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INTRODUCTION

Twe greatly increasing field of usefulness for the storage bat-
tery and the improvements that have been made in its construe-
tion are but little appreciated by the average electrician and
mechanic. Its use as a source of power for electric antomobiles
is, of course, well known, but one seldom considers tlie enormous
number of batteries of this type used on the gaszoline automobiles.
The storage battery is one of the most important parts of the
electrical system which includes engine starting and ignition, as
well as car lighting of practically every gasoline automobile now
manufactured. It is evident that a practical working knowledge
of the operating principles and care of the various tvpes of
storage batteries now available is desirable. The industrial uses
of storage batteries are also increasing, so the student who desires
to keep well posted on current engineering development will
find much of interest in this treatise. The writer wishes to ac-
knowledge his indebtedness to the following storage battery makers
for valuable information and permission to reproduce extracts
and illustrations from their literature: Gould Storage Battery
Company, Electric Storage Battery Company, Wiliard Storage
Battery Company, T, 8. Light and Heat Corporation, and Edi-
son Storage Battery Company. Naturally such co-operation makes
a more authoritative and valuable treatise than would otherwise
be available. As the experience of these leading authorities on
all phaces of storage battery engineering is condensed and digested,
all the information that the average reader nceds may be ob-
tained withont consulting a mass of literature. Emphasis is
placed on the fact that this work is not intended as a technical
treatise but a practical discussion of storage battery operating
principles, their maintenance, charging, and chief industrial appli-
cations.

THE ACTHOR.
April, 1917,
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CHAPTER 1

. Chemieal Producers of Electricit%—Action of Simple Primary Battery—
The Dry Cell—Methods of Connecting Dry Cells—Discovery of Re-
versible Chemical Action—Secondary Batteries—Simple Lead Plate
Type—Planté, or Formed Plates—Faure, or Pasted Plates—Edison
Non-acid Battery Action.

Current Production by Chemical Action.—The earliest known
method of continuous current generation iz by various forms of
chemical current producers, which may be either primary or sec-
ondary in character. A simple form of cell is shown in section
at Fig. 1, A, and as the action of all devices of this character is
based on the same principles, it will be well to consider the
method of producing electricity by the chemical action of a fluid
upon a metal. The simple cell shown consists of a container
which is filled with an electrolyte, which may be either an alka-
line or acid solution. Immersed in the liquid are two plates of
metal, one being of copper, the other zinic. A wire is attached to
each plate by meens of suitable screw terminals. :

11 the ends of the plates which are not immersed in the solu-
tion are joined together a chemical action will take place between
the electrolyte and the zinc plate; in fact, any form of cell con-
sigts of dissimilar elements which are capable of conducting elec-
tricity immersed in a liquid, which will act on one of them more
than the other. The chemieal action of electrolyte on the zine
liberates gas bubbles, which are charged with electricity and which
deposit themselves on the copper plate. The copper element
serves merely as a collecting member, and is termed the “nega-
tive” plate, while the zinc which is acted upon by the solution
is termed the “positive” member. The flow of current is from
the zine to the copper plate through the electrolyte, and it is re-
turned from the copper plate to the zine element by the wiring
which comprises the external circuit. The terminal on the cop-

13




14 STORAGE BATTERIES SIMPLIFIED

per plate is knowa ad the “positive,” that on the zinc is called
the “negative” '

While in the cell shown zinc and copper are used, any other
combination of metals between which there exists a difference in
electrical condition when obe of them is acted upon by a salt
or acid may be employed. Any salt or acid solution will act as
an electrolyte if it will combine chemically with one of the ele-
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PRODUCTION BY CHEMICAL ACTION 15.

ments and if it does not at the same time offer too great a resist-
ance to the passage of the electric current. The current strength
will vary with the nature of the elements used, and will have a
higher valoe when the chemical action is more pronounced between
the positive member and the electrolyte.

As the vibrations which obtain when the antomobile is driven
over highways makes it difficult to use primary cells in which
there is a surplus of liquid, a form of cell has been devised in
which the liquid electrolyte is replaced by a solid substance which
canhot splash out of the container even if the cell is not care-
fully sealed. A current producer of this nature is depicted in sec-
tion at Fig. 1, B. This is known as & dry cell, and consists of a
zine can, in the center of which a carbon rod is placed. The
electrolyte is held close to the zinc or negative member by an
absorbent lining of blotting paper, and the carbon rod is sur-
reunded by some depolarizing inaterial. The top of -the cell is -
sealed with pitch to prevent loss of depolarizer.

The depolarizer is needed that the cell may continue to gen-
erate current. When the circuit of a simple cell is completed the
current generation is brisker than after the cell has been produe-
ing electricity for a time. When the cell has been in action the
positive element becomes covered with bubbles of hydrogen gas,
which is a poor conductor of electricity and tends to decrease the
carrent output of the cell. To prevent these bubbles from inter-
fering with current generation sonie means must be provided for
disposing of the gas. In dry cells the hydrogen gas that causes
polarization is combined with oxygen gas evolved by the de-
polarizing medium, and the combination of these two gases pro-
duces water, which does not interfere with the action of the cell,
Carbon is used in 2 dry cel! instead of copper because it s a
cheaper material, and the electrolyte is a mixture of sal ammoniac
and chloride of .zine, whiclh is held in intimate contact with the
zine shell, which forms the negative element by the blotting-paper
lining. _

When it is desired to obtain more amperage or eurrent quan-
tity than could be obtained from a single cell, they are joined in
series-multiple connection. With this methed of wiring 'twolor



16 STORAGE BATTERIES SIMPLIFIED

more sets of four cells which have been joined in series are used.
The zine of one set is joined with the zine of the other, and the
two carbons are gimilarly connected. Any number of sets may
he conneected in series multiple, and the amperage of the combi-
nation is increased proportionately to the number of sets joined
together in this manner.

When dry cells are connected in series, the voltage of one

& Culig In Beriea-Multinte Zing

in Berien

Fig. 2—Methods of Joining Dry Cells to Form Batteries of
Varying Value.

cell is multiplied by the number of cells, and the amperage ob-
tained from the set is equal to-that of one cell. When connected
in series multiple, as shown at Fig. 2, the amperage is equel to
two cells, and' the voltage produced is equivalent to that obtained
from four cells. When twelve cells are joined in series multiple,
the amperage 'is equal to that of ome cell multiplied by three,
while the voltage or current pressure is equal te that produced by
one cell multiplied by the number of cells which are in'series in
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eny one set. By properly combining dry cells in this manner
batteries of any desired current strength may be obtained.

The terms “volt” and “ampere” are merely units by which cur-
rent strength is gauged. The “volt” is the unit of pressure or
potential which exists between the terminals of a circuit. The
“ampere” measures current quantity or flow, and is independent
of the pressure. One may have a current of high amperage at
low potential or one having great pressure and but little amperage
or current strength. Voltage is necessary to overcome resistance,
while the amperage available determines the heating value of the
current. As the resistance to current flow inereases, the vollage
must be augmented proportionately to overcome it. A current
having the strength of one ampere with a pressure of one volt is
said to have a value of one watt, wlhich is the unit by which the
capaéity of generators and the amount of current consumption is
gauged. '

One of the disadvantages of primary cells, as those types which
utilize zinc 43 an active element are called, is that the chemiecal
action produces deterioration and waste of material by oxidiza-
tion. Dry cells are usually proportioned so that the electrolyte
and depolarizing materials becoine weaker as the zinc is used, and
when & dry cell is exhausted it is not profitable to attempt to
recharge it becanse new ones can be obtained at a lower cost
than the expense of renewing the worn elements would be.

Principles of Storage Battery Construction.—Some voltaic
couples are reversible, i. e., they may be recharged when they have
become exhausted by passing a eurrent of electricity througl them
in a direction opposite to that in which the current flows on dis-
charge. Such batteries are known as “acenmulators” or “storage
batteries.” A storage battery belies its name, as it does not really
gtore current, and its action is somewhat similar to that of the
simpler chemical cell previously deseribed. In its simplest form
a storage cell would consist of two elements and an electrolyte,
as outlined at Fig. 1, ). The storage battery differs from the
primary cell in that the elements are composed of the same metal
before charging takes place, usually lead, instead of being zinc
or carbon. One of the plates is termed the “positive,” and may
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be distinguished from the other because it is brown or chocolate
in color after charging, while the negative plate is usually a light
gray or leaden color. The active material of a charged storage
battery is not metallic lead, but oxides of that material. .

The simple form shown at Fig. 1, C, consists of two plates of
lead, which are rolled together, separated by insulating bands of
rubber at the top and bottom to keep them from touching, This
roll is immersed in an electrolyte composed of a weak solution of
sulphuric acid in water. Before such a cell can be used it must
be. charged, which consists of passing a current of electricity
through it until the lead plates have changed their nature. After
the charging process is complete the lead plates have become so
changed in nature that they may be considered as different sub-
stances, and & chemical action results between the oxidized plate
und the electrolyte ‘and produces currentyfust as in the simple
cell shown at Fig. 1, A, When the cell ia exhausted the plates
return to their discharged condition and are practically the same,
and as there is but little difference in electrical condition existing
between them, they do not deliver any current until electricity
has been passed through the cell so as to change the sulphate on
tle positive lead, plates to peroxide of lead.

The changes that occur in the plates of a storage hattery when
a current s passed through them and the electrolyte in which they
are placed results in altering their pature to such an extent that
they act just the same as two elements of more widely differing
nature, such as zinc and copper or zine and carbon might. "Pri-
mary cell action depends on the wasting of one of the elements,
and the only way that more current can be obtained when the cell
iz exhausted is hy replenishing the electrolyte and also putting in
a new plate of metal in place of that eaten away by the acid.

Discovery of Reversible Chemical Action.—The basic principle
on which storage battery action is based has been known for over
a century, as a French scientist, Gautherot, while experimenting
with the electrolysie or decomposition of water in 1801 by paes-
ing an electric current through it discovered that the silver or
platinum wires employed as electrodes for this purpose would send
a current of electricity back through a cirecuit when the batfery
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that furnished the decomposing current was removed from them.
The electrical flow from the wires was in a reverse direction to
that passed through by the main battery, and was naturally very
weak. Further studies by other scientiats, notably De la Rue,
Ritter and Grove, led to the development of & gas battery which
was really a variation of the apparatus used in the electrolysis of
water. Iu 1834 Farraday made experiments with lead electrodes
that resulted in the development of atorage battery forms from
which those used to-day are patterned. Following the experiments
of Sinsteden, who used plates of nickel, silver and lead in a volt-
- ampmeter in 1854 and obtained reverse currents from that instru-
ment of sufficient power to raise a wire to red heat after it had
been used in measuring & source of electricity, Gaston Planté,
who was familiar with these experiments, did the experimental
work that formed the basis for the practical storage hattery of
to-day. '

The early Planté battery consisted of two sheets of lead, which
were separated from each other by canves and immersed in a
sulphuric acid and water electrolyte. After sending a current of
electricity through from primary cells of the Bunsen type, a much
more powerful current was obtained from the lead plates than either
Farraday, with his lead peroxide element, or Sinsteden, with his
combination of metals, had secured, and as a result he is generally
credited -as being the inventor of the storage battery. After con-
siderable experimenting Planté found that it was possible to in-
crease the current output .of a secondary battery by repeated
charges and discharges. It was learned that the capacity aug-
mented with use, and that the lead plate surfaces were changed
into lead sulphate and lead oxide, and that the coatings pene-
trated deeper into the plate with each added charge and discharge.

Inasmuch as the knowledge was available to men of science
even at that early day (1860) that the action of electric current
on lead plates would cause a chemical change that would in turn
result in a reverse current flow, the only drawback to making
the storage hattery of practical value was the lack of economical
means for charging the plates. The dynamo had not been per-
fected to the point that it reached a few years later, so the only
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DISCOVERY OF REVERSIBLE ACTION 21

current means available for “forming” or preparing the lead
plates was by the action of expensive primary batteries. The
first chemieal changes that took place were of very limited depth,
and even after long service the chemical action of changed mate-
rial could hardly be measured. It was only by frequent and re-
peated charges and discharges, extending over months of time,
that it was possible to obtain cells with sufficient capacity to be
of practical value. Even though laboring under these disadvan-
tages, Planté was able to make numerous cells of this kind and
perform laboratory experiments which created great interest
among the scientists of that time.

The chemical change which results in the producﬂon of elec-
tricity in lead plate batteries is rather complicated, and its exact
nature is not definitely known even to-day. It was advanced by
Planté that the charging action, or rather chemical change when
current was passed through the cell from an outside source, re-
sulted in the formation of lead peroxide (PbO,) on the positive
plate and metallic lead on the negative. Both of these were said
to be converted into lead oxide {Pb(0) when the current was
drawn from the battery, Later investigations showed that the
formation of lead sulphate also was of enough consequence to be
tdken into consideration. This reaction on’discharge is probably -
about as follows:

Charged Condition Becomes Discharged Condition.
Pb 4 2H,80, + Pb0, = Pb8O, 4+ 2H,0 + PbSO,.
- + - +
Therefore, during charging, the plates must be brought to their
original state and the sulphate driven out of the plates into the
electrolyte, as expressed chemically in the following:

When Discharged.  After Charging.
Positive Plate, PbSO, + 0 4+ H,0 =Pb0, + H,30,.
Negative Plate, PbSO, 4 2H="Pb 4 H,80,.

Considering the equations previously outlined, it will be evi-
dent that the active material on both plates of a storage battery
is changed into lead sulphate when the battery discharges.. There
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are several reasone for considering this theory. The most impor-
tant is that chemical analysis of a discharged plate has shown
large quantities of lead sulphate to exist. The fact that the
density of the electrolyte becomes less during the discharge of the
cell shows that sulphuric acid is consumed and that water re-
mains. The specific gravity of the electrolyte is greatest when
the cell is fully charged. This demonstrates conclusively that
during charging the sulphate has been driven out of the plates
and into the electrolyte. When a battery is discharged, the sul-
phate, having been absorbed by the plates, results in a lower
specific gravity of the electrolyte. Then, again, considering the
matter from an electro-chemist’s point of view, it is known that
the combination of oxygen and lead as lead oxide would not
liberate sufficient electrical energy to account for the voltage of
the current produced by the battery on discharge.

Planté, or Formed Plates.—One of the first difficulties met
with and one that militated against the development of the prac-
tical or commercial type of battery using Planté plates was the
great length of time needed and the expensive means of generating
the forming current. Later the plates were treated with nitric acid
to facilitate the forming action. Other processes have been de-

"veloped to hasten the formation. In addition to the chemictl

treatment, which consists of immersing the lead plates in a
pickling bath to produce an oxidization before the current acts
upon them, there ie a mechanical action which will produce the
same result and hasten formation. Laminated plates composed of
ribbons of lead will form quicker than the solid lead plates, as
will elements made up of lead wires or plates where the surface
has been grooved with some forming-tool. * An electrolytic process
consists of making the plate of a lead alloy and eating the for-
eign matter away to leave a porous lead plate. These processes
are described more in detail in the next chapter, which deals
specifically with storage battery plate construction,

Faure, or Pasted Plates.—As soon as it was realized that the
result of the forming current was the production of lead peroxide
on one of the plates, two men, Camille Faure in France and
Charles F. Brush in the United States, working independently of
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cach other, devised a process of plate manufacture that materially
reduced the cost of construction. Instead of forming the active
material by expensive and time-consuming alternating charges
and discharges, the common oxides of lead were applied to the
surface of the plate in the form of paste, so that the work required
of the eleetric current was reduced appreciably and considerable
weight reduction obtained. Litharge, which is rich in lead, was
selected for the negative plates, whila red lead, which is oxidized
more, was used on the plates intended to be positives. The pastes
were composed of the oxides mixed with dilute sulphuric acid in
the proportion about one part acid to four of water. Such a paste
sets very quickly, and only small quantities can be prepared at a
time. When the Faure process, as it is called, was first devel-
oped, it was believed-that the Planté type of plate would be dis-
carded. It was found by practical experience that the new struc-
ture developed faulis that were not present in the older formation.
Pasted plates of early development were found to bend or warp,
to enlarge and to shed the active material. In order to eliminate
these faults, various ingenious grid patterns were devised.

When storage cells are to be used in automobile work they are
combined in a single containing member, as shown at Fig. 4, A,
which is & part sectional view of storage battery. The main con-
taining member, a box of wood is divided into three parts by cell
jars of hard rubber. Each of these compartments serves to hold
the elements comprising one cell. The positive and negative plates
are spaced apart by wooden and hard rubber separators, which
prevent short circuiting between the plates, After the elements

" have been put in place in the compartments forming the indi-
vidual cells of the battery, the top of the jar is sealed by pouring
a compound of pitch and .rosin, or asphaltum, over cover plates
of hard rubber, which keeps the sealing material from running
into the cells and on the plates, Vents are provided over each
cell, through which gases, produced by charging or discharging,
are allowed to escape. These are so formed that while free pas-

.sage of gas is provided for, it is not possible for the electrolyie
to splash out when the vehicle is in motion.

It will be evident that this method of sealing would not be
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practical on a primary cell where the members attacked by the
acid had to be replaced from time to time, but in a storage bat-
tery only the electrolyte need be renewed. When the plates are
discharged they are regenerated by passing a current of electricity
through them. New electrolyte can be easily inserted through
vents in which caps are serewed. The cells of which a storage bat-
lery is composed are nearly always joined together at the factory
with bars of lead, which are burned in place, and only two free
terminals are provided by which the battery is eoupled to the
outer circuit.

The capacity of a etorage hattery depends upon the area and
the number of plates per cell, while the potential or voltage is
determined by the number of cells joined in series to form
the battery. Each cell has a difference of potential of two and
two-tenths volts when fully charged, therefore a two-cell battery
will deliver a current of four and four-tenths volts, and a three-
cell type as shown at Fig. 4, A, will give about six and six-tenths
volts between the terminals, While dry cells are often conmected
in parallel, storage batteries should not be coupled in this manner,
as the sets do not divide the load properly unless all the cells ate
 equal in charge, capacity and general condition. A bad cell- may
g0 weaken ohe set that the other set will discharge through it,
reducing the charge seriously. When sets are used in parallel it
is advisable to test the sets separateli.r. If one set 15 doing a large
proportion of the work, the gravity of the electrolyte will be dif-
ferent in the sets. It is advieable to change parallel sets to series,
wlien practicable, for charging at terminal stations. This insures
the same charge being put in cach set. For similar reasons all
the cclls uxed in a set should be in the same condition and equally
well charged to prevent one or more cells reversing in service.

The Edison Btorage Battery.—The fundamental principle of
1bo Edison storage battery shown at Fig. 4, B, is the oxidization
anel “reduction of metals in an electrolyte which neither combines
with nor dissolves either the active materials or their oxides. Also,
an electrolyte which, notwithstanding its decomposition by the
action of the electric carrent, is immediately re-formed in equal
quantity, and is, therefore, a practically constant element with-

l
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out change of density or conductivity over long periods of time.
A storage battery is commonly looked upon as a receptacle in
which to store electricity. Electricity is not concrete maiter. In~
fact, nobody knows just what ¢t ts. Therefore, in the general ap-
prehension of the term, it is not stered. Electricity simply causes
a chemieal change to be effected in certain substances, when it is
caused to flow through them. These substances in endeavoring
return to their original state, produce electrieity. :

The following elementary explanation of the action of the non-
acid battery is given by the Edison Storage Battery Company, and
is 8o simply expressed and easily understood that it is reproduced
in full. If the reader grasps the prineciples expressed, he will .
have no difficulty in understanding the chemical action that results
in current production.

“Suppose we place two pieces of very thin, bright steel out of
doors for a few weeks. They become ‘rusted.’ The action of the
oxygen on the outer layer of the metal has formed it into an oxide
commonly known as ‘rust” Now let us place these two pieces of
steel in a solution composed of potash and water, and connect them
by wires to & small dynamo. The electricity, in flowing from the
dynamo through the solution, from one of the plates to the other
and back to the dynamo, changes the rust to metallie iron on one
of the plates, but causes the other plate to become ‘rusted’ twice
as much as before. Now let us disconnect the plates from the
dynamo and connect them, by means of pieces of wire, to an am-
meter (an instrument for measuring electricity). Instantly, the
excess of oxygen in the rust on the one plate commences to pass
back to the bright plate and, by o doing, causes electricity to bhe
generated. Why? Nobody really knows. We have now charged
and discharged a primitive storage battery. '

“Instead of two thin rusted steel plates, let us mount, say.
one hundred such plates, equidistantly =paced, on one rod, ayd
one hundred more on another rod. Now interposc the two grups
g0 the plates of the one group will not touch these of the ot'ier and
immerse them in a solution of potash. When connected to our
dynamo the electricity will flow from one group. through the solu-
lion, to the other group, converting the oxide of ohe, group to
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metallic iron, and increasing the amount of oxide on the other
group. We ghall be able to get much more electricity from the
battery thus formed, because of ihe greater plate surface exposed.
We have thus determined that large surface is necessary.

“Let us next place a quantity of fine particles of iron rust in
two perforated flat steel pockets and, after putting these pockets
into potash solution, pass electricity from one to the other, through
the solution, as -before. All the iron rust in one pocket will be
changed to metallic iron, because the oxygen will have passed over
to. the iron rust in the other pocket, causing this material to pos-
pess twice as much oxygen as before.

“Connect the two pockets to your ammeter and you w1ll find
that much more electricity is flowing than before, although the
two pockets take up much less space than the two hundred steel
plates. The reason of this is, the small particles present a very
great combined surface to the solutiom. Suppose, after having
‘made & great number of experiments, you put some iron rust or
iron oxide into perforated steel pockets, and mount a number of
these pockets in a steel grid or support to form ome plate, and
place nickel hydrate (a green powder) in perforated steel recep- -
tacles, and mount them dn another steel grid to form the other
plate, then immerse them in a suitable alkaline electrolyte in any
kind of container; you have the essential elements of an Edison
cell.”

The active material of the positive plate of the Edison storage
battery is nickel hydrate; that of the negative plate, iron oxide.
The electrolyte is 2 solution of potassium hydrate. The active
materials are perfectly insoluble in the electrolyte. When current
passes, either on charge or discharge, the electrolyte is broken up
into its component parts, which react on the materials with the
following results: On charge—Positive oxidized, negative reduced.
On discharge—Positive reduced, negative oxidized. The- exact
chemical changes that go on within the cell are not definitely
known, but those occurring during discharge may be approxi-
mately represented by the following equations:

. Pogitive: 8K 4 6Ni0Q, = 2Ni,0, 4 4K, 0.
Negative: 80H - 8Fe— Fogp, + 4H,0.

3
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The reverse reactions take place on charge. The iron and
nickel compounds are probably hydrated, but are here treated as
pure oxides, for the sake of simplicity. It will be noted that the
game amount of KOH is decomposed, according to the left-hand
members of these equations, as is re-formed, simultaneously, as
shown on the right. For this reason, the chemical eomposition,
or specific gravity, of the solution does net change appreciably
thronghout the cycle of charge and discharge. -



CHAPTER 1II

How Storage Batteries Differ in Construction—Batterfes Using Other Than
Lead Plates—Details of Planté Process—Advantages of Faure Process
—Lead Plate Construction—Gould Plates—Combination Faure and
Planté Battefties—Exide Plates—Exide “Iron Clad” Plate—Edison
Alkaline Battery—Function of Separators.

How Storage Batteries Differ in Constraction.—It is not rea-
sonable to expect that any one type of storage battery can be ap-
plied universally. Naturally, batteries must be proportioned for
the work they are to do. Batteries for stationary work in power
plants can be of the open-cell type; those intended for vehicle or
boat use should be sealed to prevent danger of splashing out the
electrolvte. Various forms of sterage batteries are illustrated at
Fig. 5. The stationary type in glass or rubber jars is used for
isolated lighting plants, telephone, telegraph and signal service and
yacht lighting. The larger stationary cells are assembled in lead-
lined wood tanks, and are used for electric railways, stand-by
service in central stations for lighting and power and in large
isolated lighting plants. Special types in rubber jars are assem-
bled in trays for electric vehicle service, and still others for train-
lighting eervice. The usunal starting, lighting and ignition battery
for automobile use is a unit in which tiiree or more cells are im-
bedded in insulating compound and carried in a substantial
wooden case. The usual practice is to burn all the connecting
straps to the plate group terminals and cover the whole with seal-
ing compound. Bpecial gas vents are needed with these batteries.
The “couple” type is carried in glass jars and is widely used for
signal, fire alarm and private telephone gervice.

Storage Batteries Using Other Than Lead Plates.—While there
is really only one make of cell that is commercially practical that
does not use lead plates, this being the Edison, inventors have en-
deavored to improve storage battery action for some time by try-
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ing other combinations of metals. A number of other couples
or elements have been found that will permit a reversing chemieal

Fig. 5—How Storage Batteries Differ in Construction, A—Automo-
bile Type. B—Couple Type. C—Glass Jar, Open Type. D=
Large Wooden Tank Type for Heavy Duty Service

action, but most of these are of m{c:h a nature that they are inter-
esting additions to a scientist’s laboratory rather than contributions
to indusirial progress. Storage battery plates have been made up
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entirely of active material. An experimenter has used a positive
plate made entirely of litharge (PbO) mixed with ammonium
sulphate (NH,)280,, which is pressed into the desired shape.
Chemical treatment converts the plate to lead peroxide. The
negative plate is the conventional lead type. This is really a lead
plate type, and must be considered as distinct from the non-lead
types.

It is a known fact that almost any primary cell can be made to

7
have some of the characteristics of a storage battery. The ex-
periments in the electrolysis or decomposition of water by using
silver or platinum electrodes demonstrates that these substances
can be used, though their prohibitive cost renders them only of
scientific interest. Zine has been used for a negative clement
instead of lead, the surface zinc being converted into zinc sul-
~ phate, which dissolved into the electrolyte. Using zinc instead
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- of lead gives an increase in voltage, the normal 2.2 augmenting
. to 2.5 wolts. A reductiom—of weight is also possible, because zine
plates can be lighter than lead one of the same capacity.

The disadvantage is the formation of zine deposits during
charging in the shape of clusters or “trees,” which may short-cir-
cuit the cell by extending across to the positive element or in-
creage the sediment by dropping to the bottom. Another disad-
vantage is that the solution will vary in densaty at different
heights. The zinc sulphate is taken from the top “of the liquid
during ehargmg Attempts have been made’to prevent this by
placing the plates horizontally and thus having practically the
game density electrolyte surrounding each plate. The fault of this
arrangement is that gas bubbles polarize the cell by collecting be-
tween the plates. In a vertical plate celi the bubbles rise to the
top of the electrolyte and burst, liberating the confined gas, which
reaches the atmosphere easﬂy in an open-tvpe cell and through a
vent in the sealed types. .

Another cell has a negative plate con51st1ng of thin sheet cop-
per amalgamized with zine. The positives are made of lead leaves
perforated with numerous small holes and riveted together, and
are formed by the Planté process. The copper-alkalizine battery

' of Lalande and Chaperon and improved by Edison is reversible in
- action and can be used as a storage battery. When discharged,
the positive plate is porous copper; on charging, the decomposi-
tion of the electrolyte follows, metallic zine is deposited on the
negative plate, while the porous copper becomes oxidized on the
positive. The electrolyte becomes potassium hydrate. This cell
may really be considered the ancestor of the modern Edison cell.
This storage battery has been used comimercially in a limited way,
but is not really practical because of its low voltage, that of one
cell being but seven-tenths of a volt. That means that three times
- as many cells would be needed to obtain a certain voltage given
by the smaller number of lead plate cells. The weight factor iz a
serions one that militates against the wide commercial use of
Jow voltage cells. The lead plate type has many practical advan-
tages, but its ability to stand rapid discharge, its great efficiency
and its high E.M.F. are among the most important ones.



Fig. 8~Type of Electric Storage Battery CompanyCell for Stand-by
and Booster Service.
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Making Planté Process Plates.—It is evident that even with
the present low cost of electric current makers of storage
batteries employing Planté elements must have a more commer-
cial methed of forming these than the repeated charge and- dis-
charge processes followed by the originator of this type of plate.
It is also apparent that the eleciro-chemical action would form
but a very thin layer of active material on plain lead sheets. In
order to have a sufficient volume of it to generate an appreciable
current it is necessary to provide a larger surface than prevails
on an ordinary sheet of lead. To provide more surface, the usual
process is to groove the lead plates in order to provide a suffi-
ciently large ares so that the forming process will produce an ele-
ment of sufficient capacity to be commercially practical. The lead
peroxide formed on such plates is positively he.l in the spaces
between the ribs or laminations designed to increase the surface.

" Various systems of increasing the surface of lead sheets to in-
crease the available area are by grooving, swedging, laminating,
scoring or casting the pockets or refaining ribs integrally. A
typical Planté process plate used in the Gould battery, with sec-
tional views showing the structure if the plate is cut on lines
A-B or C-D, is shown at Fig. 9, and the method of forming clearly
outliced at Fig. 10. In the manufacture of these plates the “spin-
ning” process is followed, ag this is said to give the greatest possible
increased surface and least modification in form of rim and groove.
The blank plate, including the lug, is stamped from chemically
pure rolled lead and placed in a steel frame, which reciprocates
between two revolving mandrels, on which thin circular steel discs
and spacing washers are placed. It is on the form and thickness

of the discs that the width and shape of the grooves depend, and
the thickness of the rib is regulated by the width of the spacing
washers, The travel of the frame obviously determines the length
of the section to be spun.

The pressure of the “spinning” rolls against the surface of the
lead blank is maintained at a uniform point by compressed air,
and the ridges and grooves begin to appear as soon as the opera-
tion is started. At the start the section is as shown at Fig. 10,
B-1. As the spinning discs progress further and further into the
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lead they displace it and cause it to flow in the form of ribs in the
spaces between the cutting discs. The first action is to groove
the surface of the lead plate as shown at Fig. 10, B-2, this section
becoming more and more like 3 and 4, as the pressure of the disc
causes more metal to be displaced. The blank is merely changed
in form, as no lead is removed, and there is not cutting and sub-
sequent bending to open up pores in the metal. The discs leave an
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Fig. 9.—Gould Storage-Battery Plate Made by Planté Process.

unspun portion at the end of travel of the frame, in which each
individual rib terminates, thus forming a main crose bar at each
extremity. The two bars unite at the junction of two spun sec-
tions in a single cross bar of diamond section, solid metal, extend-
ing the width of the plate. By limiting the depth that the rolls
penetrate the blank, it is possible to provide a web of metal that
remains a8 a central conductor and current equalizer. ;

On the surface of plates thus produced a thin layer of lead -
peroxide, which is the active material of the positive plate, is
formed by the electrolytic process. Negative plates are formed by
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a subsequent conversion of the lead peroxide to *“spongy” lead,
which constitutes the active material for these plates. TFinally,
the plates are suljected to a special treatment to remove any im-
purities. An advantage of the spinning process is that the ribs
are not cut and subsequently bent, as in some of the other meth-
ods of producing Planté plates. It is said that bending, because
of the crystalline properties of lead, opens up pores for the pene-
tration of elecirolytic action, and that such ribs may be eventually -
cut off by the chemical action after the battery has been in use

Fig. 10.—Planté Plate and How It is Grooved by Mechanical Means
to Facilitate Forming. -

for a time. It is also stated that cast lead is mot equal to the
rolled or spun lead for hattery plates on account of its porosity.
The parts of a typical Gould cell nsed for train-lighting service
" and the method of grouping two of these cells in trays to make
for easy handling is clearly shown at Fig. 11.
Manufacture of Faure Type Plates.—Most of the lead plate
type storage batteries now used have “pasted” plates instead of
" the more expensive formed plates, The foundation of a Faure
" type plate consists of a skeleton or plate grid, such as shown in
' Figs. 13 and 14, made from an alloy of antimony and lead, to
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which the sctive material is mechanically applied. The original
Faure cell had both the positive and negative plates coated with
red lead. But a comparatively short time was required to change
the red lead to lead peroxide on the anode or to metallic lead on
the cathode. The great advantage of this construction was the ,
high capacity for unit weight. There is a disadvantage, and that
is that if the plates are not very carefully made the active mate-
rial may drop away from the grid pockets and fall to the bdt-
tom of the cell. These have been largely overcome at the present
time by forming the grids to hold the applied material more
firmly. The reason that pure lead is not used to make grids is |
that it does not have enough rigidity or strength for use when
the active material is applied by mechanical means! The soft
lead grids might be bent, which would tend to loosen the active
material. This is true to a certain degree of Planté plates, but
inasmuch as the active material is generally formed on small sur-
faces separate from each other, and gs it is much thinner than in
the applied types, there is not so much danger of the material fall-
ing off. '

In order to increase the strength of the lead grid it is neces-
pary to add some substance that will make a stiffer skeleton, but
of course this material should not change the electrical charac-
teristics of the grid to any extent. Antimony is the material ordi-
narily added, and the proportions of the resulting alloy may vary
from 889 lead and 12% of this metal to 98% lead and but 2%
of antimony. It is stated that the usual mixture ic 1% antimony
and 96% lead. Positive gride should have more lead in their
composition than the grids intended to be made into negative
plates. While in many cases the active material is applied to the
plates by hand, it is advanced that machine-pasted plates make
more enduring batteries.

Combination Planté and Faure Types.—The “Chloride” bat-
tery, which was manufactured for a time by the Electric Storage
Battery Company, is a compromise between the two types. In
this cell the positive plate is a Planté type, and the negative fol-
lows the Faure principle of construction. Finely divided lead is
produced by blowing a stream of air against a stream of molten
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metal, which result in the produetion of a lead spray, which falls
as a powder when cooled. Nitric acid is used to dissolve this
powder, which precipitates as lead chloride when hydrochlorie
acid is added. After this material is washed and dried it forms
the basis of the filling of the negative plates. A mixzture of this
lead chloride and zince chloride is melted in erucibles and poured
into moulds, which produce small tablets about 34 of an inmch
square and of a thickness varying from 14 to 5/16 of an inch,
depending upon the thickness of the negative plate. These tablets
are then assembled in special moulds and held in place by re-
cesses, into which they ‘fit and which prevent movement. "They
are kept at a distance of about .2 inch from: each other and from
the mould edges. Molten antimonious lead is then poured in to
fill the spaces between the tablets, and to insure a proper flow of
metal it is forced into the mould under approximately v3 pounds
pressure, Upon cooling, the result is a solid lead grid, in which
the small squares of active material are imbedded. The next
gtep is to reduce the lead chloride by placing the plates in a
dilute solution of zine chloride, each plate being separated from its
neighbor by a slab of zine. By assembling the plates in this man-
ner the equivalent of “short circuiting” a cell is obtained, and the
lead chloride is reduced to mefallic lead. The zine chloride is
removed from the plates by thoroughly washing them.

A new form of negative plate which is now manufactured to
replace the chloride type just described consists of a pocketed
grid, the openings of which are filled with litharge paste and
afterward covered with perforated lead sheets, which are formed
by casting integrally with the grid. The grid nsed for the posi-
tive plate is composed of a 5% antimony-lead alloy and is about
7/16 inch thick, having circular holes about 34 of an inch in
diameter, staggered so that the nearest points are about 3/32
.of an inch apart. Close spirals are rolled up of corrugated lead
ribbon of the same width 'as the plate thickness, and these are
forced into the circular holes of the plate. The spirals are formed
into active material by the electro-chemical process, and during
this the spirals expand sufficiently so they fit closer to the grid
sides. This form of positive is known as the Manchester plate
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and is illustrated at Fig. 12. The box negative plate, the con-
struction of which has been previously described, is also shown
at Fig. 12. _.

