
bends or twists quite easily—but as we in-
crease the carbon, the metal becomes harder
and more brittle, less than one per cent of
carbon representing the difference between
low and high carbon steel. The carbon con-
tent of automobile parts may be largely de-
termined by their duty. A stamping, such
as the lower half of the Ford motor, or many
of the rear housings may be considered low
in carbon or as the metal is more commonly
called, mild steel. The crank shaft, on the
other hand, having to stand a series of
shocks, is hard steel or high in carbon. The
front axle may be of a carbon content be-
tween these two, and this may be called half
hard steel. We may conclude that welding
a rear housing is considerably easier than
welding a crank shaft; and that the axle is
a little more difficult than the housing, but
not so hard to handle as the shaft.

What the Flame Does to Steel.—7The weld-
ing flame melting a section of mild steel
must be adjusted to as nearly a neutral cone
as is possible for the operator to control.
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An excess of oxygen burns the metal—the
oxygen uniting with it and forming iron ox-
ide, and this oxide or burnt metal remaining
in the weld, seriously weakens the bond, the
extent depending, of course, upon how much
the metal has been burnt. It is to be re-
membered too that oxygen present in the
air may also oxidize the metal each time a
surface is exposed, the same as with alum-
inum; consequently the size of the flame
chosen should be large enough to melt the
spot it touches and not so large that it keeps
a large zone in fusion, since we want to keep
oxidation or burning down to the minimum.

Recall now the adjustment of the welding
flame, the importance of which has been
previously emphasized. We learned that a
carbonizing flame—one with too much acety-
lene or too little oxygen—would badly af-
fect the molten metal. Acetylene being very
rich in carbon may add to the weld a suf-
ficient amount of it to make it extremely
brittle, unless the flame adjustment is prop-
erly made. It may be seen that there is
only one flame—neutral—suitable for steel
welding especially, and that either a carbon-
izing or oxidizing one is ruinous. Awoid
lighting the torch on steel while it is at the
red or white heat and allowing the acetylene
to play upon it while turning on the oxygen.
This habit, frequently indulged in by weld-
ers, may ruin the weld by depositing a suf-
ficient amount of carbon to make it hard and
brittle,
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No flux is necessary on mild steel, because
of the much higher melting point of the
metal than the oxide, the oxide being de-
stroyed by the flame itself, provided the
weld does not cool too quickly. The quick
cooling of the weld, however, or the use of
a tip too small to keep the metal in fusion
and thus cause rapid conduction of the heat
away from the line of welding, will result in
trapping this oxide in the weld.

Due to the lower melting point of the
metal it is impossible to weld high carbon
steel with as much freedom from oxides,
since in this instance the metal has an op-

F1e. 44.—Twisted wire should not be used.

portunity to solidify before the flame de-
stroys them. In addition, the carbon is more
or less destroyed and the metal absorbs
gases, making it porous.

The Welding Rod.—Undoubtedly the ideal
rod from the workman’s point of view is
Swedish iron, since this is free from carbon
and impurities and welds easily, but for
most automobile work it is too ductile and
it is better to use a rod of mild steel in order
to gain rigidity—in other words we do not
want the weld easily bent. The rod must
be free from impurities, clean and without
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rust, and its purchase carefully made. No
welding should be done with wire twisted
together as in I'ig. 44, as this, we can readily
see, offers more surface for oxidation to take
place.

Simple Welding.—As an example of sim-
ple welding, let us take the rear housing,
which may be constructed of two stampings.
The older cars with this construection rivet-
ted the two parts together—the later ones
weld them. Let us assume that these two
parts have separated and are leaking grease
and allowing play in the differential. The
surface should be cleaned and if the joints
have been previously welded, the old metal
should be ground off. No further prepara-
tion is necessary, the edges already being but-
ted. Adjusting the flame properly, the torch
is brought down until the end of the cone
nearly touches the metal and moved slowly in
a short circle until the metal each side of
the weld for a distance about three times
as wide as the metal is thick is at the red
heat. Then the cone is brought into direct
contact with the break, the end just touching
the metal. Steel is the only metal with
which the cone is brought into actual con-
tact, but it should not be brought so close
that the cone bends and spreads on the sur-
face; the end just licking the surface is the
correct position. By a short circular motion,
the two edges are flowed together and the
torch comes back to the original starting
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F1a. 45.—Principle of steel welding.
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point. At this time, the welding rod should
be brought into contact with the metal and
with the flame playing on the metal of the
weld and on the rod at the same time, a por-
tion is melted off and fused to the weld with
the short circular movement. Perhaps this
may be better understood by reference to
Fig. 45.

This circular motion of the torch produces
a weld having the appearance of Fig. 46 and
without sacrificing quality of the weld, the
student should strive for this appearance as

Fi1e. 46.—Proper appearance of steel weld.

the regularity of the “waves” of the metal
on steel of ordinary thickness marks the
good workman.

Unlike the metals already taken up, steel
does not become very fluid and there is no
danger in collapsing the weld. The flame
must come into direct touch with each part
to insure fusion and the metal cannot be
puddled.

There is a slight sparking on mild steel,
growing more rapid as the thickness in-
creases. Excessive sparking is an indica-
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tion of burning and the operator may detect
the use of an oxidizing flame by the shape
and character of these sparks, those from
an oxidizing flame breaking as they fly,
while with a properly adjusted flame they
retain their shape. If the flame is not prop-
erly adjusted, the weld will, as well, usually
foam, and this foam will be in a circle sur-
rounding the flame. The use of a flame too

F1¢ 47.—Most economical position of welding torch.

large will also cause oxidation and partic-
ularly with steel the flame must not play
on the metal after it has been bonded. Melt-
ing the material from the rod and allowing
it to drop on to the weld is still another
reason for oxidation. The rod should be in
contact with the weld so that the conducting
qualities of the material will prevent exces-
sive burning as the rod is melted.
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Position of the Flame.—The flame should
be so directed that it touches both sides of
the break, not directed toward one side.
Good and economical welding is best exe-
cuted with the torch in the position as shown
in Fig. 47 in line with the weld working to-

F16. 4S.—Torch at right angles—likely to weld one side
only.

ward the unwelded section. This method
takes advantage of the heat of the envelope
of the flame to assist in the heating of the
section to be welded. Beginners sometimes
have difficulty in mastering this position
without leaving spots unwelded and prefer
that position shown in Fig. 48, the torch at



REINFORCEMENT OF WELD. 117

right angles with the line of welding and
the flame directed towards the welded sec-
tion. This position of the torch is open to
criticism on the ground that the flame is con-
tinually directed towards the bonded sec-
tion, thereby increasing the liability of oxi-
dation and as well inviting the welding of
one side only, the metal merely adhering to
the side nearer the operator.

Reinforcing the Weld.—To secure addition-
al strength, steel welds wherever possible
should be made thicker than the adjoining
metal. In the housing described, for in-
stance, it is advisable to weld inside, as well
as the outside seam. It is where we are un-
able to reinforce with added metal that oxy-
acetylene welding calls for the highest skill
—on rear axles, drive or crank shafts, steer-
ing knuckles, etc.

Frame Welding.—For no other part of the
automobile is the welding process more ef-
ficient than for welding broken frames or
for lengthening or shortening the chassis.
Very little and sometimes no dismantling is
necessary to effect a permanent repair; and
the extent of this dismantling will depend
upon the location of the break. If under the
body, it is not essential that the body be re-
moved—jacking it up two or three inches
will usually be found sufficient. If very
close to the radiator this must be removed
to prevent melting the solder but if four or
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five inches distant, the lower part of the
radiator where it adjoins the frame may be
protected with wet asbestos, cloth or paper.
The frame should be supported by jacks
each side of the weld, and if the springs

s

F1c. 49.—Beginning the frame weld—flame divected
upwards.

interfere with this support, they should be
unbolted from the shackle. No beveling is
necessary on pleasure cars, since the thick-
ness of the metal is such that the force of
the flame will easily penetrate through; on
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truck frames it is advisable to grind out
the break, however. Clean the section to be
welded, getting out all oil, sand or dirt.
Then we start welding as shown in Iig.
49 at the bottom of the break working up-
wards, the direction of the flame being at
the angle shown to drive the molten metal
up. Vertical welding of steel is not difficult
to master, due to the rather plastic condition
of the metal while it is in a molten condition.
After the top, the inside of the channel is
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F1e. 50.—Reinforcing inside of frame with welded
plate.

welded and if it is desired to finish the out-
side so that no repair shows, the added metal
is placed here. This method is used where
the frame is broken by accident, by the im-
proper drilling of holes, etc. Where the con-
struction is bad or the metal too weak, a
different method is used, a plate being
welded to the inside of the frame, the plate
being about the same. thickness as that of
the frame and as long as desired, as shown
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in Fig. 50. The break is then welded from
the outside and finished flush. When a cross
member interferes, this procedure may be re-
versed, the plate being put on the outside.
It is advisable in this instance to remove the
rivets holding the cross member and to weld
the cross member in place. Tt is often neces-
sary in frame welding to weld the lower
flange of the channel from underneath the
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Fi1a. 51.—Where to cut the frame for lengthening.

car, which requires overhead welding. At
first this will be found difficult to master,
but after vertical welding is accomplished,
overhead welding will come easier, if we but
remember to have a wider zone of metal hot
as we add the welding rod, that is, the metal
each side of the break is nearly melting as
the rod is melted with the break—and the
rapid conduction of heat from this section
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holds the added metal from the welding rod
in place.

~ Lengthening the Chassis.—It is often de-
sirable to lengthen the chassis and the oxy-
acetylene flame has made this practical. The
frame is cut in two just between the forward
universal joint and the brake cross shaft,
as shown in Fig. 51. It will be seen that
by cutting at this point it is unnecessary
to disturb but few of the component parts—
merely the drive shaft, the torque rod and
the brake rods. These members will, of
course, have to be lengthened as well as the
frame.

One method of lengthening is to purchase
channel iron of the desired length and of
about the same width as the channel of the
frame and butt weld, using the plate for re-
inforcing on the inside as previously de-
scribed.

Another method, and one employed more
often, is to use flat stock and weld as shown
in A of Fig. 52. Then an angle iron is made
as shown in B of Fig. 52, the stock used
being about the same thickness as that of
the frame and the flange welded on. The
length of the angle iron is the length we are
increasing the chassis. This angle is then
placed in the frame as shown in C and
welded from the inside to the flat stock first
placed there and as well the two vertical
welds are made. Then the top flange is made
by welding a strip to both pieces (the flat
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stock and the angle) as shown in D of Fig.
52.  The welds should be ground flush on
the outside so that when painted no evidence
of the bond appears.

Tube Housings.—Enclosing the drive shaft
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F16. 52.—Method of lengthening frame.

A, Flat stock welded in. B, Angle iron made up by welding.
C, Angle iron welded to frame. D, Welding the top flange.

is usually a housing as shown in Fig. 53,
constructed from tubing rivetted into a cast-
ing on each end and as well usually brazed.
In lengthening the chassis, this, of course,
must also be lengthened. Cut in the center
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or at least well away from either end and
weld in the desired length of tubing, or if
tubing is not at hand double extra heavy
pipe. IFrequently these housings break, usu-
ally close up to the casting. A weld at this
point is rarely practical, due to the presence
of brass which” vaporizes and deposits im-
purities in the weld. This casting, moreover,
is usually malleable iron, which cannot be
welded, so that for at least two reasons a
weld at this point which would bond the cast-
ing to the tube would be inefficient. The
proper method of repair is to cut the tube
three or four inches away from the casting,

DONOT WELD AT THIS POINT-

F1¢, 53.—Drive shaft housing.

then take out the old piece from the casting
and rivet back the new one, which, of course,
will be the proper length, and then weld at
the point where the old tube was cut off.
Worn Parts.—All automobile welding is
by no means the repairing of a broken part.
Shafts which are scored, journals which need
to be larger, destroyed threads on axles or
steering knuckles, cams worn down, univer-
sal joints, dogs on the rear axles or wheels,
ball joints on the torque rod—these are made
as good as new at a huge saving in time over
other methods and since their welding is all
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the same in principle, we need but to illus-
trate and describe one operation to under-
stand all. In Fig. 54 the crank shaft journal
is being enlarged, so that when turned down
it will be say omne-quarter inch larger in
diameter. The mild steel rod is used, as it
may be on all work of this character. 1t
must be remembered that the shaft is heavy
metal, that it will absorb considerable heat
and as well will conduct heat rapidly and

F16. 54.—Building up journal of crank shaft.

that the rod we are using is very small in
comparison with the size of the shaft. If,
then, the shaft is not kept at a red or white
heat in the fire, the added metal from the rod
is cooled before the orides are destroyed and
the result is rather hard metal difficult to
machine and of a porous nature. To be sure,
by using a tip of large size the shaft may be
kept hot enough to prevent this, but while
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many welding shops do not preheat work of
this nature, economical and good welding is
easier executed by welding while it is in the
fire, insuring slow cooling.

As shown in Fig. 54 the torch is preferably
held in line with the weld, adding the metal
lengthwise. By turning the shaft slightly as
one stretch is completed, the entire surface
is built up to the desired size. It is to be
remembered that the shaft must be in fusion
as the rod is added, else the metal will not
be truly bonded and will as well be hard,
due to the rapid conduction of the heat by
the heavier piece as already explained.

Gear Welding.—Putting new teeth in
gears may be considered the same as build-
ing up a worn part. The broken tooth is not
used nor a new one made to fit, but the weld-
ing rod is added a drop at a time to build up
the new section which may later be filed or
milled to shape. Note Fig. 55, representing
a typical gear welding job. It will be seen
that while the tooth itself is small and does
not require a large flame to melt it, there is
a heavy section to which the tooth is attached
which requires a great deal of heat to bring
its surface to the melting heat. Most gear
welding failures are caused by adding the
rod before the metal is in fusion and forget-
ting the rapid conducting qualities of the
heavy metal, the result being that the added
metal pulls away from the gear. We should
then heat that section which we are to weld
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and keep it in the fire while welding—in-
suring a sound weld and one which can be
easily filed to a finish.

Case Hardening.—Tt is necessary with
gears, universal joints, cams, etc., to harden
them after they have been filed or machined.
It is not our purpose to describe the various
methods with which the repair man is al-
ready familiar. A method not usually em-
ployed but which will be found practicable,
however, is to heat the section to be hard-
ened to a bright red—almost a melting heat

F16. 55.—Gear welding—tooth added a drop at a time.

—and play the welding flame with a decided-
ly carbonizing cone over the surface. The
excess ‘of acetylene in the flame, which is
rich in carbon, will harden the metal to a
sufficient depth.

Light Metal Welding.—Fenders, running
boards, top supports, wind shield brackets
or frames, ete., are usually constructed from
light gauge metal and their welding is not
at all difficult. The welding rod ordinarily
used is much too large for this work and
soft iron wire of small diameter is necessary.
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About fourteen or sixteen gauge will be
found right or the wire used on baled hay
is good enough for this purpose. The size
of the flame is necessarily small and it will
usually be necessary to hold the torch in the
position as shown in Fig. 56 to avoid burning
holes in the material, the flame striking the
metal on an angle nearly horizontal to the
line of welding. As with all welds, the work
should progress toward the opening. On
fender welding for instance, broken half way

F1a. 56.—Position of torch for sheet metal welding.

across, the weld should start in the centre
and work out and the end should not be
tacked as is many times done. It will prob-
ably be found- helpful to clamp the fender,
slightly separating the edges on the end, to
avoid warpage.