“Iron Clad” Exide Battery.—The capacity of the conventional
pasted type Exide plate rises in service for a time and then grad-
ually becomes less. . The initial rating is conservative, however, so
that if a battery is given a proper initial charge it will give its
rated discharge at the start. This will gradually increase in use,
so that the output becomes greater, and then there is a dropping
oft from the maximum. This rise in capacity when the battery

Fig. 13.~Sectional View of Grid, Showing Form of Ribs to Hold
Active Material.

is first put into service results from the increasing porosity of
the active material on the positive plate. The more porous this
active material the better the electrolvte diffuses through it and
more lead peroxide is brought into action on each cycle of charge
and discharge, This increase in capacity is evidently made at the
expense of the positive active material, because as more is brought
into action the active mass becomes softer, and the time comes
when some of the material must be dislodged when the battery is
charged and it will settle to the cell bottom in the form of sedi-
ment. This explzing why the life of a battery is shortened by oo
much cherging. The eapacity will augment just as long as the
rate of increase in the porosity of the active material is greater



Fig. 14—The Diamond Grid Plate Before and After Active
Material is Put in Place.
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than the rate at which the active material loosens from the plate.
After a period of use the loss of material will become greater than
the gain in porosity, and it is evident that the cell will begin to
lose capacity when this condition is reached.

It is evident that if the positive active material could be pre-
vented from dropping off and still be maintained in a healthy
operating condition that the plates would have longer life. While
improvements have been made from time to time in the construc-
tion of the elements, the new form of positive was evolved. This
was accomplished by keeping the active material in position by
utilizing a pencil of lead peroxide surrounding a conducting core
and enclosed in a porous tube having a sufficient elasticity so that
as the active material expanded and contracted, because of altera-
tions in its molecular structure, the containing tube compensated
for these variations. The positive plate of the “Iron Clad” Exide
consists of an alloy framework comprising top and bottom bars
integrally connected by conducting cores of the same metal. The
uniform pencils of active material surround these cores and are
protected by horizontally laminated rubber tubes.

Each tube iz formed with narrow vertical ribs diametrically
opposite each other, which take the place of the spacing ribs on
the ordinary wooden separator and at the same time re-enforce
the tube. By thus protecting the active material and holding it
in position it remains active for a considerable time. Excellent
conduetivity and increased accessibility for the electrolyte are ob-
tained, thereby naking it possible to secure & relatively high out-
put from a comparatively small quantity of active material. This
battery, which is illustrated at Fig. 17 A, having the positive
plate shown at B, was given its name hecause of its remarkable
durability. The negative plate of this battery, which is shown at
Fig. 17 C, is of the same general construction as the regular Exide
negatives, but is made somewhat thicker in order to compensate
for the longer life of the positive plate,

The wood separator used between the plates of this battery is
a sheet of chemically treated wood and is flat on both sides. No
rubber separators are required, inasmuch as the positive plate pro-
vides its own separator in having the ribbed rubber tubes to retain
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the active material. This is a very popular battery for electric
vehicle use because it has a high discharge voltage and is of high
efficiency. Flexible pillar strap connectors are regular equipment
on “Iron Clad” Exide batteries. These consist of alloy terminals
cast around lead plated copper strips, which give greater conduc-
livity and which are more flexible than the stiff pillar-strap con-
nectors uged with the Exide standard lead plate batieries. The
jar is the same as used for the Exide cells of similar size. A spe-
cial type of vent is provided, which insures positive retention of
the electrolyte yet permits the escape of gas evolved when the bat-
tery is charged. The top of the vehicle type cell with vent in
Place is shown at Fig. 17 E, while the method of sealing is clearly
outlined at Fig, 17 D.

The Edison Alkaline Storage Battery.—This is the only bat-
tery built of steel. It is the only storage battery having an alka-
line solution and using active materials of nickel hydrate (posi-

.tive) and iron oxide (negative). This construction and prin-

ciple are said to have important advantages, and some of these
are: Tt is light in weight. If occupies less space. Requires mo
spare parts. Iis steel container is unbreakable. - Requires very
little attention. It suffers small loss of charge when idle. Does
not need freguent hydrometer readings. Its tray assembly and
cell connections are simple, It cannot suffer from sulphation or
any kindred “disease.” Its exclusivé use eliminates the need of
a battery house. It is not subject to buckling or growing of plates.
It may be discharged to zero, or as low as may be desired, with-
out fear of injury. It requires no internal cleaning, the active
materials being held securely in perforated steel tubes and pockets.
It may be left unused, either charged or discharged, for an in-
definite time, without any attention, and suffer no injury. Its
cells are hermetically sealed, except for the single filler opening,
indicating conclusively that no plate renewals, separator renewals
or other repairs are needed or expected. It can be put on charge
at any time, regardless of how much or how little of the previous
charge has been used; and similarly it may be taken off charge
at any time and used, whether fully charged or not.

The positive plates (Fig. 19) consist of a series of perforated
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steel tubes which are heavily nickel-plated and which aﬁ -filled
with alternate layers of nickel hydroxide and pure metallic nickel
in very thin plates. The tube is drawn from a perforated ribbon

Fig. 16—Part Sectional View of Gould Pasted Plate Cell.

of steel, nickel-plated, and has a spiral-lapped seam. After being
filled with active material it is re-enforced with eight steel bands,
which prevent the tube expanding away from and breaking con-
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tact with its contents, The negative plate consists of a grid of
cold-rolled steel, also heavily nickel-plated, holding a number of
rectangular pockets filled with powdered iron oxide. These pockets
are also made up of finely perforated steel, nickel-plated. After
the pockets are filled they are inserted in the grid and subjected

Sealing Compound
Rubber Jar

" Fig. 17.~Constructional Features of the Exide “Iron Clad”
Vehicle Battery.

to coneiderable pressure between dies, which corrugate the sur-
faces of the pockets and force them inte positive contact with
the grids.

These elements are housed in a jar or container made from




Fig. 18.—Part Sectional View of Edison Alkaline Battery, Showing
Internal Arrangement of Plates and Relation of Principal Parts
to Each Other,
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cold-rolled steel, which is thoroughly welded at the seams and
Lieavily nickel-plated, as shown at Fig. 18. The plates are assem-
bled in positive and negative groups by means of threaded steel
rods passing through holes in one corner of the plates and insu-
lating washers. The terminal post is secured to the middle of the
rod. The complete element or plate assembly stands on hard rub-
ber bridges on the bottom of the can, and ig kept out of contact
with the sides of the container by hard rubber spacers attached to
the end. The can cover is also of sheet steel, and contains fittings
through which the electrodes pass, these being insulated from the
_cover by bushings of insulating material. A combined filling
aperture and vent plug is secured to the center of the cover plate.
The general arrangement of the Edison cell parts is clearly out-
lined at Fig. 18; the plate construction is depicted at Fig. 19, as .
well as the tubes from the positive plate and pockets used in the
negatives. 3
Function of Separator.—Separators are necessary to keep plates
of apposite polarity apart, and yet the space between the plates
ghou!d be as small as possible in order to keep the internal re-
gistance of the cells to a low point. It is apparent that current
used to overcome internal resistance cannot be used in the external
circuit. Separators may be of rubber, glass or wood, Perforated
rubber sheets have heen used, but these are not considered az good
‘as wood separators, and are usually used in connection with them.
Glass separators are used only in the largest cells, and usually con-
sist of a series of vertical rods between the plates. Wood is used
on all small cells. The material is specially selected and chem-
ically treated. They are made verv thin, and after cutting from
seasoned wood they receive treatment to remove any elements that
might cause damage if left in the wood. Thereafter, the separa-
tor strips are kept soaking in a weak electrolyte solution until they
are installed in batteries. They must never be allowed to dry
out, and even in transit from factory to service station they should
be packed in such a way as to retain their moisture.
In impressing this matter on users of their batteries, the
U. 8. L. and H. (. gives the following suggestions: “The owner
must likewize do his part with the water cure as outlined ahove, to
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_prevent the separators from drying out in service. Once dried out
a separator can never again, with or without water, be the same,
but loses its vitality and is prone to split and undermine the bat-
tery’s health. A badly shattered separator, of course, invites a
direct short circuit, with resultant internal discharge of the cell.
But battery plates seem eager to get together, and even a split in

Fig. 19.—Positive and Negative Plates Used in the Edison
~ Alkaline Battery.
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a separator affords the opportunity for ‘treeing’ across from nega-
tive to positive. That is, & foliage-like formation develops on thé
negative and extends through any available opening until it reaches
the positive, and the short circuit thus produced not only dissi-
pates the energy of the battery lLut fo a greater or less degree
cripples the battery. It also furthers the possibility of sulphation.
The pecessity for high capacity in starter batteries within little
space demands that the plates shall be but a short distance apart.
Thus, unless prevented by special provision, ‘treeing’ would occur
across the bottoms of the separators, In assembling U. 8, L. bat-
teries pains are taken to make the separators of such length and to
so fit them in place that their bottoms shall extend below the
plates. Trouble has been experienced from distertion of the grids
and the chiseling off of the separator bottoms hy the sharp plate
edges in their distorted condition. Buckled plates are saucer-
shaped, so that the old-fashioned square-cornered plates did the
most chiseling with their corners. To minimize the effects of
buckling, even though it be the result of abuse, U. 8. L. plateq are
round-cornered.”



CHAPTER III

Storage Battery Defecta—Loss of Battery Capacity—Sediment in Cells—
Sulphation, Cause and Cure—Causes of Plate Deterioration—Cadmium
Readings—>Making El@ctrolite—-li‘eat.ures of- Edizon Cell—Tools and
Supplies for Repairing—Taking Down Exide Batieries—Taking Dowd
Gould Sealed Cells—Disassembling Willard Battery—Lead-Burning Ap-
paraj;:zﬁ—Lead-Bnming Process—Battery Defects and Restoration SBum-
warized. .

Storage Battery Defects—The subject of storage battery
maintenance was théroughly covered in a paper read by H. M.
Beck before the 8. A. E. and published in the transactions ‘of the
society. . Some extracts from this are reproduced in connection
with notes made by the writer and with excerpts from instruction
books of battery manufacturers in order to enable the reader to
secure a thorough grasp of this important subject without consult-
ing a mass of literature. Endeavor has been made to simplify the
technical points involved and to make the exposition as brief as
possible without slighting any essential points, In view of the
general adoption of motor starting and lighting systems on all
modern automobiles, the repairman or motorist must pay more
attention to the electrical apparatus than formerly needed when
the simple magneto ignition system was the only electrical part
of the automobile. The storage battery is one of the most impor-
tant parts of the modern electrical systems, and all up-to-date
repairmen and electricians must understand its maintenance and
charging in order to care for cars of recent manufacture intelli-
gently, as well as being able to understand the many industrigl
uses considered: briefly in this volume.

In taking care of a storage battery, there are four points which
are of the first importance:

Firat—The battery must be charged properly.

Second—The battery must not be overdischarged.
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Third—Short circuits between the plates, or from sediment
under them, must be prevented. _

Fourth—The plates must be kept covered with electrolyte, and
only water of the proper purity used for replacing evaporation.

Fig. 20.—Defective Parts of Automobile Lighting Battery Abused in
Service. A—Cracked Hard Rubber Cell Jar. B—Burnt Wood
Separator. C—Badly Damaged Plate. :

In the event of electrical trouble which may be ascribed to
weak source of current, first test the battery, using a low-reading
voltmeter. Small pocket voltmeters can be purchased,for a few
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dollars and will be found a great convenience. Cells may be
ilested individually and as a battery. The proper time to take a
reading of a storage battery is immediately upon stopping or
while the engine is running. A more definite determination ecan
be made than after the battery has been idle for & few hours and
has recuperated more or less. A single cell should register more
than two volts when fully charged, and the approximate energy
of a three-cell battery should be ahout 6.5 volts.

If the voltage is below this the batteries should be recharged
and the specific gravity of the electrolyte brought up to the re-
quired point. If the ligquid is very low in the cell new electrolyte
should be added. To make this fluid add about one part of chem-
ically pure sulphuric acid to about four parts of distilled water,
and add more water or acid to obtain the required specific gravity,
which is determined by a hydrometer. Acecording to some authori-
ties the hydrometer test should show the specific gravity of the
electrolyte as about 1.208 or 25 degrees Baumé when first prepared
for introduction in the cell, and about 1.306 or 34 degrees Baumé
when the cell is charged. )

The following table gives the correspondmg specific gravities
and Baumé degrees

Baumé Spemﬁc Gravity Baumé Bpecific Gravity
0 L0 18 1.141
1 1,006 19 1.150
2 1.014 20 1.160
3 Lo21 21 1.189
4 1.028 - . 22 1.178
5] 1.0335 23 1.118
L] 1.043 24 1.198
7 L0350 23 1.208
8 1,058 26 1.218
] 1.066 27 1.228

10 1.074 28 1.239
11 1.082 29 1250
12 L0980 30 1.260
13 1.098 31 1271
14 1106 32 1.283
15 1.115 33 1.294
16 1.124 34 1.306
17 1.132 35 1.318

The appénded conversion formula and table of equivalents will
he found of value in changing the reading of a hydrometer, or
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acidometer, from terms of specific gravity to the Baumé scale or
vice versa.
145
.8p.Gr.= —at 60° F.
: 145 — Baumé degrees

Either voltage or gravity readings alone could be used, but s
both have advantages in certain cases, and disadvantages in others,
it is advisable to use each for the purpose for which it is best
fitted, the one serving as a check on the other. Voltage has the
great disadvantage in that it is dependent upon the rate of cur-
rent flowing. Open-circnit readings are of no value, as a cell
reads almost the same discharged as it does charged.

Losa of Battery Capacity.—When a battery gives indication of
lessened capacity it should be taken apart and the trouble located.
1f the cell is full of electrolyte it may be of too low specific grav-
ity. The plates may be sulphated, due to lack of proper charge
or too long discharge. The cells may need cleaning, a condition
indicated by short capacity and a tendency to overheat when
charging. Sometimes a deposit of sediment on the hottom of the
cell will short circuit the plates. If the specific gravity is low
and the plates have a whitish appearance, there being little sedi-
ment in the cells, it is safe to assume that the plates are sul-
phated. Sediment should be removed from the cells and the
plates rinsed in rain or distilled water to remove particles of dirt
or other adhering matter.

Sediment in Cells.—The rate at which the sediment collects
depends largely upon the way a battery is handled, and it is
* therefore necessary to determine this rate for each individual case.

A cell shonid be cut out after, say, fifty charges, the depth of sedi-
ment measured and the rate so obtained used to determine the
"time when the battery will need cleaning. As there is apt to be
some variation in the amount of sediment in different cells, and
as the sediment is thrown down more rapidly during the latter
part of a period than at the beginning, it is always advisable to
allow at least one-fourth inch clearance. If the ribs in the bottom
of the jars are 134 inches high, figure on cleaning when the sedi-
. ment reaches a depth of 114 inches. Before dismantling a battery
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for “washing,” if practical, have it fully charged. Otherwise, if
the plates are badly sulphated, they are likely to throw down
considerable sediment on the charge after the cleaning is com-
pleted.

There have been many complaints of lack of capacity from
batteries after washing. Almost without exception this is found
to be due to lack of a complete charge following the cleaning. The
platez are frequently in a sulphated condition when dismantled,
and in any case are exposed to the air during the cleaning process,
and thus lose more or less of their charge, When reassembled,
they consequently need a very complete charge, and in some cases
the equivalent of the initial charge, and unless this charge is given
the cells will not show capacity dand will soon give trouble again.
This charge should be as complete as that described elsewhere in
connection with the initial charge.

Dangers of Fluthing.—“Flushing,” or replacing evaporation in
cells with electrolyte instead of water, is a most common mistake.
The plates of & storage battery must always be kept covered with
electrolyte, but the evaporation must be replaced with pure water
only., There seems to ba a more or less general tendeney to con-
fuse the eleetrolyte of a storage battery with that of a primary
cell. The latter becomes weakened as the cell discharges and
eventually requires renewal. With the storage battery, however,
this is not the case, at least to anything like the same degree, and
unless acid is actually lost through slopping or a broken jar it
should not be necessary to add apything but water to the cells
between cleanings. Acid goes into the plates during discharge,
but with proper charging it will all be driven out again, so that
there will be practically no loss in the epecific gravity readings,
or at least one so slight that it dees not require adjustment be-
tween cleanings. Thus, unless some of the electrolyte has actually
been lost, if the specific gravity readings are low, it is an indica-
tion that something is wrong; but the trouble is not that the
readings are low, but that something is causing them to he low,
and the proper thing to do is to remove the cause and not try to
cover it up by doctoring the indicator. The acid is in the cells,
and if it does not show in the readings it must be in the form
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of sulphate, and the proper thing to do is to remove the cause of
the sulphation if there is one, and then, with proper charging,
drive the acid out of the plates and the specific gravity readings
will then come back to the proper point. The too-frequent prac-
tice in such cases is to add electrolyte to the cells in order to bring
up the readings which, as already explained, are only the indica-
- tion of the trouble, and this further aggravates the condition,
until finally the plates become so sulphated that lack of capacity
causes a complaint. This practice of adding electrolyte to cells
instead of water seems to be becoming more and more common.

Sulphation, Cause ard Cure.—When plates are sulphated, to
restore them to their original condition it is necessary that the
battery be given a long, slow charge at about a quarter or a third
of the normal charging rate. This should be continued until the
electrolyte has reached the proper specific gravity and the voltage
has attained its maximum.

It should be understood that sulphating is a normal as well as
an abnormal process in the charge and discharge of storage bat-
teries, and the difference is in the degree, not the process. The
sbnormal condition is that ordinarily referred to by the term. In
normal service sulphating does not reach the point where it is
difficult to reduce, but if carried too far, the eondition becomes ao
complete that it is difficult to reduce and injury results. A very
crude method of illustrating the different degrees of sulplating is
to consider it as beginning in individual particles uniformly dis-
tributed throughout the active material. Each particle of sulphate
is then entirely surrounded by active material. The sulphate itself
is a mon-conductor, but, being surrounded by active material, the
current can reach it from all sides and it is easily reduced. This
is normal sulphate. As the action goes further the particles of
sulphate become larger and join together and their outside con-
ducting surface is greatly reduced in comparison with their vol-
ume, so that it becomes increasingly difficult to reduce them, and
we have abnormal sulphate.

Slow Charge Cures Sulphation.—The general cure for sulphat-
ing is charging, so that a cell, having been mechanically restored,
the electrical restoration consists simply in the proper charging.
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Sulphate reduces slowly, and on this account it is a good plan
to use a rather low current rate. High rates cause excessive -
gassing, heating, and do not hasten the process appreciably, ‘so
that it'is the safer as well as the more efficient plan to go slowly.
A good rate is about one-fifth normal. The length of charge will
depend upon the degree of sulphating. In one actual case it re-
quired three months’ charging night and day to complete the
operation, but this was, of course, an exceptional one. The aim
should be to continue until careful voltage and gravity readings
show no further increase for at least ten hours and an absolute
maximum has been reached. In serious cases it may be advisable
to even exceed this time in order to make absolutely sure that all
sulphate is reduced, and where there is any question it is' much
safer to charge too long rather than to risk cutting off too soon.
A partial charge is only a temporary expedient; the cell, still
being sulphated, will drop behind again.

The Gould Storage Battery Company give a number of char-
acteristics by which cells in poor condition may be recognized in
addition to the usual hydrometer readings. The common causes
of plate deterioration are also given. The plates may be of poor
color; the color of a wet positive plate in good condition varies
from a rich dark brown (almost black) if the plate is fully
charged to a reddish, fairly dark brown if discharged. A light
grayish coating on the positive plates is not a bad indication, if
by rubbing with a clean stick or piece of hard rubber a good color
is evident immediately under the surface. The color is much
lighter for dried plates. The wet negatives are of a light slate
gray if charged and somewhat darker if discharged. When dry
they are considerably lighter, and may even be somewhat yel-
lowish if allowed to heat in drying. If the color of the plates is
not as described they are probably considerably sulphated. If the
cell voltage is markedly lower on discharge or higher on charge
than it should be, sulphating is also indicated. If the acid strength
i8 low, the cell should be investigated for short circuits or sul-
phated plates. Always be sure that the sediment does not touch
the plates. It must be removed as soon as there is danger of
this occurring.
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Canses of Plate Deterioration—Plates may get in poor con-
dition from the following causes: 1st, Impure Electrolyte—
Lither a poor quality used at the starl, or through the use of im-
pure water or through foreign substances getting into the cells.
The remedy in this case, if the plates are physically in fair con-
dition, is to replace the old electrolyte with new, the cells being
in a discharged condition, and then thoroughly charge the battery.
2nd, Short Cirenits.—These are mot frequent if the sediment is
removed before it touches the plates, as the wash of the electrolyte
in most vehicle batteries resulting from the movement of the car
would tend to free them. If they do occur, the cell should be
completely dismantled, the plates straightened and the cell assem-
bled again, the separators being completely replaced. The cell
ghould then be thoroughly charged. 3rd, High Temperatyre.—
At temperatures above 100° F. corrosion iz quite rapid, and this
limit must not he exceeded. If possible, the temperature should
not exceed 90° F. The positives may he sulphated considerably
from this cause and the plates grown abnormally and distorted.
If they are thoroughly corroded they must be replaced; if not,
they should be straightened and thoroughly charged. The condi-
lions should be changed so that the battery will not again be
subjected to the high temperature. 4th, Standing Discharged.—
The positive plates especially may be badly sulphated from this
cause. The indication of this condition is a light color of the
positive plates, possibly with Dlotches of a grayish color. The
remedy in this case is also complete charge, though care must be
taken that too much active material is not thrown off during the
charge. Under these conditions the active material is granular
and non-cohesive, so care is needed in charging and discharging
to restore the plates to efficiency.

Value of Cadminm Beadings.—It is possible to make tests to
determine the relative capacity of the positive and negative plates
of any cell by means of a neutral electrode. Cadmium is well
adapted for this purpose, and while such tests are not ordinarily
made with small batteries they are very useful in determinipg
the condition of large cells. The cadmium element consists of a
stick of that material about the size of a lead pencil and 6 inches
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long, which is inserted into a soft rubber tube. 'Before inserting
the cadmium stick, the rubber tube should be perforated with a
number of holes about 1/16 of an inch in diameter. The rub-
ber tube should extend at least 15 of an inch beyond one end
of the cadinium element. A small flexible rubber-covered copper
wire should be soldered to one end of the cadmium stick, This
wire may be joined to the negsative pole of a voltmeter. A regu-

Fig. 21.—Apparatus Used in Making Cadmium Tests,

lar contaet “sticker,” or “stabber,” such as shown at Fig. 21, is
connected to the positive pole of the voltmeter.

After the total cell voltage throughout the hattery is taken in
the regular way, cadmium readings can be taken by inserting the
rubber-covered end of the cadmium into the acid of the first cell,
being sure that the bare cadmium stick does mot touch either of
the plate groups. Press the “sticker” leading to the positive pole
of the voltmeter against the positive cross Lar of the cell and
note the reading. The difference between the reading of the posi-
tive gronp and the cadmium and the total cell voltage already
taken will represent approximately the negative cadmium reading.
For example, if the positive cadmium reading is two volts and
the regular cell voltage 1.83, the negative cadmium would be
0.15. A positive is discharged when its cadmium reading atits
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regular catalog discharge rate is about 1.95, and the negative when
the cadmium reading is approximately 0.25 volt. At these values
the cell voltage would be 1.7.

As a cell discharges the positive cadmium reading decreases,
while the negative cadmium reading will increase. The curve
shown in Fig, 22 illustrates the discharge of a cell in which the
positive plates are low in cepacity. Note the rapid drop in cell
and positive cadmium voltage after three hours but the slow rise
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Fig. 22.—Curves Illustrating the Discharge of a Cell During a Cad-
mium Test in Which the Positive Plates are Low in Capacity.

in the negative cadmium voltage. All voltage readings must be
taken while the battery is discharging at its catalog discharge
rate. The readings should be carefully filed and compared with
previous tests, In this way any cell not in condition will be
readily found.

Making Electrolyte.—Electrolyte, as used in all lead plate
types of batteries, consists of & mixture of pure sulphuric acid and
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distilled or other pure waters. Concentrated sulphuric acid is a’
heavy, oily liquid, having & specific gravity of about 1.835. A
battery will not operate if the acid is too strong, and it is there-
fore diluted with sufficient pure water to bring it to a gravity of
1.270 to 1.300 for a fully charged battery. Stronger electrolyte
than this is injurious. To prepare electrolyte from sulphuric acid
of 1.835 specific gravity, mix with water in the proportions indi-
cated in Fig. 23 for the desired specific gravity, taking the fol-
lowing precautions: '

Use a glass or earthenware vessel, never metallic.

Carefully pour the acid into the water, never water into acid.

Stir thoroughly with wooden paddle and allow to cool before
reading the gravity. _

Both the water and the sulphuric acid used in making elec-
trolyte should be chemically pure to a certain standard. This is
the same standard of purity as is usually sold in drug stores as
“CP” (chemically pure), or by the chemical manufacturers as
“battery acid.”

Electrolyte made from sulphuric acid meeting the following
specifications will be eatisfactory:

Sulphuric acid to be high grade, either the so-called “Brim-
stone 0il of Vitriol” or “Contact Process Acid” made from sul-
phur of good quality. Must be water white in color and show no
sediment on standing.

By analysis, impurities must not exceed the following:

Platinum ...........ooo

ABENIC ...

Manganese ........ ... .. i,

drom oo

Chloride ..................

Vltrogen in any form

Sufphurous acld ...
Organie matter ......................ciia.

Must be free from all substances other than stated above.

As great care is exercised in the manufacture of storage bat-
tery plates and in the furnishing of acid to secure a high degree
of purity, obviously attention should be paid to the purity of the
water used both in the dilution of concentrated acid, if this is
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attempted, and replacing the loss in cells occasioned by evapora-
tion and overcharge. The frequent addition of water required
to replace evaporation leads eventually to a concentration of any
impurities which it may contain, As ordinary water supplies are
not pure, their use is always questionable. Water from natural
sources should be used only with the approval of competent chem-
ists. Rain water should not be used if distilled water is available,
as it often contains traces of nitric acid and ammonia, either of
which is harmful to storage batteries. Distilled water is preferable
and should always be used unless otherwise advised by the chem-
iats. The water should be stored in carbeys or thorouglity cleaned
whiskey barrels. Water obtained by condensing the exhaust from
engines and which may thus contain cylinder oil and other im-
purities should never be unsed for battery purposes. In cleaning
. batteries the ordinary tap water may be used provided it does not
contain a great quantity of impurities.

In this conmnection, the expression “chemically pure” acid is
often confused with acid of “full strengtli.” Acid may be of full
strength (approximately 1.835 sp. gr.) and at the same time
chemically pure. If this chemically pure acid of full strength be
mixed with clhemically pure water, the mixture would still be
chemically pure, but not of full sirength. On the-other hand, if
a small quantity of some impurity be introduced into chemically
puve acid, it would not materially reduce the strength, but would
make it impure. The usual method of determining the strength
of electrolyte is by taking its specific gravity. - The method is pos-
sible on account of the fact that sulphuric acid is heavier than
water. Therefore the greater the proportion of acid contained in
the electrolyte the heavier the solution or the higher its specific
gravity. - By specific gravity is meant the relative weight of any
substance compared with water as a baais. Pure water, therefore,
is considered to have a specific gravity of 1, usually written
1.000 and spoken of as “ten hundred.” One pound of water is
approximately one pint. An equal volume of concentrated sul-
phuric acid (oil of vitriol) weighs 1.835 pounds. It therefore
has a specific gravity of 1.835 and is spokén of as “eighteen
thirty-five.”
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Since electrolyte, like most substances, expands when heated,
it specific gravity is affected by a change in temperature. For
the convenience of the operator, the following table is given to
show the variation in the electrolyte specific gravity at various
temperatures likely to be met with in cervice:

Degree Fahrenheit . Bpecific Gravity

106 1.208
97 1.211
88 1.214
79 . o 1.217

» 70 normal 1,220 normal
a1 ] 1223
52 1.226
43 1.229

® 34 g 1.232 ®
25 1.235 ’
16 1.238

7 1.241

The solution must be allowed to stand several hours to cool,
Never add hot or even warm electrolyte to a cell, as the plates
gre liable o be dangerously sulphated thereby. The strength
of the resultant solution should always be checked by hydrometer
" readings reducing the latter to 70 degrees Fahr.

Features of the Edison Cell.—The instructions given apply
only to batteries of the lead plate type and not to the Edison bat-
tery, which is entirely different in construction. The Edison cell
uses an electrolyte consisting of 21% solution of potash in dis-
tilled water so that the electrolyte is alkaline instead of acidulous.
For 6-volt ignition and lighting service it is necessary to use 5
cells owing to the lesser voltage of the Edison batteries. The
average voltage during discharge is but 1.2 volts per cell, and is
not as constant as is the case with a lead hattery, the voltage of
which may be as high as 2.5 volts per cell.

An FEdison 6.5-volt battery used for lighting or ignition may
be charged completely in ten hours. A feature of the Edison
battery ie that overcharging at the normal rate has no harmful
effeets, and it is advised by the maker to give the battery a 12-
hour charge once every 60 days er wlhen the electrolyle is re-
plenished. The electrolyte must be kept sufficiently high so as to
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cover the plates, and any loss by evaporation must be compen-
sated for by the addition of distilled water. Another feature in
which the Edison battery is superior to the lead plate type is that
- the plates will not be injured if the cells are allowed to stand

Fig. 24.—Automatic Filler for Renewing Water Supply in Edison
Alkaline Cell.

in a discharged condition. The external portions of the cells
must be kept clean and dry, because the container or can is made
of a conducting material. The vent caps must be kept closed
except when replacing electrolyte or bringing the level up to the
proper height by adding distilled water. Care should be taken
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to avoid short cireuiting of the battery by tools or metal objects,
and special emphasis is laid on the precantion that no acid or
electrolyte containing acid be poured into the cells. It is said
that the Edison battery has a longer life than the lead plate type
of equal capacity. . )
Repairing Exide Sealed-Type Batterien—The smaller Exide

Celt Filling Plug  Filling Tube 7705 TOPNot
Conriector Gasket., 8arrel, | Post Waslier
Post Washery  -Neg. Top Nyt .1 F_'f’.';’ifng S ii [Sealing Nud

i \ Plug., 7.

i1} CwHandle

[ P W

-

Fig. 25—Exide Double Seal Bolted Connector Type Battery.

cells, such as used in electric vehicles and for automobile start-
ing, lighting and ignition systems, are made in two types= In one
a double flange cover is depended on to keep the electrolyte from
splashing out, this construction being shown in the sectional view
alt Fig. 25. In the other a single-flange cover, as outlined at
Fig. 26, is utilized in connection with sealing compound. The

-
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double-flange cover has two downwardly projecting flanges, one
fitting inside and the other outside of the cell jar. The two
flanges form a channel or slot, holding the jar walls. In order
to insure a tight joint a amall amount of sealing compound is
placed at the bottom of the slot and between the cell cover and
the top of the rubber jar.

Filling Plu Filling Tube ,
Cg:mecfor, Gagsrkef.? Ba?re!, 3 Sealing Nut
; -~ g/

':" FHandle
: -Cell Cover

h -Sealing
Compound

NHNnnag
Pos. Plate

-Fos. Strap

i
i - ( Brown) “RubberJar
I"ir‘}’r;'ou:&’ {h
Separator {IH
|l| - EWood
1[?[ Case
thl
}dl
— i
_____ ==
A ___ )
e e e o
r-l

Fig. 26.—Exide Single Seal Burned Connector Type Battery.

To unseal this type of hattery two stout boards ahout one-
quarter of an inch longer than the height of the jar are needed.
Rest the side flanges of the jar on these, as shown at Fig. 27 A,
60 the cell will be raised and the weight supported by the wood
blocks. Next warm the cover around the edges so that the seal-
ing compound will soften, Of course, the terminal straps and
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gealing nuts have been removed, As soon as the compound has
softened, a little pressure with the thumbs on the terminal posts
will cause the jar to drop out of the cover. The warming may
be accomplished by passing a moderate flame guickly around the
cover, taking care not to hold it at any one spot long enough to
burn the rubber, _

With the single-flange type the sloping sides of the cover and
flange at the bottom give a space about a quarter of an inch
wide for the sealing compound. To unseal this type of seal a
flat-bladed putty knife or a screw-driver is heated in the flame
and run through the sealing compound close to the jar wall all
the way around. This will loosen the compound and the element
can be lifted out of the jar. When taking the elements apart,
i. e., separating the positive and negative plate groups, never allow
them to stand in the air, but always put them in some weak elec-
trolyte. If the cell jar is broken and the parts are in otherwise
good condition it is not necessary to remove the sealing nufs on
the gingle-flange type, as the entire assembly may be lifted back
into a new jar. If the cover is cracked it will be necessary to
loosen. the sealing nuts and to supply a mew cover,

It the plates are found fo be buckled, the operation of straight-

_ening is relatively simple. Spacing boards of suitable thickness
are placed between the plates, also outside of the plate group, and
the whole is put in a vise, as shown at Fig. 27 B, and subjected
to a gradual pressure. If, in addition to the buckling, the nega-
tives have shed active material due to starvation or other abuse,
it will be necessary to use & new set of plates. When the active
material i3 very hard and not spongy it is “sulphated,” and par-
ticular care should be taken in charging, after the cell is reassem-
bled, to make sure that the electrolyte is brought to its maximum
gravity.

It ia well to examine the wood separators o see that the ribs
are not worn off and that there are no splits or other perforations
to reduce the mechanical strength or destroy its utility as a sepa-
rator. The method of removing and inserting separators is clearly
outlined at Fig. 2¥ C. It is always necessary to clean out cell
jars thoroughly after the elements have been removed in order
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to clear ont all sediment and fallen active material. In inserting
separators it iz well to note that the flat side of the wood goes
against the negative plate and the rib side against the positive
plate. Where perforated rubber sheets are used in addition to

Fig. 27.—Some Operations When Repairing Exide Battery. A—Re-
moving Donble Seal Cover, B—Straightening Buckled Plates.
C—How to Remove Wood Sepatators, D—Method of Locking
Sealing Nuts on Burned Connector Type Cella,
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the wood separators, these are always placed against the grooved
nide, one to each wood separator, and the two inserted between
the plates together. When the separators are all in place the edges
should be tapped with a wood block until they project equally on
each side of the plates.

The sealing nuts are tightened with a special wrench, which
is shown in Fig. 28. To lock the sealing nuts in place a prick-
punch is used te burr the thread in spots above each nut, as shown
at D, Fig. 27. This will slightly upset the alloy threed on the
post and prevent the nut from coming loose. This i3 necessary
only on those types of cells having burned connections, as in
Wolted connections the thread of the nut post does not extend
above the sealing nut. The top, or clamping nut, acts as a lock
to prevent the sealing nut from loosening, _

Before sealing a cell, always wipe the surfaces against which
the sealing compound is to be placed with ammonia and allow it
to dry thoroughly. Otherwise the compound will not stick. In
the double-flange type a string of sealing compound about 3/16ths
inch in diameter is made by rolling some special compound be-
tween two boards. This is packed in the space between the flanges
and is heated before the cell cover is pushed in place.

While it is not diffienlt to release those types of cells having
holted-on connecting strips, the burned-on type connectors can-
not be removed as easily. To remove these zolid lead links it is
necessary to bore the connectors centrally over each post with a
S4-inch wood bit. Another method is to play a burning flame on
the joint to soften the lead and then to pull off the connector with
a pair of pliers. The method of taking down the holted connec-
tionr is clearly outlined at Fig. 28. The first step is to remove
the filling plugs to provide more room for working on the bat.
tery terminals. A special socket wrench is provided for the alloy-
covered top nuts, this being easily turned by a special ratchet
wrench. After the top nut is removed the spacing washers and
connector strips may be taken off, and it is well to take off the
connector strips without bending them. It is also well to save
the alloy washers. These are placed one above, one between and
one below the two connector straps. Two types of (connector strips
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are provided, a simple form consisting of a straight piece, and a
later type, in which the lead-covered copper connectors are pro- -
vided with cast lead ends that eliminate the spacing washers.

Do not try to unscrew the sealing nute with a Stilson wrench.
The wrench teeth will not only damage the sealing-nut corruga-
tions, but the pressure may squeeze a mut so tightly into the
'thlfeads that it ean be removed only with difficulty. The special

Fig. 28.—Tools Used and Method of Disassembling Bolted Type
Exide Connectors.

box wrench illustrated is necessary for removing the sealing nuts
without damege. This has a series of small projections which
fit into the corresponding spaces on the sealing nut and make it
very easy to turn that member. Whenever a bolted connection-
type cell iz assembled, the first step is to grease the studs well
with vaseline. Slip one of ‘the connector liriks over the posts of
adjoining cells, then an alloy washer over each post, followed by
a eecond connector and a second washer. The last washer is then
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put in place and the top nut pulled up tight with a properly fit-
ting socket wrench. If a monkey wrench or worn S-wrench is
used the soft corners of the alloy-covered nut are apt to be marred
if the wrench slips.

Battery Repair Tools.—The following list of tools and appa-
ratus is given in the Gould Instruction Book, and will be found
of value in repairing storage batteries of any make: One pair of
rubber gloves, to protect the hands from acid; one 7-inch end-
cutting nippers or one pair bolt cutters, for cutting connectors,
.plate lugs, ete.; two pairs of combination pliers, for pulling ele-
ments from jars; one triangular lead scraper, for cleaning plate
lugs, terminals, etc.; one putty knife, for removing sealing com-
pound; one half-inch wide wood chisel, for the same purpose;
oné five-inch screw-driver, for removing sealing compound and
covers; one single-end wrench for removing terminal nuts; sev-
eral coarse files and handles, for filing plate lugs, straps, ete.;
one sleel wire brush for cleaning files and battery terminals; one
ball peir hammer, medium size, for general work; one 10-inch
ratchet bit brace, for drilling links loose from pillar posts; one
8-inch diameter bit-stock drill, for removing S54-inch connec-
tors; ome 7-inch bit-stock drill, for removing 74-inch connee-
‘tors; one small drill, to start holes; one center punch, for cen-
tering terminals to drill; one adjustable hacksaw frame and three
8-inch blades to fit it; one iron ladle, for pouring sealing com-
pound; one pair blue glasses, for use when lead burning; one
soft-rubber bulb syringe, for flushing and equalizing electrolyte;
one burning-rack, with extra gunide plates; one hydrometer, for
mixing electrolyte; one thermometer, for reading cell and elec-
trolyte temperature, and one lead-burning outfit. A group of the
tools recommended by the Electric Storage Battery Company for
work on the Exide batteries is shown at Fig. 29. The special
terminal and box wrenches shown will fit the Exide battery
terminals only.

To Repair @ould Batteries of the Sealed Types.—Batteries to
be repaired may have been in service but a short time, the neces-
sity for repairs being broken terminals, leaky jar, plates in one
cell short circuited, etc. TUnder these circumstances it is only
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necessary to make the repairs indicated by test. If, however, the
battery has been in service for six months or longer, and.the cell
or cells to be repaired show general deterioration, it is very
probable that the other cells in the battery are in nearly as bad
condition, and the elements should be removed from all of the
jars in the battery. If, upon inspection, plates are still in good
condition, the wood separators should be discarded and new wood
separators put in the good cells as well as those requiring repairs.

To Dismantle a Cell: Have batlery fully charged before dis-
mantling a cell.

Remove vent cap and washer.

To remove terminal or connecting link, center the tops of
terminals and connectors over the terminal posts with a center-
panch and drill down to depth of 34 inch, using a S4-inch drill
if you have 34-inch posts and a 7g-inch drill if you have 1l-inch
posts.. Terminalg or links can then be removed by working back
and forth gently with gas pliers.

To remove top cover. Soften the sealing compound by a jet
of steam or a gas flame, The use of the flame requires very care-
ful manipulation and continual attention of the operator. Care
must be taken that the flame does not burn or scorch the edges
of the cover. Then gently pry the cover from the jar, _

With a heated putty knife or serew-driver, clean the compound
from the inside edges of the rubber jar. The element can now
_ be removed (with the lower cover) by grasping each terminal
post firmly with gas pliers and pulling up slowly but strongly,
holding the battery down meanwhile. '

If separators are in good condition and a jar replacement only
iz to be made, set the element, with bottom cover, in electrolyte
or water till ready to replace.

Remove the bottom cover from the element after cleaning com-
pound away from the posts. The covers may have warped from
the heat. If so they should be heated again by being placed in
boiling water, straightened out and laid on a flat surface to cool.

Separate the positive and negative groups and discard the
wooden separators. If rubber sheets also are used, those that are
not broken should be washed and laid aside for future use. The
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negative group should be washed and also laid aside until needed.
The negative group should be immersed in water, otherwise it
takes up oxygen from the air, which is liable to cause dangerous
heating.

To remove a leaky jar, pour boiling water in the jar to soften
the surrounding compound and lift the jar from the case. If the
compound cannot be softened with boiling water, use a jet of steam
or a flame on the inside of the jar., To install & new jar, pour
boiling water in the jar. When it is thoroughly heated, press it
carefully into place.

To Replace an Element: To assemble the new element: inter-

Set Screw Type Wing Nut Terminal  Box Type Terminal compiete
Terminal for Wire with Lug

Fig. 30.—Terminal Types Used in Connection With Exide Vehicle
Batteries.

mesh the positive and negative group, positive and negative plates
alternating. As a negative group contains one more plate than
does the positive, both outside plates will be negative. TLay the
element on its side, and put the separator retainers in position.
Insert the separators between each pair of plates. If wooden
separators only are used, the grooved side of the separator should
Le next the positive plate. If wood separators and rubber sheets
are used, they should be inserted together, the rubber sheet be-
tween the positive plate and the grooved side of the wood separa-
tor. See that the separators are against the retainers and that
they exterid equally on either side of the element,

Grasping the element by the pillar posts, lower gently into the
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jar. Fill with electrolyte of the proper density (see “Electro-
lyte’”) and let the cell cool for at least twelve hours. Develop the
plates. It is advisable to develop with the cover off on account
of better ventilation and greater convenience in taking thermome-
ter-and hydrometer readings. Furthermore, if a fault develops it
can be remedied without having to remove the cover. Proceed
as follows: Burn a copper wire (about No. 10) to the top of
each terminal post with a few drops of burning material, just
enough to make good connection. Connect these wires to the
charging source. Develop at a rate equal to six-tenths (.6), the
final rate of the battery. The time required to develop at this
rate will be about sixty hours. After the developing has gone on
for thirty hours, disconnect the charging wires and reconnect so
as to charge the balance of the cells in the battery as well as the
cell or cells being developed. When the cell voltage and the
specific gravity have remained unchanged for five hours, the cell is
fully developed. Even up the electrolyte in the cells to 1.300.

Place the upper and lower covers in boiling water. When the
lower cover has become thoroughly heated, press it gently into
position. Carefully clean the inside edges of the jar and cover
with warm water and dry with a flame. Otherwise, the compound
will not stick. If there are any openings between cover and jar
wide enough to allow the heated compound to run into the jar,
work a small amount of compound around these edges, using a
putty knife or brush before starting to pour. Pour melted sealing
compound around the edge. Allow a few moments for this com-
pound to harden slightly, then pour melted compound until it
reaches a point slightly above the top of the expansion chamber,
and at once press the heated top cover on the compound. Place
a weight on the top cover and let it remain until the top cover
cools fast to the compound. Pour melted compound around the
edges and to the level of the top of the cover and smooth off with
heated putty knife. Burn the connecting links and terminals to
the pillar posts. ~ -

Repairing Willard Automobile Type Batteries.—In repairing
a Willard storage battery a definite routine must be followed in
tearing down and building up same in order that it will de in
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the best condition when reassembled, These steps are as follows:
Firat: Remove all vent plugs and washers.
Second: Center punch both top connectors in each cell which
is to be repaired; then drill 34 inch inte top conmector with a
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Fig. 31.—Diagram Showing Construction of Points to be Reached in
Rebuilding or Tearing Down Willard Storage Battery.

%-inch diameter drill. Now pull off top connector with pair of
pliers.

Third : Apply gas flame or blow-torch flame to the top of the
battery long enough to soften the sealing compound under the top
cover. Now, with heated putty knife, plow out the sealing com-
pound around the edge of the top cover.

Fourth: Insert a putty knife, or any other thin, broad-pointed
tool, heated in flame, along underside of top cover, separating it



80 STORAGE BATTERIES SIMPLIFIED

from the sealing compound. Then, with putty kmife, pry the top
cover up the sides and off of the terminal posts,

Fifth: Then, with heated putty knife, remove all sealing com-
pound from inner cover. .

Sixth: Now play the flame onto the inner cover until it be-
comes soft and pliable; then take hold of both terminal posts of
one cell and remove the elements from the jar slowly; then lift
the inner cover from the terminal posts.

" Seventh : Now separate positive and negative elements, by pull-
ing them apart sideways. Destroy old separators.

Eighth: To remove a leaky jar, first empty the electrolyte from
the jar, and then play the flame on the inside of the jar until
the compound surrounding it is soft and plastic; then, with the
2id of two pairs of pliers, remove it from the crate, slowly, lifting
evenly.

Ninth: To put in a new jar, in place of the leaky one, heat it
ihoroughly in a pail of hot water and force it gently,

Tenth: In reassembling the battery, first assemble the positive
snd negative elements, pushing them together sideways, then turn
them on the side, and with both hold-downs in place, insert new
separators, being very careful to have the grooved side of the sepa-
rators next to each side of the positive plate. Also be careful
to have the separators extend beyond the plates on each side, so
there will be no chance of the plates short cireuiting. Now press
all separartors np against hold-downs,

Eleventh: Heat up inner cover with the flame; then place same
on terminal posts; then take hold of both terminal posts and
slowly lower the elements into the jar.

Twelfth: Now, with expansion chamber in place on the inner
cover, nntil it reaches the level of the hole in the top of the ex-
pansion chamber, i. e, so' that when the top cover is replaced it
- will squeeze the sealing compound off the top of the expansion
chambers.

Thirteenth: Now soften top cover with, flame and replace on
terminal posts until it rests on top of expansion chamber; then
place a weight on top cover until sealing compound cools.

Fourteenth: Now pour sealing compound around 'the'edge of
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the top cover until it reaches the top of top cover; then, when the
sealing compound has cooled, take a putty knife and scoop extra -
sealing compound off of top cover, making a smooth surface over
all the top of the battery. .

Fifteenth: In burning the top connector to terminal post, pro-
ceed as follows: Scrape the hole of the top conmector until the
surface is bright and clean; scrape terminal post until top and
edge of all surfaces are free of dirt. Now, scrape a piece of lead
thoroughly, preferably a small bar; then apply hydrogen-gas
flame, mixed with air under pressure, to the top connector and
ferminal post assembled, at the same time heating lead bar. When
top connector and terminal post begin to melt, apply lead bar di-
rectly on same, melting it, thus making a firm burned connection.
Then fill rest of hole-space with melted lead and smooth off even
with top of top connector.

General Care of All Lead Batfertes: The battery boxes must
be kept clean and dry. The acid-proof paint of both the bozes and
the tanks must be kept in good condition by repainting when néc-
esgary. The terminals must be kept thoroughly clean and covered
by a coating of vaseline. Corroded copper, iron or any other for-
eign materials must not be allowed to get into the cells, If,
through accident, this occurs, the acid in such cells must be
thrown away and new electrolyte used. Matches or exposzed flames
of any kind must not come near the battery boxes, especially when
the cells are charging. The gases thus given off are explosive when
gufficiently concentrated. Temperatures higher than 100° F. are
to be avoided, as the corrosion of the positive plates is accelerated.
Low temperatures are not injurious, although they temporanly
reduce the capacity of the batiery.

Lead-Burning Outfits.—In all batteries having permanently
jointed connections the various joints are produced by melting of
a portion of the parts to be joined by a. process ftermed “lead-
burning,” and forming a solid weld by means of heat to melt the
lead, which may be produced with illuminating gas, hydrogen
gas or the electric are. The illuminating gas outfit is the simplest
and can be used to advaniage wherever that ges is available. It
consists of a special-burning tip and a mixing valve. A supply
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of compressed air is necessary, the pressure ranging from § to 10
* pounds, and the various parts of the apparatus are joined together
by 5/16-inch rubber hose, which is securely wired to the appara-
tus to insure tight conmection. This is made necessary by the
air pressure advised. The mixing valve is a very eimple fitting,
comprising of two shut-off cocks attached to s common outlet
pipe. Ome of the cocks regulates the gas supply, the other controls
the amount of air. Naturally, the mixed air and gas issue from
the outlet pipe. The burner is a specigl form, which gives a very
hot flame. When the flame is properly adjusted for burning it
will have a greenish color, If there is too much gas, the flame
will be yellow and be very ragged. If the flame is a blue color,
gradually becoming less visible, too much air is provided, and as

b

Pig. 32.—Lead-Burning Outfits, A—Electric Arc Set. B—Hydrogen
Gas Generator,
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a result it is lacking in heating power. The hottest part of a
properly adjusted flame is just past the end of the inner point.
Do not hold the flame too near the work, as the heating effect
of the flame will be diminished if it is spread. If the air pressure
is obtained from a tank holding a supply for blowing up auto-
mobile tires, for instance, a reducing valve must be introduced
in the air line between the tank and the burner. The best method
of producing the air pressure is by a small blower.

The apparatus needed for arc burning is shown at Fig. 32 A.
The advantage of this method is that current from a six-volt bat-
tery may be used, not requiring the fitting of auxiliary appara-
tus. Although called an “arc-burning outfit,” it is said that the
best results are obtained by using the carbon as a soldering iron
after it becomes heated without actually drawing an arc. The
outfit is very simple, consisting of a carbon holder with cable, a
clamp and a number of 14-inch diameter carbons. The method
of using it for reburning connectors is easily understood. The
connector to be burned is connected to one terminal of the storage
battery by a piece of cable, which can be made fast to the latter
by means of a clamp. It is essential that the contact surfaces be
scraped bright to secure a good electrical connection. The cable
attached to the carbon holder is connected to the other battery
terminal. If a batterv is partially discharged the three cells will
be needed, but if the battery is fully charged three cells may give
too much voltage. The amount of current passing through should
be sufficient to raise the temperature of the carbon to at least a
bright cherry red while it is in contact with the joint. The car-
bon should be sharpened to a long point and should not project
from the holder more then two or three inches. The holder
should be cooled off occasionally by plunging it into a pail of
water. After being used for a short time the carbon will not heat
properly because of a scale film produced on the surface. This
should be cleaned off till the bare carbon is exposed before pro-
ceeding with the viork.

The hydrogen-gas outfit, such as shown at B, Fig. 32, while
more expensive and troublesome than the illuminating gas burner,
produces & much superior flame for lead burning, and is very gen-
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erally used where a large amount of work is done. The hydrogen
outfit shown is supplied by the Electric Storage Battery Company,
and consists of the following parts: Ome generator; one wash-
bottle; one air pump and tank combined; one branch pipe; one
finger pipe and set of tips; one 50-foot length 5/16-inch rubber
tubing; one two-foot length 34-inch rubber tubing; two rubber
stoppers; one triangular scraper. The material for charging is:
zine, 15 pounds; water, 12 quarts; sulphuric acid, 214 quarts.

Kel
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Fig. 33—How Hydrogen Gas Generating Outfit is Set Up.

The apparatus is connected up as shown at Fig. 33. The in-
structions for using are sent with each outfit, but a brief outline
of the method of joining the parts may be of some value. The
bottom of the reservoir A must be higher than the top of the gas
chamber F. Connect the lower outlet M of the reservoir A with
the pipe G, coming out of the top of the gas chamber F. Put
a short piece of 5/16-inch hose on the outlet E coming from the
gas chamber F, and kink this hose to constrict the passage and
prevent anything coming through it. Put a rubber stopper in
outlet H of gas chamber F, and inspect carefully to see that it is
tightly in place. Remove the hand-hole cover X from the top
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of the gas chamber, place & quantity of zinc on the grating. Next
replace the hand-hole cover, making sure that it is securely fas-
tened, and screw down tight on its gasket. An amount of water
is placed in reservoir A and then a certain amount of vitriel is
poured into the water. The wash-bottle J is filled half full of
water, and its outlet K is connected to one side N of the branch
pipe. The other side of the branch pipe B is joined to the out-
let W on the air tank Q. The finger pipe U is connected with
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Fig. 3¢—Method of Using Oxygen-Illuminating Gas Blow-Pipe Qutfit.

the outlet T of the branch pipe. Both cocks 8 and M are closed.
Next take the kink out of the hose connected to outlet E of the
gas chamber and allow the air o escape until the charge of water
and vitriol runs down from the reservoir into the gas chamber,
then glip the free end of thie hose over the outlet marked L: on
the wash-bottle.

As the acid solution acts on the zinc, hydrogen gas ia liberated.
This gas is not only hot, but is apt to be laden with globules of
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acid. The function of the water in the wash-bottle is to cool the
gas and to clean it before it goes to the finger pipe. Air pressure
is pumped up into the tank. The petcock N in the branch pipe
is then opened and the hydrogen gas issuing from the burner is
ignited. The air is then edmitted by opening the petcock S and
adjusted until a hot-pointed flame of a greenish color is obtained
that is guitable for burning. If any of the solution is spilled its

Fig. 86.—Showing Antimony-Lead Alloy Grids Before Filling and How
" Plates are Jolned Together by Connecting Straps.

action may be neutralized by wsing Gold Dust, Pearline, washing
goda, glaked lime, or ammonia. If burned when pouring acid into
the reservoir, which, of course, will not oceur unless this is care-
lessly done, apply olive ¢il to the burn and not water.

Another outfit suitable for lead burning consists of apparatus
for burning & mixture of oxygen and illuminating gases. As oxy-
gen ie widely used in many garages for carbon removal, the same
tank may be easily connected up to a single blow-pipe outfit. The
connections are very clearly shown at Fig. 34. As the oxygen ia
carried under very high pressure in the tank it is nécessary to pro-
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vide a pressure reducer so that its pressure will not be too high at
the burner. The illuminating gas is turned on first and ignited,
after which the oxygen supply is regulated, so that a good-burning
flame is secured. ]

Lead Burning.—I.ead burning consists in melting the metals
and causing the parts to flow together and become joined without
the aid of solder. It requires considerably more skill than any
other form of brazing or soldering. A long step toward success
may be taken by the proper arrangement of the work. It is usual
to provide something which may serve as a mould or guide for the
melted metal. For example, if two lead sheets are to be united by
goldering, they are laid on a sheet of some non-heat-conducting
substance, such as brick or asbestos. The work in the immediate
neighborheod of the joint is carefully scraped so as to remove all
oxide or scale which would tend to bind the melted lead and pre-
vent it from flowing freely. The metal at the seam is heated by
a very hot bit or the flame from a blowpipe, so that there is a uni- -
form flow of lead across the seam. Tt is sometimes necessary to
add more lead to the seam by melting a strip held in the hand.
A flame of some sort is the most satisfactory source of heal for the
average lead-burning job, because not only is the heat more uni-
form, but also more intense, and thé lead melts at the desired
point before the surrounding metal becomes sufficiently hot to
goften. There are several types of blowpipe for this purpose on
the market. The flame is usually small, sharp-pointed, and very
intense. Lead burning is absolutely necessary, amd is ingisted
upon in certain classes of work, for instance, in lining tanks with
lead for chemical solutions, or for joining the grids end lugs of
storage batteries.

Direclions for Lead Burning: To connect the various plates
comprising an element, the Gould Storage Battery Company ad-
vise the use of a special fixture to insure accuracy in spacing. Be
careful to select the proper spacer (Fig. 36}, and attach it to the
burning-rack. Place the plates on the burning-rack so that the
lugs extend through the slots in the spacer. Fit the connecting
strap over the lugs. Adjust the spacer by the adjusting nuts until
the strap is at the proper height on the Jugs. TUsing the flame,
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melt the lug to be burned and the adjoining material until they
tend to run together. Using a piece of burning strip, melt the
end thereof and fill in around the lug until the whole is a molten
mags. Allow the joint to cool and cut off the protruding end of
the lng with a pair of end-cutting pliers. Melt the remaining
end of the lug till it flows into the sirap. Repeat until all plaies
are burned to the strap. ]

Burning Plates to Old Straps: The storage battery company
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furnishes connector straps for nearly all the modern types of bat-
teries. Sometimes it happens, however, that a battery of an old
model or of a manufacture seldom used will be set up with straps
that cannot be duplicated. Under these circumstances the old
straps should be utilized. With the hacksaw cut off the plates.
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Cut slots in the strap, using the old lugs as a guide. Cleanse the
strap thoroughly in ammoniated water and scrape clean. Using
the proper spacer, proceed as described above.

To Burn Terminal Conneclor to Pillar Post: Scrape the parts
clean. Fit the terminal connector to the pillar post. If the
terminal connector does not set low enough, ream the ferminal
with the triangular seraper until the fit is exact. Heat with flame
until the inside of terminal connector and cutside of pillar post
are one molten mass—throughout. Fill in with molten, burning
material and allow to cool. To burn connecting link to pillar
posts, proceed as above.
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AUTOMOBILE LIGHTING AND STARTING.
BATTERY DEFECT8 AND RESTORATION S8UMMARIZED.

Drrecy

Srurrom

R:EMEDT

Proken or cracked eall jar.

Low.level in one cell.

Replace with new jar.

Plates sulphated. Gravity will not rise on charge.[Long slow charge at min. mte.

Active material erystallized. _—

Lack of acid. Gravity will mot rize on charge.|Miz_new electrolyie and fill
cells recharged.

Electrolyte Low.. (Overheating. Hefll with water or electrolyte,

nding on gravity.

Rapid charging. Overheating. |[Regalate generator output.

Bolution level too high. Eloetrolyte lenks out of ventz |Draw out surplus with syrioge.

Cracked cell cover. Battery box eaten. Do not 811 cella 8o much,

Defective sealing. ‘Terminals corroded.

Poor vent. -

Undercharging. ttery capacity low. Al Dt geneTAtor  output:
m battety from outside
soutce.

Charging too fast, Overhenting. Charge at lower rate. Cell

Bu or warped plates, temperature oust not be

above 1O00° F.

Bhort ¢ircuite,
Large sediment deposit.

Battery loses charge rapidly
when idle.

Go over external wining.
Clean out sediment.

No eurrent in cold wenther.

Battery frosen.

Capnot_ usually be repaired.
Try aslow long charge.

Rotting wood Dox.

Verdigris on terminals.

Rotting conductor wire inaula-
tion,

Too mych acid or electrolvte.

Take cut surplus.

Separator failure.

impure water. .
Electrolyte too rich in acid.

Use oniy distilled water.
Dilute tich electrolyte.

Separators charred or pune-
tured.

(Overheating.
Loss of charge.

Replace separntors,
Maintain level of electrolyte.

Lights uncertain.

Battery nearly discharged.

Give boosting charge from out-
side souree.

Current output low even though
liquid is at proper level.

Gravity of electrolyte too low,

Bring gravity up to 1.280° by
charging.

E

ption

ive current

(Gravity of electrolyte down to]
11009,

Give long slow charge 3 to 5
ampa. rate.

One cell defective,
Poor separatora.

Total voltage low,
Weak current.

Rebuild poor cell.

Active material phedding.

Large sediment deposit.

Rebuiid hattery.

Battery not properly f
down.

[Cell jars break or crack.

Fit proper hold-down clamps.
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CHAPTER 1V o

Battery-Charging Methods—Currents and Voltages—Electrontle Rectifiera
—Vibrator Rectifiers—Mercury Are Rectifiers—Rotary Converters—
Rheostats—Lamp-Bank Resistance—Chargin Preeautions-—Charging
Vehicle Batteries—Winter Care of Automobile Storage Batteriea.

THE equipment to be used in cherging storage batteries de-
pends entirely upon the type and size of batteries to be charged,
the current voltage and character available for charging, and the
individual characteristics of the batteries themselves. Storage bat-
teries can be charged only with direct current, i, e, that which
flows always from the same direction. It is evident that the use
of alternating current, if the mains were attached directly to the
battery, would result in rapid changes in the interior of the cells,
and as the flow in one direction would tend to neutralize that in
the other, the plates would depreciate very rapidly. If alternating
current is the only kind available, this must be transformed or ree-
tified into direct current. All cells cannot he charged at the same
rate. The greater the capacity of the battery and the higher its
discharge rate, the greater the amperage of the current that can
be used in charging. While the voltage of a storage battery made
of certain materials will not vary with the size, the amperage or
current output increases with the plate size and number. A lead-
plate storage battery no longer than a thimble will have just as
high voltage as one as big as a barrel. It will be evident, how-
ever, that if too much current is passed through a small eell it
will be injured, whereas too little current passed through a Jarge
cell will.have but little effect on changing the character of the
plates,

There are two general methods in use for charging either the
sulphuric-acid-lead batteries or the alkali-nickel-iron batteries used
in the various commercial applications. The first method, and the

3 |
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one most widely followed, is called the constant-current system.
The other system, which has only received attention lately, is

called the constant-potential method. 'Two other schemes are used
also which are modifications of the two previously named general

A g
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Fig. 37—Battery-Charging Outfit, Having Field-Coil Rheostat.

methods, ene known as the multiple voltage system, the other as a
fixed resistance method. The constant potential method is said
to offer a number of advantages. There is less evaporation of
electrolyte and less shifting of rheostats is needed. Any form of
battery may be charged by means of a fixed resistance conmnected
in series. When the battery counter electromotive force is mearly
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equal to the voltage of the line, this method approximates the
general characteristics of the constant potential system. Tf the
voltage of the battery is considerably less than that of the charg-
ing current, the characteristics will approximate the constant-cur-
rent charging method. It may be stated that the variation in the
current used for charging is inversely proportional to the differ-
ence between the maximum counter voltage of the battery and the
potential or voltage of the supply circuit.

The usual method of charging batteries in garages is to con-

Fig. 38.=Direct-Current Battery-Charging Outfit, With Rheostat in
Line Between Battery and Main-Line Switch,

nect them up in series. In order to meet the requirements of the
best battery-charging practice it is stated that they should never
be charged in series unless they are all composed of the same gen-
eral type, size and capacity of cells, and that all of the batteries
are in the same state or condition of discharge. The disadvan-
tages of this method are that the batteries that have noi been dis-
charged so much as the others are apt to be overcharged, and if
the battery capacity varies very much, the charging rate may be
too low for some cells and too high for others. These disadvan-
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tages do not apply in charging vehicle batteries where the indi-
vidual cells are of the same size, type and capacity. The only way
the series charging can be carried on is by using & compromise
charging rate and carefully testing the various batteries from
time to time to make sure that they will be removed when prop-
erly charged. The types and sizes of cells used in automobile
starting, lighting and ignition batteries do not vary as much as
might be expected, and if a compromise charging rate is intelli-
gently selected, it is a method that gives fairly good results in
practice, though it is theoretically wrong.

When a direct current of 110 volts potential is available Edi-
eon batteries composed of 60 cells or lead-plate batteries of 40
to 44 cells may be charged directly from the line by means of a
rheostat to regulate the amount of current passing through the
batteries, which is placed in series with each battery. If the
service is of higher voltage, a motor generator or rotary converter
set-may be used. If alternating current only is available, various
types of rectifiers are needed. If only one battery is to be charged
and if the voltage of the generator can be adjusted by means of
a rheostat connected in series with the field coils of the dynamo,
as shown at Fig. 37, then no rheostat will be needed between the
battery and the dynamo, because the charging current can be kept
to the proper value by varying the dynamo voltage. When a mer-
cury arc rectifier is employved in battery charging, the charging
current can be regulated by control dials and a rheostat is not
needed. The various types of rectifiers suitable for use with alter-
nating current are to be described in proper sequence. Rotary
converters may be used with either direct or alternating current,
depending entirely upon the type of motor used. It is evident
that the dynamo of such a combination must always be of the
direct-current type, though its output will vary according to the
power of the actuating motor, the method of winding, and wire
used in field and armature coils. The motor may be a direct-cur-
rent type, wound for high voltage, or it may be a type wound to
operate on alternating current.

The arrangement of the essential parts of a typical battery-
charging system where the current value is altered by al dynamo
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06 STORAGE BATTERIES SIMPLIFIED

field-coil rheostat is shown at Fig. 37. A shunt-wound generator
i¢ employed, and the main leads from the armature brushes are
connected to the lower poles of a double-pole knife-switch. The
battery is connected to the upper portion of the switch, an am-
peremeter being placed in cireuit as indicated., The hinges of a
small double-throw, double-pole switch are connected with a volt-
meter. The amperemeter and voltmeter should be of the perma-
nent type. Before throwing in the charging switch it is possible
to read the voltage of the battery, and also by throwing the switch
to read that of the charging generator so that it may be adjusted
to a’slightly greater voltage. The main switch is then closed and
the rheostat used to raise the voltage sufficiently to drive a suitable
charging current through the battery. With a system of this kind
a circuit breaker or automatic overload switch should be included
in the main line to protect the apparatus in case of accidental
short cirenit. An underload cirenit breaker should also be pro-
vided:to shut off the battery if the current falls to such a point
- that the battery will discharge through the generator. These are
not shown in the simplified wiring diagram, neither are the fuses
that prudence dictates should be used.

The Westinghouse Vibrator Rectifier is an inexpensive form
of apparatus to charge small batteries from ordinary lighting eir-
cuits, The device, which is shown at Fig. 42 A, reduces the volt-
age of the lighting circuit to the proper value by the use of a
gmall double atep-down transformer, and rectifies this reduced volt-
age to the uni-directional voltage necessary for battery charging
by electrically operating switching mechanism. The transformer
serves the double purpose of diminishing the line voltage for the
battery to be charged and also for providing a return path for the
direct current. The charging current flows from one end of the
secondary winding, and after passing through a regulating resist-
ance passes through a pair of contacts, which are closed auto-
matically and at the proper time, and out from the center point
of the armature to the battery, from which it returns to the mneu-
tral point of the transformer. During the next half cycle the
voltage in the transformer secondary is reversed in direction and
the other pair of contacts is closed and the voltage iz applied to
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the battery from the half of the secondary that has previously
been idle. As the current flow is in the same direction as that
previously supplied, the battery is charged exactly the same as if
uni-directional current from a generator was used.

" The element upon which the success of the outfit depends is
the vibrating mechanism, upon which devolves the duty to reverse
connections in synchronism with the voltage and also exactly in
step with the transformer secondary voltage in such a manner
as to open the current character circuit at the instant of zero
current and prevent injurious wear of the contacts by eparking.
The following description of the action of thia rectifier iz repro-

Fig. 40—~Carbon Rod Rheostat.

duced from the Eleciric Journal, and the action of the device
may be understood by studying the wiring diagram shown at
Fig. 42 B. “Two small laminated iron magnets, marked A.C.
magnets, are connected in series acrose one-half of the trans-
former secondary, connectiona being made so that the correspond-
ing ends of the magnet are of the same magnetic polarity. A
direct-current magnet, polarized by shunt current from the bat-
tery, is so placed as to bring its ends within the effective field
areas of the A.C. magnets. Since the ends of the D.C. magnet
are of opposite polarity, they are forced at any instant in opposite
directions by the fielde of the A.C, magnets and one pair of con-
tacts is closed. During the succeeding half cycle the 4.0. mag-
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nets are reversed in polarity, while the D.C. megnet is not, the
impelling force is reversed, and the armature takes such a posi-
tion as to close the other pair of contacts. One side of the bat-
tery is thus connected alternately to the opposite ends of the
secondary of the transformer in synchronism with the alternat-
ing voltage, while the other side is permanently connected to the
center point, Exact fiming to insure sparkless operation, by

Circuit
s

Fig. 41.—Devices for Rectifying Alternating Current. A—Vibrator
Type Rectifier. B—Smail Rotary Converter Set.

breaking the current-carrying circuit at the time when the battery
and transformer volisges are equal and opposite and no current
is flowing, is secured by connecting in series with the 4.0, mag-
nets, a resistance which alters the power-factor of the current in
the magnets without affecting that of the load current in the trans-
former. This change in power-factor translates in time the im-
pelling force, with respect to the current in the contacts, and
securea the result of sparkless operation. This phase-controlling
resistance is made variable, in order that the outfit will be ap-
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plicable on circuits of which the wave form is not a true sine
wave, and on circuits on which the voltage is not of normal value.
The condensers connected around the contacts reduce to a neg-
ligible amount the unavoidable slight sparking, due to fluctuations
in the line voltage, variation in wave form and change in battery
voltage. '

“The regulating resistance, which iz connected in each side
of the secondary circuit between the transformer and the station-
ary contact, is for the purpose of giving the outfit high or low
regulation, in order that the change in battery voltage, as the
charge progresses, will make only a small change in the current
delivered. 'The standardization of lighting batteries in general
use has resulted in the selection for the commercial form of this
apparatus of such transformer voltage and resistance value as to
make the charging current under normal conditions approximately
8.5 amperes at the start of charge and 6.5 amperes at the finish,
The features above mentioned result in an outfit which ean be
connected to an ordinary alternating-current lighting circuit and
to & battery, without attention fo polarity, owing to the polariza-
tion of the D.C, magnet by the battery, and which will then, after
a single adjustment of the phase-controlling resistance, give a full
charge to the ordinary lighting battery without further attention.
The cost of power for such a charge at the common rate of 10
cents per kilowatt hour is roughly 6.5 cents, as compared to the
ordinary charge of 75 cents to $1.25 per charge by a public
garage.” '

Battery-Charging Apparatus.—The apparatus to be used in
charging a storage battery depends upon the voltage and character
of the current available for that purpose. Where direct current
can be obfained the apparatus needed is very simple, consisting
merely of some form of resistance device to regulate the amperage
of the current allowed to flow through the battery. The internal
resistance of a storage battery is very low, and if it were coupled
directly into a circuit without the interposition of additional re-
pistance, an excessive amount of current would flow through the
battery and injure the plates. When an alternating current is
used it is necessary to change this to a uni-directional flow before
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it can be passed through the battery. Alternating current is that
which flows first in one direction and immediately afterward in
the reverse direction, When used in charging storage batteries
some form of rectifier is eszential. The rectifier may be a simple
form, as shown at Fig. 43 A, which is intended to be coupled
directly into a lighting circuit by screwing the plug attached to -
the flexible cord in the lamp socket. A rotary converter set, such
as shown at B, or at Figs. 39 and 41, may also be used; in this
the slternating current is depended on to run an electric motor, |
which drives the armature of a direct-current dynamo. The cur-
rent to charge the battery is taken from the dynamo as it is
suitable for the purpose, whereas that flowing through the motor
cannot be used directly.