Gasolene Tank.—Repairs to gasolene tanks
are made . with a soldering iron when the
metal is galvanized, since this material can-
not be welded. Some tanks, however, are con-
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structed from black iron and leaks in these
are amenable to the welding flame if proper
care is used in preparing the tank. After
the gasolene is drained off, the tank should
be thoroughly washed out several times and
then live steam employed for at least an
hour to rid the tank of all liquid or vapor.
Never should a flame of any kind be used
unless the tank is so cleaned—washing alone
18 not sufficient.

Fia. 57—Weld or tighten rivets when weld is adjacent.

Welding Adjacent to Rivets.—In welding
the arm to the case (Fig. 57) of the lower
half of the Ford motor, which at times works
loose, the weld necessarily is a lap, due to
the construction. This weld will hold the
case sufficiently rigid, but oil will work out
through the rivet holes unless they are tight-
ened up or the heads welded to the case. The
expansion and contraction of the metal
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caused by the welding flame is usually suf-
ficient to loosen rivets where the weld is
adjacent to them and in nearly all cases—
frame welding for instance, near a cross
member—it will be found advisable to tight-
en them or to weld the heads to the sheet or
plate.

Shaft Welding.—To properly line up a
shaft preparatory to welding many shops

1

Fie. 58.—Cast iron V blocks for alignment of shafts.

use V blocks (Fig. 58) constructed from cast
iron and accurately finished. As a general
rule, it may be stated that the importance
of V blocks is greatly eraggerated and their
use may lead to the belief that alignment of
the shaft is preserved. If we have digested
what has been said about expansion and con-
traction, the futility of depending upon V
blocks and clamps to hold the shaft in line
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during welding may be apparent. Many
large welding shops do not use V blocks; the
small shop without them need not feel that
their purchase or construction is essential.
The break is ground down from both sides
to a chisel edge—not a pointed one—differ-
ent positions of the break being outlined in
Fig. 59. The welding rod to be used will
largely depend upon the carbon content of
the shaft. The mild steel rod may be used
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F1¢. 59.—Various breaks in crank shaft prepared for
welding.

on those shafts from old cars (or from small
stationary engines, motor boat engines, ete.),
but it will be necessary to use on the more
modern cars a rod of less ductility. One
with a slight percentage of vanadium is
preferred by some shops; by others one of
nickel alloy.

Without the aid of V blocks, the shaft may
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be lined up in a lathe; by using the crank
case; a couple of vises; or it may be blocked
up on a table and lined up with the eye. Ir-
respective of how careful we may be in lining
it up before welding, the shaft must be put
i a lathe after welding to be straightened,
and to a degree this straightening will be a
test of the weld.

Many welders do not heat a shaft while
welding ; yet for reasons already explained,
the welding can be more economically car-
ried out by first tacking the shaft to hold it
and then welding it in the fire. Particular
care must be used to avoid excessive burning
—getting the metal to flow together with the
material from the rod as quickly as possible
and getting the flame away instantly as that
section fuses.

Some authorities recommend the use of the
cast iron flux; others a solution of silicate
of soda (liquid glass) to protect the metal
from oxidation and to prevent absorption of
gases but the benefit of either is doubtful.
All the details essential to successful mild
steel welding may be considered doubly nec-
essary in shaft welding.

The beginner should not, of course, at-
tempt shaft welding on a commercial scale,
but should first become proficient in mild
steel welding and then weld round sections
of cold rolled steel, remembering that work-
manship probably constitutes 90 per cent of
successful shaft welding.
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Unlike other welding work, where a guar-
antee may be made that the weld will not
break, because it is stronger at that point
than the original metal, shaft welding should
never be attempted with this promise; rather
it must be understood that the weld is not
as strong as the original metal. - Ordinarily,
a weld properly executed is amply strong
enough, since the factor of safety in the orig-
inal shaft was probably a large one. When
the shaft is easily and cheaply duplicated,
welding should not be done, but when time
and cost are elements to be considered their
welding is feasible.

Rear axles and drive shafts are welded
with the same care and judgment as crank
shafts. At all times they should be put in
the lathe after welding to straighten them.
Shafts out of line must break and as the
weld is the weakest place, the careful work-
man, after welding, will see that they are
properly straightened, lest the responsibility
for the break be placed upon him, rather
than upon lack of alignment.

Springs.—The welding of springs should
rarely be attempted, since they are in the
class of high carbon steel difficult to weld
and are as well tempered. It is practically
impossible to weld them when they are brok-
en through the bolt hole for instance to se-
cure a hond which will stand up. The leaf
which bolts to the shackle may be welded
when broken on the end (EFig. 60) with better
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chance of holding, mild steel being used and
the metal built up as shown. No retemper-
ing is necessary, the added metal being suf-
ficiently rigid. Work of this kind should
be properly classed as emergency, that is if
no spring is available, welding should be em-
ployed, but with the understanding that it
is not a permanent repair.

Construction of Parts.—1In overhauling, re-
modeling a pleasure car toa truck, building
metal bodies or constructing a racer or speed
car, the uses of the oxy-acetylene flame are

\

F1e. 60.—A spring weld at this point will usually hold.

innumerable. Engineers of automobile fac-
tories are beginning to recognize its value in
construction work—the repair man may of-
ten employ it for making a part.

In Fig. 61 is represented an exhaust for
a racer, made by the welding process. The
flanges which bolt to the cylinders are steel,
welded to the pipe, which in turn is welded
to the manifold, and this is constructed from
eight to ten gauge metal rolled up and
welded as shown. If the shop is equipped
with a cutting torch, as well as a welding
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torch, the flanges and sheet metal may be
cut to the proper shapes by its use.

Along the same lines, radiators to be
heated by the exhaust or water may be made
out of pipe or tubing welded together. Ex-
haust manifolds with water or air jackets,
a construction difficult to cast, may be easily
constructed by welding a tube within a tube.

Round or oval gasolene tanks may be con-
structed from sheet iron. The steering col-

F1¢. 61.—Exhaust constructed by welding.

umn dropped and lengthened by welding on
a section to the shaft and tubing. The shift-
ing gear levers and emergency brake may be
lengthened, shortened or offset. Clutch and
brake pedals lengthened or shortened. Seats,
steps, irons for canvas guards, ete., may be
quickly made with no other shop equipment
except the oxy-acetylene flame.

Cross members of the frame may be welded
to the side members to eliminate the rattle
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caused by rivets working loose. The rear
construction may be stiffened by welding
braces to the housing to permit the safe ase
of trailers.

There are literally hundreds of uses for
the welding flame in the repairing of auto-
mobiles and the successful shop will bear
these suggestions well in mind, remembering
that with steel it is possible to construct as
well as repair,



CHAPTER VI
MALLEABLE IRON, COPPER, BRASS, BRONZE.

How to Detect Malleable Iron—Brazing Malleable
Iron—Rear Housing—Reinforcing the Braze—
Brazing Tube to Housing—Building up Worn
Parts—Copper—Brass and Bronze—Silver Sold-
ering.

Not infrequently malleable iron is used in
automobile construction where the strength
of steel is not thought necessary but where
the brittleness of cast iron must be avoided.
Malleable iron cannot be successfully weld-
ed, since the melting of it causes it to become
extremely hard and brittle. It unites well
with cast iron used as a welding rod but the
bond is without ductility and especially on
the edges of the weld, where the cast iron
joins the malleable, it is without the
strength of even cast iron. Mild steel or
Swedish iron used as the welding rod does
not unite well with it, the weld being very
porous and the malleable clinging to the rod
as it is brought into fusion, rather than the
rod fusing to the casting. It has been
claimed, usually by those unfamiliar with
the qualities of the metal, that it may be

welded with steel or cast iron or with both,
136



DETECTING MALLEABLE IRON. 137

and some shops attempt to handle it in this
way, but inasmuch as the character of mal-
leable changes when it is melted, we can see
that this is not practical and that a bond
of this nature is almost certain to break.

How to Detect Malleable Iron.—Beginners
are usually puzzled in determining whether
a casting is malleable iron or steel. At
times it is used in certain sections of the
automobile where prudence would dictate
that steel be employed. This is particularly
true with cars of earlier models. Most mod-
ern cars use some malleable iron, usually
in rear housings, the casting rivetted to the
drive shaft tubing, the casting on the hub of
the wheel, lamp brackets, etc. If the break
is clean, malleable will show two distinct
colors, white in the centre and black on the
outside, this black ring extending into the
casting from a sixteenth to a quarter of an
inch, depending upon the thickness of the
casting. Whatever doubt may exist as to
the character of the metal is removed when
the flame melts a small section. Malleable
has several peculiar characteristics, the one
most prominent being the tendency of the
metal to draw away from the flame as it
comes to the melting heat. It sparks a lit-
tle, considerably less than steel, but enough
to show that it is not cast iron, which does
not spark at all.

Brazing Malleable Iron.—Malleable is suc-
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cessfully brazed awith the oxy-acetylene
flame, a bronze rod being used and proper
cleansing flux. Tobin bronze is usually
used, though some shops prefer manganese
bronze, the latter being less fluid in a molten
condition than the former. The break should
be beveled out, the same as if a weld were
to be made, and should be most thoroughly

Fie. 62—Break in malleable rear housing.

cleansed, since we are going to effect a bond
of two different metals and do not want any
foreign substances to prevent this bond.
A much larger tip than for the same thick-
ness of cast iron should be used, since we
want to heat a wider zone and yet cannot
bring the flame close enough so that any
portion will melt, A slightly carbonizing
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flame, rather than a neutral one, is prefer-
able for beginners.

Rear Housing.—As shown in Fig. 62,
cracks or breaks are frequent in malleable
rear housings. Most shops do not preheat
work of this character, due to the ductile
nature of the metal. It is to be remembered
that while malleable will rarely break in
cooling, it will certainly contract and if the
crack as shown is brazed without preheating,
starting in the centre and working toward
the edge, the surface will be low in the sec-
tion of the braze, the housing will probably
leak grease and, furthermore, the brazed
joint is likely to give way under the strain
caused by lack of alignment. We should
then treat malleable iron exactly the same as
cast iron and preheat to prevent contraction
cracks or distortion. As well,-of course, this
method is more economical than welding
cold. .

When the metal reaches the bright red
heat, the bronze rod covered with flux the
same as with welding work, is brought down
and a considerable portion of it added—
much more than if a weld were being made.
Care must be used to see that the bottom of
the break is as hot as the sides, else the
bronze will not adhere at this point. 7The
cone should not touch the bronze rod, but
the casting and rod brought to the proper
heats without the cone coming into direct
contact with either.
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Reinforcing the Braze.—The bronze may
be built up higher than the adjoining metai
and may, as well, be wider than the usual
weld. Sometimes it may be found desirable
to reinforce by placing wrought iron straps,
as shown in Fig. 63, crosswise of the break
and braze these to the housing as well as
fill up the beveled break. Rarely should this

F1e. 63.—Housing reinforced with wrought iron straps.

be necessary—only when the strength of the
original malleable housing is not sufficient
to meet the strain placed upon it.

Brazing Tube to Housing.—Drive shaft
housings, as well as rear axle housings, are
many times constructed of tubing rivetted
and brazed into a malleable casting. In
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time, due to continuous vibration, the rivets
become loose, the brazing breaks away and
it is then necessary to securely fix the tube
to the casting. Omne of the first methods
thought of is to make a weld at A as shown
in Fig. 64, which will bond the tube to the
casting. Two objections are open, first, that
malleable becomes hard and brittle when
melted and second, that this method does
not tighten the rivets and there is still play
in the housing. A housing welded or brazed
at this point alone will not hold. If new
rivets are put in, the chances for holding
are considerably better, but a repair easily
effected and to be considered permanent is as
follows:

Chisel off the heads of all rivets and back
them out; then turn the tube within the
housing until the old holes in the tube are
not in line with the holes in the housing, but
are covered. Then treat the job as if it were
a broken piece of malleable, bonding the
bronze to the tube and filling the holes in the
housing with it. Where the position of the
other end will not allow turning the tube,
the heads of the rivets may be cut off and
the brazing done with the remainder of the
rivet in place.

Building Up Worn Parts.—Adding more
metal to worn sections of malleable is exe-
cuted the same as any other metal, except
in this instance care must be used not to
melt the surface of the casting. Bronze is,
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of course, used as the rod, the same as for a
break.

Copper.—While copper may be success-
fully welded with the aid of a phosphuretted
rod and the proper flux, so little of it is
used in automobile construction that it is
customary to braze it in repair work, ex-
actly the same as malleable iron is handled.

‘WRONG PLACE
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F1e. 64.—Wrong point to weld or braze tube to housing.

Instead of the bronze rod, soft brass wire
may be used, since inlet manifolds, water
jackets, tanks, etc., are usually of thin gauge
material and the rod is too heavy to flow
casily.

The material should be thoroughly clean
and the metal brought to a red heat before
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adding the rod covered with flux. In this
instance, it is best to use a flame slightly
carbonizing instead of neutral.

Brass and Bronze.—In bonding brass or
bronze, the repair shop will use for the weld-
ing rod either Tobin or manganese bronze
or with very thin castings, soft brass wire.
The alloy of the castings will vary so much
that it would be impossible for the repair
shop to keep on hand the necessary rods to
insure at all times a true weld; and as well
the workman would have no means of know-
ing the alloy used by the manufacturer. The
bronze rod used on malleable iron is there-
fore usually employed and there will be no
question of the strength of the bond with
such a rod, if the weld is properly executed.

Even with thin sections, it is desirable to
bevel the brealk where it is possible to do so.
Rarely would preheating be necessary, but
it should be remembered that copper, which
is the largest ingredient of the casting, is
a very rapid conductor of heat and has a high
melting point as well, and that zine, which
is present in varying proportions, has a very
low melting point. It can quite readily be
seen then that if the cone is brought into
direct contact with the material, the zinc
will burn out long before the copper is hot
enough to melt. The workman will take
into consideration the conductivity of the
casting and hold the cone some distance
away from the break until the metal is at
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the red heat. Then it is brought down close
to the metal, a portion of the rod melted
and the flame immediately raised. Unlike
steel or cast iron, the flame is not held con-
tinuously to the line of welding, but is lifted
away from the weld as fusion takes place.

Small sections broken completely through,
such as hinges or wind shield parts must
be carefully set up so that they will not move
while being bonded. As a rule, brass or
bronze, in cooling, is very fragile. If clay
is used to hold the parts while being welded,
exercise care that the under side of the break
is not covered with it—the two pieces may
be held by clay, but it should not closely
adjoin the weld.

On heavy sections, which are rarely met
with in modern cars, but which in the older
types might be found in axles, crank cases,
driving gears, ete., it is desirable to preheat
both for economy, and to avoid contraction
cracks. Building up worn sections, such as
valve caps or filling holes, is accomplished
in the same manner as with other metals.

The beginner will usually have difficulty
in welding heavy sections because of the
rapid conductivity of the metal; this condi-
tion is evidenced by the appearance of the
metal, the casting becoming porous on the
surface, the zinc burning out in the form of
a gray powder, and the material from the
welding rod lying in balls on the surface
without being bonded to the casting. This
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condition may be overcome, of course, by
preheating, and by the use of a large tip and
some patience, remembering that the area
round the weld must be at the red heat be-
fore the cone is brought down sufficiently
close to melt the break.