The view at Fig. 43 C shows a usual form of hydrometer
syringe which is introduced into the vent hole of the storage bat-
tery, such as shown at Fig, 44, and enough electrolyte drawn out
of the cell to determine its specific gravity. This is shown on the
hydrometer scale, as indicated in the enlarged sections. A very
useful appliance where considerable storage-battery work is done
is shown at Fig. 45 A. This is a stand of simple form, designed
to carry a carboy containing either acid, distilled water or elee-
trolyte. In fact, it might be desirable to have three of these
gtands, which are inexpensive, one for each of the liquids men-
tioned, In malty repair shops the replenishing of storage batteries
is done in a wasteful manner, as the liquid is carried around in 2
bottle or old water pitcher and poured from that container into
the hattery, often without the use of a funnel. The chances of
spilling are, of course, greater than if the liquids were carefully
handled and more time than necessary is consumed in doing the
work. The stand shown is about 5 feet high and is fitted with
castors so it may be easily moved about the shop if necessary.
¥or example, in taking care of electrie vehicle batteries, it may be
easicr to move the carboy to the battery than to remove the heavy
battery from the automobile. The container for the liguid is
“placed on top of the stand and the liquid is conveyed from it by
a rubber tube. The rubber tube is attached to a glass tube ex-
tending down nearly to the bottom of the liquid. At the bottom



Fig. 43 ~Devices Used in Charging and Caring for Storage Batteries,
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of the Tubber tube an ordinary chemist’s elip, which controls the
flow of liquid, is placed. In order to start a flow of liquid it is
necessary to blow into a bent glass vent tube, which is also in-
eerted into the stopper. Once the Tubber tube has become filled

B
A
/
Hydrometer
D ySyn‘nge
1
1)
1)
Cell Cell

Discharged Charged
Testing Specific Gravity

Fig. 44.—Outlining Positiona of Hydrometer in Electrolyte When .
Cell is Discharged at A and When Cell is Charged at B. Method
of Determining Electrolyte Level at C. How to Take Specific
Gravity Reading Shown at B. '
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with liquid, merely opening the clip will allow the liquid to flow
into the battery as desired.

In most communities the incandescent lighting circuit is used
for charging batteries on account of the voltage of the power
c¢ircuits being too high. The incandescent lighting circuit may be

Amperemeter

Fig. 45.—Simple Stand for Carrying Electrolyte or Distilled Water
Bottle at A, Method of Using Rollinson Electrolyte Rectifier
Shown at B.

any one of six forms. A direct current of either 110 or 220 volts
used over short distances, either 220 or 440 volts on three-wire
circuits over long distances, alternating current at a constant
potential, usually 110 volts and in various pelvphase systems, It
* might be stated that in the majority of instances house and garage
Lighting cirenits furnish direet current of 110 volts. We will con-
sider 11> devices used with the alternating form, one of which is

()
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shown at Fig. 45 B. This is known as the Rollinson electrolytic
rectifier, which is based upon the following principles: When an
element of aluminum and a corresponding element or plate of iron
are submerged in a solution of certain salts, using these, elements
as Degative and positive terminals, respectively, the passage of an

R

Starfing Swiroh

Fig. 46—Mercury Rectifier Bulbs and Methods of Wiring to Charge
Storage Battery From Alternating-Current Mains.
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electric current through the solution produces a chemical action
* which forms hydroxide of aluminam. A film of hydroxzide thus
formed on the aluminum element repels the current. The arrange-
ment of the cell will then permit current to pass through it in one
direction only, the film of chemical preventing it from passing in
the opposite direction. The result is that if an alternating cux-
rent ig supplied to the cell a direct pulsating current can be ob-
tained from it. The cutfits usually include a transformer for
reducing the line voltage to the lower voltages needed for battery-
charging purposes. Regulation of the current is effected in the
simplest type by immersing the elements more or less in the solu-
tion in the jar. As complete instructions are furnished by the
manufacturers, it w11! not be necessary to consider this form of
rectifier in detail.

One of the most commonly used rectifying means is the mer-
cury arc bulb. This device is a large glass tube of peculiar shape,
ss shown at Fig. 46, which contains a quantity of mercury in
the base. On either side of this lower portion two arms of the
glass bulbs extend outwardly, these being formed at their extremi-
ties into graphite terminals or anodes, indicated as A and A-1
in the diagram at Fig. 47. The current from the auto trans-
former is then attached one to each side. The base forms the
cathode or mercury terminal for the negative wires. The theory
of this action is somewhat complicated, but may be explained
gimply without going too much into detail. The interior of the
tube is in a condition of partial vacuum, and while the mercury
is in a state of excitation a vapor is supplied. This condition
can be kept up only as long as there is a current flowing toward
the negative. If the direction of the current be reversed so that
the formerly negative pole becomes a positive the current ceases
to flow, as in order to pass in the opposite direction it would re-
quire the formation of a new cathode element. Therefore the flow
is always toward one electrode, which is kept excited by it. A
tube of this nature would cease to operate on alternating-current
voltage after half a cycle if some means were not provided to
maintain a flow continunously toward the negative electrode. In
the General Electric rectifier tube there are two anodes and one
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cathode. Each of the former is connected to a separate side of
the alternating current supply and also through reactances to one
side of the load and the cathode to the other. As the current
alternates, first one anode and then the other becomes positive,
and there is a continuous flow toward the mercury cathode, thence

.

Fig. 41.—Wiring Diagram Defining Use of Mercury Arc Rectifiers.

through the load (in this case the battery to be charged), and
back to the opposite side of the supply through a reactance. At
each reversal the latter discharges, thus maintaining the arc until
the voltage reaches the value required to maintain the current
against the counter E. M. F. and also reducing the fluctuations in
the direct current. In this way a true continuous flow i obtained,
with very small loss in transformation.
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A pmall electrode connected to one side of the alternating cir-
cuit ig used for starting the arc. A slight tilting of the tube makes
8 mercury bridge between the terminal and draws an are as soon
as the tube is turned to a vertical position. The ordinery form
used for vehicle batteries has a maximum current capacity of 30
amperes for charging the lead plate type, and a larger form, in-
tended for use with Edison batteries, yields up to a limit of 50
amperes. Those for charging ignition batteries will pass 5 am-
peres for one to charge six cells and a larger one that will pass
10 amperes for from three to ten batteries. As is true of the elec-
trolytic rectifier, complete instructions are furnished by the manu-
facturer for their use.

The Wagner devige, which is shown at Fig. 43 A, operates
on a new principle, and comprises a small two-coil transformer to
. teduce the line voltage to a low figure, the rectifier proper, which
consists of a vibrating armature in connection with an electro-
magnet, and & resistance to limit the flow of the charging current.
A meter is included as an integral part of the set for measuring
the current flow. All sets are sold for use with ignition or light-
ing batieries of low voltage, with a lamp socket-plug and attach-
ing cord, the idea being to utilize an ordinary lighting circuit of
110 volts A. €. The magnet and vibrating armature accomplish
the rectification of the current with little loss, the action after
connection to the battery which is to be charged proceeding auto-
matically. By a simple device, the current stoppage throws the
main contacts open, so the partially charged battery cannot be
rapidly discharged. While the rectifiers are constructed to use
60-cycle, 110-volt alternating current, they will work at all fre-
quencies from 57 to 63. The size made will pass three to five am-
peres, the voltage being sufficient to recharge a three-cell battery.

When batteries are to be charged from a direct current it is
possible to use a rheostat to regulate the voltage at the terminals,
The construction of a rheostat is very simple, as it consists only
of a group of high-resistance coils of wire mounted in insulating
material, and having suitable connections with segments on the
base plate, upon which is mounted the operating arm that makes
the contact. According to the manner in which these are made
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and wired a large resistance is introduced at first, gradually de-
ereasing as the lever is moved over, or it may operate in the re-
verse fashion, a large amount of current being allowed to pass
at the first contact and less as the handle progresses across the
patk.  Rheostats should only be purchased after consulting a
capable electrician, as the required resistance must be figured out
from the voltage of the circuit to be used, the maximum battery

™

Switch

To “Piract™
Current Only
110 s 220 Volts

-

Fig. 48—Charging Storage Battery From Direct Current With the
Lamp-Bank Regulation.

current, the charging rate in amperes and the number of cells to
be charged at one time.

By far the simplest method of charging storage batteries is
by interposing a lamp-bank resistance instead of the rheostat.
These are easily made by any garage mechanic and are very safis-
factory for charging ignition or lighting Dbatferies. Standard car-
bon lamps of the voltage of the cireuit shown should be used, and
the amperea needed for charging can be controlted by varying the
candle power and the number of lamps used. If the lamps are to
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operate on 110-volt circuit, a 16-candle-power carbon filament
lamp will permit one-half ampere to pass; to 32-candle-power will
allow 1 ampere to pass. If it is desired, therefore, to pass three
~ amperes through the battery, one could use 3 32-candle-power
lamps, or 6 16-candle-power lamps. If the lamps are to burn on
220 volts, it should be remembered that when the voltage is
doubled the amperage is cut in half, therefore the 32-candle-
power, 220-volt carbon filament bulbs will only pass half an am-
pere. The method of wiring is very simple, as may be readily
" ascertained by referring to Fig. 48. The line wires are attached
to a fuse block and then to a double knife switch. The switch
and fuse block are usually mounted on a panel of insulating ma-
terial such as slate or marble. One of the wires, the positive of
the circuit, runs from the switch directly to the positive terminal
of the storage battery. The negative wire from the switch passes
to the lamp-bank resistance. The lamps are placed in parallel
connection with respect to each other, but in series connection in
respect to the battery. When coupled in this manner the current
must overcome the combined resistance of the storage battery,
which is very low, and that of the lamps. This prevents the bat-
tery being charged with current of too high voltage.

A water resistance is easily constructed by using a small
wooden tub or half barrel. Two sheet-lead plates are suspended
from wood sticks resting on top of the tub, the supports being
movable to bring the lead plates closer together or separate them,
as desired. A wire is brought from the battery, as shown in Fig.
49, to one side of the switch, then to one of the plates in the
water resistance, then from the other plate of the water resistance
to an ammeter; to the other side of the switch and from there
to the opposite pole of the battery. Such a resistance is used for
making a test discharge of a vehicle battery; it would not be a
very practical way of charging batteries because of .the great ab-
sorption of current by the water. Before starting a discharge,
care should be taken to have the lead plates and wires separated.
The tub can then be filled with clean water and the switch closed.
A small quantity of electrolyte should then be poured in the water,
a very little at a time, until the ammeter shows that the proper
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amount of current is flowing. The farther apart the plates are,
the greater the resistance. As more electrolyte is added, even if
the plates are not disturbed, the resistance becomes legs, Never
let the plates touch each other,

K:r!r‘mefe_r Ammeter

ustable
zostaf

P Ammeter

Fig. 49.—Method of Charging 24-Cell Vehicle Battery at A. How
Water Rheoatat is Used in Making Test Discharge Outlined at B.
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The points to be especially emphasized in connection with the
charge are:

First—On regular charges keep the rates as low as practical
and cut off the current promptly. It is preferable to cut off a
little too soon rather than to run too long where there is any
question.

Becond—Overcharges must be given at stated intervals and
contimned to a complete maximum. They should be cut off at the
proper point, but when in doubt it is safer to run too long, rather
than to cut off too soon.

Third—Do not limit the charge by fized voltage.

Fourth—Keep the temperature within safe limits.

Fifth—Keep naked flames away from cells while charging, as
the gae given off is inflammable. Always see that gas vents are
clear before charging.

‘Winter Care of Storage Batteries.—It would not do simply to
leave the battery in the car for a period of, say, four or five
‘months without giving it any care or attention, for in that case
at the end of that time it would be found to have its plates so
thickly covered with lead sulphate as to make it practically use-
less. For storage hatteries “to rest is to rust” and become ruined,
unless special precantions are taken. Automobile storage batteries
are all or nearly all of the sealed-in type, from which the ele-
ments cannot be removed without a great deal of trouble. There-
fore, the only method of keeping the plates intact consists in
charging the battery at intervals of alout two weeks. The follow-
ing advice concerning the care of batteries during a protracted
period of idleness of the car is due to the Willard Storage Battery
Company, and refers especially to the hatteries of starting and
lighting =ystems.

At intervals of two weeks the engine should be run until the
electrolyte chows a specific gravity of 1.280. If this is done regu-
larly the engine need be run only about an hour each time. But
if the owner should not he in possession of an hydrometer, it is
better to Tun the engine two or three hours each time, for the sake
of safety, To charge the battery properly the engine should be
Tun at a speed corresponding to a car speed of about 20 mph
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on the direct drive. There may be cases, however, where the
owner is compelled to store his car in a space where it is prac-
tically impossible to run the engine, Where this is the case, it is
recommended, if electric current is available, that the owner pur-
chase a rectifler or small charging machine. A charge over night,
or for about twelve hours, every two weeks with this apparatus,
will be sufficient to keep the battery in a healthy condition. Be-
fore becrmnmg the charging the battery should be inspected to
see if it is filled with solution. If the solution needs replenish-
ing, distilled water should be added until the solution fully covers
the plates, which may be determined by removing the vent plugs
and looking down into the cells. In case it is impossible to run
the engine for charging and the owner does not care to incur the
expense of purchasing a rectifier, he should remove the battery
from the car and arrange for its storage at a garage which has
charging facilities, stipulating that it must be charged every two
weeks. The cost of having it so cared for will be nominal and
will prove excellent insurance against deterioration,

To care for storage batteries of a typa that is easily taken apart
the following method is recommended: First charge the battery
until every cell is in a state of complete charge. If there should
be any short-circuited cells they should be put into condition be-
fore the charge is commenced, so that they will receive the full
benefit of the charge. Then remove the elements from the jars,
separating the positive from the negative groups, and place in
water for about one hour to dissolve out any electrolyte adhering
to the plates. Then withdraw the groups and allow them to drain
and dry. The positives when dry are ready to be put away. If
lhe pegatives in drying become hot enough to steam, they should
be rinsed or sprinkled again with clean water and then allowed
to dry thoroughly. . When dry, the negatives should be replaced
in the electrolyte (of from 1.275 to 1.300 specific gravity), care
being taken to immerse them completely and allow them to soak
for three or four hours. Two groups may be placed in a jar and
the jar filled with electrolyte. After rinsing and drying the plates
are ready to be put away. '

The rubber separators should be rinsed in water. Wood sepa- "



TABLE I—CHARGING RATES

Time Available until next Adjustment of Charging Current.
Ampere-Hours 3 i T 1371 14 13 2

D:scrl:a}rzed h(}far_ h/osﬁr hour | hour | hours ] hours | hours | hours

Am+ | Am- | Am- [ Am- | Am- | Am- | Am- | Am-

peres | peres | peres |I peres | peres |I peres | peres | peres
10 B 6 5 |_ s 4 4 3 3
20 10 I3 11 |__to ) 8 ¥ [
10 24 20 17 | 18 13 2 IL 10
40 332 26 23 20 [ 18 .1 16 14 13
[ 40 13 28 25 | 22 20 18 16
&0 48 40 34 19 26 24 22 20
.70 56 46 42 15 31 28 25 23
[ 61 53 I. a5 40 35 32 T 27
90 32 6o 5t 45 40 6 33 30
100 30 [ 57 50 44 40 36 33
110 [ 73 63 85 49 41 40 37

120 %) 80 68 [T €3 48 43 0
130 104 87 74 [33 58 52 47 43
140 112 93 80 70 [} 56 [1] A%
150 120 100 36 3 67 60 4 20
160 128 | 106 21 o 71 64 _25 53
130 136 113 97 3 5 68 2 52
139 [ETY 120 703 00 [ 72 b5 &a
190 152 127 108 95 4 76 69 63
200 100 133 114 100 80 O T3 &7
“Z10 168 140 120 105 03 rul 76 30
220 176 147 126 110 o8 38 8o 13
230 184 153 13t 115 103 02 84 1 17
240 102 160 147 120 106 ob -1 87 0
25D 200 167 143 125 11 109 G1 3

ExpLaNATiOR.—In the left-hand column find the figure nearest to
the ampei e-hours discharged from the battery; follow across to the

column headed by the available time,

is the current to be used.

EXAMPLE.—Ampere-hour meter reading, 103 ampere-hours dis-
charged; time available for boosting, one hour. ‘Start at 100in the
left-hand columm; follow across to the column headed 1 hour and find
50, which is the current to be used,

The figure at this intersection

Fig. 51.—Table of Charging Rates.
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rators, after having been in service, will not stand much handling
and had better be thrown away. If it is thought worth while to
keep them they must be immersed in water or weak electrolyte,
and in reassembling the electrolyte must be put into the cells im-
mediately, as wet wood separators must not stand exposed to the
air for any unnecessary moment, especially when in contact with
plates. Storage batteries always should be stored in & dry place,
preferably in one where the temperature will never fall below 40°
Fahr. Storage-battery solution or electrolyte varies greatly in
density between the points of complete charge and complete dis-
charge. When completely discharged the electrolyte of the aver-
age battery has a specific gravity of 1.14, and a sulphuric acid
solution of 1.14 specifie gravity has a freezing-point of about 10°
Falr. Therefore, if a completely discharged battery is allowed to
stand where it is exposed to extremely low temperature it is quite
possible for the electrolyte to freeze and the eells to be injured in
consequence. However, as already pointed out, a battery for other
reasons must not be allowed to stand in the discharged condition
for any length of time. With increasing charge the density of the
electrotyte increases until, when the charge is complete, it attains
1.28 specific gravity. The freezing temperature of the solution
drops very quickly as the specific gravity increases, somewhat as
follows

Bpecifie Freezing-Point
Gravity. Degrees,

oo rpin s
& e o

Consequently, there is no possibility of a storage battery being
injured by freezing in this latitude if it is kept in a fair state of
charge. The freezing-points of eloctrolyte of different specific
gravities are also shown in graphic chart at Fig. 53.

Charging Vehicle Batteries of Iead-Plate Type.—The follow-
ing extracts on modern electric vehicle batteries are reproduced
from an article by J. H. Tracy and with the permission of The
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Electric Storage Battery Company, who issue the complete dis-
cussion in their Bulletin No, 156. These instructions do not
apply to sall types of lead-plate batteries, however, but refer to
the latest vehicle types made by this company.

To the user of lead acid storage batieries in self-propelled
vehicles, the steady improvement of recent years is hardly no-
ticeable to the eye, although there has heen an increase in the
watt-hour capacity of the battery per unit of space and weight,
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Fig. 52—Theoretical Variation in Charging Rate When the Rate in
Amperes Equals the Ampere-Hours Out of the Battery.

and aleo in the serviceable life of the battery. There has aleo
been a marked advance in the permissible rates of charge and
discharge, which has added zo much to the flexibility of opera-
tion as to permit the use of much smaller batteries than would
have been considered a few years ago in the same service, The
following article explains the permissible rates of discharge and
the behavior of batteries under operating conditions which a few
years ago were considered prohibitive:

It can be safely said that high rates of discharge are.in ne
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way detrimental to modern lead battery plates. Batteries-of the
vehicle type are in regular operation under conditions in which
practically all their work is done at rates which would empty the
battery in ten minutes, and the same batteries would be sold to
operate at the three-minute rate if there were a commercial de-
mand for such operation. For such high rates of discharge, extra
heavy terminals are provided to carry the current, no othes
changes being required.

It is well known that when discharged continuously at a con-
stant rate the available ampere-hour capacity of a battery is a
function of the rate of discharge, the available capacity being
lower at the higher rates. This reduction in available capacity at
the higher rates of discharge is due to depletion of the acid in the
pores of the plates. The rate of this depletion is the difference
between the rate of absorption by the plates of the acid that is
in the pores of the plates and the rate at which this acid is re-
newed by diffusion with the other acid in the cell. It is the limit
of this available acid that limits the capacity of the battery at
high rates of discharge, and not any limitation in the plates them-
selves. It is, therefore, impossible to damage the plates by over-
discharge at high discharge rates. In fact, very low rates of dis-
charge should receive more careful consideration than very high
rates. A

In general, a battery may be charged at any time when a
charge will be useful and at any rate which will not cause the
temperature of the battery to exceed 110° F. and which will not
cause the cells to gas freely except at low rates of charge. If these
conditions can be watched no further directions or limitations
need to be considered. As it is not always possible to watch these
conditions, several methods of charging have been worked out
which reduce the amount of attendance required while charging,
and which permit the selection of the most economical way to
charge the battery under any particular set of local conditions,
while assuring that the above limitations will not be exceeded.

A general rule for determining the maximum permissible rate
of charging a battery is: The charging rate in amperes must never
exceed the ampere-hours out of the battery. Any method of
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cliarging that keeps the charging current within this limit will
not overheat the battery or cause it to gas. In applying this rule
it is not necessary to reduce the charging rate below the “finish-
ing” rate recommended by the battery manufacturers. If an
ampere-hour meter is used on the vehicle, s¢ arranged as to indi-
cate the ampere-hours out of the battery, it also indicates at all
times the maximum permissible charging rate. It will be noted
ihat the maximum charging rates are no longer a function of the

Freezing Points of Electrolyte
+3 of Different Specific bravities

&
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2

Freezing Point Deg. Fahr.
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Fig. 53.—Freezing-Pointa of Battery Electrolyte.
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gize of the battery or its relative state of discharge, but depend
only on the actual state of discharge. The curve in Fig. 52 shows
in percentage the theoretical variation in charging rate and also
in state of charge if a battery were charged strictly in accordance
with this rule, and this represents the method by which a batfery
may be safely charged in a minimum time in regular operation.
It is evident that very wide latitude for proper charging is
offered from which to select the best way fo charge a battery
under any given local conditions. If the vehicle is equipped with
an ampere-hour meter the readings of this meter may be taken as
the basis for selecting a charging rate which may be used for a
particular length of time, so that at the end of that time the
charging rate will be at the maximum permissible rate, at which
time the rate should, of course, be reduced. It follows from the
general rule for charging that, if R = permissible charging rate,
D =ampere-hours out of the battery at the start of the charge
(reading of the ampere-hour meter) and T =—time in hours until
the current can be adjusted, then R=D - ( 4+ T) =— maxi-
mum permissible charging rate for T hours, and at the end of
T hours the charging rate will equal the reading of the ampere-
hour meter. This value can again be divided by 1 4+ T for the
new charging rate, and so on until the charge ¢an be finished at
the finishing rate. If it is desired to charge the battery rapidly,
the time T should be taken as short as possible. For convenience
Table I, given in Fig. 51, calculated from this formula, iz given.
This table is of use not only in the charging-room, but also for
the determination of the best manner for charging vehicles under
~any contemplated conditions and for the selection of charging
- equipment to meet the requirements of these conditions.
Ampere-hour Meter Indications as Basis for Charging: It
should be carefully moted that if an ampere-hour meter is made
the basis for charging a battery, eare must be taken to be sure
that the meter indicates as mearly as possible the real state of
charge of the battery. An accurate record of the ampere-hours
discharge from a battery does not give an accurate measure of the
ampere-hours necessary to fully recharge it, for there are certain
variable losses in the battery which the ampere-hour meter cannot
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measure. In fact, there is no accurate way to predetermine ex-
actly how many ampere-hours charge may be necessary to fully
charge a battery, nor is it necessary in ordinary service that the
battery be really completely recharged daily. An ordinary clock
ia not an accurate instrument for measuring time, yet if it is set
correctly occasionally it is sufficiently accurate for ordinary pur-
poses, It is the same with an ampere-hour meter. It is necessary
that a battery be fully charged occasionally, say, once a week, if
the battery is subjected to hard daily use, as on a commercial

truck, and this furnishes an opportunity to set the ampere-hour
" meter.

A battery is fully charged only when all the sulphate has been
driven out of the plates into the electrolyte, and this is most
easily indicated by the specific gravity of the electrolyte. As long
as sulphate is being thrown out of the plates into the electrolyte
during charge, the specific gravity of the latter must continue to
rise, and when the rise stops the battery is fully charged. Most
battery manufacturers recommend that a battery be given such a
charge (called an equalizing charge), regardless of the indication
of the ampere-hour meter, once a week or once in two weeks.
When- it is known that the battery is full, the charge is discon-
tinued and then the meter is set to indicate a full battery, and the
meter is then a sufficiently aceurate indicator of the state of bat-
tery charge to be used for a week or two weeks until another
equalizing charge is given the battery, when the meter should
again be set. .

Ampere-hour meters require cleaning and regulation at inter-
vals as does a_clock, and if they are treated in this manner they
are of great assistance in the proper handling of a battery. These
meters are frequently furnished with a contact-making device, so0
arranged as to interrupt the charging eircuit when the meter indi-
cates that the battery ie fully charged, and this is a valuable pro-
tection agein unnecessary charging and gassing of the battery dur-
ing ordinary operation. This tripping device should, of course, be
disconnected during the equalizing charge.



CHAPTER V

Usen of Storage Batteries—Internal Combustion Engine Ignition—Aute
mobile Starting and Lishting Systema—Shiftin% Gears by Electricity
" —Electric Pleasure and Commercial Automobiles—Isolated Lighting
Plante — Train Lighting — Storage-Battery Locomotives — Battery~
Driven Street Cars—Submarine Boats—Miscellaneous Marine Applica-
tions—Railway Switch and Signal Service—Stand-by and Booster
Bervice—Drawbridge Operation—Mine Lamp Battery,

Uses of Storage Batteries—In this chapter the writer intends
to describe briefly the most interesting of the many possible ap-
plications of storage batteries, some of which are unusual, to say
the least. A rather flexible imagination is needed to consider that
the cheerfully lighted farm home; the lifting of a massive draw-
bridge; the roaring start of a powerful automobile or hydro-
aeroplane engine and the noiseless movement of the electric
automobile are all accomplished by the same agency. Storage bat-
teries propel numerous electric launches on the water’s surface,
and are the sole power for the submarine lurking in its depths.
Hundreds of palatial yachts are illuminated by this means, and
the penetrating shaft of light from the miner’s lamp is produced
by the same energizing source. A wiretess call for help from a
ship in distress, with its life-saving possibilities, is produced from
a few cells of a_storage battery. The headlights of the myriad
automobiles mow ucing our highways after nightfall attest to the
practical value of this current-producer.

The magnitude of the industry and the great possibilities of
the field for storage batteries can be only briefly touched upon,
but it is evident, from a perusal of the following list, that they
* can be used anywhere a dependable source of current is required.
We find storage batteries used in: Central lighting and power
stations; electric railway power houses; municipal and office build-
ing lighting and power; steel mills; electric hoist.and elevators;

122
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isolated lighting plants for hotels; suburban residences and farms;

railway switch and signal service; railway car lighting; interlock-

ing switch service ; United States Government submarine and gun-

firing service; telephone, telegraph, wireless and fire-alarm service;
laboratory and school work; electroplating; automobile engine-

starting ; gas-engine ignition ; automobile lighting; electrie trucks

and pleasure cars; street railway cars; electric launches and mine

and industrial locomotives.

The Storage Battery for Gasoline-Engine Ignition.—Because of
the almost universal employment of electricity for lighting and
starting ystems, the battery ignition system has been improved
materially, inasmuch as the storage battery supplying the current
is constantly charged by a generator. A number of systems have
been devised, these operating on two different principles, the open
circuit and the closed circuit. An example of the closed-circuit
system is shown at Fig, 54, and is of Connecticut design, the com-
plete ignition system consisting of a combined timer and high-
tension distributor, a separate induction coil and a switch. The
system is distinctive in that the timer is so constructed that the
primary circuit of the coil is permitted to become thoroughly satu-
rated with electricity before the points separate, with a result
that a spark of maximum intensity is produced.. The action is
very much the same as that of a magneto on account of the satura-
tion of the winding. Another feature is the incorporation with
the switch of a thermostatically operated electro-magnetic device,
which automatically breaks the connection between the battery and
the coil should the switch be left on with the motor idle.

The contact-breaker mechanism consists of an arm A ecarrying
one contact, a stationary block B carrying the other contact, a
fiber roller R, which is carried by the arm A, and operated by
points on the cam {, which is mounted on the driving-shaft.
Normally, the contacts are held together under the action of a
light spring. As the four cams, which in touching the roller R
raise the arm and separate the contacts, are 90 degrees for a four-
cylinder motor, the period of saturation of the coil or the length
of time the current flows through it to the battery is sufficiently
long so that when the points have separated, the current, which
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has “piled” up, induces an intensely hot spark at the plugs. This
is an advantage, inasmuch as it insures prompt starting and
regular ignition at low engine speed, as well ag providing positive
ignition at high engine speed.

The thermostatic circuit- breakmg__mechamsm is very simple,
This consists of the thermostat T, which heats when the current
passes through it for from thirty seconds to four minutes without
interruption, and thus ie bent downward, making contact with the
contact L. This completes an electrical circuit, which energizes
the magnets M, causing the arm K to operate like the clapper in
an electric bell, This arm strikes against the plate, which releases
whichever of the two buttons in the switch may be depressed.

As will be observed, the transformer coil provided has five
terminals, One of these is conneeted directly with the ground,
the other leads to the central secondary distributing brush of
the timer-distributor. Of the three primary leads, one goes to
the switch, one to the wire leading from the storage battery to the
timer, and one directly to a terminal on the timer. The switch
is provided with three buttons, the one marked B being depressed
to start the engine, as the ignition current is then drawn from
the storage battery. After the engine has been started the button
" marked M is pressed in, this taking the current directly from the

generator. To interrupt ignition the button “off” is pressed in,
this releasing whichever of the buttons, B or M, is depressed.
Four wires run from the distributor section of the igniter to the
spark plug.
~ One of the most popular of the combined starting, lighting and
ignition systems is the Delco, which is shown at Fig. 55. For
the present we will concern ourselves merely with discussing the
ignition functions of the system, leaving the self-starting and
electric-lighting features for consideration later. Current is pro-
duced by a one-unit type motor-generator, although the windings
of the device when operated as a motor or a generator are en-
tirely separate. The ignition current is obtained either from a
storage battery, which ie kept in a state of charge by the genera-
tor, or from a set of dry cellse which are carried for reserve igni-
tion. The igvition system consists of a one-unit non-vibrator eoil,
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sometimes attached to the top of the motor generator, though it
may be placed at any convenient part of the car, and a dual auto-
matic distributor and timer usually included as a part of the
device as shown. Wlen ignition current- is supplied from the
lighting circuit the current passes from the storage battery through
a switch and out to the low-tension winding of the coil, from
whence it passes to the timer and from there to the frame, where
it is grounded. The high-tension current generated in the coil
runs to the distributor, where it is switched to the spark plug in
the different eylinders in turn.

The essential elements of any electrical ignition system, either
high or low tension, are: First, a simple and practical method of
current production ; second, suitable timing apparatus, to cause the
spark to occur at the right point in the cycle of engine action;
third, suitable wiring and other apparatus to convey the current
produced by the generator to the sparking member in the cylinder.
The important part the storage battery plays in the gasoline auto-
mobile can be readily understood by the reader.

Storege Battery for Starting Automobile Motors.——Oune of the
most recent applications of the storage battery is in starting gaso-
line engines used in automobiles. The storage battery has made
the old hand crank obsolete, and hes provided a convenient light-
ing system as well as & positive motor-starting means, The parts
of a two-unit starting and lighting system are shown at Fig. 56.
This system is sometimes called a “three-unit” system, on account
of having a source of independent current supply for ignition
purposes. As will be observed, the generator is driven from the
motor crankshaft by silent chain connections, one of the terminals
passing through the cut-out device and to the storage battery, the
other terminal running directly to the storage-battery terminal,
having a short by-pass or shunt wire attached te the cut-out. All
the time that the engine is running the generator is delivering
electricity to the storage hattery.

It will be observed that the etorage battery is also coupled to
the lighting circuits, which are shown in a group at the right of
the illustration, and to the electric-starting motor as indicated.
One of the storage battery terminals iz joined directly to the switch
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terminal by a suitable conductor, the other goes to ome of the
terminals on the starting motor, while the remaining terminal of
the starting motor gues to the switch. In this system, when the
emall sliding pinion is meshed with the flywheel gear, the switch
_ is thrown on simultaneously, and the current that flows from the
storage battery through the windings of the starting motor rotates
the engine crankshaft by means of reduction gears shown. As
soon as the engine starts the foot is released and a spring pulls

Fig. 56.—Diagram Showing Components ‘of Two-Unit Starting and
Lighting System.

the switch out of contact, and also disengages the sliding pinion
from the flywheel gear. Electrical starting systems are usually
operated on either six- or twelve-volt current, the former being
generally favored because the six-volt lamps use heavier filaments
than those of high voltage, and are not so likely to break, due to
vibration. It is also easier to ipstall a six-volt battery, as this is
the standard voltage that has been used for many years for ignition
and electric lighting purposes before the starting-motors were
applied. .

In referring to & system as a one-unit system of lighting, start-
ing and ignition, one means that all of these functions are inéor-
porated in one device, as in the Delco system at Fig. §5. If one
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unit is used for generating the lighting and starting current, and

also is reversible to act as a motor, but a separate ignition means

is provided, such as a high-tension magneto, the system is called

a “two-anit” system, The same designation applies to a system

when the current generating and ignition funections are performed

by one appliance, and where a separate starting-motor is used. The

three-unit system is that in which a magneto is employed for igni-

tion, a generator for supplying the lighting and starting current, -
and & motor for turning over the engine crankshaft.

The generator, ag is apparent from its name, is utilized for
producing current. This is usually a miniature dynamo patterned
largely after those that have received wide application for gen-
erating current for electric Jighting of our homes and factories.
The generators of the different systems vary in construction. Some
have & permanent magnetic field, while others have an excited
field. Inthe former case permanent horseshoe magnets are used, as
in a magneto, In the other construction the field magnets, as well
as the armature, are wound with coils of wire. In all cases the
dvnamo or generaior should be mechanically driven from the
engine crankshaft, either by means of a direct drive, by silent
chain, or through the medium of the timing or magneto-operating
gears. Belta are apt to slip and are not reliable.

All the current produced by the generator and not utilized by
the various current-consuming units, such as the lamps, ignition
system, eleetric horn, cte., is accumulated or stored in the storage
battery, and kept in reserve for starting or lighting when the
engine is not running or for lighting and ignition when the car
is being run at such low speed that the generator is not supplying
current. Storage hatteries used in starting systems must be of
gpecial design in order to stand the high discharge and to perform
efficiently under the severe vibration and operating conditions in-
cidental to automobile serviee. The storage battery may le in-
stalled on the running-board of the automobile, under the body,
or under the front or rear seat, the location depending upon the
design of the cer and the degree of accessibility desired, as shown
at Fig. 57. The best practice is to sct the storage battery in a
substantial carrying case held by rigid braces attached to the frame
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side and cross members, If the battery should be set under the
tonneau floor boards, a door must be provided in these to give
ready access to the battery.

The starting-motor, which takes the place of the common hand-
crank, is operated by current from the storage battery, and the

Chaimers

B uick

Fig. 57.~~How Storage Batteries are Installed in an Automobile
When Used for Starting and Lighting Current.

high-speed armature rotation is reduced to the proper cranking
speed by reduction gears of the different forms, to be described in
proper sequence. The construction of the starting-motor is prac-
tically the same as that of the dynamo, and it operates on the same
principle, except that one instrument is a reversal of the other.
In order to secure automatic operation of a lighting and start-
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ing system several mechanical and electrical controls are needed,
these including the circuit breaker, the governor, which may be
either mechanical or electrical, and the operating switches. The
circuit breaker is a device to retain current in the storage battery
under such conditions that the battery current is stronger than that
delivered from the generator. If no circuit breaker was provided
the storage battery could discharge back through the generator
winding. The circuit breaker is sometimes called a “cutout.”
The circuit breaker is usually operated by an electro-magnet, and
may be located either on the generator itself or any other con-
venient place on the car, though in many cases the circuit breakers
are usually mounted on the back of the dashboard. This device is
absolutely automatic in action and requires but little attention.
The governors are intended to prevent an excessive output of
current from the generator when the engine runs at extremely
high speed. Two types are used: one mechanical, operated by
centrifugal force, and the other electrical. The former is usually
& friction-drive mechanism mounted on the generator shaft, which
automatically limits the speed of the dynamo armature to a defi-.
nite predetermined number of revolutions per minute. The maxi-
mum current cutput is thus held to the required amount inde-
pendently of the speed at which the car is being driven. The
use of this device minimizes the possibility of overheating the gen-
erator overcharging the battery at high car speeds. The electrical
system of governing does not affect the speed of the armature, but
- controls the output of the generator by means of armature reac-
tion and a reversed series field winding. The governors usually
permit a maximum generator output of from ten to twelve am-
peres, though the normal charging current is less than this figure.
In practically all systems an amperemeter is mounted on the
dash so that it can be readily inspected by the driver, this indi-
cating at all times the amount of current being produced by the
dynamo or drawn from the battery. If the indicating needle of
the amperemeter points to the left of the zero point on the scale,
it means that the battery is furnishing current to the lights or
other current-consuming units or discharging. When the needle
points to the other side of the scale, it means that the generator

~
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is delivering current to the battery which is charging it; the
amount of charge or discharge at any time can be read from the
geale on the face of the amperemeter. Some of these instruments
have the words “charge” and “discharge’” under the scale in order
to enable the operator to read the instrument correctly.

Another important element is the lighting ewitch, which is

Fig. 58.—~Method of Installing Starting and Lighting Battery in
Automobile Frame.

usnally mounted at somme point within convenient reach of the
car driver. This is often placed on an instrument board on the
back of the cowl in connection with other registering instruments.
As ordinarily constructed, the switches are made up of a number
of units, and the wiring is such that the head, side and tail lamps
may be controlled independently of each other. For simplicity
and convenience of installation, the switch is usually arranged
so that all circuits are wired to parallel connecting members, or
“bushars,” placed at the rear of the switch.
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APPROXIMATE CURRENT FOR LAMPS

Awmreres rER Canpre Power 1IN TUNGSTEN
Lasrs
Voltage of Lampa _
Head or Other Large [Side, Tail or Other Small
Lamps Lampe

i) 0.17 0.21

8 0.125 0.1

12 0.085 0.1

AMPERE-HOUR CAPACITY
CAPACITY AT NorMaL TEMPERATURE oF “Exipe” Tyre LX anp SX CiLis

wHEN DiscEARGED CoNTINUOUSLY AT RaTEs
LiceTING AND IGNITION SERVICE,

REQUIRED FOR ORDINARY

S1ze or CELL

Ampere H . Ignition
......... 50 | 100 150
when Die-
med termittently for
Anl;lght ...... 1 Kiavere 40 86 120
pere Hears at pere
AI:E.a Houi t.l%Am 39 8614 136
pere Hours a pere
Anl:ilh Hocs ah 3 Amvers 361g 8liz| 130
ours at Te
R;;ereH ............. pe .1 32 73 118
Am ours at 5 Ampere
ABP&mHo ...... ; %Aper 28 66 108
mpere Houra at mpere; .
AnI:ate. Toum'a § 10 Kraens 25 6015 100
re Hours a mpere
Bte, o vrn e annai, 23 | % | o

7 | £X-9 | $X-13

200 80 120

160 | 64 9%
186 | 68 | 109
180 | 64 | 102
184 | 57 | &1
151 | 51 84
141 | 46 77
133 | 43 | 73

* This eapacity may be obtained by intermittent discharges of a few hours

each during a period of three days or more.
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How Storage Battery Shifts Gears.—A new system of gear
shifting has been recently developed which depends on the use of
electrie current to shift the gears instead of the uswnal hand lever.
The steering wheel is shown at Fig. 59, with the various speed-

Fig. §9.—Wiring Diagram Showing the
Method of Connecting the Vulcan Electric
Gear Shift with the Battery and Control
Switch,

changing buttons let
into a box attached to
the steering post. The
wiring is outlined.
The operation of shift-
ing a gear is very sim-
ple, consisting merely

of depressing the

cluteh pedal and press-
ing down on theswitch
button marked with
the gear ratio desired.
The system is not
complicated, the gears
being controlled by
solenoid coils, one be-
ing used for each for-
ward speed and one
for reverse. Two
switches are utilized
between the hattery
and the coils, a knife
switch controlled by
the clutch pedal and
a push-button located
on the steering wheel.
All changes of gears
are controlled by the
knife switch, and the
push-buttons on steer-
ing wheel merely ar-
ranges the circunit for
the particular speed
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desired. The first movement is the regular operation of the clutch,
but a continued operation of the clutch lever actuates the kmife
switch,

Current flows from the battery through the solencid coil and
pulls a plunger against a magnet with a force which is given as

FIXED GEAR

Fig. 60.—Simplified Diagrams Showing How Current Passed Fhrough
the Solenoid Will Draw in Iron Core Piece, Which May be
Made to Shift the Gears.

40 to 100 pounds. This energy is transmitted through an arm

to the gear-shifting fork and gear in exactly the same manner

as if the gears were operated with a hand lever. The plungers
are normally in a neutral position. When the button is pressed
on the control member, current passes through the coil aronund one
of the plungers, drawing it against the magnet. It is said that

-
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the current required to make the shift is about 17 amperes, and it
is claimed, further, that three hundred speed changes may be made
with less current consumption than is required in starting the
motor with an electric-starting device. An advantage claimed for
this electric gearshift is that the gears cannot be stripped, for the
reason that the cluteh must be disengaged before a shift can be
made, and the gears are always in neutral before the coils can
accomplish the change.

Batteries for Electric Automobiles.—Any practical form of
storage battery may be used for autorobile propulsion. Either
the Edison or lead-plate type batteries prove safisfactory for this
work, The lead-plate forms have thin plates to keep the weight
down and make for quicker charging and discharging. The usual
discharge rate is about two volis per cell, the amperage depend-
ing upon the resistance to vehicle motion. Tt is said that the
annual mgintenance cost of the ordinery lead-plate cell is about 60
per cent. of its original cost. A special vehicle type, called the
“Iron Clad” (previously described), will cost about 30 per cent. of
its initial purclase price annually to maintain it in proper con-
dition. The Edison battery occupies about one-third more space

Fig. 6L.—Electrically Propelled Taxicab, Having Part of Storage
Battery Under Hood and Part Under Rear Seat,
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than a lead-plate battery of equal capacity, and costs about two
and one-helf times as much, but it is said to retain its full capacity
for three or four years. The lead-plate type will deliver about
10 wati-hours per pound weight; an Edison battery will give nearly
14 watt-hours per pound.

The usual number of lead-plate cells provided to charge from
g 110-volt eircuit iz forty-two or foriy-four, having 11, 13 or 15
high-capacity plates per cell, while gixty-cell Edison batteries are

Fig. 62—Industrial Truck, Using Battery Power at A. High-Speed
Electric Roadster Automobile at B. .



-
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supplied to meet the same conditions. The battery weight of the
average electric vehicle is about 35 per cent. of the total unloaded
weight. In order to insure a rate of diseharge that will net in-
jure the hatteries, electrie vehicles are usually gesred for moderate
speeds, seldom more than 18 to 20 miles per hour for pleasure or
passenger-carrying cars on pneumatic tires. Heavy trucks sel-
dom run faster than 6 miles; medinm-capacity commercial vehi-
cles may run 10 or 1% miles per hour. A number of electric
veliicle-makers have adopted a 24-cell battery, using motors wound
for about 48 volts.

The motors used are almost alwaye of the series-wound type,
because they provide more power for starting. The usnal pleasure-
car size is a motor of 2 k.w. rating, or about 234 horsepower.
Vehicle motors have an overload capacity of 200 to 300 per cent.,
though, of course, this is practical for only relatively short periods
of operation. The speeds are controlled by different combina-
-tions of the motor field windings.

In some electric vehicles the various car speeds were obtained
by parallel and series parallel combinations of the battery cells.
From four to six forward speeds are generally provided, a simple
reversing arrangement making it possible to have the same num-
ber of reverse speeds if necessary, though this is not always done.
Another scheme of control is to have the motor field windings or
coils so wired that they may be put in series or in parallel groups.
A resistance is used in securing the first speed with the field coils
in series. The second speed is obtained by cutting out the re-
sistance and leaving the fields in series, Third speed is obtained

by shunting the resistance across the fields, which are still in series. .

The fourth speed is obtained by leaving the field coils in parallel
connection and with resistance out, the fifth speed by shunting
the resistance in with the parallel connected fields. The parallel
connection gives greater epeed, the series field connectioni more
pulling power,

Tlectric motors for electric trucks usually have about one kilo-
watt capacity per ton load added, the minimum being 2 k.w. on
a one-ton truck; thus a two-ton truck will need a 3 k.w, motor, a

_four-ton truck 4 k.w., and 5 k.w. for a five-ton vehicle. The usual
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range on good roads is about 40 miles for a truck and 75 to 100
miles for pleasure cars on one battery charge. Vehicle batteries
are generally carried in hard rubber jars and are nearly always of
the sealed type on account of the liability of splashing the elec-
trolyte when the car is operated over ordinary highways. The
cells are grouped in trays for easy bandling, and all connections
and couplings, terminals and battery straps are of unusually
rugged design.

The present tendency in lead-battery design seems to be toward
the use of more thin plates, as fifteen are furnished as a stand-
ard equipment more often than a smaller number. Such an equip-
ment will give 180 ampere-hours, and in some types may deyelop
fully 200 ampere-hours. The reasons for the inc¢reasing adoption
of the thin-plate lead battery are, first, an augmenting demand
for more speed and greater range of action per charge, and sec-
ondly, a realization on the battery-maker’a part that the life of a
thin plate is equal to that of the heavier ones if the installation is
properly made. One standard jar size now being produced will
work with from 11 to 15 plates. The high-ribhed type of jar is
used, having at least three inches below the bottom of the plates
for sediment space, this redncing the amount of washing and nec-
essary cleaning out of the cells, The jars are assembled side to
side in trays, with the plate surfaces set at right angles to the
direction of car movement. One row of cells is mourted in each
tray, these being set lengthwise in the battery compartment. -This
arrangement is said to reduce jar breakage.

Isolated Lighting Plants.—Many makers of storage batteries
have developed types for use in residence and factory lighting
where central station power is not available. The advantages of
electricity for the supply of light, heat and power have led to a
demand for the satisfactory and economical operation of isolated
plants. The marvelous development of the internal combustion
£88, gasoline or kerosene engine and the improvements in the vari-
ous forms of lamps have created an active interest in the appli-
cation of the storage battery to isvlated plants of moderate sgize,
it now being recognized where uninterrupted {wenty-four-hour
service is desired a storage battery is an absolute necessity. Usn-
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ISOLATED LIGHTING PLANTS 143

ally in isolated plants the engine and generator capacity is suffi-
cient for the total nuinber of lamps connected, although they are
all geldom in use at one time, consequently the plant operates at
but partial load during the total lighting hours, Thig means low
efficiency, poor regulation and high fuel costs. The instaliation of
a storage battery corrects this weakness by permitting the opera-
lion of the generator at the full or the most economical load for

Fijg. 66.—View at Left Shows Battery Location; at Right the Con-
troller Compartment is Opened to Show Accessibility of Wiring.

a few hours and then shutting down entirely, the battery pro-
viding the current for the balance of the time.

In many cases it can he so arranged that the generator need
e operated only every second or third day, and then at the most
convenient time. XNo additional labor is required; in fact, this
cost is usually lessened, while the fuel cost and maintenance and
repair expense are much reduwced. By taking current directly from
the battery, steady lights are obtained and the noises of engine
at night avoided. When on special occasions unusual lighting is
required, the battery may be discharged in paralle! with genera-
tor, and demands equal to the combined capacity of battery and
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ISOLATED LIGHTING PLANTS 145

generator may be supplied. The generating equipment may be
etopped at any time for adjustment or repair without interrupt-
ing the service, the battery being available-for unexpected de-
mands for power. The great advantage of electric current for
operating pumps and other machinery at a distance from the
engine and -generator cannot be overestimated. The employment
of - electricity for driving fans, heating curling-irons, cooking, ete.,
is also of great convenience, and by installing batteries current is
available at all times.

The following rules for battery selection and methods of in-
stallation and operation are reproduced from a bulletin issued by
the Gounld Storage Battery Company, describing batteries for
isolated lighting plant use,

Selection of Battery.—The number of cells is determined by
the voltage of the system and is entirely independent of the size
of the individual cells. , .

Isolated plants of the various voltages require batteries of the
number of cells given in the following table:

Voltage of System | Number of Cells [[Voltage of System| Number of Cells

110 60 220 . 120
15 64 230 126
125 70 . 250 138

The size of the individual cells is determined by the number
of lamps, their candle-power and efficiency, and the length of time
they must be supplied on one discharge. For ordinary purposes
it is sufficiently accurate to estimate the energy taken by a 16-
candle-power carbon filament lamp as 55 watte (110-volt, I6-can-
dle-power lamp taking one-half ampere) and lamps of other can-
dle-power on & proportionate basis. By using tungsten filament
or nitrogen-filled bulbs, the current consumption may be .ma-
terially reduced for a given candle-power, and outfits of lower
voltage will give satisfactory light. For example, a recently de-
veloped, small-capacity lighting outfit for farm use uses but 16
cells of battery by operating 30-volt tungsten filament lamps.
To simplify figuring, we will consider 2 voltage that is in com-



146 STORAGE BATTERIES . SIMPLIFIED

mon use in places where a central station furnishes power or
110 volts.

Storage batteries are rated in “ampere-hours,” which defines
their capacity and is the product of the number of amperes dis-
charge and the number of hours such discharge can continue. The
capacity at the eight-hour rate is considered the normal. As the
ampere discharge is increased above the normal or eight-hour rate,
the ampere-hour capacity decreases, as will he seen by the fol-
lowing example:

Rate, Hours Ampere Discharge An?;apE]mE’ t ours
. S e 1214 100
3 S 1714 871s
- 25 75
50 | 50

Thus, while 1215 amperes may be obtained for eight hours, or
100 ampere-hours, if the discharge be made at 25 amperes it can
be continued for but three hours, or 75 ampere-hours; the remain-
ing capacity of the battery is, however, available at a lower rate.
On discharge at less than the eight-hour rate, the capacity of the
battery is slightly greater, but the increase is small, and for ordi-
nary caleulation it is best .to consider the capacity at rates lower
than the eight-hour, the same as the eight-hour capacity.

The size of a 110-volt battery can be approximately deter-
mined by the method outlined in the following example, the con-
ditions being that the battery will be charged at any time during
the day convenient to operate the generator, and that the battery
will be able to furnish current for lamps according to the fol-
lowing schedule:

Time Number of Lamps | Amperes Nuﬁn&‘; of Aﬁmop:r;:s
bpM tol0pM.... .| Twenty 16¢. p. 10 5 50
10PM.to 6aM.....| Two 8cp. 14 8 4
GaMm to SamM. ... | Six 16 ¢. p. 3 2 4
60
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The last discharge rate is three amperes, and there will be
required a battery of sufficient size to furnish 60 ampere-hours
at a three-ampére rate. This being less than the eight-hour rate,
- We require a battery having a normal rating of 60 ampere-hours.
By referring to the tables given in the Gould catalog it will be
seen that Type M-307 will give 7.5 amperes for eight hours, or
60 ampere-hours at normal rating. Battery required, 60 cells,
Gould Type M-307,

The above example shows a condition where the full normal
capacity of the battery is used in carrying the load. Under some
conditions this is not possible, i. e., where the latter part of the
discharge is at a high rate; and it iz advised that the battery
company check the size of battery before the final decision.

Methods of Operation.—The principal function of a storage
battery in small plants being the furnishing of current for a con-
siderable period of time, such as the night lead of a residential
plant, the operation of the battery consists of cycles of charge and
discharge covering practically the capacity of the battery. The
problem of operation, therefore, resolves itself into two parts:

First—Voltage conirol during discharge: Under ordinary
operating conditions, it is desirable to maintain practically con-
stant voltage on the lighting circuits—hence, as the voltage of a
storage battery varies during discharge, various methods have
been developed to compensate for the changes in the battery
voltage. A fully charged battery which, standing idle, shows
about 2.1 volts per cell, will show while discharging at the eight-
hour rate about 1.8 volts at the latter part of the discharge, and
somewhat less at higher discharge rates. For isolated plants one
of the following methods is usually employed: (A) Resistance
control. (B) End-cell control. :

Becond-—Control of charging current: To fully charge a bat-
tery it is necessary to raise the voltage, as the charge proceeds,
from about 2.2 volts at start to approximately 2.62 volts per cell
at the completion of the charge. This is usually accomplished in
one of the following ways: (A) Normal voltage charge. Resist-
ance contrel. (B) High-voltage charge directly from generator.
(C) Shunt-booster charge.
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As the selection of a proper lighting battery should not be
undertaken without consulting the battery maker, any reader wish-
ing more involved, technical explanation of any of the methods
deseribed can obtain same by consulting the engineers of what-
ever battery maker he may select. Typical lighting batteries of
Gould manufacture are shown in Fig. 6%, which outlines the eon-
struction of the glass jar, glass tank and wood-tank types, ‘

Details of Installation.-—Gould storage batteries for light and

Fig. 68.=Typical Isclated Lighting Battery for Medium-Capacity
Plant.

power plants are usually installed either in glass jars, glass tanks
or lead-lined wooden tanks. The emaller type of cells are in-
stalled in glass jars resting on a hed of sand contained in a glass
or wooden sand tray. The sand tray is supported by four glass
insulators placed under the corners of the tray. Celis of medium
capacity are usually installed in tanks of pressed glass, no sand
trays being used, the glass tank resting on the glass insulators
aud separated thererrom ¥ a small cushion of either lead or rub-
ber to keep the hard surfaces out of contact. Cells of the glass
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jar (or glass tank) type are the easiest to install, as the plates are
grouped at the factory. The plates of each cell are burned to
common cross-bars and terminal straps, the negative plate to one
cross-bar and the positive fo the other, forming respectively the
negative and positive “groups.” The two groups with separators
form what is known as the “element.” The cells of the glass jar
types are joined by bolting the lead terminal straps together by
means of lead-covered brass bolts.

Lead-lined wooden tanks are often used for plants of medium
size and always for those of large size. Plates of this type of cell
are grouped at the place of installation by “lead-burning” the
positive plates of one cell and the negative plates of the adjoining
cell to a common husbar., All types of cells are usually installed
with the supporting insulators resting on wooden stringers, these
stringers having been previously painted with two or three coats
of acid-proof paint. Cells of the smaller types which are not too
heavy are generally installed on two-tier wooden racks in order
to save floor space. The larger cells are installed in one tier, the
wooden stringers being supported by vitrified brick set upon the
floor or by another set of glass insulators resting on vitrified tiles.
A typical installation of glass jar cells joined to form a medinum-
capacity battery is illustrated at Fig. 68. In this, the battery is
in a special room prepared for it, and the cells rest on wooden
stringers, as previously described. _

Switchboard and Fittings.—It will be evident that the switch-
board is an important detail of the storage battery lighting plant.
The Type E switchboard used with some of the Electric Storage
Battery Company outfits is shown at Fig. 69, the view at the right
showing the face of the switchboard, while that at the left shows
the method of installing the switchboard in connection with the
battery supporting platform. The electric-current generator can
&also be fastened to the platform and belt-driven from the internal-
combugtion engine ordinarily used as power. In one corner, the
ampere-hour meter dial is chown as an inset. Its use will be more
fully described in proper sequence. The switchboard illustrated
ie utilized in conmection with low-voltage house-lighting plants,
and is simple, yet complete. The general arrangement has been
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worked out with great care by competent engineers who are thor-
oughly conversant with small-plant switchboard requirements as
the result of experience gained in the installation and operation
of great numbers of such plants.

The arrangement permits:

1. Lights to be run from hattery only, or

2. Lights to be run frem generator while generator is also
charging the batfery, or

3. Lights to be run from generator snd battery in parallel, the
battery assisting the generator, or

4, nghta to be run from generator only.

In the ordinary operation of the plant, ne hand manipulation
of switches or any part of the switchboard apparatus is at any
time necessary except adjustment of the gemerator current by
means of the generator field rheostat. Hand manipulation of
switches is superseded by the automatic operations of the auto-
matic cut-in and cut-out switch. This switch is simple, durable
and reliable. It has no adjustments, because it needs none. Made
in two sizes: 30-ampere, 32-42 volts, and 60-ampere, 32-42 volts.
Panel of black oil-finished slate, 1 x 231} x 18 inches, on heavy
strap-iron frame. (lenerator and battery switches are double-pole,
single-throw, with enclosed fuses. Ampere-hour meter connected
in battery discharge and charge circuit. Ammeter connected in
battery discharge and charge circuit. Pilot-light socket connected
across generator leads. Automatic switch connected in generator
eirenit, automatically closes generator cireuit to line when gen-
erator voltage rises to proper value, and opens on small reverse
current. Generator field rheostat furnished only as extra and to
purchaser’s specifications. Standard board includes provision for
mounting front of board type of rheostat. Ground-detector lamp
sockets for testing for grounds.

Ttility of Ampere-Hour Meter.—The ampere-hour meter,
which is a feature of these switchboards, is of great practical value.
It is to the storage battery what a tank gauge is to a water tank.
It indicates at all times the current in ampere-hours taken out of
the battery. The hand moves from “Full” toward “Empty” when
the battery is discharging, and from “Empty” toward “Full” when
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the battery is charging. It is arranged to run somewhat slow on
charge, and thus automatically provides for the necessary excess
of ampere-hours of charge over ampere-hours of discharge. It is
provided with a contact at the “Full” point, of which use may
be made to light a lamp or ring a bell when the meter hand
reaches that point, or to actvate a circuit-opening device in the

Fig. 71.—Isolated Lighting Plant Installed in Honse Basement Using
Edison Battery. Engine Power is Used to Drive Water Pump,
Washing Machine and Other Domestic Machinery.

engine ignition circnit, shutting the engine down when the hand

reaches the “Full” point. The ampere-hour meter is used:

1. To show when the battery needs to be charged.

2, While charging, to show at what rate the charging may be
done, permitting the use of relatively high charging rates and thus
ghortening very materially the hours of engine operation for bat-
tery-charging purposes.
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3. To show when the battery has been fully charged and
charging may be discontinued.

4. As a positive safeguard (if the simple instructions are fol-
lowed) against useless, wasteful and injurious overcharging or
overdischarging of the battery.

3. As a continual and valuable check on the battery perform-
ance, and therefore on battery conditions,

6. To measure the daily or weekly current consumption, or the
current used by flatirons, motors or other devices using current
intermittently in the performance of some specific task, and to

Fig. 72—3ectional View of Delco-Lite Gasoline Motor and Dynamo,
SBhowing All Parts of Power-Producing and Current-Generating
Units,
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obtain other data of like character, which are helpful in operating
the plant with economy, in preventing the waste of current, ete.

7. To give, when such is desired, a signal by light or bell, that
the battery charge has been completed and should be discontinued,
or to actuate a stop-charge device.

Delco-Lite Qutfit.—The system shown at Figs. 72 and 73
was developed by one of the largest producers of lighting systems
for automobiles, and incorporates many of the features of sim-
plicity and easze of operation that have been essential in auto-
mobile work. This combined, compact unit consists of a gaso-
line engine, a dynamo and a ewitchboard. It weighs about 325
pounds, exclusive of the storage batteries; whicl are furnished ad
a part of the outfit. It is a compact plant that will deliver ‘75(}
watts. It is a low-voltage system—32 volts—as this saves battery
expense; at the same time it is of sufficient voltage to operate
light machinery efficiently. It is now possible to purchase almost
anywhere standard motors and lighting fixtures for this voltage.
. There is not the slightest danger in handling this low veltage.

The gasoline engine is of the air-cooled type, so there is no
danger of freezing, no matter where the outfit may be located. It
is self-starting. All that is required is to close the switeh, which
starts the engine. It automatically cuts off when the batteries are
charged. : '

The batteries are of the sealed glass-jar type, especially built
for use with this outfit, and come fully charged. It is said that
they will not freeze at 20 degrees below zero, even when com-
pletely discharged. Extra large space is provided for electrolyte
or liquid, and they are long-lived.

Any number of liglts may be installed, up to 50 or 60. The
average place, however, burns only a few of these at any one time.
When the engine is running it will earry thirty-two 20-watt lights
continuously. The storage battery alone will carry fifteen 20-watt
jights for eight hours. Of counrse, increased storage capacity can
be provided. The batteries constitute a reserve sonrce of energy,
providing current that may be vsed when a light is turned on
or if some light machinery be operated, such as the churn, wash-
ing-machine, cream separator or vacuum cleaner. The engine need
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only be run at intervals of perhaps once or twice a week, depend-
ing upon the amount of current used. The claim is made that
the average farm can he lighted for less than five cents per day.
This is less than half the rate in most cities.

Fig. 73.—How the Delco-Lite Generating Qutfit is Coupled to
the Storage Battery.

Storage Batteries in Electrie Train Lighting.—The develop-
ment of practical train lighting by electricity was a great step
forward, and its advantages .were thoroughly appreciated by the
public. Flectric light contributes to the safety of the traveling
public, as it lowers the fire risk present with either oi! lamps or
gas flames. Any practical storage cell may be used for train-
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lighting service, as satisfactory installations have been made with
either the lead-plate or Edison batteries. This service is not ex-
ceptionally severe, as an examination of some lead-plate batteries
with a record of 500,000 car miles during a period of three years
showed that the jars contained but one inch of sediment, and plates
were in excellent condition, The results point to a normal life of

Fig. 74.—Edison Storage Battery for Train Lighting, Showing
Arrangement of Cells in Trays of Three, to Facilitate Handling.

ten years with but one intermediate cleaning. The batteries used
are very similar in general construction to those intended for
use in electric vehicles, and are installed in trays for ready
handling. The illustrations at Fig. 74 show the application of the
Edison cell to this service and the method of grouping the cells
to form a battery. The location of the battery compartment on
the car and accessibility of the battery trays are clearly depicted.
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While the battery is an important part of a train-lighting sys-
tem, the dynamo and method of regulation are also of interest.
The E. 8. B. system is shown in diagram form at Fig. 5, and the
distinctive features making for automatic operation may be un-
derstood by a careful study of the diagram. The dynamoe has a
bipolar armature rotating between heavy pole shoes, each pole-
Piece being securely attached to the core pieces, Two pairs of
brushes are used, these being spaced on guarters of the commu-
tator, or 90 degrees apart. One pair is short-circuited, while the
other is coupled through the series winding to the outside circuit.
These brushes are known as the “short-circuit brushes” and the
“load brushes,” respectively. The pole pieces are provided with
the usual field coils, F* and ¥2, The series winding F* iz con-
nected between the generator terminal and the top load brush.
The control field winding, ¥, is connected across a Wheatstone
bridge W and provides the primary field excitation. The mag-
netic field produced by this primary excitation passes across the
armature in the direction of the arrow P, and then through pole
shoes, pole necks and frame of the machine. This magnetic field
is, under normal operating conditions, of very small strength,
producing a low voltage between the short-circuit brushes B:.
This low voltage, however, produces a sufficient flow of current
“through the short cirenit between these brushes and through the
armature winding to develop a considerable magneto-motive force.
This latter magneto-motive force produces a magnetic field at
right angles to the primary field, which passes through the arma-
ture and pole shoes, as shown by arrows K, but does not pass
through the pole cores or frame of the machine, This secondary
field flux produces the desired voltage across the load brushes B2

One of the principal results obtained with the Rosenberg type
of machine is the development of the same polarity for either direc-
tion of rotation without employing any pole changer, or any altera-
tions whatever in the circuit connections. This is due to the fact
that when the direction of rotation changes the voltage generated
across the short-circuit brushes by the primary field is reversed,
and the current flowing between these brushes is, therefore, re-
verged in direction. This reverses the direction of the secondary
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field K, which produces the voltage across the load brushes B2
It will be seen, therefore, that when the direction of armature
rotation is reversed the direction of the main or secondary field
excitation is also reversed, produecing no change in polarity. The
importance of this can be realized when one takes the method of
driving the dynamo armature into comsideration. It is belt-con-
nected to one of the car axles and is just as apt to be driven in
one direction as the other.

The E. 8. B. dynamo is controlled for constant voliage rather

Z
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o

Fig. 75.—Diagram of Dynamo Used with E, §, B, Car-Lighting
System.

than constant current, the voltage being held at approximately
3314 volts when used with 15-cell equipments. This control is
effected by means of a Wheatstone bridge W connected across the
machine terminals st two opposite junction points of the bridge,
while the other two opposite points are commected to the field
terminals. The Wheatstone bridge consists of two fixed resist-
snces, XX, and two iron wire “ballast” resistances, YY. The
iron wire “ballast” resistances have the characteristic of imecreas-
ing their resistance rapidly with very small increments of cur-
rent when operating at a dull-red heat. The design of this bridge
(for 15-cell equipments) is such that when the machine voltage
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is 3315 volts the resistances of X and Y are practically equal.
Under these conditions no current will flow through the field
winding ¥', When the voltage is lower than 3814, the resistance
of Y is less than the resistance of X, and Y will, therefore, carry
more current than X, the excess current flowing through the field
winding F'. As the voltage of the machine increases, therefore,
the field excitation becormes smaller and smaller, approaching zero
as the voltage appreoaches 3814 volts. At high speed the eurrent
in the field is actually reversed in order to partly counteract the
residual magnetism in the pole necks and the frame of the ma-
chine. In series with the Wheatstone bridge is & fixed resistance
R, which is normally short-circuited by a switch H, and is also
short-cireuited by a eontact elip or by an exira blade on the lamp
switch. When the switch H and the lamp switch are both open,
the resistance H is no longer short-circuited, The drop in this
resistance then lowers the voltage applied across the Wheatstone
bridge, and in order to restore the latter to its normal balanced
value, the voltage of the machine will be increased by an amount
equal to the drop in the resistance R. This arrangement permits
the voltage of the machine to be increased during a daylight run,
when the lamps are not in use, in order to give the battery a high-
voltage charge if this should ever be deemed necessary or ad-
.vieable, When the lamp switch is closed the resistance R is imme-
diately short-circuited and the voltage of the machine is restored
to normal, so that the lamps are never subjected to this high
voltage. On the actual switchboard, the switch H consists of
two terminals connected by a brass rod, which, by sliding length-
wise, may be disconnected from one of them. While this mesns
for increasing the voltage has been included to provide for pos-
sible contingency, it has not been found necessary to use it on
any of some seventy equipments in service from two to three years,

Automatic means are provided to prevent & battery overcharge,
and a “cutout” arrangement is included to prevent the battery
discharging through the generator when its voltage is greater than
the electromotive force of the dynamo. Means are provided to
supply generator current to the battery as it is used, so the cells
are always maintained in a charged condition. The features of
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current control developed in car-lighting service have been
adopted by automobile makers in the modern starting and light-
ing systems which are so popular and now considered indispen-
sable. The experience of the various storage-battery makers in
producing satisfactory batteries for this service was turned to good

Fig. 76.~Types of Storage-Battery-Propelled Locomotives for
Industrial and Mine Haulage.
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advantage in building the battery types intended for automobile
engine-starting work.
Storage-Battery Locomotives—The conditions under which
storage batteries used in mine locomotives or those intended for
industrial work operate call for very careful selection and installa-
tion. The battery should always be mounted in the locomotive
so the flat of the plate comes against the direction of motion.
When the plates are thus assembled in the jars there is no oppor-
" tunity for displacement, as would be the case with the plates ar-
ranged so the edges were facing the direction of movement. A
cushioning effect is obtained by the electrolyte against the plate,
which is very valuable, as the many shocks incidental to the none
too gentle coupling and uncoupling of the locomotive to the loaded
cars and shocks due to sudden starts are thus minimized. Rubber
cell jars should be considerably heavier for this service tham are
ordinarily used in automobile work. The trays in which the cells
are carried should be provided with substantial partitions so the
jars at the ends of the trays will not be subjected to the inertia
of the remaining cells. Inasmuch as metal enters so largely into
the construction of locomotives, the battery trays should be thor-
- oughly insulated from the frame and should be securely blocked
in place so there will be no possibility of shifting. The battery
should be mounted apart from the propelling machinery. or motor,
and so mounted on the frame to permit drainage of the battery
compartment. The illustrations at Fig. 76 show typical locomo-
tives for mine and industrial use, and in one the sides of the bat-
tery compartment are dropped to show how the battery is mounted
and how accessible the trays are.

In case it is desired to make a rough approximation of the
size of hattery needed, the Electric Storage Battery Company gives
a method that is very simple, and while the figures are approxi-
mate, they enable the engincer to determine the type and size of
battery best adapted for the individual requirements. If boosting
charges can bc given then batteries of lesser capacity can be used
than if the machine must operate for more extended periods on
one charge, The number of cells used will, of course, vary with
the type of locomotive and its weight: A three-ton locomotive can
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be operated on 48 MVII-type cells, and by increasing the capacity
of the cells by making them larger the same number can be used
for a twenty-five-ton locomotive for freight-yard unse and shifting
loaded freight care over tracks in city streets during the night
hours when the traffic is light. Of course, the charging, current
available must be taken into consideration. A 48-cell battery can
be charged directly from a 110-volt direct current. In some cases,
where a power circuit of 220 volts direct current is uszed, more
cells may be provided and charged directly from the power line.
An example of this kind is an eight-ton mine locomotive equipped
with 100 MV19-type “Iron Clad” Exide cells,

How to Figure Mine Locomotive Battery Capacity.—-The fig-
ure of 30 pounds per ton, which is taken as the tractive effort
required to overcome friction, is considered sufficient to include
an allowance for curves which may be encountered as well as some
allowance for fracks that are not up to good railroad standard.
The efficiency of 66% per cent. assumed between the battery and
locomotive wheels includes an allowance for rheostatic and braking
Yosses as well as for motor and gear losses. Different values may
be assigned these constants, as the judgment of the engineer
making the approximate calculations may dictate, without chang-
ing the method of figuring. The typical round trip should be
divided into as many parts as have different characteristics, such
as different weight of train and different grades to be encountered,
The requirements of each of these sections in each direction of
haul should be treated separately in the following manner:

(a) Determine the tractive effort required for level running
by multiplying the weight of the train in toms, including locomo-
tive by 30 pounds per ton to get the tractive effort to overcome
friction on the level.

(b) Find the tractive effort for grade, if any iz encountered, by
multiplying the grade expressed in per cent. by 20 and multiply-
ing this by the weight of the train in tons, taking this figure as
positive for up grade and negative for down grade.

~ {¢) Add the tractive effort level running and the tractive effort
for grade to get the total tractive effort. If the sum is negative,
it means the train is coasting and no power is required.
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(d) Multiply the total tractive effort by 8 to get watt-hours
battery per train mile. (1 watt-hour equals 2.655 foot-pounds,
which i very nearly 14 a mile per pound; tractive effort X 2 ==
watt-hours per train mile at the locomotive wheels. Assuming 66%
per cent. efficiency between the battery and the wheels, we have

tractive effort > 2
66%

= tractive effort )X 3 = watt-hours per train mile.)

(e) Multiply the watt-hours per train mile by the number of
miles of total operation on this section of the track in this direc-
tion to get the watt-hours required for this portion of the operation.
Repeat the above for all sections of the track and in both direc-
tions. -
(f) Add the watt-hours required for all portions of the opera-
tion, and the sum of these gives the total watt-hours of battery
capacity required.

(g) Divide ihe total watt-hours by the voltage of the battery
(the number of cells multiplied by 2) to get the ampere-hours of
battery capacity.