Silver Soldering.—At times it is necessary
to have a strong and ductile bond between
copper and brass or perhaps on delicate work
where it is not practical to destroy the con-
tour of the piece by melting. Brass, bronze
or copper or combinations of these metals,
may be soldered with silver, the flame used
should be carbonizing and the pieces to be
soldered thoroughly clean and covered with
flux. They should be equally hot wherever
the bond is desired, unlike welding where the
heating is local. At a bright red heat, the
silver is brought in contact with the metal
and it will at this time flow to all parts of
the section to be soldered, provided the
metal+is at the correct heat. This method
is particularly advantageous in joining cop-
per tubing to brass or bronze fittings, where
the strength of soft solder is not sufficient
to withstand the strain or vibration.



CHAPTER VIIL

CARBON BURNING AND OTHER USES OF OXYGEN
AND ACETYLENE.

Principle of Carbon Burning—DMethod of Operation—
Lead Burning — Soldering — Case Hardening—
Heating Uses.

Principle of Carbon Burning.—The removal
of carbon from the combustion head of auto-
mobile cylinders by the oxygen process is
eminently practical, but its very simplicity
many times leads to carelessness or misun-
derstandings which result the same as do
poor welding jobs, in a condemnation of the
process.

Let it be said that the heat generated by
the burning of the carbon is not greater than
that in the combustion chamber when the
motor is running—consequently there will
be no damage to the valves, piston or cylinder
walls. It will remove all carbon from the
chamber. It will not remove it from the cyl-
inder walls; and if carbon is present here
a new piston or a regrinding of the cylinders,
or both, is necessary; and the use of any
carbon destroying method is impractical.
The process will not burn sand or graphite
and it will not regrind valves.

146
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It will be noted that oxygen alone is neces-
sary for carbon burning. In the welding
process, the acetylene is the fuel burnt by
the oxygen, but in the oxygen carbon burn-
ing process, the carbon is the fuel, and it is
necessary only to ignite it, and thereafter
combustion is kept up, or to put it another
way, the fire is képt burning by the oxvgen.

The apparatus required is very simple,

F'1¢. 65.—O0xygen carbon burning apparatus, with dif-
ferent types of burners.

the oxygen cylinder with the usual regulat-
ing valve, a length of hose and a section of
annealed copper tubing twelve to fifteen
inches long. This copper tubing may be at-
tached to a handle, equipped with a petcock
or spring valve, or it may be soldered to a
burnt welding tip or otherwise attached to
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the welding torch, various types being illus-
trated in Fig. 65.

Method of Operation.—While the motor is
running, the gasolene is turned off back of
the carburetor, allowing the engine to die
down from lack of fuel. If the car is equip-
ped with a vacuum feed, this should be
drained. No gasolene should be in the line
from the tank to the carburetor, since a leaky
inlet valve might allow the propagation of
sparks into the gas line. It is the general
practice to remove the valve cap, where the
construction of the cylinder is such that this

may be done. As a general rule, better work
may be accomplished by 7'cnwving the spark
plug only, making sure that the piston is at
the top of its stroke on each cylinder as it
is cleaned. Then drop in a lighted match
or hold a lighted wax taper into the opening,
at the same time inserting the copper tubing
with a few pounds pressure of oxygen. If
there is a considerable flame, hold the pres-
sure of the oxygen down (either on the valve
of the burner or at the regulator) until most
of the flame disappears, but if little or no
flame, increase the pressure to twelve or
fifteen pounds, moving the tube briskly back
and forth across the cylinder.

Carbon which is very dry burns with more
difficalty than that which is oily, and in
this instance combustion is likely to be stop-
ped before the carbon is completely con-
sumed. It is necessary then to inject into
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the cylinder a small quantity of oil—prefer-
ably a very few drops at a time—in order to
assist combustion, that is to make more fuel.
Ordinary lubricating oil, kerosene or alcohol
may be used.

To a large extent, the necessity of using oil
may be determined by the appearance of
the spark plug. 1f the carbon on it is hard
and dry, oil is necessary. If on the other
hand the plug is oily, the carbon in the cyl-
inder will burn readily without the in-
jection of oil. It may be said in passing that
oil increases the temperature of the combus-
tion chamber and if used in too large quanti-
ties there is some danger of warping or
cracking the valves and piston.

Theoretically, when the burning is com-
plete, which is evidenced by the stopping of
sparks, the combustion chamber should be
entirely clean. Practically, however, this
is rarely so, since it is probable that some
sand is present in the chamber, sucked
through the carburetor. Graphite may also
be in the chamber if it is used anywhere
in the cylinders as a lubricant. If com-
pressed air is at hand, the cylinders should
be blown out after the burning is complete,
and always a swab should be used to wipe
the piston top and valves.

Due to the flying sparks and the nearness
of gasolene and oily substances, it is ad-
visable to have at hand a fire extinguisher
to prevent any serious blaze.
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Lead Burning.—The oxy-acetylene flame
may be used for lead burning on batteries,
a special torch being used. One of the dis-
solved acetylene companies has recently
brought out such a torch. Oxygen may also
be used with ordinary city gas or hydrogen
for this purpose. The burning of lead is no
different than the welding of the metals
already taken up. No flux is required, but
the edges should be filed or scraped clean.
A strip of pure lead is used as the rod.

Soldering.—TFor soldering, acetylene with-
out oxygen, burnt in a torch which is sup-
plied by the dissolved acetylene companies,
offers the advantage of giving a very con-
centrated flame.

Case Hardening.—The carbonizing flame
of the welding torch may be used to case
harden mild steel, as described in the Steel
Chapter.

Babbitting.—Either acetylene alone or
oxygen and acetylene used in the welding
torch may be employed in heating bearings
to pour babbitt. The concentrated heat is
especially desirable in getting the bearing
sufficiently hot to prevent holes in the hab
bitt as it is poured and cools.

Heating Uses.—Tor straightening frames,
axles, steering knuckles, shrinking on bush-
ings, etc., the oxy-acetylene flame is invalu-
able and is especially useful because of the
portability of the equipment.
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HOW TO FIGURE COST OF WELDING.

Oxygen Consumption—Dissolved Acetylene Consump-
tion—Torch Consumption Test—Acetylene Gen-
erator Consumption—Cost Card—Conclusion.

Oxygen Consumption.—The high pressure
indicating gauge on the regulator will tell
us very closely the cubic feet of oxygen
used in welding or carbon burning. If the
dial is calibrated in atmospheres, we remem-
ber that the cylinder is full at 120 atmos-
pheres and that it contains 100, 150 or 200
cubic feet at this pressure, depending, of
course, upon the size of the cylinder. As-
sume that the cylinder is a 100-foot one, and
that the gauge reads at the start 90 atmos-
pheres and at the finish 50. 'We have then
used 40 atmospheres or. one-third the con-
tents of the cylinder, or 334 cubic feet. One
atmosphere with a 100-foot cylinder equals
five-sixths cubic feet; with a 150-foot cylin-
der 1% cubic feet; and with a 200-foot cylin-
der, 125 cubic feet. In keeping a cost record
then, it would be desirable that the oxygen
gauge be noted at the start and finish of a

job and figured as follows:
151
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Atmospheres Cu. ft. to Cu. ft.
Start, Finish, used, Atmospheres, Used.
120 — 90 == 30 X 5% = 25

If a 200-foot: cylinder is employed, the
equation is the same except the difference in
atmospheres is multiplied by 125 ; with a 150-
foot cylinder by 1V4.

If the graduation of the dial is in pounds,
the cylinder is full at 1800. With a 100-foot
cylinder, 18 pounds difference will represent
one cubic foot; with a 150-foot cylinder,
13% pounds; with a 200-foot cylinder, 9
pounds. We may find out the cubical con-
tents used as follows:

Pounds Pounds to Cu. ft.
Start. Finish. used. TZeut Lt used.
1800 — 1200 = 600 = 18 = 331

With a 200-foot cylinder the division, of
course, will be by 9 and with a 150 one by
13%.

If the high pressure indicating gauge is
calibrated in percentage, it is simply neces-
sary to know the capacity of the cylinder
and take the gauge reading as follows:

Cubical Cu it
Start. Finish. Per Cent. contents. used.
100 —_ 80 = 20 of 100 = 20

With a 150-foot cylinder, the number of
cubic feet will be 30; and with a 200-foot
one, 40.

Dissolved Acetylene Consumption.—The
tank pressure indicating gauge on the dis-
solved acetylene cylinder cannot be used to
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figure contents since the gas is dissolved in
a liquid and the pressure varies in accord-
ance with the amount and purity of this
liquid. The same size cylinder may in one
instance record a pressure of 300 pounds and
contain only 150 cubic feet and in the next
indicate a pressure of only 150 pounds and
contain 300 cubic feet. Likewise, the gas
is more susceptible to temperature than oxy-
gen, so the gauge reading on the acetylene
regulator is merely helpful in recording
when the tank is becoming empty. It is nec-
essary with dissolved acetylene to find out
contents by weight, 1414 cubic feet weigh-
ing one pound. The cylinder may be weighed
when received and again when empty and the
difference times 141, will give us the cubical
contents in feet. Manufacturers of dissolved
acetylene check these weights carefully and
since it would be impractical for the user to
weigh the cylinder each time a job is started
and again when finished, it is necessary for
the user only to weigh the cylinder when full
and when empty for the purpose of a test
to ascertain the consumption of the welding
torch and thereafter the cost record of gases
may be kept by means of the oxygen gauge
only.

Torch Consumption Test—All torches do
not consume the same relative quantities of
oxygen and acetylene. The torch which is
the most economical one to operate is the
one which uses the least amount of oxygen,
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and the user can ascertain approximately
the consumption of each gas in the ordinary
run of work. Full cylinders of each gas
should be used and the acetylene cylinder,
which should be a fairly large one, say 225
or 300 feet, should be weighed before start-
ing and a record made of its weight. At
normal temperature (about 65 deg. I'ahr.)
the oxygen cylinder should register 120 at-
mospheres. Then the apparatus is used in
the shop on the usual work. When we have
used 200 feet of oxygen, disconnect the acety-
lene cylinder and weigh it and ascertain the
cubic feet used by multiplying the difference
in weights by 14Y%, as previously described.
It is just possible that we have used 200 feet
of acetylene or about that, but more likely
it will be found that the acetylene consump-
tion is less than the oxygen. At any rate, the
ratio has been established and if reasonable
care has been used in the test, we will have
a general idea of whether the torch consumes
10 feet of oxygen to 7 of acetylene or 10
feet to 5, and thereafter we have only to de-
termine the oxygen consumption by means
of the high pressure gauge and estimate the
acetylene consumption on the ratio basis
established by the test. It is understood, of
course, that this test is not technically cor-
rect—the welding shop is not equipped to
establish a test of this character and the
method described is simply one to give a gen-
eral idea of relative consumption.
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Acetylene Generator Consumption.—Estab-
lishing the number of cubic feet of gas de-
livered by a generator from a charge of car-
bide may be done by the aid of a meter; or
in a general way, by first establishing the
ratio of consumption of gases by the welding
torch test just described—using dissolved
acetylene, of course, to make the test—and
then connecting the generator, freshly
charged with a known quantity of carbide,
and operating the torch until the generator
is empty. As we already know the relative
consumption of gases in the torch we have
simply to keep an accurate record of the
oxygen used to find out how much acetylene
we are getting per pound of carbide and
thereafter the cost record may be kept by
means of the oxygen gauge, the same as with
dissolved acetylene.

Cost Card.—In Fig. 66 is an outline of a
cost card for the welding shop. Details will,
of course, vary. Welding rods may be
kept track of by number rather than by
pounds, by first establishing how many rods
there are to the pound. If gas torches are
used for preheating instead of charcoal,
their hourly cost of burning may be determ-
ined by the meter, and with the power cost
for the air added, it is necessary only to sub-
stitute on the cost card for pounds of char-
coal, hours, minutes and number of torches
used. Overhead, which in repair work is
unusually high and must include deprecia-
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tion of equipment, failure of welds, etc., is
not safe to figure under 100 per cent, and
cost of labor naturally depends upon many
conditions. A competent operator of the oxy-
acetylene flame can easily command a mini-
mum of $25 per week ; therefore, if the owner
of the shop is the welder, as he so many
times is in the small shop, he should figure
that he must first pay himself at this rate.

Conclusion.—Is oxy-acetylene welding of
automobile parts hard to master? Not if
we pay attention to the fundamentals—
torch adjustment, effects of contraction,
quality of the apparatus and supplies. It is
impossible to become a successful operator
without these essentials. We cannot actu-
ally learn to weld by reading alone, but we
can avoid serious errors by taking advantage
of the experiences of practical men simply
expressed. The reward for good welding is
a very substantial one; to the workman, in-
creased wages—higher than he could earn
in any other mechanical line; to the welding
shop, increased business at better prices;
and to a shop employing the process on its
own cars, a decided saving in the price of
parts and the elimination of annoying and
costly delays.

What not to weld will depend largely upon
the skilfulness of the operator. Shafts and
steering knuckles, for instance, require ex-
pert workmanship and should never be at-
tempted until the workman knows he is com-
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petent to handle them; and this knowledge
comes only from experience with many steel
jobs. The cost of a new part must also be
considered, except in cases where a new part
is not easily procurable. If a new gear may
be bought for three dollars and it is neces-
sary to weld in three or four teeth, machine
and case harden the gear, it can readily be
seen that no saving in this instance is pos-
sible.

The proper use of the oxy-acetylene flame
benefits all, since it reduces waste. Let us
then employ it properly, not venturing to
use it on commercial work until we are cer-
tain we understand how to use it.
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AUTOMOBILES—MOTORCYCLES

MODERN GASOLINE AUTOMOBILE, ITS DE-
SIGN, CONSTRUCTION AND REPAIR. By Vicrtor
W. Pact. The most complete, practical and up-to-date
treatise on gasoline automobiles, explaining fully all princi-
ples pertaining to gasoline automobiles and their component
parts, It contains the latest and most reliable information
on all phases of automobile construction, operation, mainte-
nance and repair. 1917 Edition just published. 5% x 734.
Cloth, 850 pages, 600 illustrations, 12 folding plates.

Price $2.50

QUESTIONS AND ANSWERS RELATING TO
MODERN AUTOMOBILE CONSTRUCTION, DRIV=-
ING AND REPAIR. By Vicror W. Pack. A practi-
cal self-instructor for students, mechanics and motorists, con-
sisting of thirty-seven lessons in the form of questions and
answers, written with special reference to the requirements
of the non-technical reader desiring easily understood ex-
planatory matter relating to all branches of automobiling. A
popular work at a popular price. 514 x 7%. Cloth, 650
pages, 392 illustrations, 3 folding plates. 1917 Edition just
published, Price, $1.50

AUTOMOBILE REPAIRING MADE EASY. By
Victor W. Pack. A thoroughly practical book containing
complete directions for making repairs to all parts of the
motor car mechanism. Written in a thorough but non-
technical manner. This book contains special instructions on
Tire repairing and rebuilding. Latest timing practice. Eight-
and twelvecylinder motors, etc., etc. You will never “get
stuck” on a job if you own this book. 1,000 specially made
engravings on 500 plates, 1,056 pages (5% x 8). 11 folding
plates. 1917 Edition. Price, $3.00

STARTING, LIGHTING AND IGNITION SYS-
TEMS. By Vicror W. Pactk, A practical treatise on
modern starting and ignition system practice. Includes a
complete exposition of storage battery construction, care and
repair. Explains all types of starting motors—generators—
magnetos and all ignition or lighting system units, Noth-
ing has been omitted, no details have been slighted. Nearly
500 pages. 297 specially made engravings. 1917 Edition.