(h) Divide the ampere-hours of battery capacity by 31.5 to get
the number of positive plates per cell. The figure 31.5, which is
the 4l4-hour capacity of a positive plate in ampere-hours, can
only be used when there are at least 5 cycles of operation approxi-
mately evenly distributed over 414 hours or longer.

(i) Multiply the number of positive plates by 2 and add 1 to
get the number of plates per cell.

The example which follows considers only one case, and, of
course, applies only to the conditions stated. Each individual
application 1must be considered with full realization of the con-
ditions obtaining, but the procedure to be followed is substantially
the same as outlined in any case. In any event, it iz always well
to consult the engineering department of the battery maker before
using batteries for any purpose, as this results in securing advice
that will assure a successful installation.

Example.—Assume 600 feet level track and 800 feet of 1.2
per cent. grade, a 3-ton locomotive, a 15-ton trailing load in the
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direction against the grede and 6 tons trailing load in the direc-
tion with the grade, 20 round trips per 8-hour day, 48-cell battery.

This round trip can he considered in three paris:

First, 800 feet up 1.2 per cent. grade, 18-ton train.

Second, 800 feet down 1.2 per cent. grade 9-ton train.

Third, all level running can be grouped, using the full distance
and the average load 1,200 feet level, 13.5-ton train.

FirsT PaART
(18 tons
(a) 30 pounds per ton friction

540 pounds TE for friction

( 1.2 per cent. grade

20 pounds per cent, per ton
{6 < 24 pounds per ton grade
18 tons

432 pounds TE for grade
540 pounds TE for friction (a)
(c) %

972 pounds TE total

2916 watt-hours per mile

( 800 feet per trip
20 trips

5280[16000 feet
(¢) 4 3.03 miles

2916 watt-hours per mile (d)
" [3.03 miles

8830 watt-hours for first part
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SECOND PaRT

9 tons
30 pounds per ton friction

()
270 pounds TE for friction
[ —=24 tons per ton for grade (b, first part)
9 tons '
(T
|—216 pounds TE for grade
0 pounds TE for friction
—216 pounds TE for grade
(e} 4 :
54 pounds TE total
3
(d) —
162 watt-hours per mile
3.03 miles (e, first part)
(&) —
491 watt-hours for second part
THuIRD PaRrT
13.5 tons
30 pounds per ton friction
(a) p p
405 pounds TE for iriction
) No grade
(c) 405 pounds per ton total
3
(d) —
1215 watt-hours per mile
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( 1200 feet per trip
20 trips

528024000 feet

e
© 4.55 miles
1215 watt-hours per mile
1 5530 watt-hours, third part
( 491 watt-hours, second part
*) 8830 watt-hours, first part

14851 watt-hours, total

“

(@) - { 48 cells at 2 volts per cell gives 96 volis
971 96]14851 watt-hours

(hy - 81.5|155 ampere-hours
4.7 positive plates, 5 must be used
G) 5X2=10 10+41=11
: Battery will be 48 cells, MV-11.

Storage-Battery Street-Raiflway Car.—The first practical
power-propelled street-cars were converted horse-drawn types elec-
. trified by the use of storage batteries. The defects of the early
gtorage-battery designs and the development of the present over- .
head feed-wire and trolley, as well as the wtilization of high-voltage
motors for this purpose, halted development of battery cars for
a period. The improvements that have leen made in medern
storage batteries show that it can now occupy a position of im-
portance in the transportation field. A variety of systems of
street-car propulsion are available, each having a distinet field of
usefulness. They may be divided inte Dbroad classes, one
whose units are supplied with power from a central station, with
whieh they must always be in contaet, and those employing self-
contained unite. In the first class, we bave third-rail, cable-con-
duit and trolley systems; in the second are grouped storage-battery
and gasoline-electric types. The Electric Storage Battery Com-
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pany have miade a study of the battery car problem, and with the
co-operation of the car builder and electrical apparatus manufac-
turer, types have been designed that are especially adapted for
street-car work. Cars of very high speed and power have been
succesefully propelled by storage-battery current, as well as the
single-truck cars used in belt-line service.

Among the situations which may present conditions favorable
to the use of storage-battery cars are the following:

1. Short rural lines not connected with other systems, yet
meeting a distinct transportation npeed.

2. Extensions or spurs to existing electric systems, serving dis-
tricts which it is desirable to develop, but where the immediate
traffic will not justify overhead coustruction investment.

3. Lines operated to meet some local and special transporta-
tion demand other than general public service, as, for example,
between mills or factories and a main railroad depot or residen-
tial center, plantation railroads, belt-line service in large manu-
facturing plants, and the like.

4. For the operation of branch lines or extensions used only
during certain seasons of the year, as in connection with seaside
and suminer resorts, amusement parks and the like.

5. As an adjunct to steam lines to supplement the regular
steam-train service, furnish local service at short intervals and to
branch lines; particularly oh roads devoted largely to freight
traffic, where there iz need of a passenger service, but insufficient
traffic to justify regular steam-train operation.

6. Where local ordinances or other reasons do not permit the
use of overhead trolley construction.

7. For providing infrequent night or “owl” service.

The storage battery for a single-truck car is located beneath
longitudinal car seats in ventilated compartments, and can be
easily reached for inspection by removing the seats and thus ex-
posing the battary cell tops. It is composed of 58 cells, of type
MV29 Exide, having a capacity of 67 amperes for six hours’ con-
tinnous discharge at an average of 114 volts, The cells are con-
tained in substantial wooden trays, each containing four cells.
Wourteen such trays are provided, the total number of cells
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mounted in this mannér being fifty-six. Two extra cells are
needed to bring the battery up to the desired capacity, these being
carried in smaller individual trays, The trays are convenient
units for easily removing the battery from the car if necessary,
but as it may be charged in place and electrolyte readings and
evaporation less compensated for by removing the seats, in ordi-

Fig. 77.—Storage-Battery-Propelled Street-Railway Cars. At Top—
Single-Truck Car for Belt-Line Work in Cities. Below it, Fast
Double-Truck Interurban Car. '

nary operation the battery need not be removed from the car.
The total weight of the battery is 4,876 pounds. The cells are
practically of the same general conetruction as heavy motor-truck
batteries, being of the sealed type. Cars equipped with a battery
of this capacity will take a ¥ per cent. grade with full passenger
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load and attain speeds of 15 miles per hour on level track. Und
average operating conditions, the input to the car motors, whiy
are of the automebile type, will average 450 watt-hours per o
mile. At this rate a car will make 100 miles on a single baitd
charge on the basis of the six-hour battery capacity epecified.
actual service the cars have been run 120 miles per charge.
total weight of such a car is 14,000 pounds, including blatten
The seating capacity is suflicient for 26 persons, and the car is
feet long, .
Larger cars, 28 feet long, of the two-truck type, have a se
ing capacity for 36 persons. The battery for such cars is
cells, of type MV29 Exide battery having a capacity of 67 a
peres for six hours’ continuous discharge at an average of ]
volts. The battery is contained in £4 trays of 2 cells each.
battery weight iz 7,392 pounds, and total weight of car, includi
battery, is 13 tons. The maximum speed possible is 25 mi
per hour, and the current consumption is about 700 watt-hoy
per car mile. The range of action is 80 miles on one charge. 4
is true of the smaller car, the battery is carried under the lon
tudinal seats. In some larger cars, such as shown at the botid
of Fig. 7%, the batteries are mounted under the car floor simi
to a train-lighting battery, and occupy all the available sps
between the trucks. When this method of installation is f
lowed the cells are mounted in easily handled trays, as in lightil
service.
Submarine Boat Batteries,—One of the most epectaculdy appi
cations of the storage battery is to submarine boat propulsi
when these are under water. On the surface, the craft is pnm
pelled by Diesel type internal-combustion engines, which deliw
part of their power to generators, which keep the batteries charge
Of course, when submerged; the internal-combustion engines m
be shut off and the stored energy of the battery drawn on to driwe
the boat; the generator becomes a motor for ship propulsion amd
derives power from the battery it had previously charged. In
addition to the main driving motors, there are several others for
pump actuation, steering, ete., all of which use battery current.
A sectiona] view of a typical submarine using thé Edison, alkaline
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battery is shown at Fig. Y8 and one using batteries of the lead-
plate type is depicted at Fig. ¥9. The details of the battery
placing and location of propelling machinery are sufficiently clear
60 the general details may be easily understood.

There seems to be considerable difference of opinion relative
to the best type of storage battery for submarine work, the advo-
cates of the alkaline battery offering & number of arguments that
merit consideration. A typical submarine boat battery cell of the
alkaline type is shown at Fig. 80 A, the negative plate at B and
the positive plate at C. The general structure is the same as the
smaller Edison cells, except that the plates are built up of & num-
ber of sub-grids that correspond to the elements of the amaller
batteries, riveted to a main frame of sheet steel to form plates of
the required capacity. The cells are installed so that they will
remain securely in place regardless of the shaking up they receive
when the boat is in rough water. The cells are constructed so
no electrolyte can escape or water enter. The Edisen battery is
also built strong emough so gas explosions can take place in its
interior without damaging the parts,

The illustration at Fig. 78 was furnished by the Edison
Storage Battery Company, and shows a proposed design of Lake
Torpedo Boat fleet submarine, in which one can see the location
of the battery, indicated by “21.” It would necessarily be quite
a large battery, liaving a capacity of about 10,000 ampere-hours,
at 220 volts.

The sectional view at Fig. 81 is a typical coast-defense type of
submarine. As described by M. R. Hutchison, E.E,, engineering
advizsor to Thomas A. Edison, the details are: “This is a smaller
boat, and is 135 feet Tong, 14 feet beam. The displacement sub-
merged, 337 tons. Engines, two in number, are about 300 horse-
power each, The two propelling -motors are about 115 horse-
power each, 220 volts. The surface speed is about thirteen
knots, submerged speed about nine and one-half knots, - The bat-
tery weuld consist of two hundréd Edison cells, the total number
in each of the tanks being one hundred. The drawing will show
the location of the battery tank. The capacity of such a bat-
tery would be about 900 kilowatt-hours at the three-hour rate of
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discharge, and about 540 kilowatt-hours at the one-hour rate of
discharge. This capacity would be in excess of the capacity of
any lead storage battery insialled in the same tank, and would be
five or six tons lighter than a -lead-sulphuric-acid battery installed
in the same tank. This will naturally give the vessel an increased
crtising area under water and provide excess eapacity, because of
. the.reduction in weight, for fuel oil.”

The advantages of the Edison battery are given by the same
guthority as follows: '

“First, it is the lightest battery, and occupies the least space
for a given output of any now obiainable.

- “Becond, its electrolyte is non-corrosive, is not injurious to the

steel work of the hold or fittings of the boat.

“Third, it cannot cause leaks by corrosion of rivets or joints,
no matter how much electrolyte might escape from the cells.

Fig. 80.—The Edison Submarine Boat Battery and Two of the Plates
Showing Use of Sub-Grids.
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“Fourth, in the event of sea-water entering the boat, through
leaks caused by external explosion of submarine mines, ete., the
personnel cannot be asphyxiated by the formation of chlorine gas.

“Fifth, its mechanical strncture makes it capable of resisting
shocks, rough treatment and concussion from nearby external ex-
plosion of submarine mines and bombs. '

“8ixth, it is impossible to buckle or distort the plates by rapid
charge or discharge.

“Seventh, the active materials do not shed off with use.

“Eighth, the capacity does not diminish with use until the life
of the battery is nearly exhausted.

“Ninth, it does not require diemantling to remove sediment.

“Tenth, it has a longer life under any given cond1t1ons than
ny other available battery.

“Eleventh, the individual cells are comparatlvely light, and
may be easily handled if necessary.

“Twelfth, an excess emergency capaclty may be stored by pro-
longed overcharge.

“Thirteenth, the plates are not injured by standing discharged
in the electrolyte for any length of time. _

“Fourteenth, it is unnecessary to remove plates or electrolyte
when a boat is laid up or put in reserve.

“Fifteenth, no hydrometer readings are necessary. )

“Sixteenth, it is not necessary to carry a supply of electrolyte.

“Seventeenth, it can be charged at high rate. In fact, a full
charge can be put into the battery in one hour if the electrical
machinery is available for doing this,

“Eighteenth, it is never necessary to remove sediment or re-
place separators, and also because of its long life a boat equipped
with an Edison storage battery can be kept in service and does
not have to be laid up on account of battery conditions when it
may be required for military purposes.

“Nineteenth, in an emergency sea-water can be used for the
replenishment of electrolyte, While if this is done frequently the
plates will uitimately lfose some capacity, no harm results from
doing it & few times under stress of military necessity.

“Twentieth, oxygen is given off at a low rate of discharge.
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Just enough to maintain the atmosphere of the boat in condition
for the crew in any long period of submergence.

“Twenty-first, carbon dioxide is absorbed by the potash of
electrolyte if the air can come in contact with the liquid. In case
of protracted submergence, air can be circulated through the elec-
trolyte by passing it through the drain tube and allowing it to
emerge from the filler opening. While this is not a function of
the battery, the henefit to clear the atmosphere of carbonic aeid
gas may prove of considerable value in case of enforced protracted
gubmergence,

“Twenty-second, the plates cannot be injured by rubbing to-
gether when the boat is-in a seaway, and plate necks cannot be
broker off. :

“Twenty-third, it cannot generate any explosive gases except
when charging and ventilation is outbound. It cannot gemerate
an explosive mixture of gases in the hoat under practical operat-
ing submerged condition, and is, for the reason that it does not
generate any gases whatever on discharge, the safest battery to be
uged in submarines.”

The Gould Storage Battery Company, through their chief en-
gineer, A. 5. Hubbard, gives the following information relative to
the Gould type batteries they have supplied to foreign govern-
Inents: )

“The foreign batteries consist of 120 cells, 25 plates per cell,
pasted positives, pasted negatives; the plates are 1514 inches wide,
14 inch thick, 30 inches deep. The capacity is about 2,340 am-
peres for one hour per cell, giving an output for the 120 cells of
about 475 kilowatts for one hour. These cells weigh about 950
pounds each, complete. The cells are individually ventilated by
an exhaust blower, and the gases diluted so a8 to aveid the dan-
ger of explosion. The diluted gases are discharged into the
atmogphere when the boat is on the surface, and the batteries are
being charged and are discharged into the living compartment
when the boat is submerged and the hatteries discherging. It
should he understood, of course, that 1he gases given off both on
charge and discharge consist of oxygen and hydrogen, on dis-
charge mainly of the latter, and very little of it at that, and fur-
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ther hydrogen in small quantities has no physiclogical effect. The
cells are sealed except at the air inlets and exits to keep dirt and
salt water out. The design of the cell permits of an inclination
of 40 degrees without spilling the solution.”

It is only fair to the lead-plate type of battery to state that
many of the troubles ascribed to their use could have been elimi-
nated by careful atiention to details of instajlation, and that there
are numerous successful installations in TUpited States Govern-
ment craft that we are not permitted to describe or illustrate.
Enough has been given, however, to show how important the

Fig. 82—Yacht-Lighting Outfit, With Unit Power Plant, Switchboard
. and 28.-Cell Battery.
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storage battery is when the submarine is lurking in the ocean
depths where no other power but electricity could be used advan-
tageously.

Mincellaneons Marine hpphcatlons.—Storage batteries are used
in many ways on shipboard, and form an essential part of the
electrical equipment on a great variety of craft., Owing to the
ease of installation, electric-lighting outfits are now available that
will function properly in everything from the 30-foot cabin cruiser

EDISON STORAGE BATTERIES FOR YACHT-LIGHTING PLANTS
APPROXIMATE EQUIPMENT BASED ON 10-HOUR SERVICE

Lamps
Approximate Length of Number IType of|
s et Voltage | or&elis | Cen -
andle
NI.IIIZIber Powef
B2 8 6
18ft. to 301ft.............. 6 5 B4 12 - 6
B6 18 6
: B4 |12t018 10
it todS Mt 12t0 20 | 10-20 B6 |18 to 24 10
Ad | 24 to 30 10
B4 26 10
0. to TR Ib.............. 30 28 B 32 10
Ad 40 10
B2 30
90 it. to 3001Mt............. 110 100 to to 16
Al2 200

NoTe:—Where ﬁﬂ-volt or 80-volt sysbems are required, 55 cells and 75 cells,
respectively, are recommended.

lo the luxurious private yacht. While power-driven outfits are
available in which a dynamo is driven by auxiliary steam or gase-
line engine distinet from the main power plant used in propelling
the vessel, lights may be required at any time during the day or
night, so there must be some constant source of current supply.
For pleasure craft the continuous operation of an engine and
dynamo is inconvenient and often disagreeable, and it is almost
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imperative to operate the electric lights from a storage battery
charged at convenient intervala. A typical yacht-lighting outfit is
shown at Fig. 82; this does not differ to any extent from the small
isolated lighting plants gold for house and farm lighting., A 28-cell
Edison storage battery is used in copnpection with the generating
unit, which includes the gasoline engine and dynamo coupled to-
gether and fastened to a common base. According to the table

Fig. 83.—Electric Launch, With Storage Batteries Under the Floor.

given below, which has been furnished by the Edison Storage Bat-
tery Company, the outfit illustrated is suitable for boats varying
from 50 to 75 feet in length.

Wherever charging facilities are available, the electrie launch is
‘an ideal family boat. They are moiseless and simple to control,
and can be operated by anyone, even without mechanical experi-
ence. It glides gracefully end smoothly along and runs without
vibration. There is absolutely no danger of fire, as is present in
steam launches and to a less degree with gasoline engines. The
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electrie motor is the simplest and nost dependable source of power
known, as it has but one moving part, and that is a rotating one,
It is started reversed, stopped, and its speed varied by a simple
wlieel or lever. The battery may be easily stowed away under the
floor boards, and if an Edison alkaline battery is employed, as in
ihe launch shown at Fig. 83, the boat may be used in zalt water
just as well as fresh.

The alkaline battery gives absolute reliability to the electric
launch by eliminating battery troubles. It is practically as-rigged
as the mator itself, and never disappoints the owner by going deal
at critical periods. As there are no obnoxious, irritating or cor-
rosive fumes given off by this type during charge, the charging
may be done directly in the boathouse, without discomfort or the
discoloration of metal trimmings on the launch or other vesscls
near it. During the period of idleness, which practically all pleas-
ure craft of this kind experience, the Edison battery does not de-
teriorate, If charged before being laid up there will be ample
power to run the launch many miles as soon as it is put into
commnission again, Those who have experienced the diffienlties
of “taking down,” packing and reassembling other types of bat-
teries will appreciate this advantage,

Reliability is of paramount importance in every detail of wire-
less telegraph apparatus. No doubtful or suspiciously weak device
can be tolerated in a system upon which the lives of passengers
and crew are likely to depend at any moment. And the auxiliary
apparatus, the part that has to be ready at an instant’s notice,
but may be left to take care of itself for weeka and months in the
oabsence of eniergencies, must be always ready heyond the pos-
sibility of a doubt. This reliability for auxiliary service is found
only in the storage battery. During periods of idleness there
should be no internal deterioration or wasting away of active ma-
terial. Left charged, the alkaline battery may be recharged at
any time without injury, no matter how much or how little of the
previous charge has been used. In the severest storms or in case
of collision there is no danger of broken jars or spilled electrolyte
hecause of the strength of the steel comstruction. The lighting
hattery of small hoats may, of course, be used to operate the wire-
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less equipment, and often the auxiliary wireless telegraph battery
of larger vessel¢ i¢ used for a reserve lighting eystem, including
“poiice” lights around the decks and cabins and emergency lamps
in the running-lights. Lead-plate storage batteries have been used
successfully for wireless work, but more care is needed as regards
charging and discharging. Where the lighting battery iz used for
a wireless auxiliary, the use of the lights keeps the battery in
proper condition, and the lead-plate type will give excellent service,
Under conditions where the battery is apt to be neglected as
regards regular charging and discharging, the alkaline type is
the best.

Railway Switch and Signal Service.—An absolutely dependable
source of power is needed for operating the block signals on our
railways, and any failure of a semaphore or signal lamyp to answer -
the control swiich in the signal tower may result disastrously.
The stored energy in a secondary battery i always available for
this work, and either lead plate or alkeline batteries are suitable,
The illustration at Fig. 84 shows the compact installation possible

Fig. 84.—Showing How Alkaline Battery May Be Installed in Signal
. Tower Adjacent to Control Switches, ete,
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when batteries of the alkaline type are used. Lead batteries may
be placed under a hood and the gases allowed to escape to, the
outside through a suitable vent if they are installed in the same
room as apparatus that may be affected by fumes evolved during
the charging process.

For railway signaling the alkaline battery has great advantages
by reason of its electrolyte. There being no corrosive fumes or
vapors produced, the batteries may be placed anywhere in the
signal tower. There is no danger of injuring the most delicate
apparatus, and many installations of such batteries are in the same
room as and in close proximity to relays, generators, -air-com-
pressing machinery, etc.

The Stand-by Battery.—The storage battery is used in many
" central stations as an emergency source of current to cope with
unusual current requirements or to supply electricity for a brief
time in event of damage to. the dynamos or their prime mover.
Among some of the conditions that would call for discharge of a
stand-by battery would be interruption of current supply, due, for
instance, to low steam or belt breakage in a steam plant or col-
lection of ice in the forebay of a hydraulic_generating plant. A
breakdown of the generating machinery, putting some of the dy-
namos out of commission, thus reducing the plant capacity, would
necessitate the use of the emergency current. An accidental open-
ing of a transmission line or unexpected increase of load, such as
is caused by everyone turning on the electric lights because of a sud-
den darkening in the daytime prior to a rainstorm, will also draw
on the reserve source.

In the early applications of storage batteries to central statien.
service one of the main objects sought was to improve the daily
load factor in a steam plant by discharging the battery during
the evening peak or period of heavy demand and recharging it dur-
ing the hours of lighter load. This will result in a marked im-
provement in plant efficiency because power costs less if produced
at a uniform rate. Where the peak is of short duration, the cost
of a battery will be less than the added steam equipment it dis-
places, and as it conduces to greater economy of current produc-
tion, this is a clear gain.. When a charged storage battery is
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available as an auxiliary source of emergy, it is always ready for
emergency use, and this advantage is one of great value and can
hardly be considered fairly on a purely pecuniary basis. The chart
at Fig. 85 shows the operation of a battery in daily peak-load work.
That at Fig. 86 shows how the output of a stand-by battery helped
to handle an unexpected lighting load on a central station due to
a particularly heavy thunderstorm. These curves are merely
graphic records of the amount of current used under certain con-
- ditions and in a given time, and are easily understood,

A stand-by battery uses rugged plate construction and is al-
ways ‘composed of very large-size cells. Type H Exide plates,
which are widely used in the larger installations, are 31 inches
high by 155/16 inches wide. The grids are castings of lead-
antimony alloy and are provided with very heavy connecting lugs.
When it is considered that a plate of this size may be called upon
to discharge 600 amperes or more for several minutes, it will be
realized that great care must be taken in proportioning the plates.
The plates are hung from the cell tops by the plate lugs, which
rest on vertical pieces of heavy glass arranged on either side of
the tank, suitably notched to receive the plate lugs. The glass
plates rest upon. the reinforced lead lining at the bottom of the
cell. A space of 34 inch is left between the outside negative plate
and side of the tenk at one end to permit the taking of hydrome-
ter readings. An instance of the large size of the cells is the
gediment space allowed, which ig*12 inches in a type H cell.

A tank suitable for an Exide element having a capscity of
3,000 amperes for one hour measures about 2253 inches long by
2114 inches wide. For a capacity of 6,000 amperes at the hour
rate the length is increased to three feet, and for 9,000 amperes
the length is nearly five feet. The height of such a cell from the
floor to the busbar is aboui 514 feet, or high enough so the aver-
age man can barely look into the cell. The tanks are built of
specially selected yellow pine, put together with glued, dovetailed
and doweled joints. No nails or metallic fastenings of any kind
are used. The lumber used is of sufficient strength to be entirely
self-supporting. These tanks are treated with two coats of aeid-
resisting paint inside and out.

'
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The tank linings are of pure sheet lead, the lap scamas heing
burned with the hydrogen flame, The upper edges of the lining
extend over the edges of the tank and down outside clear of the
tank faces. Drip points are provided, so spaced that they come
between the tank supports. Good insulation of the cells is an
essential. The Exide insulator consists of a glass body surrounded
by an inverted petticoat, this forming an annular trough partly

Fig. 87.—Battery-Room of Calumet River Draw-bridge of Calumet &
Western Indiana Railroad.

filled with oil, the whole being covered with a lead cap extending
down around the sides but out of contact therewith. Each oil
insulator rests on a truncated come or pedestal of earthenware or
a composition not affected by acid. Each cell is covered with a
plate of heavy glass, which serves to condense the acid spray. All
conductors are of specially heavy section lead-coated copper bars,
firmly bolted together.. The plates of each cell, joined together
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to form an element or plate group, are lead-burned to soft-lead
busbars.

The total number of cells required is determined by the maxi-
mum busbar voltage permissible at the end of a high-discharge
rate. For example, if a battery is installed of capacity enough to
carry a maximum peak load for ten minutes a voltage of 100 each
side of a three-wire system might be considered satisfactory. This
would call for 75 cells each side. If at any time during the day
it is necessary to float the battery at a voltage as low as 115 volts,
the main battery would consist of 55 cells each side, leaving an
auxiliary battery of 20 end-cells on each side. These end-zells
are brought into action as needed by special switches.

In arranglng a battery-room for such a large battery, spec1a1
attention is given the floor eonstruction, because drainage is im-
portant. Ventilation must be exceptionally good, and all exposed
metal work should be protected by acid-proof paint. - Concrete has
been used for battery-room floors, and is satisfactory if care is
taken to flush it with water frequently to wash away any electrolyte
that may have accumulated. Hard-burned tile or vitrified brick
is much more suitable. The floor should be laid on a concrete
foundation, of sufficient strength to carry the weight. The slope
should be such as to allow for positive drainage, and the floor cov-
ered with asphaltum felt. Spaces of 14 inch are left between the
bricks or tiles, these spaces being grouted with asphalt compound.
An exhaust ventilating system is almost an essential if the battery
is used much. The fan parts should be of bronze; and air from
the room should be filtered through an air-box having perforated
lead screen to eliminate acid spread. It is said that air in a bat-
tery-room should be changed completely four times an hour during
the gassing period of the charge.

Storage Batteries for Draw-Bridge Operation.—An unfailing
source of power is an absolute necessity where draw-bridges are
operated by electric motors, as most of them are. This applies
especially to railway bridges, where any failure of the power sup-
ply would seriously interrupt travel on either the waterway or rail-
way. Vessels have been badly injured due to failure to open a
draw. Bridges may be operated by separate power plants, consist-
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ing of dynamos driven by internal-combustion engines, or they
may take their power from a trolley or lighting system. In either
case, an auxjliary storage-battery inatallation insures absolutely
reliable service, even in event of failure of the main source of
current. This is of special value where & bridge is over a widely
used stream, The main principles of operation and the require-
ments are practically the same as obtain when storage batteries
are used for stand-by service. A typical installation, where the
movable span of the bascule pattern is 186 feet long and weighs
1,100,100 pounds itself, in addition to a 3,000,000-pound conerete
counterbalance, congists of two batteries, one to furnish power for
the bridge motors, the dther for signals and lighting. The larger
battery consists of 120 type F11 “Chloride Accumulator” elements
in lead-lined wooden tanks. Iach element has & normal capacity
of 400 ampere-hours at 240 volts. The general arrangement of the
tanks in the battery-room is shown at Fig. 8%. The views at Fig.
88 show the bridge in open and closed positions.

Edison Storage-Battery Mine Lamp.—The greatest danger in
mines to-day is from the use of unprotected flames wherever the
deadly fire damp is likely to be encountered. Artificial light is
an essential which formerly could not be obtained with safety
unless provided in such minute quantity as to seriously curtail
production. The Davy safety oil lamp is well known and has
been widely used, but electric lighting gives much superior re-
sults. Much ingenuity has been shown in trying to adapt portable
electric lamps to this work, but the stumbling-block always has
been the production of current for their operaticn. The only prae-
tical source of energy is naturally some sort of battery, and many
attempts have been made to modify the old types of cells so that
they would serve the purpose satisfactorily. The advocates of the
primary battery soon found that the inherent defects of this type
were greatly magnified when an endeavor was made to produce a
portable form of small size and weight with sufficient capacity to
keep an eleciric lamp burning any considerable time. Aegide from
this, the electrical energy is produced in a primary battery by the
consumption of the zinc plates, so that there was constant expense
and trouble for their renewal. The primary cell was early alimi-
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nated from serious consideration, and experiments made with sec-
ondary or storage batteries have until lately been far from suec-
cesgful. The Edison mine lamp, shown at Fig. 89, is considered a
practical solution of this problem, because of the “meddle-proof”
qualities of the Edison alkaline battery. The cells used are the
same in principle as the nickel-iron alkaline batteries developed
for other purposes, but are small and very light.

The cells fit snugly into u light case of rust-proof sieel, which
is primarily & box in which to carry the battery. There is no insu-
lation between the cells, and the case and the contact springs on
the cell poles hold the battery securely when the cover is in place.

Fig. 89.—The Edison Storage Battery Mine Lamp Outfit and
How It is Used.



EDISON MINE LAMP - 189

The cover has a separable hinge, which permits its entire removal
when open and facilitates charging the batteries in “banks.” Cov-
ers and cases, equipped with self-contained locks, are interchange-,
sble. The two cells are conmected in series, the positive pole of
one and the negative of the other being grounded to their eon-
tainers, and the containers connected together. The free terminals
carry the epiral contact springs, which press against nickeled-steel
contact plates in the cover. The contact plates are insulated from
the cover and receive the cable terminals. A twin-conductor, rub-
ber-covered cable conmects the battery to the cap lamp. At each
end the cable is thoroughly armored, preventing injury from sharp
bending. While lamp and reflector are being carried in the hand
or at other times the armor takes up all the weight, so there is no
possibility of strain coming upon the wires at the terminals.” An
ingenioue arrangement permits the easy replacement of the cable
should it be cut or otherwige injured in service. The cap lamp
consiste of a nickel-plated brass reflector provided with a hook to
fit into the regulation miner’s cap. A tungsten lamp is forced
into & epring socket by means of a clip at its tip in such a way
that if the lamp be broken the base is immediately disconnected
and the lamp extinguished. This safety feature has been thor-
oughly tested by the Bureau of Mines and ungualifiedly approved
under Schedule 6A.



CHAPTER VI

GLOSSARY OF STORAGE BATTERY TERMS

Acid.—As used in this book refers to sulphurm acid (H,80,), the
active component of the electrolyte.

Actidometer.—A hydrometer for testing speclﬁc gravity of acid, and
specially graduated for that purpose.

Active Material.——The active portion of the battery plates; peroxide
of lead on the positives and spongy metallic. load on the negatives of
lead-plate types. '

Alternating Current.—Electric current which does not flow in one di-
rection omnly, like direct current, but rapidly reverses its direction or
‘‘glternates’’ in polarity so that it will not charge a battery.

Alloy.—A mixture of two or more metals produced by fusiom, i. e,
brass is an alloy of copper and zine melted together; German silver is an
alloy of copper, nickel and zine.

Ampere.—The unit of measure of the rate of flow of electric current.

Ampere.-Hour.—The unit of measure of the quantity of electric cur-
rent; thus, 2 amperes flowing for 14 hour equals 1 ampere-hour,

Anode—~The opposite plate to the cathode as the carbon plate of a
primary battery. The anode ia the terminal the carreut passes into from
the solution.

Antimony.~A bright, bluish-white, brittle and easy-pulverized metal
combined in small quantities with lead to form & harder alloy suitable
for storage-battery plate grida.

Arc.Burning,—Making a joint by means of electric current, which
melts the metal of the parts to be joined together.

Asphaltum.——A natural, tarry substance, not affected by acld, and
also an electrical insulator, widely used as a basis for cell-sealing com.
pounds.

Battery.—Any uumber of complete cells assembled in one set.

Battery Terminals.—Devices attached to the positive poat of one end
¢ell and the negative of the other, by means of which the battery is con-
nected to the outer cireuit.

Buckling.—Warping or bending of the battery platea.

Burnhing-8trip.—A convenient form of lead, in strips, for flling up
the joint in making burned conmections.

Busbar—A main conduetor, usually of bheavy section, to which a
number of circuit ends haviang the same characteristice are attached, to
save wiring, All positive plates of a storage cell may he said to be at-
tached to a busbar, the negative plates likewise. Instead of having &

190
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separate conductor coming from each plate and joined to the outer eir-
cuit, the plates of a given polarity are grouped by attaching to a busbar.

Oarbon.—One of the chemieal elements. A black solid, that may
exist as coal, charceal or graphite, or, after it has been eubjected to
intense heat and pressure, as s white diamond. A conductor of elec-
tricity, having considerable resistance. It is used as a nentral plate in
primary batteries, for lead-burning electrodes and for rheostat work. It
ia not affected by acid. Most of the carbon used in electrical work is
manufactured and ie not a natural product, as graphite. -

Carboy.—A large glass bottle corried in a wooden case for easy
haudling. Used to hold acid, eleetrolyte or water.

Cathode.—The terminal of an cleetric circuit from which the current
passes into the solution. The zine plate of a primary battery is a
cathode. The cathode is always the element of & battery mosat acted
upon by the electrolyte.

Cape.—The containing-box which holds the battery cells, )

Cell.—The battery unit, consisting of an element complete with elec-
trolyte, in its jar with ecover.

Cell Connector.—The metal link which conneets the positive post of
one cell to the negative post of the adjoining cell.

Central Btation.—A complete power plant equipped with large dy-
namos for supplying electric energy to'an entire distriet.

Oharge.—FPassing direet current through a battery in the direetion
opposite to that of discharge, in order to put back the energy used on
discharge.

Charge Rate.—The proper rate of current to use in charging a bat-
tery from an outside source, It is expressed in amperes, and varies for
different-sized cells, '

Ohemical Chsnge.—The uniting of certain primary or basie¢ sub-
stances to form secondary ones, or the breaking apart of complex sub-
stauces to determine their essential elements. Chemical combination is
when elements form a new substance. For instance, hydrogen and oxy-
gen gases combined in the proper proportioms will form the liquid we
know s water, Decomposition is the reverse of combining elements,
Water may be decomposed and hydrogen and oxygen gas liberated by
electrolysis.

Chemical Element.—These are basic substances, of which everything
in the universe is composed. They may be solid, such as iron, zine, lead
or carbou; they may exist as a gas, such ss hydrogen and oxygen, or as
a liquid, such as bromine, Some elements combine rapidly with nearly
all the others, and some cannot combine except with certain omes. Oxy-
gen is the most active element, and will combine with many of the rest.
There are about seventy-five-of these elements, though practically every-
thing on earth may be made by various combinations of less than twenty -
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of them. The process of combining elements is known as ¢‘synthesis,’’
that of separating them as ‘‘analysis.”’ The elements which combine
together the easiest are the hardest to separate.

Circuits.—An electrical circuit is said to be an open circuit when the
current cannot flow, and a closed circuit if there is a continuous path
for the electricity. )

Circuit-Breaker.—An automatic, mechanical, electrically actuated de-
vice that takes the place of the fuse and performs the same function in
an eleetrie circuit.

Compound Winding.—A method of winding electric machines where
both series and shunt windings are incorporated.

Conductor.—A pipe is a conductor of water. If two electrically
charged bodies are connected by a piece of wood, glass, rubber, dry
eloth, paper or similar materials, there will be no passage of electricity,
but if 8 metal rod is substituted, a current will flow from the body of
higher potential to the other. In this casé the metal rod or wire is a
conductor of eleetricity. All metals and substances such as acid, water
and the various ligquids (except oils) conduct electricity so well as to be
termed ‘‘conductors,’’ though it is harder for the electrical current to
flow through some kinds of metal than it is for it to pass through others.
Copper, aluminum and silver are very good electrical conductors, steel or
iron come next in order, while some alloys, such as German silver, offer
considerable resistance to the flow of current.