Price, 81.50

THE MODEL T FORD CAR, ITS CONSTRUC-
TION, OPERATION AND REPAIR. By Vicror W.
Pact. This is a complete instruction book. All parts of the
Ford Model T Car are described and illustrated; the con-
struction is fully described and operating principles made

clear to everyone. Every Ford owner needs this practical
book. 1917 Edition. 75 illustrations, 300 pages, 2 large
folding plates. Price, $1.00

FIOW TO RUN AN AUTOMOBILE. By Vicror W.
Pact., This treatise gives concise instructions for starting
and running all makes of gasoline automobiles, how to care
for them, and gives distinctive features of control. Describes
every step for shifting gears, controlling engine, etc. Thor-
oughly illustrated. s Price, $1,00



AUTOMOBILE WELDING WITH THE O0OXY-
ACETYLENE FLAME. By M, Keita DunuaM, Ex-
plains in a simple manner apparatus to be used, its care, and
how to construct necessary shop equipment. Proceeds then
to the actual welding of all automobile parts, in a manner
understandable by everyone. Gives principles never to be
forgotten. Aluminum, cast iron, steel, copper, brass, bronze
and malleable iron are fully treated, as well as a clear ex-
planation of the. proper manner to burn the carbon out of
the combustion head. This book is of utmost value, since
the perplexing problems arising when metalsis heated to a
melting point are fully explained and the proper methods to
overcome them shown., 167 pages, fully illustrated.

Price, §1.00

THE AUTOMOBILIST’S POCKET COMPANION
AND EXPENSE RECORD. By Vicror W. Pack.
This book is not only valuable as a convenient cost record
but contains much information of value to motorists. In-
cludes a condensed digest of auto laws of all States, a lubri-
cation schedule, hints for care of storage battery and care of
tires, location of road troubles, anti-freezing solutions, horse-
power table, driving hints and many useful tables and recipes
of interest to all motorists. Not a technical book in any
sense of the word, just a collection of practical facts in sim-
ple language for the everyday motorist. Convenient pocket
size. Price, $1.00

MOTORCYCLES, SIDE CARS AND CYCLE-
CARS, THEIR CONSTRUCTION, MANAGEMENT
AND REPAIR. By Vicror W. Packt, Describes fully
all leading types of machines, their design. construction,
maintenance, operation and repair. 550 pages. 350 specially
made illustrations, 5 folding plates. Price, 81.50

AUTOMOBILE CHARTS

LOCATION OF GASOLINE ENGINE TROUBLES
MADE EASY. This chart shows clearly all parts of a
typical fourcylinder gasoline engine of the four-cycle type.
It -simplifies location of all engine troubles. No details
omitted. Size 25 x 38 inches. Securely mailed on receipt of

Price, 25 cents

LOCATION OF CARBURETION TROUBLES
MADE EASY. It shows clearly how to find carburetion
troubles and names all defects liable to exist in the various
parts. Instructions are given for carburetor adjustment.
Size 24 x 38 inches Price, 25 cents

LOCATION OF IGNITION SYSTEM TROUBLES
MADE EASY., In this chart all parts of a typical double
ignition system using battery and magneto current are shown,
and suggestions are given for readily finding ignition troubles
and eliminating them when found. Size 24 x 38 inches.

Price, 25 cents

LOCATION OF ENGINE COOLING AND LpB-
RICATING TROUBLES MADE EASY. This is a
combination chart showing all components of the approved
form of water cooling group as well as a modern engine lu-
brication system. It shows all points where defects exist
that may result in engine overheating, both in coolljng and
oiling systems, Size 24 x 38 inches, Price, 25 cents
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LOCATION OF FORD ENGINE TROUBLES
MADE EASY. Chart shows clear sectional views depict-
ing all portions of the Ford power plant and auxiliary groups.
It outlines clearly all parts of the engine, fuel supply sys-
tem, ignition group and cooling system, that are apt to give
trouble, detailing all derangements that are liable to make an
engine lose power, start hard or work irregularly. This
chart simplifies location of all engine faults. Size 25x 38
inches. Price, 25 cents

LUBRICATION OF THE MOTOR CAR CHASSIS.
This chart presents the plan view of a typical six-cylinder
chassis of standard design and outlines all important bear-
ing points requiring lubrication, and is a valuable guide to
the correct lubrication of any modern car. A practical chart
for all interested in motor car maintenance, Size 24 x 38
inches. Price, 25 cents

LOCATION OF MOTOR CYCLE TROUBLES
MADE EASY. This chart simplifies location of all power
plant troubies and will prove of value to all who have to do
with the operation, repair or sale of motorcycles. No details
omitted. Size 30 x 20 inches. Price, 25 cents

BRAZING AND SOLDERING

BRAZING AND SOLDERING. By James F.
Hosarr. The only book that shows you just how to handle
any job of brazing or soldering that comes along; it tells
you what mixture to use, how to make a furnace if you
need one. Full of valuable kinks. The fifth edition of this
book has just been published, and to it much new matter
and a large number of tested formulas for all kinds of
solders and fluxes have been added. Illustrated. 235 cents

CHARTS

MODERN SUBMARINE CHART—WITH 200
PARTS NUMBERED AND NAMED. A cross-section
view, showing clearly and distinctly all the interior of a
submarine of the latest type. No details omitted—everything
is accurate and to scale, This chart is_really an_encyclo-
pedia of a submarine. Price, 25 cents

BOX CAR CHART. A chart showing the anatomy of
a box car, having every part of the car numbered and its
proper name given in a reference list. Price, 25 cents

GONDOLA CAR CHART. A chart showing the
anatomy of a gondola car, having every part of the car
numbered and its proper reference name given in a refer-
ence list. Price, 25 cents

PASSENGER CAR CHART. A chart showing the
anatomy of a passenger car, having every part of the car
numbered and its proper name given in a reference list.

Price, 25 cents
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STEEL HOPPER BOTTOM COAL CAR. A chart
showing the anatomy of a steel hopper bottom coal car,
having every part of the car numbered and its proper name
given in a reference list. : Price, 235 cents

TRACTIVE POWER CHART. A chart whereby
you can find the tractive power or drawbar pull of any loco-
motive without making a figure, Shows what cylinders are
equal, how driving wheels and steam pressure affect the
ower. What sized engine you need to exert a given draw-

ar pull or anything you desire in this line. 50 cents

"HORSE POWER CHART. Shows the horse power
of any stationary engine without calculation. No matter
what the cylinder diameter of stroke, the steam pressure or
cut-off, the revolutions, or whether condensing or non-con-
densing, it’s all there. Easy to use, accurate and saves time
and calculations. Especially useful to engineers and de-
signers. Price, 530 cents

BOILER ROOM CHART. By Gro. L. FowrLer, A
chart—size 14 x 28 inches—showing in isometric perspective
the mechanisms belonging in a modern boiler room. This
chart is really a dictionary of the boiler room—the names
of more than 200 parts heing given. Price, 25 centy

COMPRESSED AIR

COMPRESSED AIR IN ALL ITS AFPLICA-
TIONS. By Garoner D. Hiscox. This is the most com-
plete book on the subject of air that has ever been issued,
and its thirty-five chapters include about every phase of the
subject one can think of. It may be called an encyclopedia
of compressed air. It is written by an expert, who, ‘in its
665 pages, has dealt with the subject in a comprehensive
manner, no phase of it being omitted. Over 500 illustra-
tions. Fifth Edition, revised and enlarged. Cloth bound,
$5.00. Half Morocco, Price, $6.50

This is the standard work on this important subject.

CONCRETE

CONCRETE WALL FORMS. By A. A. HoucHTON,
A new automatic wall clamp is illustrated with working
drawings. Other types of wall forms, clamps, separators,
etc., are also illustrated and explained. Price, 50 cents

CONCRETE FLOORS AND SIDEWALKS. By
A. A. Houguron. The molds for molding squares, hexagonal
and many other styles of mosaic door and sidewalk blocks
are fully illustrated and explained. Price, 50 cents

PRACTICAL CONCRETE SILO CONSTRUC-
TION. By A. A. Houcguron. Complete working drawings
and specifications are given for several styles of concrete
silos, with illustrations of molds for monolithic and block
silos. The tables, data, and information presented in this
book are of the utmost value in plannmi)and constructing
all farms of concrete silos. rice, 50 cents
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MOLDING CONCRETE BATH TUBS, AQUAR-
JTUMS AND NATATORIUMS. By A. A. HouGHTON.
Simple molds and instruction are given for molding differ-
ent styles of concrete bath tubs, swimming pools, etc.

Price, 50 cents

MOLDING CONCRETE CHIMNEYS, SLATE
AND ROOF TILES. By A. A. HougaroN, The manu-
facture of all types of concrete slate and roof tile is fully
treated. Valuable data on all forms of reinforced concrete
roofs are contained within its pages. The construction of
concrete chimneys by block and monolithic systems is fully
illustrated and described. A number of ornamental designs
of chimney construction with molds are shown in this
valuable treatise. Price, 50 cents

MOLDING AND CURING ORNAMENTAL CON-
CRETE. By A. A. HoucuroNn.™ The proper proportions
of cement and aggregates for various finishes, also the meth-
ods of thoroughly mixing and placing in the molds, are fully
treated. An exhaustive treatise on this subject that every
concrete worker will find of daily use and value.

Price, 50 cents

CONCRETE MONUMENTS, MAUSOLEUMS AND
BURIAL VAULTS. By A. A, HoucHtoN, The mold-
ing of concrete monuments to imitate the most expensive
cut stone is explained in this treatise, with working draw-
ings of easily built molds. Cutting inscriptions and designs
is also fully treated. Price, 50 cents

CONCRETE BRIDGES, CULVERTS AND SEW-
ERS. By A, A, HoucHTON. A number of ornamental con-
crete bridges with illustrations of molds are given. A col-
lapsible center or core for bridges, culverts and sewers is
fully illustrated with detailed instructions for building.

Price, 50 cents

CONSTRUCTING CONCRETE PORCHES. By
A. A. HougHToN. A number of designs with working draw-
ings of molds are fully explained so any one can easily con-
struct different styles of ornamental concrete porches with-
out the purchase of expensive molds. Price, 50 ecents

MOLDING CONCRETE FLOWER POTS,
BOXES, JARDINIERES, ETC. By A. A. HouGHTON.
The molds for producing many original designs of flower
pots, urns, flower boxes, jardinieres, etc., are fully illustrated
and explained. so the worker can easily construct and operate
same. Price, 50 cents

MOLDING CONCRETE FOUNTAINS AND
LAWN ORNAMENTS. By A. A. Houcurton. The
molding of a number of designs of lawn seats, curbing, hitch-
ing posts, pergolas, sun dials and other forms of ornamental
concrete, for the ornamentation of lawns and gardens, is
fully illustrated and described. Price, 50 cents

CONCRETE ON THE FARM AND IN THIC
SHOP. By H. Corvin Cameserr, This is a new book
from cover to cover, illustrating and describing in plain,
simple language many of the numerous appliances of concrete
within the range of the home worker, 150 pages, 51 illus-
trations, 3 Price, 75 cents
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CONCRETE FROM SAND MOLDS. By A. A.
HougutoN, A practical work treating on a process which
has heretofore been held as a trade secret by the few who
possessed it, and which will successfully mold every and any
class of ornamental concrete work. The process of molding
concrete with sand molds is of the utmost practical value,
possessing the manifold advantages of a low cost of molds,
the ease and rapidity of operation, perfect details to all orna-
mental designs, density and increased strength of the con-
crete, perfect curing of the work without attention and the
easy removal of the molds regardless of any undercutting
the design may have. 192 pages. Fully illustrated. Cloth.

Price, $2.00

ORNAMENTAL CONCRETE WITHOUT
MOLDS. By A. A. HougurtoN. The process for making
ornamental concrete without molds has long been held as a
secret, and now, for the first time, this process is given to
the public. The book reveals the secret and is the only
book published which explains a simple, practical method
whereby the concrete worker is enabled, by employing
wood and metal templates of different designs, to mold or
model in concrete any cornice, archivolt, column, pedestal,
base cap, urn or pier in a monolithic form—right upon the
job. These may be molded in units or blocks, and then
built up to suit the specifications demanded. This work is
fully illustrated, with detailed engravings. Cloth.

Price, $2.00

POPULAR HANDBOOK FOR CEMENT AND
CONCRETE USERS. By MyroNn H. Lewis. Everything
of value to the concrete user is contained, including kinds
of cement employed in construction, concrete architecture,
inspection and testing, waterproofing, coloring and painting,
rules, tables, working and cost data. The book comprises
thirty-three chapters. A valuable addition to the library of
every cement and concrete user. Cloth, 430 pages, 126 illus-
trations. Price, $2.50

WATERPROOFING CONCRETE. By Myvron H.
Lewis. Modern methods of waterproofing concrete and other
structures. A condensed statement of the principles, rules
and precautions to be observed in waterproofing and damp-
proofing structures and structural materials. Paper binding.
Illustrated. Second Edition, Price, 50 cents

DIES—METAL WORK

PUNCHES, DIES AND TOOLS FOR MANUFAC
TURING IN PRESSES. By J. V. WoopworTH. An
encyclopedia of die-making, punch-making, die-sinking, sheet.
metal working, and making of special tools, subpresses, de.
vices and mechanical combinations for punching, cutting,
bending, forming, piercing, drawing, compressing, and assem-
bling sheet-metal parts and also articles of other materlals
in machine tools. This is a distinct work from the author’s
book entitled “Dies; Thseir (éonfitructionaarég Use.” 500

ngravings. Second edition. oth.
DEW> 08 Sheas Price, $4.00
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DIES, THEIR CONSTRUCTION AND USE FOR
THE MODERN WORKING OF SHEET METALS.
By J. V. Woopwort. A new book by a practical man, for
those who wish to know the latest practice in the working
of sheet metals. It shows how dies are designed, made and
used, and those who are engaged in this line of work can
secure many valuable suggestions. Fifth -edition. 505 illus-
trations, 384 pages. Cloth. Price, $3.00

DROP FORGING, DIE-SINKING AND MA-
CHINE-FORMING OF STEEL. By J. V. WoopwoRTH.
The processes of die-sinking and force-making, which are
thoroughly described and illustrated in this admirable work,
are rarely to be found explained in such a clear and con-
cise manner as is here set forth. The process of die-sink-
ing relates to the engraving or sinking of the female or lower
dies, such as are used for drop forgings, hot and cold
machine forging, swedging and the press working of metals.
The process of force-making relates to the engraving or
raising of the male or upper dies used in producing the lower
dies for the press-forming and machine-forging of duplicate
parts of metal. The book contains eleven chapters, and the
information contained in these chapters is just what will
prove most valuable to the forged-metal worker. All opera-
tions described in the work are thoroughly illustrated by
means of perspective half-tones and outline sketches of the
machinery employed. 300 detailed illustrations. 339 pages,
cloth, Price, $2.50

DICTIONARIES

STANDARD ELECTRICAL DICTIONARY. By
T. O’CoNor SrLoANE., A practical handbook of reference con-
taining definitions of about 5,000 distinct words, terms and
phrases. The definitions are terse and concise and include
every term used in electrical science. Recently issued.
Twelfth Edition. 682 pages, 393 illustrations. Price, $3.00

DRAWING —SKETCHING PAPER

LINEAR PERSPECTIVE SELF-TAUGHT. By
Herman T. C. Kraus. This work gives the theory and
practice of linear perspective, as used in architectural, engi-
neering and mechanical drawings. The arrangement of the
book is good; the plate is on the left-hand, while the descrip-
tive text follows on the opposite page, so as to be readily
referred to. The drawings are on sufficiently large scale to

show the work clearly and are plainly figured. he whole
work makes a very complete course on perspective drawing.
Cloth. Price, $2.50

SELF-TAUGHT MECHANICAL DRAWING
AND ELEMENTARY MACHINE DESIGN. By F.
L. Svrvester, M.E., Draftsman, with additions by Erik
Oberg, associate editor of ‘“Machinery.” A practical ele-
mentary treatise on Mechanical Drawing and achine De-
sign, comprising the first principles of geometric and mechan-
ical drawing, workshop mathematics, mechanics, strength of
materials and the calculation and design of machine details,
compiled for the wuse of practical mechanics and young
draftsmen, 330 pages, 215 engravings, cloth, Price, $2.00
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A NEW SKETCHING PAPER. A new specially
ruled paper to enable you to make sketches or drawings in
jsometric perspective without any figuring or fussing. It is
being used for shop details as well as for assembly drawings,
as it makes one sketch do the work of three, and no work-
man can help seeing just what is wanted.  Pads of 40 sheets,

6 x 9 inches, Price, 25 cents
9 x 12 inches, < Price, 50 cents
12 x 18 inches, Price, $1.00

PRACTICAL PERSPECTIVE. By Rrcuarps and
CorviN. Shows just how to make all kinds of inechanical
irawings in the only practical perspective isometric. Makes
everything plain so that any mechanic can understand a
sketch or drawing in this way. Saves time in the drawing
room and mistakes in the shops. Contains practical exam-
ples of various classes of work, Third edition. Limp
cloth. Price, 50 cents

ELECTRICITY

ARITHMETIC OF ELECTRICITY. By Pror. T.
O’CoNor SLOANE. A practical treatise on electrical calcula-
tions of all kinds reduced to a series of rules, all. of the
simplest forms, and involving only ordinary arithmetic; each
rule illustrated by one or more practical problems with de-
tailed solution of each one. This book is classed among the
most useful works published on the science of electricity,
covering as it does the mathematics of electricity in a man-
ner that will attract the attention of those who- are not
familiar with algebraical formulas. 160 pages. Twenty-first
edition. Cloth. Price, $1.00

DYNAMO BUILDING FOR AMATEURS, OR
HOW TO CONSTRUCT A FIFTY WATT DY-
NAMO. By ArtHUR J. WEED. A practical treatise show-
ing in detail the construction of a small dynamo or motor,
the entire machine work of which can be done on a small
foot lathe. Dimensioned working drawings are given for
each piece of machine work, and each operation is clearly
described. This machine, when used as a dynamo, has an
output of fifty watts; when used as a motor it will drive a
small drill press or lathe., It can be used to drive a sewing
machine on any and all ordinary work. The book is illus-

- trated with more than sixty original engravings showing tlie
actual construction of the different parts.
Price, paper binding, 50 cents; Cloth, $1.00

ELECTRIC WIRING, DIAGRAMS AND
SWITCHBOARDS. By Newron Harrison. This is the
only complete work issued showing and telling you what you
should know about direct and alternating current wiring. It
is a ready reference. The work is free from advanced tech.
nicalities and mathematics, arithmetic being used throughout.
It is in_every respect a handy, well-written, instructive, com-
prehensive volume on wiring for the wireman, foreman, con-
tractor-or electrician, 272 pages, 105 illustrations, Cloth.

Price. $1.50
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COMMUTATOR CONSTRUCTION. By WM. Bax-
rEr, JR. The business end of any dynamo or motor of tne
direct current type is the commutator. This book goes into
the designing, building and maintenance of commutators,
shows how te locate troubles and how to remedy them;
everyene whe fusses with dynamos needs this. Fourth edi-
tien. Price, 25 cents

STORAGE BATTERIES SIMPLIFIFD. By VICTOR
W, PaGRk. Tells how to charge, care for and rebuild storage
batteries, also outlines all the industrial uses. Tells how the:
run street cars, locomotives and factory trucks, ‘1heimportant
functions they perform in submarine boats, isolated highting
plants, railway switch and signa' systems, marine applications,
etc, Tells how they are used for starting automobile motors
and in ignition systems. Every practical use of the modern
storage battery is treated. Price, $1.60

ELECFRIC LIGHTING AND HEATING POCK-
ET BOOK. By SypNney F. WaLker. This book puts in
convenient form useful information regarding the apparatus
which is likely to be attached to the mains of ah electrical
company. Tables of units and equivalents are included and
useful electrical laws and formulas are stated. 438 pages,
300 engravings. Bound in leather. Pocket book form.

Price, $3.00

ELECTRIC TOY MAKING, DYNAMO BUILD-
ING, AND ELECTRIC MOTOR CONSTRUCTION.
This work treats of the making at home of electrical toys,
electrical apparatus, motors, dynamos and instruments in
general, and is designed to bring within the reach of young
and old the manufacture of genuine and useful electrical
appliances. 210 pages, cloth. Fully illustrated. Twentieth
edition, enlarged. Price, $1.00

PRACTICAL - ELECTRICITY. By Pror. T.
O’Conor Sroane. This work of 768 pages was previously
known as Sloane’s Electricians’ ‘Hand Book, and is intended
for the practical electrician who has to make things go.
The entire field of electricity is covered within its pages.
It contains no useless theory; everything is to the point. It
teaches you just what you should know about electricity. It
is the standard work published on the subject. Forty-one
chapters, 610 engravings, 761 pages, handsomely bound in
cloth, Third edition. Price, $2.50

ELECTRICITY SIMPLIFIED. By Pror. T.
O’Conor Sroane. The object of “Electricity Simplified” is
to make the subject as plain as possible and to show what
the modern conception of electricity is; to show how two
plates of different metals immersed in acid can send a mes-
sage around the globe; to explain how a bundle of copper
wire rotated by a steam engine can be the agent in lightin
our streets, to tell what the volt, ohm and ampere are, an
what high and low tension mean; and to answer the ques-
tions that perpetually arise in the mind in this age of elec-
trieity. 172 pages. Illustrated. Thirteenth edition. Zloth.

Price, $1.00
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I{OUSE. WIRING. By Taomas W. Porpe. Describing
and illustrating up-to-date methods of installing electric light
wiring. Intended for the electrician, helper and apprentice.
Contams‘Jqst the information needed for successful wiring
of a building. Fully illustrated with diagrams and plans.
It solves all wiring problems and contains nothing that con-
flicts with_the rulings of the National Board of Fire Under-
writers. It gives just the information essential to the suc-
cessful wiring of a building. 125 pages, fully illustrated,
flexible cloth. Price, 50 cents

MANAGEMENT OF DYNAMOS. By Lumwis-Par-
£RSON. A handbook of theory and practice. ~ This work is
arranged in three parts. The first part covers the elementary
theory of the dynamo. The second part, the construction
and action of the different classes of dynamos in common
use are described; while the third part relates to such
matters as affect the practical management and working of
dynamos and motors. Fourth edition. 292 pages, 117 illus-
trations. Price, $1.50

ELECTRICITY IN FACTORIES AND WORK-
SHOPS. Its cost and convenience. A handy book for
power producers and power users. By ARTHUR P. Hasrawm.
5% x 8. Cloth, 312 pages, 70 illustrations. Price, $2.50

HOW TO BECOME A SUCCESSFUL ELECTRI-
CIAN. By Pror. T. O’CoNOR SLOANE. An interesting book
from cover to cover. Telling in simplest language the surest
and easiest way to become a successful electrician. The
studies to be followed, methods of work, field of operation
and the requirements of the successful electrician are pointed
out and fully explained. 202 pages. Illustrated. Eighteenth
revised edition. Cloth. Price, $1.00

STANDARD ELECTRICAL DICTIONARY. By
Pror. T. O’CoNOR SLOANE. A practical handbook of refer-
ence containing definitions of about 5,000 distinct words,
terms and phrases. The definitions are terse and concise and
include every term used in electrical science. Twelfth edi-
tion. 682 pages, 393 illustrations. Price, $3.00

SWITCHBOARDS. By Witriam Baxter, Jr. This
book appeals to every engineer and electrician who wants to
know the practical side of things. All sorts and conditions
of dynamos, connections and circuits are shown by diagram
and illustrate just how the switchboard should be connected.
Includes direct and alternating current boards, also those
for arc lighting, incandescent and power circuits. Special
treatment on high voltage boards for power transmission.
Second edition. 190 pages. Illustrated. Price, $1.50

. TELEPHONE CONSTRUCTION, INSTALLA-
TION, WIRING, OPERATION AND MAINTE-
NANCE. By W. H. Raocrirre and ‘H. C. CusHinG. This
book gives the principles of construction and operation of
both the Bell and Independent instruments; approved meth-
ods of installing and wiring them; the means of protecting
them from lighting and abnormal currents; their connection
together for operation as series or bridgini stations; and
rules for their inspection and maintenance. ine wiring and
the wiring and operation of special telephone systems are
also treated. 224 pages, 132 illustrations. Second revised
edition. Price, $1.00
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~ WIRELESS TELEGRAPHY AND TELEPHONY
SIMPLY EXPLAINED. By Avrrrep P. Morgan, This
is undoubtedly one of the most complete and comprehen-
sible treatises on the subject ever published, and a close
study of its pages will enable one to master all the details
of the wireless transmission of messages. The author has
filled a long-felt want and has succeeded in furnishing a lucid,
comprehensible explanation in simple language of the theory
and practice of wireless telegraphy and telephony. 154 pages,
156 engravings. Price, §1.00
WIRING A HOUSE. By Hersert PraTT. Shows 2
house already built; tells just how to start about wiring it;
where to begin; what wire to use; how to run it accord-
ing to insurance rules; in fact, just the information you
need. Directions apply equally to a sho;i.’ Fourth edition.
rice, 25 cents

ENAMELING

HENLEY’S TWENTIETH CENTURY RE-
CEIPT BOOK. Edited by Garoner D. Hiscox. A work
of 10,000 practical receipts, including enameling receipts for
hollow ware, for metals, for signs, for china and porcelain,
for wood. etc. Thorough and practical. 1914 edition.

. Price, $3.00

FACTORY MANAGEMENT, ETC,

MODERN MACHINE SHOP CONSTRUCTION,
EQUIPMENT AND MANAGEMENT. By 4 .
Perrico, M.E. A work designed for the practical and every-
day use of the architect who designs, the manufacturers who
build, the engineers who plan and equip, the superinten-
dents who organize and direct, and for the information of
every stockholder, director, officer, accountant, clerk, super-
intendent, foreman and workman of the modern machine
shop and manufacturing plant of Industrial America.

Price, $5.00

FUEL

COMBUSTION OF COAL AND THE PREVEN-
TION OF SMOKE. By Wwm. M. Barr. This book has
been prepared with special reference to the generation of
heat by the combustion of the common fuels found in the
United States, and deals particularly with the conditions
necessary to the economic and smokeless combustion of
bituminous coals in stationary and locomotive steam boilers.
The presentation of this important subject is systematic and
progressive. The arrangement of the book is in a series of
practical questions to which are appended accurate answers,
which describe in language, free from technicalities, the sev-
eral processes involved in the furnace combustion of Amer-
ican fuels; it clearly states the essential requisites for per-
fect combustion, and points out the best methods for fur.
nace construction for obtaining the greatest quantity of heat
from any given quality of coal, early 350 pages, fully
illustrated. Fifth edition. Price, $1.00

SMOKE PREVENTION AND FUEL ECONOMY.
By Boorm and KersuHAaw. As the title indicates, this book
of 197 pages and 75 illustrations deals with the problem of
complete combustion, which it treats from the chemical and
mechanical standpoints, besides pointing out the economical
and humanitarian aspects of the question, Price, $2.50
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GAS ENGINES AND GAS

GAS ENGINE CONSTRUCTION, Or How to Build
a Half-Horse-power Gas Engine. By ParserL and WEeED,
A practical treatise describing the theory and principles of
the action of gas engines of various types, and the design
and construction of a half-horse-power gas engine, with illus-
trations of the work in actual progress, together with dimen-
sioned working drawings giving clearly the sizes of the vari-
ous details. 300 pages. Third edition. Cloth. Price, $2.50"

CHEMISTRY OF GAS MANUFACTURE. By H.
M. Rovres. This book covers points likely to arise in the
ordinary course of the duties of the engineer or manager of
a gas works not large enough to necessitate the employment
of a separate chemical staff. It treats of the testing of the
raw materials employed in the manufacture of illuminating
coal gas and of the gas produced. The preparation of
standard solutions is given as well as the chemical and physi-
cal examination of gas coal. 53 x834. Cloth, 328 pages, 82
illustrations, 1 colored plate. Price, $4.50

THE GASOLINE ENGINE ON THE FARM:
ITS OPERATION, REPAIR AND USES. By XEeno
W. PurnaM. A useful and practical treatise on the modern
gasoline and kerosene engine, its construction, management,
repair and the many uses to which it can be applied in
present-day farm life. It considers all the various household,
shop and field uses of this up-to-date motor and includes
chapters on engine installation, power transmission and the
best arrangement of the power plant in reference to the
work, S'Agx 7% Cloth. 527 pages, 179 illustrations.
A Price, $2.00

JGASULINE ENGINES: THEIR OPERATION,
USE AND CARE. By A. Hvart VErriLL. A comprehen-
sive, simple and practical work, treating of gasoline engines
for stationary, marine or vehicle use; their construction, de-
sign, management, care, operation, repair, installation and
troubles. A complete glossary of technical terms and an alpha-
betically arranged table of troubles and symptoms form a
most valuable and unique feature of the book. 514 x 7.
Cloth. 275 pages, 152 illustrations. Price, $1.50

GAS, GASOLINE AND OIL ENGINES. By Garo-
Ner D. Hiscox. Revised by Victor W. Pack. Just issued
new, revised and enlarged edition. Every user of a gas
engine needs this book.  Simple, instructive and right up-
to-date, The only complete work on the subject. Tells all
about internal combustion engineering, treating exhaustively
on the design, construction and practical application of all
forms of gas, gasoline, kerosene and crude petroleum-oil en-
gines. Describes minutely all auxiliary systems, such as
Tubrication, carburetion and ignition. Considers the theory
and management of all forms of explosive motors for sta-
tionary and marine work, automobiles, aeroplanes and motor-
cycles. Includes also Producer Gas and Its Production.
Invaluable instructions for all students, gas-engine owners,
gas-engineers, patent experts, designers, mechanics, drafts-
men and all having to do with the modern power. Illustrated
by over 400 engravings, many specially made from engineer-
ing drawings, all in correct proportion. 650 pages, 435 en-
gravings, Price, net, $2.50
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MODERN GAS ENGINES AND PRODUCER
GAS PLANTS. By R. E. Marusor, M.E. A practical
treatise of 320 pages, fully illustrated by 175 detailed illus-
trations, setting forth the principles of gas engines and pro-
ducer design, the selection and installation of an engine,
conditions of perfect operation, producer-gas engines and
their possibilities, the care of gas engines and producer-gas
plants, with a chapter on volatile hydrocarbon and oil en-
gines. This book has been endorsed by Dugal Clerk as a
most useful work for all interested in gas engine installation
and producer gas. Price, $2.50