Contact Breaker.—A mechanical switch for closing and opening a
circuit in rapid succession.

Controller.—A manually or automatically operated device for alter-
ing the current flow. Such a device may be interposed between a bat-
tery of an electrie automobile and the driving motor to vary the speed
and power of the latter.

Copper.—A reddish-brown metal widely used for electric wires and
terminals because of its excellent conductivity. It is employed in many
forms of primary battery as the plate of opposite polarity to the zine
element.

Corrosion.—The attack of metal parts by acid from the electrolyte;
it is the result from lack of cleanliness. )

Counter BE.M.F.—A potential difference or voltage in a circuit op-
posed to the main voltage and resisting the flow of the latter. When
charging a storage battery, the battery voltage is counter E.M.F. to
that of the charging line.

Cover.—The rubber cover which closes each individnal cell; it is
sometimes flanged for sealing compound to insure an effective seal.

Current.—The passage of electricity through any piece of apparatus
is termed a current. If the flowing of the electrical charge is com-
tinuous it is called a direct current. If the charges are not continuous
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but flow always in thesame direction it is termed a *‘pulsating’’ cur-
rent. If an electrical charge flowing in one direction is followed by
another charge flowing in the opposite direction, an *‘alternating’’ ¢ur-
rent is preduced.

Cutout.—An electro-magnetic mechanism that automatically per-
forma the same function of opening & closed circait that a hand-operated
awiteh does.

Discharge.—The flow of elactric current from a battery through a
cirewit. The opposite of ‘‘charge.’’

Distilled Water.—The condensed water vapor or steam obtained by
cooling vapors given off from boiling water. This will remove the im-
purities, such as salts, etc. These remain in the still as residue, only
chemically pure water being vaporized.

Dynamo.—An eloctrical machine oapable of producing current and
distributing this current as desired, providing the current is sufficiently
strong to overcome the resistance to its motion of the parts comprising
the external ecireuit.

Electrolyte.—The fluid in a battery cell, consisting of specially pure
pulphurie acid dilated with pure water in some cases and an alkaline
solution in others. -

Elsment.—One positive group and ome negative group with separa-
tors, assembled together,

Electric Contact.—The joining of two conductors so a current can
pass from one to the other,

EBloctrode.—The terminal of any open ecircuit.

Electrolysis.——The separation of a chemical compound into its com-
stiteents, by the action of an electric current. It cannot take place
unless this eompound is & conductor of electricity,

Electro-Magnet.—A bar of iron magnetized by passing a current of
electricity through a coil of insulated wire wrapped around it. When
the current is interrupted the ironm bar or core piece censes to possess
magnetie gualities,

Electrical Distribution.—The actlon of an electrical machine in regu-
lating the distribution of electricity may be considered to be the same
as that of a pamp which takes water from one tank and supplies it to
another at a higher level. If for these reservoirs we consider hodies
inpulated from each other, we can, with an elecirical gemerator, take
electricity from one that has been overcharged and supply it to another
which is undercharged.

Electricity.—A force that no ome knows the exact nature of. To
form some conception of this force, it ie well to consider that we are
able to place various bodies in different electrical relations. A stick of
sealing wax or & hard rubber comb rubbed on a coat sleeve will attract
bits of paper, feathers and other light objects, The sealing wax or rub-
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ber is said to be charged with electricity which has been produced by
friction against the eoat sleeve. FEleetricity may be produced by me-
chanical, chemical or thermal action.

Blectrical Charge.—Any body charged with electricity may be con-
sidered one whose surface is supplied with either an overcharge or
aodercharge of clectricity. The overcharged body always tends to dis-
charge to the undercharged bedy in order to equalize a difference in
pressure existing between them.

Pilling Plug.—The plug which fits in and closes the orifice of the
filling tube in the cell cover.

Flushing.—Replacing electrolyte in lead-plate cells with aeid instead
of distilled water.

Flooding.—Overflowing through the filling tube. With the ususl vent
this esn oecur only when a battery is eharged with the filling plug ount.

Freshening Charge.—A charge given to a battery which has been
standing idle, to insure that it s in a fully charged condition.

Porming.—The process of making storage-battery plates from lesd
sheets by 8 series of charging and discharging operations.

Fuse Box or Fuse Block.—A non-conducting container for safety fuses,
usually of poreelain, slate or marble.

Fuse.—An electrical safety valve to prevent zn overload or passage
of excessive amounts of current through a circuit. These are made of
fusable lead alloy wire, which melts or ‘‘blows”’ if too much current
is passed through it, thus breaking the circuit in which it is placed.

Gassing.—The bubbling of the electrolyte caused by the rising of gas
set free toward the end of the charge.

Generator Hystem.—An equipment including a generator for auto.
matically recharging the battery, im contradistinetion to a straight
storage system, where the battery has to be removed to be recharged or
coupled to an external eurrent source,

Glags.—A fused mixture of silieate of various oxides, and a very
good non-conductor of electricity if dry. Not affected chemieally by
most acids or alkali. May be made either opaque or transparent, de-
pending upon eoloring matter added. A very common, brittle substance,
widely used for storage battery and primary ecll jars, insulators and
containing-vessels for all kinds of liguids.

Gravity.—A contraction of the term ‘‘specifie gravity,”” which means
the density eompared to water as a standard.

Grid—The metal framework of a plate supporting the active mate-
rial, and provided with a lug for conduecting the current and for attach-
ment to the strap.

Group.—A set of plates, either positive or negative, joined to a strap.
Groups do not include separators.

H,0.—Chemical symbol for water.
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Hard Bubber.—A rubber compound that has been hardemed by heat
treatment so it has greater stiffness than rubber in its natural form, and
will keep ite shape indefinitely after forming. This material is very
brittle and not very strong. It is an excellent insulator of electricity,
and as it s not affected by sulphuric acid it is widely used for cell jars.

Hold-Down Clips.—~Brackets for the attachment of bolts for holding
the battery securely in position on the car.

Horse.Powst,—The accepted unit of mechanical work. The ability
to move 550 pounds one foot in one second or 35,000 pounds one foot in
one minute. An electrieal horse-power is 746 watta.

H.P—Abbreviation for horse-power.

Hydrogen—One of the basic elements existing as a gas under natu-
ral conditions. It inay be liquefied by the simultaneous application of
great pressure and abstraction of heat. Tt is the lightest known sub-
stance, The chemical symbel is H. ,

Hydrogen Flame.—A very hot and clean flame of hydrogen gas and
compressed air used for making burned connections.

) Hydrogen Gensrator.—An apparatus for generating hydrogen gas for
lead-burning.

Hydrometer.—An instrument for measuring the specific gravity of
the electrolyte.

Hydromster Byringe.—A glass barrel enclosing an hydrometer and
provided with a rubber bulb for drawing up eleetrolyte.

Induction.—The creation of a current in a ¢onductor not connected
to a source of electricity by the juxtaposition of one that is carrying the
eurrent,

Induction-Magnetic.—The magnetization of any magnetic substance,
such as iron or steel, by placing it in a magnetic field but not in actual
eontact with the energizing magnet,

Insulating T.pe.—A textile fabric impregnated with insulating com-
pound of an adhesive nature. Used to cover bare spots in insulated
wires, re-enforce ingulation, and for protecting joints where wires are
joined together.

Ingulating Varnish.—Shellac or sesling wax "isgolved in alechol, or
gum copal dissolved in ether, may be used as a varnish for insulating
purposes.

Insulator~Materials such as wood, glass, rubber, ete,, and air, con-
duct electricity so badly as to be termed insulators. What would nor-
mally be an insulator to a current of low potential may be ruptured by
a current of higher potential or pressure which ecan break down the
resistance.

Iron Oxide.—Commonly known as ‘‘rust.”’ It iz packed in steel
pockets, which are assembled into negative plates of Edisonm Storage
Battery. Expressed chemically as FeoO.
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Jar—The hard rubber container holding the element and electrolyte.

EOH—Chemical symbol for caustic potash or potassium hydrate.

Load,—An abundant and widely used metal of bluish-white ecolor,
and one of the softest and heaviest of metals. It is not acted-upon by
sulphuric acid unless an electric current is passed through it. It forms
the main part of most storage-battery plates, elther as 3 metallic lead
or a8 & lead oxide.

Yoad-Burning.—Making a joint by melting together the metal of the
parts to be joined.

Lead Oxide.—Material on plates when a cell is dlscharged according
to some theories of storage-battery action, This is expressed chemically
as PbO, differing from peroxide only because there is less oxygen com-
bined with the lead.

Tead Peroxide.—The active material on positive plates of lead bat-
teries after charging. Expressed chemically as PbO,.

Yead Bulphate.—Material on storage-battery plates when cells are
discharged, caused by absorption of sulphate from the electrolyte. Ex-
pressed chemically as Pb30,.

Lime, Slaked.—TFirst quicklime is obtained by burning limestone,
chalk or marble in kilns and afterward removing its caustic properties
by watering it and allowing it to remain in the air for a time. This is
used in battery compartments of electric vehicles to neutralize spilled
acid, as it is of an alkaline nature.

Litharge.—A yollow or reddish oxide of lead that is partially fused.

Local Action.—Wasteful oxidization of zine in a primary battery
when it is not in use, or abnormal sulphation of storage-battery plates
due to impurities in the electrolyte.

‘Lug.—The extension from the top frame of each plate, connecling the
plate to the strap or busbar.

Magnetiam.—This is a property possessed by certain substances, and
is manifested by the ability to attract and repel other materiala suscep-
tible to its effeets. When this phenomens is manifested by a conductor
or wire through which a current of electricity is flowing, it is termed
‘‘electro-magnetism.’’ Magnetism and electricity are closely related,
each being capable of preducing the other. i

Magnetic Substances.—Only certain substances show magnetic prop-
erties, these being iron, nickel, cobalt and their alloys. The earliest
known substance possessing magnetic properties was a stone or irom ore
first found in Asia Minor. It was called the ‘‘lodestone,’’ or leading
stone, becaunse of its tendency, if arranged so it could move freely, of
pointing one particular portion toward the north.

Magnetic Attraction.—If the north pole of onme magnet ia brought
bear the south pele of ancother, a strong attraction will exist between
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them, thizs depending upon the size of the magnets used and the air-gap
separating the poles. Maguets will attract all magnetic substances,

Magnetic Bepulsion.—I1f the south pole of one magnet ia brought close
to the end of the same polarity of the other there will be a prenounced
repulsion of the forcen, The like poles of magnets will repel each other
because of the obvious impossibility of nniting two influences or forces
of practically equal strength but fiowing in opposite directions. The
unlike poles of magnets attract each other heeause the force is flowing
in the same direction..

Magnetic Flow.—The flow of magnetism iz through the magnet from
south to north, and the e¢ircuit is ¢ompleted by the flow of magnetic
influence through the air-gap or metal armature bridging it from the
nerth to the sonth pole.

Maximom @ravity.-—The highest specific gravity which the elec-
trolyte will reach by continued charging, indicating that no acid remsins
with the plates.

Meters.—Most of the electrical measuring instruments depend upon
the priociple of electro-magnetism or induction. These measuring in-
struments are made in portable and switchboard types. The windings
in ap instrumeut desighed to measure current quantity or amperage
are usually of coarse wires, while the windings of an instrument to meas-
ure electro-motive foree or voltage will be of finer wire. The gange used
to measure current quantity is called an ampere meter or ammeter, while
that used to measure current pressure is a volt meter.

Mica.—An insulator of natural mineral derivation that will atand
eonpiderable heat. Not suited for use with high-potential currents, be-
cause it is apt to contain impurities of a metallic nature. Commonly
known as ‘‘isinglass.’’

Motor.—A machine that is capable of delivering current in one direc-
tion when driven by mechanical power and which will produce me.
chanical energy if electric current is passed through the winding in a
reverse direction.

Motor-Generator.—An electrical machine that may be used éither as
a current producer or for generating electricity if driven by mechanical
means, or a3 8 power producer if driven by electrical means,

Negative Pole.—The terminal of a current-generator to which the
current flows after leaving the onter eireuit.

Nickel.—A silver white malleable and ductile metal, that can be
applied to others by thin surface coating through an electro-deposition
or plating process.

Nickel-Hydrate.—A green powder used as the active material in the
poeitive plates of the Edison storage hattery.

Ohm.—The obm is the unit by which resistance is judged. TEvery-
thing has electrical resistance. Some elements have very little, such as
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& short length of good conduetor; others have so much as to form a most
effectual barrier to the passage of the current, these being commonly
known as insulators.

Ohm# Law.—The fundamental rulea expressing the relation between
voltage, amperage and resistance. It may be expressed thus: the current
strength ({!) ia equal to the voltage or electro-motive force {E) divided
by the resistance {(R), or C = E -+ R. Naturally, the voltage is aqual to
the eurrent strength multiplied by the resistance, or E = C X R. The
resistance is equal to the voltage divided by the amperage, or R=
E+C .

Oil of Witriol.—Commercial name for concentrated sulphuric acid
(1.815 specific gravity). This is never used in a battery, and would
quickly ruin it.

Oxidization.—The chemical combination of oxygen w1th any sub-
stance. Iron rust ia ferrous oxide, and has been caused by oxidization

Oxygen.~—Oune of the most active of the elements that naturally exist
a8 a gas, though it may be liquefied. Owing to its great affinity for
various snbstances, it is not found free or uneombined. The chemical
symbeol is Q. :

Pb.—Chemical symbel for lead.

Parafine Wax.—A white substance produced by distillation of crude
petroleum, and one of the best insulators known,

Pickling.—The process of cleaning metal by dipping in an acid solu-
tion. This solution is known as a ‘‘pickle.”’

Plates.—Metallic grids supporting active material. They are alter-
nately positive (brown) and negative (gray).

Polarity —A difference in electrical condition. The positive terminal
of a cell or battery, or the positive wire of a circuit, is said to have
positive polarity; the pnegative, negative polarity.

Post.—The portion of the strap extending through the eell cover, by
means of which eonnection is made to the adjoining cell or to the ear
eireuit.

Positive Pole.—The terminal of a current-generator from which the
current is intended to flow to the outer circuit.

Potassium Hydrate.—An alkalire aubstance combined with water to
gerve as the electrolyte in the Edison storage battery. Commonly known
as caustic potash. Expressed chemically as KOH.

Potential or EM.F. (Electro-Motive Force).—The greater the giffer
ence in the quantities of the electrical charge the greater the tendency
to reach the state of equilibrium. This difference in electrical condi-
tions, or amount of eleetrical charge, is termed ¢‘difference of poten-
tial,”’ and high or low potential, or ‘‘electro-motive force,’’ in any
electrical aystem indicates a large or small difference of charge or elee.
trical condition at different parts, This is measured in_ volts.
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Rectifier.—Any device capable of changing alternating current to one
baving the properties of direet current.

Resigtance.—Material (usually lamps or wire) of low conductivity
ingserted in a cirenit to retard the flow of current. By varying the
resistance, the amount of current can be regulated.

Resistance, External.—The resistance of those parts of the cireuit
outside of the dynamo or battery producing the current.

Renistance, Internsl.—The resistance of the windings of & generator
or that of the electrolyte and separators of a storage battery as distin-
guished from that of the parts comprising the outer circuit,

Resistance, Ohmic.—Resistance measured in ohms is a true resistance.

Return, or Ground.—The conductor which is supposed to carry the
current to its starting-point after it has passed through parts of the
outer circuit. In an automobile lighting, starting and ignition system
the metallic chasais frame is often used as a ““ground return'’ to the
battery. In large power inatallations the earth is actually used as a
return eenductor.

Rheostat.—A device havjng coils of different resistance that can be
brought into action progressively to control electrie-current flow, as
when charging batteries.

BRubber Sheets.—Thin, perforated hard-rubber sheets used in com-
bination with the wood separators in some types of hatteries. They ars
placed between the grooved side of the woodem separators and the
positive plate. '

Becling Compound.—The acid-proof compound used to seal the cover
to the jar.

Sealing Nut.—The notched round nut which serews on the post and
clamps the cell cover in place in Exide batteries.

8Sediment.—Active material which gradually falls from the plates and
accumulates in the apace helow the plates provided for that purpese,

Berles Winding.—A method of winding electric machines where the
armature winding is in series with the field winding. All eurrent pro-
dueced in the armature coils must pass through the field coils as well
before reaching the external circuit.

Beparators.—Sheets of grooved wood, specially treated, imserted be-
tween the positive and negative plates to keep them out of contact.

8hellac.—A resinous, vegetable subztance, soluble in aleohol, and
having good insulating qualities.

Bhort Cirenit.—A metallic connection between the positive and
negative plates within & cell. The plates may be in actual contact or
material may lodge and bridge aerosa. If the separators are in good
condition, a short circuit is unlikely to occur.

Shunt Winding—A method of winding elcetric machines where the
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armature coils are in parallel with the field coils. Only a portion of the
current prodnced in the armature passes through the field eoil

Bpacers.—Wood strips nsed in some types to separate the cells in
the case and divided to provide a spade for the tie bolts,

8pecific Gravity.—The density of the electrolyte compared to water
as a standard. It indicates the stremgth and ia measured by the
hydrometer.

Starvation.—The result of giving insufficient charge in relation to the
amount of discharge, resulting in poor service and injury to the battery.

Bteel.—An alloy composed of iron and earbon in its simplest forma.
It contains from .05 te 1.80 per cent. of carbon. It is a variety of irom
that ean be hardened and softened by heat treatment, as well as having
all the properties of iron as regards malleability, ete. It forms an im-
portant part of Edison Storage Battery elements and container.

8trap.—The leaden casting or small bushar te which the plates of &
group are joined.

Bulphated.—The condition of plates haviog an abnormal amount of
lead sulphate caused by ‘‘starvation,’’ or by allowing battery to remain
discharged for lengthy periods.

Bwitch.—A switch interposed in an electrical conductor will, when
opened, leave an air-gap in this conductor that offers so much resistance
to the flow of current that the electricity cannot pass. Closing the
switch so that the continuity of the econductor is re-established will
enable the current to flow.

Tis Bolts.—Bolts which, in some types, extend through the battery
case between the eells and clamp the jars in position.

Time Cutout.—Cutout devices which automatically break the charg-
ing circuit.of storage batteries when the current has passed through a
sufficient time to insure proper charging. A time cutout is merely a
switch operated by cloek work.

Transformer—A form of induction coil to ‘‘step up’’ or inecrease
voltage or to ‘‘step down’’ or decrease voltage. As a rule, when the
potential is increased the amperage or eurrent is reduced and vice versa.
An iguoition coil transforms a ecurrent of low voltage and strong am-
perage to one of high potential and very low amperage. A transformer
can also change high-voltage current to one of low potential and secure
an increase in amperage.

Top Nut.—The hexagon nut which, in batteries with bolted connec-
tions, secrews on the post and holds the connectors and sealing nut in
place.

Vaseline—One of the residues left after distilling off the lighter
copatituents of crude petroleum oil. Used as a coating for brass or
copper terminal serews on storage batteries to prevent corrosion or
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formation of verdigris by the chemical action of the electrolyte on the
metal. )
Vent.—S8pecial fittings placed in the cover of sealed battery cells to
allow pasaage of gas and prevent electrolyte from splashing out.
Voltage—Electrical potential or preasure, of which the volt is the
- unit, .
Watt.—A watt is a unit of quantity, or amount of electrie energy,
and corresponds to a current of one ampere at a pressure of one volt.
Thus a watt is a volt-ampere-second, and 746 watts indicate an amount
of eleetrical energy equal to one mechanical horse-power. A kilowatf
is 1,000 watts, ) .
Zine.—A silvery white metal having a crystalline fracture and
somewhat similar to lead in many respeets, though not nearly so heavy,
This material is widely used in primary batteries aa the active plate, but
is seldom made into storage-battery plates.
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CATALOGUE OF GOOD, PRACTICAL BOOKS

_AUTOMOBILES AND MOTORCYCLES

THE MODERN GASOLINE AUTOMOEILE—ITS DESIGN, CONSTRUCTION,
MAINTENANCE AND REPAIR. By Vicror W.Pacg, ML.E.

i‘ﬁhﬁmﬁﬂm bwmpletemmgse t.htlt'li% famil “t?gmbﬂe branch of th l'“"tu::-l-
e by a recog authority, familiar every e 8
mobile ind Free from techinical terms. Everythinglserqmlainedsoslmpty
that anyone svem%énwmgmm ma¥y galn a comprehenalve owl of the
gasoline automo inmrmauouisu‘f-w-dawandincludes in addithon to an
expodtion of princlples of construction and descripdon of all t¥pes of automoblles and
walua lemouay-saving hinta on the c¢are and o tlon of motor-
ors r.um:‘bp%n 1nt,ar|ml combustion engines. Among some of subjects t.reawd
might be rmen Torpedo and other symmeu-tca-l body forma designed
air reuista.wa slee\ra valve, rotary valve and other {.lﬂbee of sﬂent. motors; lncneasl.ns
tendency to tavor worm-gear power-transmission: gltcaticm of magneto
on; development of a.utolnobile elect.rlc-lt;hting ; under-
ung chassia; application rF calsolrmtemm;‘tmkaandoﬂsetcﬁtnder
motols latest automatic lubrication systems; sllent for valve opem and
change-apeed the use of front wheel brakes and many other detall refinementa.
By a careful etudy of the gaiﬁasoft.hls book one can galn practical nowl of aubo-
mobile construction that save time, money nnd worTy.  ‘The book you hlsﬁ
what t0 Go, how and when to do it. Nothing has been omitted, no detall has bee
slighted. v'ery pan of the auwmoblle ltas equipment, accessories, tools, supplles
mre parts . ete., have been ‘discussed oo prehenslvaly If you are or
beeomaa motarist. orminwmintereswdln the modern Gasollne
Automobﬂe this Is & book you cannot afford to be without. Over 850 6x9

and more than 600 new and made detall flhastrations, as well as many full-
m&ng doubl (-] plst.as. owing all part.s of t.he automobtlo. Includ.l.ns 12 la.?e

WHAT IS SAID oF THIS BOOK

It is the best book on the Automobile seen up to date.”—J. H, Pile, Assoclate Edltor
Automodile Trade Journal,
“Every Automobile Owner has use for a book of this cha.ra.ctner."—TM Tradezman.
“This book 19 superior t> any treatise heretofore published on the subject.'' —The
Inventive Age.
“'We know of no other volume that I3 50 com; lewtnalllt.scgrartmts.andlnwhjch
the wide fleld of automobile construction with its mechanical intricacies Is s plainly
handled, both in the text and 111 the matter of Mustrations. —The Molorist,
*The book 1 vet&:horoug careful examination f to disclose an; t. in
?orgnneggi:n with avbomohil Im care and repair, to have been overlool
“Mr Psﬁhas done » great work, and benefit to the Automoblle Fiel "—W C.

asford, Y. M. C."A. Automobile School, Boston, Masa.
“It.is]ust.chektnd of a book 3 motorist needs if he wants to understand his car.”-—
American Thresherman.

THE MODEL T FORD CAR, ITS CONSTRUCTION, OPERATION AND REPAIR,
By Vicror W. Pagé, M.E.,

Thia i8 & comnplete instruction hook. All parta of the Pord Model T Oar are deseribed
and Mustraied: the construction Is fully described and operaﬂn% pﬂncil?les made
clear to everyone. Ev. Fordownarnaa;lsthis ractical book oudontlmvet.o
guess about the cons herethetmublels as It shows how to take all
apart and how tolocate and ﬁx all faults. The writer, Mr, Pasé haz operated & ord
car for four years and writee from actual kmowledge. - Am the contents are:
1. The Ford ta Parts and Thelr Fubcilons. 2. The E ne and Auxiliary
Gm&m How the Eng[ne Works—The Fuel Supply Syswm he Carburetor—
. Making the Ignition Spark—Cooling and Lubrication. Detajls of Chassis.
Change Speed Gear—Power Transmission—Difterential Gear Actlon—Steering Gear
—Front Axle—Prame and Springs—Brakes, 4. How to Drive and Care for the Ford.
The Control 8 Explained—Starting the Motor—Drlving the Car—Locating
Roadside Trou Tire Re] pa.{rs—Oilhlf the Chassis—Winter Care of Car. 5. 3ys-
tematic Location of Troubles and Remedies. Faults in Ensina—Fault.s in Carburetor
—Ignition Trou o blu—Coorglngc atd Lubﬂcaﬂongg!yﬂsltargu : ecta-a—a-a\diusbmenb of
Transmisslon Gear—Gene: hassls Repairs. s ons. pages. Two
large folding plates. Price. . . . . . . .+ .+ . . .« .+ . ... 300
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AUTOMOBILE REPAIRING MADE EASY. By Vicror W. Pact, M.E.

A comprehensive, practical exposition of every phase of modern autemohile

practice. OQutlines every provess incidenml 0 mOLor ¢ar restol'atlon zlves W

ch&m ton t.ﬁebushl’ ruﬁ T%.gwh to hatinmrepair
on £AE S1) ‘e ow to overhaul s

parts of all automobiles, Everything is Iai‘lvled g0 slmply that motorista and smdelm

can uire a full workiong know) ot automobile repalrlmi ‘This work starts with

the engine. then considera earburet{o tion, cooling and lubrication systerns. The |

chiteh, change speed g and t ton system are considared in detail. Contains

instructions 1 ng all t oraﬂes.smeﬂmmmdotherw !

ﬁi:plny ta.brlgﬁ, sggl cut.sdln ng and ralea of b are glven for &he m 3‘
aing ve an mxfuewﬁming ‘“tuning” engines, systemakic

trouble, m:f-or ball and roller bearings, shop lduks, ﬁ.rst. aid to injured and a mu.It.I-

tude of subjects of Interest to all in the garage and mpmr

This book contains special insirtictions on eleciric starti h&ngg ‘mu

tire r%riw and rebuilding. autogenous welding. bmzimr and soldering, ireatmen. 0&
steel, st Hming practice, ei ht and fwe, lae-cggﬂmgr maotors, efc. 5%xS. Clot-h 1
pages, 1,000 illuscrations, 11 folding plates. . RN N

WHAT I4 SAID OF THIS BOOK:
* Automobile Repairing Made Easy '’ Is the best book on the subject I have ever sen

%ud t'hﬁ ogly book I ever saw that is of any value in a garage.”’ — Jeftrey, Martins

urg, Nel

+I wish to thank you for s me & copy of *‘Automobile iring Made Easy.' I

do not think 1t could be exoell 8. W, Gisriel, Director of Instruction, Y. M. C. A.,
Philadelphia, Pa.

QUESTIONS AND ANSWERS RELATING TO MODERN AUTOMOBILE COR-
STRUCTION, DRIVING AND REPAIR. By Vicror W. Pacs, M.E.

A practiesl self-Instructor for students, mechantes agnd motorists, consjsting of -
six lessons 1n the form of questions and answers, written with epecial reference to |
requirements of tha non-technical reader d easily erstood., lamtory j
matter relating to all branches of automobiling he subject-matter Is absolutely
correct and explained in simple language. Ir you can't answer all of the following
questions, you need this wol The answers to theso and nearly 2000 more are
be found in its pagea. Give the naime of ail important parts of an automgobile and
describe thelr functiona? Descrlbe action of latest types of kerosene mrbu.ret.oﬂ?
‘What 1s the difference between » double" l%lt.ion system and a ' dual” ignitlon
uir;wm? Name parta of an indueth wareval.ves umed? W'hat. isan
geaﬂnsmowsaﬂrmrt:grtdm“rban d roll baa.rl.ngs ﬁ th thme-
Naame all imipao YDes o and roller a "
usrter” floating axle? What is & two-s axle? What la the Vulcan electric gear
t? Name the causes of lost power in automobiles? Describe all nolses due to
deranged mechanisrn and g‘lve causes? How can you adjust & carburetor by
color of the exha eeﬁases t causes  popping” in the carburetor? What tools
and sugplles are needed to equ.Ip a m? ow do you drive va.rious makas of cars?
‘What and where Is It used? o different systemr of wire
wheel oonsbrucuon em em? A popular work at s popujar price 5%:? y;
650 pages, 350 Nlustrations, 3 o plates. Price N .

WHAT I3 SAID OF THIS BOOK:

“If you own a car—yget this book."—The Glassworker.
“Mr. Pagé has the faculty of making diﬂlcu]t. subjecta plain and understandable.”—

4

"é?

Brisiol Press,
“We can name oo writer bet.ter ualified to re & book of Instruction on sk
mobiles than Mr, Victor W, Pagé."—Scientific

“The best automobile catechiem that has a.ppearad uw bile Topics.
“There are few men, even with long experionce, who , will not And this book wsefal
Great palns have been taken to male it accurate. Special recommendation mmt ln
given to the lllustrations, which have been made speciaily for the work. Such
cellent books as this grestly assist in fully understanding your automoblle.”—.
gineering News.

4 .
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Just Published—A New Book on Automobile Electricity.

MODERN STARTING, LIGHTING AND IGNITION SYSTEMS. By Vicror
W. Pact, ML.E.

Thia practical volume has been written with special reference to the requirements of the
non-technical reader desiring easily understood, explanatory matter, retating to all
«types of automoahile ignition, start.ins' and lighting systems. It can be understood by
ang:it&e even without electrical wledge, use elementary eloctrical principles are

¢ pri ly stated and 1L ted le diagrama. Al the
leading systems taring, Hehting andi itton have Deemt described and tllustrated with
w-%mui me ea:pem emplo; the ma.nu acitsrers. Wirlng are
shown cal and non- hnlca All symbols are full ed. It
is 3 comprohensive review of modern st.a.rting and ignitlon system practics, and mcludea
acomplete arposit-ion of storage battery construction, care and repair. All ¢ of
ng motors, , magnetos, and all ignitlon or lighting system units are

la.lned. mss&amsofcarsalreadyinuseasweuasthoset at are t.ooome

in 1916 are conside ceg; in the aulomobile business needs this colume.
514x71%. Cloth. 530 pages, 2 Egm'atlons 3 folding plates. Price . . $1.50

uo'roncrcws SIDE CARS AND CYCLECARS, THEIR CONSTRUCTION,
GEMENT ARD REPAIR. By Vicror W, Pact, M.E.

'n:o onlsl' ecomplete work published for the mowmclisf- and c'yclecar!st Describoa
types of nmch.ines. their design, construction, maintenance, o ﬁon
ropalr treatise outlines mllllx the operation of two- and four-cy
p]ants and all ignition, carburetion and lubrication aystems in do'bn.il Descrlbes all
tative types of free engite clutches, variable speed gears angd weru'ans-
mﬂmd Gives sggmpletl?]g lnst.ruc]‘itlsons for operaun&a::d 1'311:‘1 all typee.
nsiders fully eleciric wgtarting and lightlng systems ypes frames
forksa and simws leadi control meathods For those d
information a complete series and many omulmtoasststlndesls'ningsre
focluded. The work tella how to ﬂgme m or needed to cllmb gradea, overcome ale
resistance and attailn high s L It ¢ how to eclect gear ratios for varlous
w to braking efflcl: required, gives sizea of belts and
ransmit power safely, and shows how to es[gn ots, belt pulleys, ete,
This workalw includes cormplete formulm for ﬂg'urlﬁ\_ Orge-; d
mometer tests are made, defines relative efficiency of and w. Mied engines, plaln
and anti-friction bearings and ma n{h.hm data of & practdcn.l engineering
nature. Remember that you get information in addition to the practieal de-
seription and Instructions which aloue are worth several times the price of the book.
650 pagea, 350 specially made lllustrations, 5 folding plates. Cloth. FPrice . $1.50

WHAT 18 SAID OF THIS BOOK:

“ Hearels a book t.hs.t. should be in the cycle repairer's kit,"—American Blacksmith.
* The beat-w an{lrider to thoroughly understand his machine, i3 to get » copy
of this book; worth many times 1ty price.’"—Paeific Motorcyclisl.

AUTOMOBILE AND' MOTORCYCLE CHARTS

CHART. GASOLINE ENGINE TROUBLES MADE EASY—A CHART SHOW-
ING SECTIONAL VIEW OF GASOLINE ENGINE. Compiled by Vicror
W. Pact, M.E.
R shom el o of o ksl oy, e sngag o e S e
rengements apt to interfere with smooth engine operation.
Valuable {0 students, motorista, mechmﬂcsmrm . garagemen, automoblle sales-

men. chau.ﬂeum. motorboat owners, motor- and tractor drivers. aviators, motor-
c{ all others who have t0 do with gasoline power lants.
simp‘].lﬂas location of all engine troubles, and while §i e invaluable to the

beuaedwadvantagebythemome pert. ould be on the walls of

g\erery publ.lc and ﬁvaﬁ% ar o? w&gﬁ repale ssrlnld@iﬂcllub houso or scholggﬂ c}t, can
t.muble manifests Ptaelf o5

onal view of engine ia  complote review of all motor tmublas It gmpamd

%ym mﬁa‘lﬂt lor s H who mot-g}'m hgggginfomuon ftor the mmﬂr i ng.

L T S
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CHART, LOCATION OF FORD ENGINE TROUBLES MADE EA.SY. Com-
piled by Vicror W. Pack, M.E.

This shows clear sactional views depicting all portions of the Ford power plant and
auxiliary grou It. outlinea clearly all parts of the &, Tuel sup&ly gystom, lgni-
tlon grou syst:em that. are apt to give trgub e, det.aujng emnsemalm
that are able t.o s an engin wer, start work hmnﬂargr
chart is valuable to students, owners. and drivera. as it. simpliﬁes location of alf engine
faults. Of great advantage as an instruetor for the novice, It can he used equally well
by the more expert as a work of referonce and review. It can be carried in the tool-
box or pocket with ease and will save 1is cost in labor ellmmated the drat t.ime engine
trouble manifests itself. Prepared with special referemce to the average man'’s needs
and is a practical review of all motor troubles because it 1s based on the actual ex-
feﬂenoe of an automobile eng'inaer-mechanic with the mechanizm the chart describes
enables the non-technical owner or o tor of a Ford car to locate engine de-
rangemont,s b{ g¥atematic seanch guided easll recognlzed symptoms instead of by
guUesswOrk. makes the average owner indepandent of the roadside repalr shop
when touring. Must be seen to be appradated. Siza 25238 inches., Printed on
heavy bond paper. Price . e s o+ a4 4 4 4 . 20O6ocents

CHART. LUBRICATION OF THE MOTOR CAR CHASSIS. Compiled by
Yicror W. Pack, M.E,

‘This chart presonts thegla n view of & typical six—cylinder chassia of standard deslgn
and all part.s are clearly indicated that dermand oll, the frecquency with which they
must be lubricated and the kind of oll to use. A practical chart for all Interseted in
motor-car maintenance, 9ize 24x38inches. Price . . . . . . . 25cents

CHART. LOCATION OF CA.'R.BURETION TROUBLES MADE EASY., Com-
piled by Victor W, Pacg, M
o e o e 2 : gl B L R e 2t
foches. Price . . . . c e e e e s s . 25 cenby

CHART. LOCATION OF IGNITION SYSTEM TROUBLES MADE EASY.
Compiled by Victor W. Pach, M
In this diagram all partsof a t douhle Ignition system using bat

and magneto
current are shown, and estions Iven for readily ﬂndmg lsnit.ion tmublessnd
ellminating them when f%%i Size 24):.958 inchea. Price . 25 can

CHART. LOCATION OF COOL]:NG AND LUBRICATION SYSTEM FAULTS.
Compiled by Vicror W, Paqg, M
e et e ﬁ&&““':mz%‘.m:m%mﬁrmgw,wm

for curing a. overheating and loss o or faults due to faulty action of the oﬂlns
or cooling group. Size 24x38 Bglea - 14

CHART. MOTORCYCLE TROUBLES_MADE EASY, Compiled by Vicroz

r

W. Pagg, M.E.
A chart showing sect.ional view of l&-cylmder ne engine. This chart
simplifies location of Welrs] lant. troubles. single-cylinder motor is ahown for

simplicity. It out]ines stinctly all parts lishle t.o give trouble and also details the
derangements apt to interfere with smooth engine operation. ‘This chart will prove
of value to all who have to do with the operation, repalr or.salaof mﬂtomyclm. No
details omitted. Size 30x20 inches. Price . . . 206 cents

BRAZING AND SOLDERING

BRAZING AND SOLDERING. By James F. Hoparr.