HOW TO RUN AND INSTALL GASOLINE
ENGINES. By C. Von CuriN, New revised and enlarged
edition just issued. The object of this little book is to fur-
nish a pocket instructor for the beginner, the busy man who
uses an engine for pleasure or profit, but who does not
have the time or inclination for a technical book, but sim-
ply to thoroughly understand how to properly operate, install
and care for his own engine. The index refers to each
trouble, remedy and subject alphabetically. Being a quick
reference to find the cause, remedy and prevention for
troubles, and to become an expert with his own engine.
Pocket size.  Paper binding. Price, 25 cents

MODERN GAS TRACTOR, ITS CONSTRUC-
TION, UTILITY, OPERATION AND REPAIR.
By Victor W. Pagt. Treats exhaustively on the design and
construction of farm tractors and tractor power-plants, and
gives complete instructions on their care, operation and re-
pair. All types and sizes of gasoline, kerosene and oil
tractory are described, and every phase of traction engineer-
ing practice fully covered. Invaluable to all desiring re-
liable information on gas motor propelled traction engines
and their use. 5% x7%. Cloth. 475 pages, 204 illustrations,
3 folding plates. Price, $2.00

GEARING AND CAMS

BEVEL GEAR TABLES. By D. Ac. EncsTroM.
No one who has to do with bevel gears in any way should
be without this book. The designer and draftsman will find
it a great convenience, while to the machinist who turns up
the blanks or cuts the teeth, it is invaluable, as all needed
dimensions are given and no fancy figuring need be done.
Third edition. Cloth. Price, $1.00

CHANGE GEAR DEVICES. By Oscar E. Perrico.
A book for every designer, draftsman and mechanic who is
interested in feed changes for any kind of machines. This
shows what has been done and how. Gives plans, patents
and all information that you need. Saves hunting through
patent records and reinventing old ideas. A standard work
of reference. Cloth. Price, $1.00

DRAFTING OFF CAMS. By Lours RourLrion. The
laying out of cams is a serious problem unless you know how
to go at it right. This puts you on the right road for prac-
tically any kind of cam you are likely to run up against.
Third edition, Price, 25 cents
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HYDRAULICS

HYDRAULIC ENGINEERING. By Garoner D.
Hiscox. A treatise on the properties, power, and resourcet
of water for all purposes. Including the measurement of
streams; the flow of water in pipes or conduits; the horse-
power of falling water; turbine and impact water-wheels;
wave-motors, centrifugal, reciprocating and air-lift pumps.
With 300 figures and diagrams and 36 practical tables. 320
pages. Price, $4.00

ICE AND REFRIGERATION

POCKETBOOK OF REFRIGERATION AND
ICE MAKING. By A. J. Warris-Tavror. This is one of
the latest and most comprehensive reference books published
on the subject of refrigeration and cold storage. It explains
the properties and refrigerating effect of the different fluids
in use, the management of refrigerating machinery and the
construction and insulation of cold rooms with their required
pipe surface for different degrees of cold; freezing mixtures
and non-freezing brines, temperatures of cold rooms for all
kinds of provisions, cold storage charges for all classes of
goods, ice making and storage of ice, data and memoranda
for constant reference by refrigerating engineers, with nearly
one hundred tables containing valuable references to every
fact and condition required in the installment and operation
of a refrigerating plant. New edition just published.

Price, $1.50

INVENTIONS—PATENTS

INVENTOR’S MANUAL, HOW TO MAKE A
PATENT PAY. This is a book designed as a guide to
inventors in perfecting their inventions, taking out their
patents, and disposing of them. It is not in any sense a
Patent Solicitor’s circular nor a Patent Broker’s advertise-
ment. No advertisements of any description appear in the
work. It is a book containing a quarter of a century’s ex-
perience of a successful inventor, together with notes based
upon the experience of many other inventors. Revised edi-
tion. 120 pages. Cloth, Price, $1.00

'KNOTS

KNOTS, SPLICES AND ROPE WORK. By A,
Hyatr VerriLr. This is a practical book giving complete
and simple directions for making all the most useful and orna-
mental knots in common use, with chapters on Splicing,
Pointing, Seizing, Serving, etc. This book is fully illus-
trated with one hundred and fifty original engravings, which
shows how each knot, tie or splice is formed, and its appear-
ance when finished. The book will be found of the greatest
value to eampers, yachtsmen, travelers or Boy Scouts, in
fact, te anyone having occasion to use or handle rope or
knots for any purpose. The book is thoroughly reliable and
practical, and is not only a guide but a teacher. It is the
standard work on the subject. 118 pages, 150 original en-
gravings, % Price, 75 cents
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LATHE WORK

TURNING AND BORING TAPERS. By Frep H.
Corvin. There are two ways to turn tapers; the right way
and one other. This treatise has to do with the right way;
it tells you how to start the work properly, how to set the
lathe, what tools to use and how to use them, and forty and
one other little things that you should follow. Fourth edi-
tion. Price, 25 cents

LATHE DESIGN, CONSTRUCTION, AND
OPERATION, WITH PRACTICAL EXAMPLES
OF LATHE WORK. By Oscar E. Perrico. A New revised
edition, and the only complete American work on the subject,
written by a man who knows not only how work ought to be
done, but who also knows how to do it, and how to convey
this knowledge to others. It is strictly up-to-date in its de-
scriptions and illustrations. Lathe history and the relations
of the lathe to manufacturing are given; also a description of
the various devices for feeds and thread cutting mechanisms
from early efforts in this direction to the present time. Lathe
design is thoroughly discussed, including back gearing, driving
cones, thread-cutting gears, and all the essential element of the
modern lathe. The classification of lathes is taken up, giving
the essential differences of the several types of lathes including, .
as is usually understood, engine lathes, bench lathes, speed
lathes, forge lathes, gap lathes, pulley lathes, forming lathes,
multiple-spindle lathes, rapid-reduction lathes, precision lathes,
turret lathes, special lathes, . electrically-driven lathes, etc.
In addition to the complete exposition on construction and
design, much practical matter on lathe installation, care and
operation has been incorporated in the enlarged 1915 edi-
tion. All' kinds of lathe attachments for drilling, milling,
etc., are described and complete instructions are given to
enable the novice machinist to grasp the art of lathe oper-
ation as well as the principles involved in design. A number
of difficult machining operations are described at length and
illustrated. The new edition has nearly 500 pages and 350
illustrations. Price, $2.50

PRACTICAL METAL TURNING. By Joseru G.
HornEr. A work of 404 pages, fully illustrated, covering in
a comprehensive manner the modern practice of machining
metal parts in the lathe, including the regular engine lathe,
its essential design, its uses, its tools, its attachments, and
the manner of holding the work and performing the opera-
tions. The modernized engine lathe, its methods, tools and
great range of accurate work. The turret lathe, its tools,
accessories and methods of performing its functions. Chap-
ters on special work, grinding, tool holders, speeds, feeds,
modern tool steels, etc., etc. Second edition, Price, $3.50

LIQUID AIR

LIQUID AIR AND THE LIQUEFACTION OF
GASES. By T. O'CoNor SrLoaNE. Theory, history, biog-
raphy, practical applications, manufacture, Second edition.
365 pages. Illustrated. Price, $2.00

17



LOCOMOTIVE ENGINEERING

AIR-BRAKE CATECHISM. By Rosert H. Brack-
AaLL, This book is a standard text book. It is the only
practical and complete work published. Treats on the equip-
ment manufactured liiy the Westinghouse Air Brake Com-
pany, including the E-T Locomotive Brake Equipment, the

Quick-Service) Triple Valve for freight service; the L
High Speed Triple Valve; the P-C Passenger Brake Equip-
ment, and the Cross Compound Pump. The operation of all
parts of the apparatus is explained in detail and a practical
way of locating their peculiarities and remedying their de-
fects is given. Endorsed and used by air-brake instructors
and examiners on nearly every railroad in the United States.
Twenty-sixth edition. 411 pages, fully illustrated with fold-
ing plates and diagrams. ew edition, Price, $2.00

AMERICAN COMPOUND LOCOMOTIVES. By
Frep H. Corvin. The most complete book on compounds
published. Shows all types, including the balanced compound.
Makes everything clear by many illustrations, and shows
valve setting, breakdowns and repairs. 142 pages. Cloth.

rice, $1.00

APPLICATION OF HIGHLY SUPERHEATED
STEAM TO LOCOMOTIVES. By RoBerT GARBE. A
practical book which cannot be recommended too highly to
those motive-power men who are anxious to maintain the
highest efficiency in their locomotives. Contains special chap-
ters on Generation of 'Highly Superheated Steam; Super-
heated Steam and the Two-Cylinder Simple Engine; Com-
Eounding and Superheating; Designs of Locomotive Super-
eaters; Constructive Details of Locomotives Using Highly
Superheated Steam. Experimental and Working Results.
Illustrated with folding plates and tables. Cloth.

Price, $2.50

COMBUSTION OF COAL AND THE PREVEN-
TION OF SMOKE. By WM. M. Barr. To be a success a
fireman must be “Light on Coal.” He must keep his fire
in good condition, and prevent, as far as possible, the smoke
nuisance. To do this, he should know how coal burns, how
smoke is formed and the proper burning of fuel to obtain
the best results. He can learn this, and more too, from
Barr’s ‘“Combination of Coal.” It is an absolute authority
on all questions relating to the firing of a locomotive. Fifth
edition, Nearly 350 pages, fully illustrated. Price, $1.00

DIARY OF A ROUND-HOUSE FOREMAN. By
T. S. Remy, This is the greatest book of railroad experi-
ences ever published. Containing a fund of information and
suggestions along the line of handling men, organizing, etc.,
that one cannot afford to miss. 176 pages. Price, $1.00

LINK MOTIONS, VALVES AND VALVE SET-
TING. By Frep H. CorLviN, Associate Editor of ‘“‘American
Machinist.” A handy book that clears up the mysteries of
valve setting. Shows the different valve gears in use, how
they work, and why. Piston and slide valves of different
types are illustrated and explained. A book that every rail-
road man in the motive-power department ought to have.
Fully illustrated. New revised and enlarged edition just
published. Price, 50 cents
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TRAIN RULE EXAMINATIONS MADE EASY.
By G. E. CorLingwoop.. This is the only practical work on
train rules in print. Every detail is covered, and puzzling
points are explained in simple, comprehensive language, mak-
ing it a practical treatise for the train dispatcher, engine-
man, trainman and all others who have to do with the move-
ments of trains. Contains complete and reliable information
of the Standard Code of Train Rules for single track. Shows
signals in colors, as used on the different roads. Explains
fully the practical application oi “cair orders, giving a clear
and definite understanding of all o.ders which may be used.
256 pages. Fully illustrated with train signals in co'ors.

Price, $1.25

LOCOMOTIVE BOILER CONSTRUCTION. By
Frank A. KiLeEiNHANS. The only book showing how locomo-
tive boilers are built in modern shops. Shows all types of
boilers used; gives details of construction; practical facts,
such as life of riveting punches and dies, work done per
day, allowance for bending and flanging sheets and other
data that means dollars to any railroad man. Second edition.
451 pages, 334 illustrations. Six folding plates. Cloth.

Price, $3.00

LOCOMOTIVE BREAKDOWNS AND THEIR
REMEDIES. By Geo. L. FowLer. Revised by Wm. W,
Wood, Air-Brake Instructor. Just issued. Revised pocket
edition. It is out of the queston to try and tell you about
every subject that is covered in this pocket edition of Loco-
motive Breakdowns. Just imagine all the common troubles
that an engineer may expect to happen some time, and then
add all of the unexpected ones, troubles that could occur,
but that you had never thought about, and you will find
that they are all treated with the very best methods of re-
pair. Walschaert Locomotive Valve Gear Troubles, Electric
Headlight Troubles, as well as Questions and Answers on the
Air Brake are all included. Eighth edition. 294 pages.
Fully illustrated. Price, $1.00

LOCOMOTIVE CATECHISM. By Rosertr GrIM-
sHAw. Twenty-eighth revised and enlarged edition. This
may well be called an encyclopedia of the locomotive. Con-
tains over 4,000 examination questions with their answers,
including among them those asked at the first, second and
third years’ examinations. 825 pages, 437 illustrations and
3 folding plates. Price, $2.50

WESTINGHOUSE ET AIR-BRAKE INSTRUC-
TION POCKET BOOK CATECHISM. By WM, W.
Woop, Air-Brake Instructor. A practical work containing
examination questions and answers on the E., T. Equipment.
Covering what the E. T. Brake is. How it should be oper-
ated. What to do when defective. Not a question can be
asked of the eri;gineman up for promotion on either the No.
5 or the No. 6 E T equipment that is not asked and answered
in the book. If you want to thoroughly understand the
E T equipment get a copy of this book. It covers every de-
tail. Makes air-brake troubles and examinations easy. Fully
illustrated with colored plates, showing various pressures.
Cloth, Price, $1.50
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PRACTICAL INSTRUCTOR AND REFERENCE
BOOK FOR LOCOMOTIVE FIREMEN AND EN-
GINEERS. By Cuas. F. LockHART. An entirel , new
book on the locomotive. It appeals to every railroad man,
as it tells him how things are done and the right way to do
them. Written by a _man who has had years of practical
experience in locomotive shops and on the road firing and
running. The information given in this book cannot be
found in any_ other similar treatise. Eight hundred and
fifty-one questions with their answers are included, which
~ill prove specially helpful to those preparing for exam-
inalen, 368 pages, 88 illustrations. Cloth, Price, $1.50

PREVENTION OF RAILROAD ACCIDENTS,
OR SAFETY IN RAILROADING. By GeorGe Brap-
sHAw. This book is a_ heart-to-heart talk with railroad em-
ployees, dealing with facts, not theories, ana showing the
men in the ranks, from every-day experience, how accidents
occur and how they may be avoided. The book is illustrated
with seventy original photographs and drawings showing the
safe and ,unsafe methods of work. No visionary schemes, no
ideal pictures. Just plain facts and practical suggestions are
given. [Every railroad employee who reads the book is a
better and safer man to have in railroad service. It gives
just the information which will be the means of preventing -
many injuries and deaths. All railroad employees should
procure a copy; read it, and do their part in preventing
accidents., 169 pages. Pocket size. FuU{‘ illustrated.

m rice, 50 cents

WALSCHAERT LOCOMOTIVE VALVE GEAR.
By WM, W. Woop. If you would thoroughly understand the
Walschaert Valve Gear, you should possess a copy of this
book. The author divides the subject into four divisions, as
follows: I. Analysis of the gear, II. Designing and erecting
of the gear, III. Advantages of the gear. IV. Questions
and answers relating to the Walschaert Valve Gear. This
book is specially valuable to those preparing for promotion.
Third edition. 245 pages. Fully illustrated. Cloth.

Price, $1.50

MACHINE SHOP PRACTICE

MACHINE .SHOP ARITHMETIC. By CoLvIN-
CueNEy. Most popular book for shop men. Shows how all
shop problems are worked out and ‘“why.”” Includes change
gears for cutting any threads; drills, taps, shink and force
fits; metric system of measurements and threads. Used by
all classes of mechanics and for instruction in Y. M. A,

and other schools. Sixth edition. 131 pages.
Price, 50 cents

TOOLS FOR MACHINISTS AND WOoO0OD
WORKERS, INCLUDING INSTRUMENTS OF
MEASUREMENT. By Josern G. Horner. The prin-
ciples upon which cutting tools for wood, metal, and other
substances are made are identical, whether used by the ma-
chinist, the carpenter, or by any other skilled mechanic in
their daily work, and the object of this book is to give a
correct and practical description of these tools as they are
commonly designed, constructed, and used. 340 pages, full
iliustrated. Price, $3.6
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AMERICAN 1T00L MAKING AND INTER-
CHANGEABLE MANUFACTURING. By Jo Vs
WoobpworTH. In its 500-odd pages the one subject only,
Tool Making, and whatever relates thereto, is dealt with.
The work stands without a rival. It is a complete practical
treatise on the art of American Tool Making and system of
interchangeable manufacturing as carried on to-day in the
United States. In it are described and illustrated all of the
different types and classes of small tools, fixtures, devices
and special appliances which are in general use in all
machine-manufacturing and metal-working establishments
where economy, capacity and interchangeability in the pro-
duction of machined metal parts are imperative. The science
of jig making is exhaustively discussed, and particular atten-
tion is paid to drill jigs, boring, profiling and milling fixtures
and other devices in which the parts to be machined are
located and fastened within the contrivances. All of the
tools, fixtures and devices illustrated and described have
been or are used for the actual production of work, such
as parts of drill presses, lathes, patented machinery, type-
writers, electrical apparatus, mechanical appliances, brass
goods, composition parts, mould products, sheet metal arti-
cles, drop forgings, jewelry, watches, medals, coins, etc.
Second edition. 531 pages. Price, $4.00

HENLEY’S ENCYCLOPEDIA OF PRACTICAL
ENGINEERING AND ALLIED TRADES. Edited
by JosepH G. HorNErR, A.M.I.Mech.E. This book covers the
entire practice of Civil and Mechanical Engineering. - The
best known experts in all branches of engineering have con-
tributed to these volumes. The Cyclopedia is admirably well
adapted to the needs of the beginner and the self-taught
practical man, as well as the mechanical engineer, designer,
draftsman, shop superintendent, foreman and machinist.

It is a modern treatise in five volumes. Handsomely
bound in half morocco, each volume containing nearly 500
pages, with thousands of illustrations, including diagram-
matic and sectional drawings with full explanatory details.

Price, for the complete set of five volumes, $25.00

MODERN MACHINE SHOP CONSTRUCTION,
‘EQUIPMENT AND MANAGEMENT. By Oscar E.
Perr1Go. The only work published that describes the Modern
Machine Shop or Manufacturing Plant from the time the
grass is growing on the site intended for it until the finished
product is shipped. Just the book needed by those contem-
plating the erection of modern shop buildings, the rebuilding
and reorganization of old ones, or the introduction of Modern
Shop Methods, Time and Cost Systems. It is a book written
and illustrated by a practical shop man for practical shop men
who are too busy to read theories and want facts. It is the
most complete all-around book of its kind ever published.
400 large quarto pages, 225 original and specially-made illus-
trations. . Price, $5.00

“SHOP KINKS.” By RoBerr GriMsHAW. This shows
special methods of doing work of various kinds, and releas-
ing cost of production. Has hints and kinks from some of
the largest shops in this country and Europe. You are almost
sure to find some that apply to your work, and in such a
way as_to save time and trouble. 400 pages. Fifth edi-
tion, Cloth, Price, $2.50
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THE _WHOLE FIELD OF MECHANICAL MOVE-
MENTS COVERED BY MR. HISCOX’S
TWO BOOKS

We publish two books by Gardner D. Hiscox thar will
keep you from “inventing” things that have been done be-
fore, and suggest ways of doing things that you have not
thought of before. Many a man spends time and money,
pondering over some mechanical problem, only to learn, after
he has solved the problem, that the same thing has been
accomplished and put in practice by others long before. Time
and money spent in an effort to accomplish what has al-
ready been accomplished arg time and money lost. The
whole field of mechanics, every known mechanical movement,
and practically every device is covered by these two books.
If the thing you want has been invented, it is illustrated in
them. If it hasn’tt been invented, then you’ll find in them
the nearest things to what you want, some movement or
device that will apply in your case, perhaps; or which will
give you a key from which to work. No book or set of
books ever published is of more real value to the inventor,
draftsman or practical mechanic than the two volumes de-
scribed below.

MECHANICAL MOVEMENTS, POWERS AND
DEVICES. By Garoner D. Hiscox. This is a collection
of 1,890 engravings of different mechanical motions and appli-
ances,. accompanied by appropriate text, making it a book of
great value to the inventor, the draftsman, and to all read-
ers with mechanical tastes. The book is divided into eighteen
sections or chapters, in which the subject-matter is classified
under the following heads: Mechanical Powers; Transmis-
sion of Power; Measurement of Power; Steam Power; Air
Power Appliances; Electric Power and Construction; Navi-
gation and Roads; Gearing; Motion and Devices; Control-
ling Motion; Horological; Mining; Mill and Factory Appli-
ances; Construction and Devices; Drafting Devices; Miscel-
laneous Devices, etc. Fourteenth edition, 400 octave pages.

Price, $3.00

MECHANICAL APPLIANCES, MECHANICAL
MOVEMENTS AND NOVELTIES OF CON-
STRUCTION. By Garoner D. Hiscox. This is a sup-
g}ementary volume to the ome upon mechanical movements.

nlike the first volume, which is more elementary in char-
acter, this volume contains illustrations and descriptions of
many combinations of motions and of mechanical devices
and_appliances found in different lines of machinery, each
device being shown by a line drawing with a description
showing its working parts and the method of operation,
From the multitude of devices described and illustrated
might be mentioned, in passing, such items as conveyors and
elevators, Prony brakes, thermometers, various zypes of boil-
ers, solar engines, oil-fuel burners, condensers;, evaporators,
Corliss and other valve gears, governors, gas engines, water
motors of various descriptions, air ships, motors and dynamos,
automobile and motor bicycles, railway lock signals, car coup-
lers, link and gear motions, ball bearings, breech block
mechanism for heavy guns, and a large accumulation of
>thers of equal importance. 1,000 specially made engravings.
396 octavo pages. Third revised edition. Price, $3.00
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MACHINE SHOP TOOLS AND SHOP PRAC-

TICE. By W. H. VANDERVOORT. A work of 555 pages and
673 illustrations, describing in every detail the construction,
operation, and manipulation of both hand and machine tools.
Includes chapters on filing, fitting, and scraping surfaces; on
drills, reamers, taps, and dies; the lathe and its tools; planers,
shapers, and their tools; milling machines and cutters; gear
cutters and gear cutting; drilling machines and drill work;
grinding machines and their work; hardening and tempering;
gearing, belting, and transmission machinery; useful data and
tables. Sixth edition. Cloth. Price, $3.00

MODERN MILLING MACHINES: THEIR DE-
SIGN, CONSTRUCTION AND OPERATION. By
Josepr G. Horner. This book describes and illustrates the
Milling Machine and its work in such a plain, clear, and
forceful manner, and illustrates the subject so clearly and
completely, that the up-to-date machinist, student, or me-
chanical engineer cannot afford to do without the valuable
information which it contains. It describes not only the
early machines of this class, but notes their gradual develop-
ment into the splendid machines of the present day, giving
the design and construction of the various types, forms, and
special features produced by prominent manufacturers, Ameri-
can and foreign. 304 pages, 300 illustrations. Cloth

Price, $4.00

THE MODERN MACHINIST. By Joux T. UsHER.
This book might be called a compendium of shop methods,
showing a variety of special tools and appliances which will
give new ideas to many mechanics from the superintendent
down to the man at the bench. It will be found a valuable
addition to any machinist’s library and should be consulted
whenever a new or difficult job is to be done, whether it is
boring, milling, turning, or }?laning, as they are all treated
in a practical manner. Fifth edition. 320 pages, 250 illus-
trations. <iath. Price, $2.50

THREADS AND THREAD CUTTING. By CoLvin
and Staper. This clears up many of the mysteries of thread-
cutting, such as double and triple threads, internal threads,
catching threads, use of hobs, etc. Contains a lot of useful
hints and several tables, Third edition. Price, 25 cents

MARINE ENGINEERING

THE NAVAL ARCHITECT'S AND SHIP-
BUILDER’S POCKET-BOOK of Formule, Rules, and
Tables and Marine Engineer’s and Surveyor’s Handy Book
of Reference, By CLEMENT MAckrow and Lroyp WooLLARD.
The eleventh revised and enlarged edition of this most com-
prehensive work has just been issued. It is_absolutely in-
dispensable to all engaged in the Shipbuilding Industry, as it
condenses into a compact form all data and formulz that
are ordinarily required. The book is completely up to date,
including among other subjects a section on Aeronautics.
750 pages, limp leather binding. Price, $5.00 net
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« MARINE ENGINES AND BOILERS, THEIR
DESIGN AND CONSTRUCTION. By Dr. G. Bausr,
Lestie S. RoBerTsON and S. Bryan DoxkiN., In the words
of Dr. Bauer, the present work owes its origin to an oft
felt want of a condensed treatise embodying the theoretical
and practical rules used in designing marine engines and
boilers. The need of such a work has been felt by most
engineers engaged in the construction and working of marine
engines, not only by the younger men, but also by those of
greater experience, The fact that the original German work
was written by the chief engineer of the famous Vulcan
Works, Stettin, is in itself a guarantee that this book is in
all respects thoroughly up-to-date, and that it embodies all
the information which is necessary for the design and con-
struction of the highest types of marine engines and boilers.
It may be said that the motive power which Dr. Bauer has
placed in the fast German liners that have been turned out
of late years from the Stettin Works represent the very best
practice in marine engineering of the present day. The work
is clearly written, thoroughly systematic, theoretically sound;
while the character of the plans, drawings, tables, and sta-
tistics is without reproach. The illustrations are careful re-
productions from actual working drawings, with some well-
executed photographic views of completed engines and boilers,
744 pages, 550 illustrations and numerous tables. Cloth.

Price, $9.00 net

MANUAL TRAINING

ECONOMICS OF MANUAL TRAINING. By
Lovurs RouiLLioN, The only book that %ives just the infor-
mation needed by all interested in manual training, regarding
buildings, equipment and supplies. Shows exactly what is
needed for all grades of the work from the Kindergarten to
the High and Igormal School. Gives itemized lists of every-
thing needed and tells just what it ought to cost, Also shows
where to buy supplies. Illustrated. Second edition. Cloth.

Price, $1.50

MINING

ORE DEPOSITS, WITH A CHAPTER ON
HINTS TO PROSPECTORS. By J. P. Jounson. This
book gives a condensed account of the ore deposits at present
known in South Africa. It is also intended as a guide to
the prospector. Only an elementary knowledge of geology and
some mining experience are necessary in order to understand
this work. With these qualifications, it will materially assist
one in his search for metalliferous mineral occurrences and,
so far as simple ores are concerned, should enable one to
form some idea of the possibilities of any they may find.
Illustrated. Cloth. Price, $2.00

PRACTICAL COAL MINING. By T. H. Cockiw.
An important work, containing 428 pages and 213 illustra-
tions, complete with practical details, which will intuitively
impart to the reader, not only a general knowledge of the
principles of coal mining, but also considerable insight into
allied subjects. The treatise is positively up to date in every
instance, and should be in the hands of every colliery engi-
neer, geologist, mine operator, superintendent, foreman, and
all others who are interested in or connected with the indus-
try. Third edition. Cloth. Price, $2.50
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PHYSICS AND CHEMISTRY OF MINING. By
T. H. ByroM. A practical work for the use of all preparing
for examinations in mining or qualifying for colliery man-
agers’ certificates. The aim of the author in this excellent
book is to place clearly before the reader useful and authori-
tative data which will render him_ valuable assistance in his
studies. The only work of its kind published. The infor-
mation incorporated in it will prove of the greatest practical
utility to students, mining engineers, colliery managers, and
all others who are specially interested in the present-day
treatment of mining problems. 160 pages, illustrated.

Price, $2.00

PATTERN MAKING

PRACTICAL PATTERN MAKING. By F. W.
Barrows. This book, now in its second edition, is a com-
prehensive and entirely practical treatise on the subject of
pattern making, illustrating pattern work in both wood and
metal, and with definite instructions on the use of plaster
of paris in the trade. It gives specific and detailed descrip-
tions of the materials used by pattern makers and describes
the tools; both those for the ﬁench and the more interesting
machine tools; having complete chapters on the lathe, the
circular saw and the band saw. It gives many examples of
pattern work, each one fully illustrated and explained with
much detail. These examples, in their great variety, offer
much that will be found of interest to all pattern makers,
and especially to the younger ones, who are seeking informa-
tion on the more advanced branches of their trade. Con-
taining nearly 350 pages and 170 illustrations. Second edi-
tion, revised and enlarged. Price, $2.00

PERFUMERY

HENLEY’S TWENTIETH CENTURY BOOK OF
RECEIPTS, FORMULAS AND PROCESSES. Edited
by G. D. Hiscox. The most valuable techno-chemical receipt
book published. Contains over 10,000 practical receipts, many
of which will prove of special value to the perfumer, $3.00

PERFUMES AND COSMETICS, THEIR PREP-
ARATION AND MANUFACTURE. By G. W.
AskINSON, Perfumer. A comprehensive treatise, in which
there has been nothing omitted that could be of value to
the perfumer or manufacturer of toilet preparations. Com-
plete directions for making handkerchief perfumes, smelling-
salts, sachets, fumigating pastilles; preparations .for the care
of the skin, the mouth, the hair, cosmetics, hair dyes and
other toilet articles are given, also a detailed description of
aromatic substances; their nature, tests of purity, and whole-
sale manufacture, including a chapter on synthetic products,
with formulas for their use. A book of general, as well as
professional interest, meeting the wants not only of the drug-
gist and perfume manufacturer, but also of the general public.
Fourth edition much enlarged and brought up-to-date. earl
400 pages, illustrated. - Price, $5.0
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PLUMBING

STANDARD PRACTICAL PLUMBING. By R.
M. Srtarsuck. This is a complete treatise and covers the
subject of modern Elumbing in all its branches. It treats ex-
haustively on the skilled work of the plumber and the theory
underlying plumbing devices and operations, and commends
itself at once to everyone working in any branch of the
plumbing trade. A large amount of space is devoted to a
very complete and practical treatment of the subjects of hot
water supply, circulation and range boiler work. Another
valuable feature is the special chapter on drawing for
plumbers. The illustrations, of which rhere are three hun-
dred and forty-seven, one hundred being full-page plates,
were drawn expressly for this book and show the most
modern and best American practice in plumbing construction.
614x9%. Cloth, 406 pages, 347 illustrations. Price, $3.00

MECHANICAL DRAWING FOR PLUMBERS.
By R. M. STAarRBUCK. A concise, comprehensive and practical
treatise on the subject of mechanical drawing in its various
modern applications to the work of all who are in any way
connected with the plumbing trade. Nothing will so help
the plumber in estimating and in explaining work to cus-
tomers and workmen as a knowledge of drawing, and to the
workman it is of inestimable value if he is to rise above his
position to positions of greater responsibility, 150 illus-
trations. Price, $1.50

MODERN PLUMBING TILLUSTRATED. By R.
M. StarBuck. The author of this book, Mr. R. M. Starbuck,
is one of the leading authorities on plumbing in the United
States. The book represents the highest standard of plumbing
work. A very comprehensive work, illustrating andp describ-
ing the drainage and ventilation of dwellings, apartments and
public buildings. The very latest and most approved methods
in all branches of sanitary installation are given. The stand-
ard book for master plumbers, architects, builders, plumbing
inspectors, boards of health, boards of plumbing examiners
and for the property owner, as well as the workman and
apprentice. It contains fifty-five entirely new and large full
pages of illustrations with descriptive text, all of which have
been made specially for this work. These plates show al’
kinds of modern plumbing work. Each plate 1s accompanied
by several pages of text, giving notes and practical sugges-
tions, sizes of pipe, proper measurements for setting up work,
etc. Suggestions on estimating plumbing construction are
also included. 400 octavo pages, fully illustrated by 55
full-page engravings, Price, $4.00

RECIPE BOOK

HENLEY’S TWENTIETH CENTURY BOOK
OF RECIPES, FORMULAS AND PROCESSES.
Edited by GarpNer D. Hiscox. The most valuable techno-
chemical formule book published, including over 10,000 se-
lected scientific, chemical, technofogical and practical recipes
and processes. This book of 800 pages is the most complete
book of recipes ever published, giving thousands of recipes
for the manufacture of valuable articles for everyday use.
Hints, helps, practical ideas and secret processes are revealed
within jts pages. It covers every lyanch of the yseful arts

26



and tells thousands of ways of making money and is just the
book everyone should have at his command. The pages are
filled with matters of intense interest and immeasurable prac-
tical value to the photographer, the perfumer, the painter,
the manufacturer of glues, pastes, cements and mucilages,
the physician, the druggist, the electrician, the brewer, the
engineer, the foundryman, the machinist, the potter, the
tanner, the confectioner, the chiropodist, the manufacturer
of chemical novelties and toilet preparations, the dyer, the
electroplater, the enameler, the engraver, the provisioner, the
glass worker, the goldbeater, the watchmaker and jeweler,
the ink manufacturer, the optician, the farmer, the dairyman,
the paper maker, the metal worker, the soap maker, the
veterinary surgeon, and the technologist in general. A book
to which you may turn with confidence that you will find
what you are looking for. A mine of information up-to-date
in every respect. Contains an immense number of formulas
that every one ought to have that are not found in any other
work. ew edition, Cloth binding, $3.,00; Half Morocco
binding, Price, $4.00

RUBBER

HENLEY’S TWENTIETH CENTURY BOOK
OF RECEIPTS, FORMULAS AND PROCESSES.
Edited by Garpner D. Hrscox. Contains upward of 10,000
practical receipts, including among them formulas on arti-
ficial rubber. Price, $3.00

RUBBER HAND STAMPS AND THE MANIP-
ULATION OF INDIA RUBBER. By T. O’Conor
Sroane. This book gives full details of all points, treating
in a concise and simple manner the elements of nearly every-
thing it is necessary to understand for a commencement in
any branch of the India rubber manufacture. The making
of all kinds of rubber hand stamps, small articles of India
rubber, U. S. Government composition, dating hand stamps,
the manipulation of sheet rubber, toy balloons, India rubber
solutions, cements, blackings, renovating varnish, and treat-
ment for India rubber shoes, etc.; the hektograph stamp inks,
and miscellaneous notes, with a short account of the dis-
covery, collection and manufacture of India rubber are set
forth in a manner designed to be readily understood, the ex-
lanation being plain and simple. Third edition. 175 pages,
illustrated, Cloth, Price, $1.00

SAWS

SAW FILING AND MANAGEMENT OF SAWS,
By RoBeErT GrRIMSHAW. A practical hand book on _filing,
gumming, swaging, hammering and the brazing of band saws,
the speed, work, and power to run circular saws, etc. A
handy book for those who have charge of saws, or for those
mechanics who do their own filing, as it deals with the proper
shape and pitches of saw teeth of all kinds and gives many
useful hints and rules for gumming, setting, and filing, and is
a practical aid to those who use saws for any E'urlpose. Third
edition, revised and enlarged. Illustrated. rice, $1.00
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SCREW CUTTING

THREADS AND THREAD CUTTING. By Cor.
viN and StaBEL. This clears up many of the mysteries of
thread cutting, such as double and triple threads, internal
threads, catching threads, use of hobs, etc. Contains a lot of
useful hints and several tables. Third edition.

Price, 25 cents

STEAM ENGINEERING

AMERICAN STATIONARY ENGINEERING. By
W. E. Crane. A new book by a well-known author, Begins
at the boiler room and takes in the whole power plant. Con-
tains the result of years of practical experience in all sorts
of engine rooms and gives exact information that canng* be
found elsewhere. It’s plain enough for practical men and yet
of value to those high in the profession. Has a complete ex-
amination for a license. Second edition. 285 pages. Illus-
trated. Cloth, Price, $2.00

STEAM ENGINE CATECHISM. By Roserr GrIM-
sHAW. This volume of 413 pages is not only a catechism on
the question and answer principle, but it contains formulas
and worked-out answers for all the steam problems that
appertain to the operation and management of the steam
engine. Illustrations of various valves and valve gear with
their principles of operation are given. 34 tables that are in-
dispensable to every engineer and fireman that wishes to be
progressive and is ambitious to become master of his calling
are within .its pages. It is a most valuable instructor in
the service of steam engineering. Leading engineers have
recommended it as a valuable educator for the beginner as
well as a reference book for the engineer. Sixteenth edition.

Price, $2.00

BOILER ROOM CHART. By Geo. L. ¥owLeEr. A
chart—size 14 x 28 inches—showing in isometric perspective
the mechanisms belonging in a modern boiler room. Water
tube boilers, ordinary grates and mechanical stokers, feed
water heaters and pumps comprise the equipment. The
various parts are shown broken or removed, so that the in-
ternal construction is fully illustrated. Each part is given
a reference number, and these, with the corresponding name,
are given in a glossary printed at the sides. This chart is
really a dictionary of the boiler room—the names of more
than 200 parts being given. It is educational—worth many
times its cost. Price, 25 cents

EMINENT ENGINEERS. By Dwicur GoDDARD.
Everyone who appreciates the effect of such great inventions
as the steam engine, steamboat, locomotive, sewing machine,
steel working, and other fundamental discoveries, is inter-
ested in knowing a little about the men who made them and
their achievements. Mr. Goddard has selected thirty-two of
the world’s engineers who have contributed most largely to
the advancement of our civilization by mechanical means,
giving only such facts as are of general interest and in a way
which appeals to all, whether mechanics or not. 280 pages,
35 illustrations, Price, $1.50
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ENGINE RUNNER’S CATECHISM. By Rosert T.
Grimsuaw, Tells how to erect, adjust and run the princi-
pal steam engines in use in the United States. The work
is of a handy size for the pocket. To young engineers this
catechism will be of great value, especially to those who may
be preparing to go forward to be examined for certificates
of competency; and to engineers generally it will be of no
little service, as they will find in this volume more really
practical and useful information than is to be found any-
where else within a like compass. 387 pages. Seventh
edition, Price, $2.00

MODERN STEAM ENGINEERING IN THEORY
AND PRACTICE. By Garoner D. Hiscox. This is
a complete and practical work issued for stationary engi-
neers and firemen dealing with the care and management
of boilers, engines, pumps, superheated steam, refrigerating
machinery, dynamos, motors, elevators, air compressors, and
all other branches with which the modern engineer must be
familiar. Nearly 200 questions with their answers on steam
and electrical engineering, likely to be asked by the exam-
ining board, are included. Third edition. 487 pages, 405
engravings. Cloth, Price, $3.00

HORSE POWER CHART. Shows the horse power
of any stationary engine without calculation. No matter
what the cylinder diameter or stroke; the steam pressure
or cut-off; the revolutions, or whether condensing or non-
condensing, it’s all there. Easy to use, accurate, and saves
time and calculations. Especially useful to engineers and
designers. rice, 50 cents

STEAM ENGINEER’S ARITHMETIC. By CoL-
viN-CHENEY, A practical pocket book for the steam engi-
neer. Shows how to work the problems of the engine room
and shows “why.” Tells how to figure horse-power of en-
gines and boilers; area of boilers; has tables of areas and
circumferences; steam tables; has a dictionary of engineering
terms. Puts you onto all of the little kinks in ﬁ%uring what-
ever there is to figure around a power plant. Tells you about
the heat unit; absolute zero; adiabatic expansion; duty of
engines; factor of safety; and 1,001 other things; and every-
thing is plain and simple—not the hardest way to figure,
but the easiest, Second edition. Price, 50 cents

STEAM PIPES

STEAM PIPES: THEIR DESIGN AND CON-
STRUCTION. By WwMm. H. Booru. The work is well
illustrated in regard to pipe joints, expansion offsets, flexible
joints, and self-contained sliding joints for taking up the ex-
pansion of long pipes. In fact, the chapters on the flow of
steam and expansion of pipes are most valuable to all steam
fitters and users. The pressure strength of pipes and method
of hanging them is well treated and illustrated. Valves and
by-passes are fully illustrated and described, as are also flange
joints and their proper proportions. Exhaust heads and sepa-
rators, One of the most valuable chapters is that on super-
heated steam and the saving of steam by insulation with the
various kinds of felting and other materials, with comparison
tables of the loss of heat in thermal units from naked and
felted steam pipes. Second edition. Contains 187 pages.
Cloth, 4% Price, $2.06



STEAM HEATING AND VENTILATING

PRACTICAL STEAM, HOT-WATER HEATING
AND VENTILATION. By A. G. Kinc. This book has
been prepared for the use of all engaged in the business of
steam, hot-water heating and ventilation. Tells how to get
heating contracts, how to install heating and ventilating
apparatus, the best business methods to be used, with “Tricks
of the Trade” for shop use. Rules and data for estimating
radiation and cost and such tables and information as make
it an indispensable work for everyone interested in steam,
hot-water heating and ventilation. It describes all the prin-
cipal systems of steam, hot-water, vacuum, vapor and vacuum-
vapor heating, together with the new accelerated systems of
hot-water circulation, including chapters on up-to-date methods
of ventilation and the fan or blower system of heating and
ventilation. Second edition. 367 pages, 300 detailed engrav-
ings. Cloth. Price, $3.00

500 PLAIN ANSWERS TO DIRECT QUES-
TIONS ON STEAM, HOT-WATER, VAPOR AND
VACUUM HEATING PRACTICE. By Avrrep G.
King. This work, just off the press, is arranged in question
and answer form; it is intended as a guide and text-book for
the younger inexperienced fitter and as a reference book for
all fitters. All long and tedious discussions and descriptions
formerly considereg so important have been eliminated, and
the theory and laws of heat and the various old and modern
methods and appliances used for heating and ventilating are
treated in a concise manner. This is the standard Question
and Answer examination book on Steam and Hot Water
Heating, etc. 200 pages, 127 illustrations, Octavo.

Cloth, Price, $1.50

STEEL

HARDENING, TEMPERING, ANNEALING,
AND FORGING OF STEEL. By J. V. Wo00DWORTH.
A book containing special directions for the successful hard-
ening and tempering of all steel tools. Milling cutters, taps,
thread dies, reamers, both solid and shell, hollow mills,
punches and dies, and all kinds of sheet- metal working tools,
shear blades, saws, fine cutlery and metal-cutting tools of all
descriptions, as well as for all implements of steel, both large
and small, the simplest, and most satisfactory hardening and
tempering processes are presented. 320 pages, 250 illustra-
tions. Fourth edition. Cloth. Price, $2.50

STEEL: ITS SELECTION, ANNEALING, HAR=~
DENING AND TEMPERING. By E. R. MarxHAM,
This work was formerly known as ‘“The American Steel
Worker,” but on the publication of the new, revised edition,
the publishers deemed it advisable to change its title to a
more suitable one, This is the standard work on hardening,
tempering, and annealing steel of all kinds. This book tells
how to select, and how to work, temper, harden, and anneal
steel for everything on earth. It is the standard book on
selecting, hardening, and tempering all grades of steel
400 pages. Very fully illustrated. Fourth edition.

Price, 82.50
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TRACTORS

THE MODERN GAS TRACTOR. By Victor W.
Pact. A complete treatise describing all types and sizes of
gasoline, kerosene, and oil_tractors. Considers design and
construction exhaustively, gives complete instruction for care,
operation and repair, outlines all practical applications on the
road and in the field. The best and latest work on farm
tractors and tractor power plants. A work needed by farmers,
students, blacksmiths, mechanics, salesmen, implement dealers,
designers and engineers. 500 pages. Nearly 300 illustrations
and folding plates, Price, $2.00

TURBINES

MARINE STEAM TURBINES. By Dr G. Baver
and O. Lascue. Assisted by E. Ludwig and H. Vogel.
Translated from the German and edited b %I. G. S. Swallow.
The book is essentially practical and discusses turbines in
which the full expansion of steam passes through a number
of separate turbines arranged for driving two or more shafts,
as in the Parsons system, and turbines in which the complete
expansion of steam from inlet to exhaust pressure occurs in
a turbine on one shaft, as in the case of the Curtis machines.
It will enable a designer to carry out all the ordinary calcu-
lation necessary for the construction of steam turbines, hence
it fills a want which is hardly met by larger and more theo-
retical works. Numerous tables, curves and diagrams will be
found, which explain with remarkable lucidity the reason
why turbine blades are designed as they are, the course which
steam takes through turbines of various types, the thermody-
namics of steam turbine calculation, the influence of vacuum
on steam consumption of steam turbines, etc. In a word,
the very information which a designer and builder of steam
turbines most requires. Large octavo, 214 pages. Fully il-
lustrated and containing 18 tables, including an entropy chart,

Price, $3.50 net

WELDING

AUTOMOBILE WELDING WITH THE OXY-
ACETYLENE FLAME. By M. Kertau Dunuam. Ex-
plains in a simple manner apparatus to be used, its care, and
how to construct necessary shop equipment. Proceeds then
to the actual welding of all automobile parts, in a manner
understandable by everyone. Gives principles never to be
forgotten. Aluminum, cast iron, steel, copper, brass, bronze
and malleable iron are fully treated, as well as a clear ex-
planation of the proper manner to burn the carbon out of
the combustion head. This book is of utmost value, since
the perplexing problems arising when metal is heated to a
melting point are fully explained and the proper methods to
overcome them shown. 167 pages, fully illustrated.

i X Price, $1.00
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Henley’s Twentieth Century

Book of
e

;s,;,:g Recipes, Formulas
and Processes

i
~ Edited by GARDNER D. HISCOX, M. E

o

<

i

Price $3.00 Cloth Binding $4.00 Half Morocco Binding

Contains over 10,000 Selected Scientific, Chemical,

Technological and Practical Recipes and

Processes, including Hundreds of
So-Called Trade Secrets

for Every Business

HIS book of 800 pages is the most complete Book of
Recipes ever published, giving thousands of recipes
for the manufacture of valuable articles for every-day
use. Hints, Helps, Practical Ideas and Secret Processes
are revealed within its pages. It covers every branch of
the useful arts and tells thousands of ways of making
money and is just the book everyone should have at his
command. :
The pages are filled with matters of intense interest and
immeasurable practical value to the Photographer, the
Perfumer, the Painter, the Manufacturer of Glues, Pastes,
Cements and Mucilages, the Physician, the Druggist, the
Electrician, the Brewer, the Engineer, the Foundryman,
the Machinist, the Potter, the Tanner, the Confectioner,
the Chiropodist, the Manufacturer of Chemical Novelties
and Toilet Preparations, the Dyer, the Electroplater,
the Enameler, the Engraver, the Provisioner, the Glass
Worker, the Goldbeater, the Watchmaker and Jeweler,
the Ink Manufacturer, the Optician, the Farmer, the Dairy-
man, the Paper Maker, the Metal Worker,the Soap Maker,
the Veterinary Surgeon, and the Technologist in general.
A book to which you may turn with confidence that you
will find what you are looking for. A mine of informa-
tion up-to-date in every respect. Contains an immense
number of formulas that every oneought to have that are
not found in any other work.
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