The only book that shows you just how to handle any job ofbmsingor solderi that
COIes al slt-bellsyouw tmjxtumtou.se ow to make a furnace if noe.

h
Full of valuable kinks, fifth edition of this book has just been pub shui.andw
it.muchnewmatwrandalaxganumberqfteswdfmmulmforsukindsotaoldmand
fuzes have been added. Il e e 4 s s w s s ou_e nos s 30 conts
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CHARTS

GASOLINE ENGINE TROUBLES HA.DE EASY—A CHART SHOWING SEC-
TIONAL VIEW OF GASOLINE ENGINE Compnled by Vicrorn W. Pagg.

It showa clearly all of a typical four-cy of the foun-cycle
type. It oullines tly all parts }ia.ble to give tmble :gglne also detalls tho de-
rangementa apt to Interfere with smoo!

¥aluable to students, motorists, mechan.ics n. garagemen, automobile sales-

men, c.hnu.ﬂeun, motor-boat owmers, motor—tmck and tractor drivers, aviators, motor-
all others who have to do with gasoline po
mpnﬂes location of all engine tmubles. and while 1t. wﬂlp m\re invaluable to the
ttmbeusedtoa.dvantaseby emoree uld be on the walls of
every publie and private ub h school It can
be carried the automol eorpocket.wltheaseandwﬂl a@n.lnst.]ossoft.ime
when engine troithle manifeats itsalf,
This sectional view of engine is & oomplet.e roview of all motor troubles. It is
by a practical motorist for a.l.lwhomotor Nodetallsonﬂtted.. S%’; xis
€8, + . 4 s & s 4w . 4 o+ a I L

LUBRICATION OF THE MOTOR CAR' CHASSIS.

This chart prosents the 1]]J]la::l view of a typical slx-caLH(.’tlder chassls of standard design
and all parta are clear] that demand o!l the frequency with which they
must be lubricated and the Idnd of ol.l to use. chart for all interested In

motor-car matntenance,  Size 24x38 inches. Prioe e« s s s =+ 20 cents

L Nis s Al vaeia of & ergeo) STemsure-fasa Toa) supply eyatem and
v
canses of mu?)?: howpto lo?mt?e efocts ancl mea.ns of rem&%?iglsy Size 2%‘::?3
inches, Price . e e e . . .. . R cents

LA L ElL cart it pats of & ixpical o %R?&Bu‘ﬁﬁymm%ﬁ%s&w magnoto
In c 8 & typlcal double us a and
curnen suggastions for readily findi ng bles and
eljmlnsﬁgggm wheg found. Size 24;‘;&611;131?:3 Prl%e ls'n.ltuion m%b cents

LOCATION OF COOLING AND LUERICATION SYSTEM FAULTS.
hls composite chart shows a typical automobile power plant using Gpump cireulated
gyatem and the mogt popular lubrication method. ives euggestions
ﬂor curing all overheating and loss of g_)lwer faults due to faulty action of the olling or
cooling group, Slze 24x38 inches. s 4 e e e o+ 4+ .+ 2B cents

MOTORCYCLE TROUBLES MADE EASY—A CHART SHOWING SECTIONAL
VVIEW %FPSHE'GLE -CYLINDER GASOLINE ENGINE. Compiled by
icToR W. Pag

This chart simpllfiee location of all power-plant troubles, md will prove invaluable to
all who have to do with the operatlon. repal.r or sale motomycles No detaila
omitted. Size 25538 loches. Price, . roe e . . RG cents

LOCATION OF FORD ENGINE TROU'BLES MADE EASY. Compiled by
Vicror W. Pasg, M.E,

This shows clear sectional views depleting all portions of the F wer plant and
auxliary groups. It outlines cleaﬁy all” parts of the fl.lelpo pp lf gystom,
gnition group and coollng system, that are apt to glve trou
ments that are liable to make an engine lose power, start ally
chart 1s valuable to students, owners, and drivers, as it almp]jﬂes location of all engine
faults. Of great advantage as an instructor for the novice. it can be used equally well
by the more expert as & work of reference and review. It can be carried in the tool-
box or pocket with ease and will save lts cost, in labor ellminated the first td.me engine
t-mubla manifeste ltself. Prepared with speclal reference to the avorage man's needs
and Is a practical review of all motor troubles because it is based on the actiua] ex-
Peﬂonee of an antomobile engineer-mechanic with the mecha.uism the chart describes.
t enables the non-technical owner or o tor of a Ford car to locate engine de-
rangements by systematic search, guided by easlly recognized symptomas Instead of by
Ehon tousing. | Masybe et to o pprecwn?rat.lof'&d Do Baxs tasen Brdatea o henry
when . Been o £, on heavy
bondpaper.Prioe................chenu
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MOD%;{N %U'.BMARINE CHART — WITH 200 PARTS NUMBERED AND

A cross-section view. ahowingcleatly and distinctly all the interfor of a Submarine of

the lateat tg?e You get m. nformat.lon from this chart, about the construction and
operation Subma.ﬂn t.ef other way No dataﬂ.s omitted

{5 acecurate and to scale. absolutely correct detall, ha been,

by Naval Engineers. A]lt.h machineryxmddevioesﬂtwdina Jubmarine

¥ing mo
Bre ahownlnoperaﬂve form, wlthO &nd in the act of the duties
a.ssgn in nad.ition.s. This OHART IS RE Y AN CYCLO-
TA OF ABUBMARINE., . . + . + + + + o + + &« + +« 25 conta

BOX A h&tEsh wggth ol f a bo. havl.ngwm ftha bered and
¢ & anatomy of a box car, pa.rb
its proper oname glven in argf Ust. O mnumss cents

6o AochLerszh wing the mT' £ & gondola car, having every part of the bered
ton s
and its pmciser refarencs namj;%l\%egol; a mcar i ca.r nsgm“n“

PASSEN GER-CAR CHART.

hart showing the anatomy of a havingavarywtofthewnumbuvd
and its proper name given in a NJGIWCB Ezt. .« 35 ce

STEXL, EOPOER BOTIOM COUY CAR: .oy o o, i gt
of:he cagn%mbergd agﬁﬁttg%goperanm% s‘lvenin aret'ferenoel.ist - .v!ns. 25 cents pac

TRACTIVE POWER CHART.
A chart whereby yout can find the tractive lﬁfwer or drawbar pull of any locomotive

wuhout malm:g Agure. Shows what. cy ders are eq and
Soct 1ho power, ensineyou needtoexertmaven drawbar
pu]loranyt.h.l.nsyou desf.remthisline. . s v s e . BO cents

HORSE-POWER CHART

. Shows the horse-power of any stntlonm engine without calculation, No mat.m what
the cylinder diameter of stroke, the s pressure of cut-off, the revolutions, or
whether oondensl.ng or uon—condenslng it's all there. Easy to use, accurate, and
saves time and calculations. Especially useful to engineers and designers. 50 cents

BO]I.ER ROOM CHART. By Ggo. L. FowLER.

x28 inches—sho n isometrlc parspective the mechanisms be-

lo inamodemboiler roont. %umshown broken or removed,
t the internal constructionls glillustrs Each part is given a referencs
numberandﬂlesemr.h name, are given in a glossary printed at
the mides. ‘This chart reallya. ona.ryofthebouerroom—thena.mmocfmomthan
mmmgjm.- e W e s w s ow + 35 conis

COMPRESSED AIR

COMPRESSED AIR IN ALL ITS APPLICATIONS. By Garoner D. Hiscox.

This is the most com. letebookonthewbjectof.&ir&hathmwerbeenmw and i
thirty-five chapters include about. h.ase 01' tlla sub.iect one can think of. It may
bo called an encyclopedia .&n written by an expert, who, in its
pﬁes has dealt withthesub ina wmmhensivemmner.no of it belng
omit ncludes the phy=ical pmperties of alr from a vacuum to ita highest pressure,
fte thermodynarmics, compresgion, transmission and uses a3 a motlve power, in the
Operation of Staﬁonary and Portable Machinery, in Mining, Air Toola, Air Lifw,
Pun:iplnﬁsgr Water, As and Oils; the Air Blast for Olenninﬁ Painﬂng' the
and its Work and the Numerous Appliances in whi A.Ir i
Bailway Dropusion. Hefrisaation. and the. Vet °%P°"Z§ %&’W‘M m.m"f{"i“f
ulsion eratlon, an B us Uses t0 W i

bas been applled. Ineludes fotty-four tables of the rP Pro; of alr,
comprossion, expansion, and volumes required for ous kdnds of work, and a st
of patents on oompmesed ai.r from 1875 t0 date. Over 500 illustrations, Sth Editicn,
l’e&andenlarsed. Cloth bound, 36.00, Half Morocco, price ., . . . $£68.50
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CONCRETE

JUST PUBLISHED—CONCRETE WORKERS' REFERENCE BOOKS. A
SERIES OF POPULAR HANDBOOKS FOR CONCRETE TUSERS.
Prepared by A. A, Hougrrow, . . . . . . . . + + . Ea.el:bOoenu
The author, inpr?armathiasm.e Msnotonmmtedonﬂwamny so{
but explaing and tllustrales molds and systems thal arc not gwl t which are equa?
in value and often superfor to those restricted by musaremymﬂf and

cheaply consiructed and embody simplicily, rap& operatian and the moat successful
resul .'sym the molded concrete v Eagh b;hese Io'er books iz fully illustraled, and {he

jects are exhausti rreatedmp!an Enaiisk
CORCRETE WALL FORMS. By A. A, HougeTON.
A new automatlc wall clamp is [lustrated with drawings., Other types of
wall forms, clamps, sapa.ra. et.cm are also fllustra and erplained
(NolofSerles}. . .. e e e e e e e « « B0 cents

CONCRETE FLOORS AND SIDEWALKS By A. A. Hovagnron.

The molds for hexagonal and other atyles of mosalc ﬂoor and
adewalk blocks mdmﬂiﬁy;ﬂustnwdanderphmed o.20of Berles) . . 50 ce

PRACTICAL CONCRETE SILO CONSTRUCTION. By-A. A. HougHTON,

Comy wi dra and s tions are given for several styles of concrete
silos, mwm mmmmm%m fomthjc am:l?)1 lock stioa, The gbles, data, and
information presented in this hook are of the utmost value in plann.l.ns and con

all forms of concrete gllag. (No. JofBeries) . . . . . . +« B0 conts

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A. A.
HougHETON.

The manumdme ot all of concrete slate and roof tile is fully treated. Valuable
data on all forms orced concrote roofs are contained wi ita The
construction of eonmte chlmneys by block and monol.lthjcsysbems runl} ﬁiustmt.ed
and daecrlbed A oumber of o as{gnﬂ muey construction with molds
are shown in this valuable trea.tme (No 4 erles « + s v o+ 1+ s BO temts

MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. HoucHron.

The propW of cement and aggregatea for various finishes, also the method
of thoro l{is and placing in the molds, are ru]ly treated. An exhaustive
treat &ise on ] subject that every wna'ete worlmr wil.l ot dni.ly use a.ndso valute

. h e e e . ' . v . . . cents

CORCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. By A. A,
HoUuGHTON.

Thr,moidlag of st mmimais o (i et L Smel o
w 0 -
aerlptiom and deslgns are also fully treated. n(ﬁ « o« .+ GO cents

MOLDING CONCRETE BATHTUBS, AQUARIUMS AND NATATORIUMS.
By A. A. HovagToN,

Simple molds and Instruction are given for m ma les of concrete bathtubs,

L -pools, ete. These moﬁs ea.slly an::lly ﬁ‘e?ml rapld and suoeesgfui

work. (No.7ofSeries.} . . . + .+ . . . 0 cents
CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. HoucnmroN.

m! { ornamental concrete b with lustratio f molds A

i ?:ire genwr orectzam for brl: verts and sewers tl;s n?uymo sare wlth de=

Instructions for building, (No.SofSerlea} . . . . . . . . BO eents

CONSTRUCTING CONCRETE PORCHES. By A. A. HovauToNn.

A ber of designa with working drawings of molds are fully explained so any one
h oas ¥ comatruct différent st.yles of ornamental concrete porches without the pur-+
chase ea:pensivamolds. (No.gofSeries.) . « + 4 + » « +» + « BO cents
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MOLDING CONCRETE FLOWER-POTS, BOXES, JARDINIERES, ETC. By
A. A, HoveHron. :
;I‘all&molds for producing many orlginal dcgfms of fl ts, wrns, flower-boxes,

CATALOGUE OF GOOD, PRACTICAL BOOKS

inleres, ¢be., ave Tully Mustrated and ox sothowor ercaneasﬂ construct
and operate same. (No. 10 of Serlos.) . I.J . . . y&omcenu

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS, By A. A
HovagrTon.

The mol of 5 number of designs of lawn seats. curb h.ltch.hag posta, pergolas, sun
dials and other forms of ornamental concrete for the oli'lgamen on of lawns and gar-
Idens.ismlly Mustrated and described. (No. 11 of Serles) . . . . « BO cents

CONCRETE FROM SAND MOLDS. By A. A, HoveaTon.

A Practical Work trea on & proom which has heretofore been held aa » trade pecret
by the few who it, and which will snccessfully mold every and any class of
ornamental concrote work, rocess of molding eoncret,e with sand molds 13 of
the utmost practical value, possessll) the manifold advantages of a low cost of molds,

mg rapidity of operation, perfect detalls to all ormamental designs, denslty
and lncreasad sm&%ﬂ: of the concrete, t curing of the work without attention
and the easy removsal of the molds eas of any undercumng the eslsn may have.
192 pages. Fully Mustrated. Price . . . . . . . . £2.00

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. HoucEHroN.

The process for mental conerete without molds haa | been held as s
secret, and now, for ] ﬂrst. time, this process Is given to the publiec. The book
revenie the secret and is the only book published which explains a simple, practical
method whereby the concrete worker is enabled, by emplo; wood and metal tem-
%lat.es of dilferent designs, 1o mold or maodel 1n concrete any Cormice, Archivolt,
olumn, Poedastal, Base Cap, Urn or Fler in a monolithic form—rlght. upon the b?cbb
These may be molded in units or blocke, and then built up to sult the specl.ﬂca
demanded., This work is fully illustrated, with detatled Sngravings. 22.00

COKRCRETE FOR THE FARM AND IN THBE SHOP. By H, Couwv
CamrpeLL, C.E., EM.

i Oonu&et,g fo:l"lti)]}e Fal;m gigmsiﬂllalShop" is & new bookr fro cover to COTOr, u%imat; :
and describing In pl e language many ol enumerousaplleaons
c%%crel:.a within the range of the home worker, Among the subjects treated 2
Principles of reinforcing; methods of prot.ecu concrote a) a8 to Ingure proper ha.n:len-
: home- mixers, mixng by hand and machine; fom gcfmst,ruction deu:rlbed

:md ﬂlusu-at,ad b wings and photographs: constra
fences; concrete co t.s. concrete gate post.s corner posta; clothes l.ine m
grape arbor posi troughs: cisterns; wallows: feechng floors and

yard mvemams found,auons well curbs and le ‘orms; indoor floors; sidewalks
concrete hotbeds and cold frames: concrete slab roofs: walls for

leaks in tanks and cisterns: and all t.opﬁcs associated with thesa subjects

upon securlng the hest results from concrete are dwelt upon at sufficient Ienxt.h in plain
every-lay English so that the inoxperlenced person desiring to undertale & plece of
concrote construction can, by following the directlons set forth in this boolc, sectre 100
per Cent BUCcess avery time, ‘A number ofoonven[cnt and practical tables for estima
quantities, and some pract.lml axamplﬁs are a g‘lven (5;7) 149 pages, 51
lustrations. Price . . . . I iR

| POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By Mryron

Thls s a ooncl.se treatise of the prlw:lples and methods employed [n the manufacture

and use of cement in all classes of modern works., The author has brought together
in this work all the sallent matter of interest to the user of concrete and its many
diversified ruﬂ) ucts Tha matter 1s presented in | I and systematic order,
written, y 1l and free from Involved mathernatics. Ewveryt of value to
the concrete user is glven including kinds of cexnent employed in construc , concrets
architecture, inspectlon and testing, waterproofing, cotoring and painting, rules ublu,
worklng and cost data. The book com rty-tl'mae chapters, as follows
Introductory. Kinds of Cements and How They are Made. Properties. Tastln;
and Requirementa of Hydraulic Cement. Concrete and its Properties.  Sand, Broken
Stome and Gravel for Concrete. How to Proportion the Materials, How to Mk
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and Place Concrete, Forms of Concreto Construgtion. The Architectural and Artistic
Possibllitles of Concrste. Concreto Residences. Mortars, Plasters and Stucco, and

How to Use them. The Artistic Treatment of Concrote Surfaces. Concrote Bullding
Blacks, The Makdng of Ornamental Concrete. Concrete Plpes, Fencos, Posts, #tc,
Easentia] Features and Advantages of Reenforced Concrete.  How to Deslgn REeen-
forced Concrete Beams, Slabs and Columns, Explanations of the Msethods and
Principles tn Deslgnlng ‘Reenforced Concrete Beams and Slabs. Systems of Reen-
forcement Reen!orwiConcmtelnFactoryadGenera Bullding Con-
struction. Concrew in Founda.t[on Work. Concneta Retaining Walls, Abutments
and Bulkheads, Concrete Arches and Arch Brld Concrete Beam and Girder
PBridges. Concrete In Sewe e and Drall Concrete Tanks, Dams and
Reservoirs, Concrete Sldewal Curbs am Pavements Conerete in Rallroad Con-
gtructions. The Utllity of Concrete on the Farm. The Wate rooﬂns of Concrete
Btrueture. Grout of Liquid Concrete and Its Use, I ion of Work. Cost
of Concrete Work., Some of the apecial features of the book are: 'I‘he Attention
Treatment of tho Problem of W ferprooting Concrers, ek B 1t At
ment of the om of Wy My n Excellent Summary of
Usetnl Tobles Biven, 4 valusbie &dattion s dho 11 Q‘QES,"‘}’“%""’ 0“5“ ”“‘? 2hd
es given. uable on -] o ery Oement an
Concrete User, Price . . 33.60

T

WHAT I3 SAID OF THIS BOOK:

“The field of Concrete Conatruction 1s well covered and the malkter contained is well
within the underst-anding of an);rperson "“—Engineering-Coniracting

*Should be on the booksh every contractor, englneer, and ‘stchitect In the
land. —Naﬁonal Butider,

WATERPROOFING CONCRETE. By Myron H. LEws.

Modarn Methods of Wat.er% roofing Concrete and Other Structures. A condensed

slm-emant of the Prineiples, Rules, and Precautions to be Obaerved in Waterp

fod and Dampprooting 3t n.lcw.res and Structural Materials, Paper binding. Il.lﬁt.lat.ra. %
e . . . . cen

DICTIONARIES

STANDARD ELECTRICAL DICTIONARY. By T. ('Conor SLoANE.

indispenasble work to all Interested In electrical sclence. Suitable alilke for the

student and &ofeﬁlonal‘ A practical handbook ol’ reference containiog definitions of

5000 distinet words, terma and phrases. definitlons are terse and concise

and Include every term used in electrical sclence Recentl issued. An entirely new

aditlon. Should be In the on of all who desire to koep abreast with the ﬁrogreas

?-lto this branch of aclence. pmplete, concise and convenient. 652 pages. 3903 Iwaora's
ns. Price

L T T !

DIES—METAL WORK

DIES: THEIR CONSTRUCTION AND USE FOR THE MODERN WORKING OF
SHEET METALS. By J. V. WooDWORTH.

A moat useful bootlt, and one which should be in the hands of all ed In the
worldng of metals; mat.ingh on the Designing, Constructin sﬁ and Use of Tools, Fix ures
and Devices, wgether with the manner In which they should be used in the Power
Pross, the chesp and ra edpid production of the t variety of sheet-metal articles
now in use. guide to the production of sheet-metal parts at the
minimum of oost wit-h the maximum of output. Tho hardening and temperiog of
tools ndtheclasmofworkwhichmaybe uced to the best advantage by
the use of dies In the power press are fully trea Tts 505 [uustrat[orss show dl:
presa fixtures and sheet-metal working devices, the descriptions of which msoclearan
practic.al that all metal-working mu nies will be abie to understand how to desi
constmct and use them. Many of the dies and press fixiures treated were of
constructed the author or under his supervision. Others were built by slu]rul
mechanics ms are In use In large sheet-metal establlshments and m.achi.ne shogs
SthEdiflon. Price. . . + +» « + + + - . [
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PUNCHES, DIES AND TOOLS FOR MANUFACTURING IN PRESSES, By
J. V. WooDwoORTH.

This work 1s a companion volume to the author's elementary work entitled '*Dies, Thedr
Construction and Use.” It does not g0 into the detadls of die- to the extent of
the author's previous book, but glves a comprehensive review of the eld of operations
carried on by prasses A la-rge part of the information glven has been dm from t.ho
author's experience. It ht well be rmad Encyclopedia of D)
Puncn-l\famng Die-3inking. Sheet-Metal Working Making of Special Tools Sub-
Devices and Mechanical Oomhlnataons for fl’unch.inﬁ()ut-ttns, Bend| orm
ng, Plercing Drawlag, Comb mbling Sheet Parta, and
cles of other Materials in Machine ools 2d Edition. - [ 84.00

DROP FORGING, DIE-SINKING AND MACHINE-FORMING OF STEEL. By

» V. WoopWoRTH.

This is » practical treatize on Moderm Shop Practice, Proceeses, ethod.s. achbns
Taols, a Dﬁtai t.rea.t.ing on the Hot and Cold Ma.chjne-l"ormjng ftee] and Iron
into Finlshed togFO with Tools, Dies, and Mac! elg involved in the

ca Trﬂ[s and Cold Pressed Parts

manufacture 01' Du ngs and Inberchnngeable Hot
from Bar and Sheet demand of long for informatdon
ed drop-forglngs, die-sin]d a.nd mschina—forming of xmd the shop

regal
practice Involved, as it actunlly exisus in the modern 1 shop. The processes
dle-slnling cf;m ustrawd 1n this

aof and orce-mak:l. which are thoroughly
admirable work, are rarely to be fonnd explained in such a clear and
as is here set, forth. The process of dlesnking relates to th sinkmgot
the female or lower dies, such as are used for dro) l'or%:lngs, hot md cold machine
forging, swodging and the press working of msbag he process of force~-maldng
relates to the enpgraving or ralsing of the maleorup diea wsed 1 roduclngtho
lower dies for the prm-formlng and machine-forging of duplicate
In additlon to the arts above mentioned the contalng expleit informa.t-ion ™
ﬁrd[ns tha drop-forging and h%crda hﬂantis mgjaaizng. ﬁor:&ilt';:lo?. aqulpma&:;tgm drop
, o ng machines, e machine ng. hy . Bl
welding and practice. The book contalna eleven chapters {nformation
oontained in thwe chapt.ems is jnat what will prove most v uabfe to the forged-motal
worler. h:ll}m jona descri in the work are thoroughly Musirated by means of
Bfrspactive -toned and outline sketches of the mach.lnery employed. Sg[l detailed
ustrations. Price. . . . . . - . . . e . . 3350

DRAWING—SKETCHING PAPER

PRACTICAL PERSPECTIVE. By Ricaarps and COLVIN.

Shows just how to make all kinds of mechanical drawings in the only practical pee-
apective sometric. Makes everyvthing plain so that any mechanie ¢an underscand
a sketch or drawing In this way. Saves time in the drawlog room, and mistales In the
ahops. Contains practical examples of various classes of w . 4th Edition. 50 cents

LINEAR PERSPECTIVE SELF-TAUGHT. By Herman T. C. Knaus.

This work gives the theory and practlee of linear perspective, ag used In architectursl,
engines mlz echanical drawings. Persons ta up the atudy of the subjoct
hy t-hems elves wﬂl be a.ble, by the use of tha lnst.ruct on given, to readily grasp the
subject, and by r e p b tive draftsmen. 'I'{uaarmso-
ment of the book issood theplateisonthe ﬂs— nd, while thedesm'ipﬁwtut
follows on t.ha opposite e, 50 as to be readily referred to. 'he dra am
sufficlently large scale t0 show the work clearly and are plainly figured. ere ks
included a self-explanatory chart which gives all informatlion necessary for the t.hnrough
understanding erspective. This chart alone ia wor'lsh many lﬁmﬁs over the price of
the boolks. 2d Rev and enlarged Edition. . . Ve s . 3250

SELF-TAUGHT MECHANICAL DRAWING AND ELEMENTARY MACHINE
DESIGN. By F. L. S8vuvesteEr, M.E., Draftaman, with additions by Emk
OBERg, associate editor of * Machinery. ”

Thiz iz a practicat treatize on Mechanical Drawing and Machine Design, comprixing
the frst principles of geometric and mechanical drawing, workshop mathematics,
mechanica, strength of materials and the calculations and design of machine details.
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The author's alm has been to a.da.pt this treatise to the requirernents of the practical
cm:ld oung draftsorman and to present the matter In as clear and conclee a
manner ble. To meet the demands of thiz class of students practl all tha
lmport.ant elementa of machine d ve been dealt with, and in addition braic
formulas have been lained, and t elements of onometry treated in the manner
best guited to the of the praclslml man. The k is divided into 20 chapters,
Inmnsinsthe material, han.lcald nﬁgpure and simple, has taken

has been
u#h ersw.nd.lnﬁ of the of representing objects facﬂ.ita.tes
tﬂ)e further study mechanical sub h.ls is foll 33 engmtliiamntics nm
w

sary for the solution of the problems ln machine hich are presented later,

a practical introduction to theoratical mecha.n.lcs Y the strength of materiala. The
varlous elements eptering into machlne desl%l a8 cams, gears, sprocket-wheels,
cone pulleys, bolts, screws. couplings, clutches, shafting and fiy~-wheels, have been
tl‘eatalinsuchawa{ e possible the use of the work as & text-book for a
continuous course o swdy It is easily comprehended and assitnflated even obg
students of Umited previous training. 330 pages, 215 engravings. Price . . $8.

A NEW SKETCHING PAPER.

A new ¥ ruled pa 0 enable you to make sketches or drawings in isometric
ve wlthout or . It 13 being usad for shop detalls as well

aa for assembly drawlnss. a4 it makes one sketch do the work of three, and no workman

can help seeing just what is wanted. Pads of 40 sheets, 6x9 mchaa. ‘a5 eenta,

of 40 aheets, 9x12 inches, 50 eenis: 40 sheets, 12x18, Price v e - o+ . Bl.00

ELECTRICITY

ARITHMETIC OF ELECTRICITY. By Prof, T. O’CoNoR SLOANE,

A practical treatise on electrical cateulations of all kinds reduced to a serles of rmlos, all
of the slmplest forma, and involving on]g ordinacy arithmetic; each rule illustrated
by one or more tieal problemes, with detalled =olution of each one. ‘This boolk 18

classed among the most useful works c{mblishad on the eclence of electriclty, covering
a! it doea the mathematics of electri in a mannet that will attract the attention
of those who are not famillar with algebralcal formulas. 20th Edition. 160 e

COMMUTATOR CONSTRUCTION, By Wu. BaxtER, JB.

The business end of any d o -or motor of the direct current t; iz the commutator.
This book goes into the eslgning, bullding, and malntenance of commutatora, shows
how to locate troubles and how to remedy trhem everyone who l‘usses with dbyna

needs this, 4th Edition . . . . . niy

DYNAMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A FIFTY-
WATTDYNAMO, By ArtaurJ. Weep, Member of N. Y. Electrical Society.

A practical treatise showl lllaf o detall the construction of a small dynamo or motor, the
entire machine work of w! bedoneon a small foot lathe. Dimensioned working

dra are piven for each plece of machine work, and each operation is clearly
describex.  This machine, when used as a dynamo, has an output of fifty watia; when
usedaaamomritwﬂldﬂveasmalldriuprﬁssorlabhe It can be ussd to drive a

sowing machine on any and all ord work. The book 1a illuatrated with more
than slxty original engravings showing t. e actual construction of the diﬂerrent. parta.
Among the contents are pters on: 1. Fifty-Watt Dynamo. Bide B
ods. 3. Field Punching. Baarings ‘5. Commutator. 8. Pu.lley 7. B
Holdara. 8. Connectlon .9 Armature Shaft. 10. Armature. 11. Armature
Winding. 12. Fie]d Wlndlng. 13. Conneeting aud Starbl.ng Prloe pa.per soscan(%
ELECTHRIC WIRING, DIAGRAMS AND SWITCHBOAR.DS By Newrown
ARRISON.

A thoroughly practical treatise covering the subject of Electric Wiring in all ts branches,

Including explanationa and dlagrams which are thoroughly expliclt and greatly simpli
the %ubdect. mt.lcal every-day problems in wirlng are p?asent.ad and t.hln; meghﬁ

of o ta clearly shown. Only arithmetic i3 used. Ohm’s law
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is given a simple explanation with reference for+direct and alternating
currents. The fundamental principle of dmp of ip ¢lreuite 1a shown with its
varioua at..dﬂlca.&[ons. The stmplo circuit is developed with the positlon of mains,
feeders and branches; their treatment as a part of a wiring plan sod thefr employ-
ment in house wird clem'l:lr [ustrated, Some sim le facts about are included
in connection with the wiring. Molding and condult work are given care oons[dera-
tlon; and switchboards are systematically treated, built up and illustrated poﬂuﬁ
the purposs they serve, for connection with the cireuits, and to slw.nt and com
wound machines. The sll:g)le principles of awltchboard construction, the dew
ment of the switchboard, the connectlons of the various Instruments, ncluding
Hghtnihg arrester, are also plaioly set forth.
Alternating current wiring I2 treated, with explanations of the tggwer tactor, conditions
ml]jnifor varlous slzes or wire, and a simple waﬁ of obtalning sizes for single-phase,
ase and three-phaso circults. ’l‘ﬁ o only complet-e work issued sho
velling you what you should know about direct and temat.irtuf current wirlng.
isathmet mlfelngused'rﬁm hmtr Il;mitspfﬁd hm?dndme%lhwﬂm
ari L] ou av [ , well-writ
instructive, comprehensive volume on roregemn foren{m. contractor,
.or electrician. 72 pages; 105 lllustrations, « « 31.50

ELECTRIC TOY MAK]ING DYNAMO BUILDING, AND ELECTRIC MOTOR
CONSTRUCTION. ]iy Prof. T. O’CoNOR SLOANE.

Thjs work treats of the ma.ldng at home of electrical
ynamos and instrumen eneralandlsdegﬁwgnwbﬂngﬂm‘
Emns mcl old the manuracture of genuine and
especlally designed for amateurs and young folks.
Thousands of our young people are dall erimenting, and b engaged In making
elect.rlca,l s and appaﬂftus of val ousm The preoecgf work 1a fust what 1s want-
manner,

The work

e-:l [ e much needed infortnation in a plain, Ep th illustrations

amy the carrying out of the work., 20th Editlen., Price . . . . 31.00
PRACTICAL ELECTRICITY. By Prof T. O'CoNor SLOANE.

Th].s work or 763 ases was pre own a.s Elloana 3 Electricians’ Hand Book, aud

1z Intended to make thh:ﬁs go. The entire
ﬂeld of eiectriciby is co ered wi o its pases Amons some of the subjects treated

: The Theory of the Electric Curre and_Clreult, Electro~-Chemistry, Primary
Bat.terla& Storage Batteries, Generation and Utilization of Electric Powem Ao
nal

Current, Armature Win Dynamos and Motors, Motor Generatoss,
ion of the Ceptral Station witachbqard.s Safety Ap nces, Distribution
ectm: Light and Power, Stmet. Maing, Transformoe and Incandescent

lectric Measugomonts, Photometry, Electric Rallwass, Telephon . Belk
nshlect.ﬂc—?laung, Eiectnc "Heating, W) releas Telegmphy.y:ﬁc, 1t containg uo

usecless theory; ewv to the point. It teaches Just what ou whnt to
know sboutn;lac e:ﬁy nﬁt i3 the B‘l‘-&pl?d&l’d work pub on the subject. -
one chapters, 556 engravings. Price . . . e v o+ s« BO.BO

ELECTRICITY SIMPLIFIED. By Prof. T. O'Conor Sbom

The object of "Electrtcuy Simpiifled " {s to make the subject as plain as pomdble and

to _show what the mod conception of electricity 1s; to show how two platen o

S 5 Lundle 1 r““"“’“‘*‘w}}‘e“"‘&&"b"’““ 3 mmsssage atound i iobe: 10 xpials
oW & & O r 10 Y & Btedm @ chn ')

ou.r st.reef.s to t.ellm%ac the volt, ohm and ampere are, and what hlshmna.nd low tension

and to answer the questions that cunllyartsemthamindinthh of
eleetridty. 13th Edivon. 172 pages. ustrated. Price . . . . s'ffoo
HOUSE WIRING. By Taomas W. Porrr,
This work describes and illusirates the actual Installation of Electric ng.ht. Wi

the manner in which the work should be done and the method of doing it
can be conveniently carried in the ket. It is intended for the Elect.rician, Helg:
and Apprentice. 1t solves all Wirlng Problemns and contalns no that
with lhe rulings of the National Board of Fire Underwriters. It gives just the informa-
tion essential to the Successful Wiring of a Building, Among the sublects treated are:
Locating the Meter. Panel Boards. Switches, P Rwe tacles, Brackets, Celling
Fixtums The Mcter Connections. The Feed e Stee]l Armored Cable
c'ifsu,m The Flexible Steel Condult r{st.em. The R[djg Conduit Syst.em A digest
bhe National Board of Fire U rles relating to metallle wiring
usa switching arrahgements ecxplaiued and diagrammed. The easiest method of
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testing the Three- and Four-way circults ex lalnod The nndin

wiring stems and the reason ré; sﬁo m ’ﬁ:e !mm]ation of

the metal parta of la.m fixtures and the re&son for the sa.ma described and trated.

1P2;15 paged, 2Znd Edition, re\rlsed md enlarged. Fully fllust.ra&ed Fl gg c]ot“h.
b h e s e e e e e e e e e . o cen

WHAT I3 BAID OF THIZ BOOK

“The information fiven i3 exact and exhaustive wlthoul; being too technlcal or over-
laden with details,"—Druggists’ Circular.

HOWSTO BECOME A SUCCESSFUL ELECTRICIAN. By Prof. T. O’Conos
LOANE.

veua' ang man who wishes t0 become 8 successfil electrician should read this hook.
It sinsimplehnﬁagethemt. deasielst way to bacome & snceessful electrictan.
thods of work, field of opemtion and the requirements
the successful electriclan ave pointed out and fully explained. Every young en-
gineer will ind thiz an excellent stepping stone t0 more advanced works on electricity
which he must ma.sber before success can be attained.  Many young men becoms dis-
out.st.art by attempiing to read and study books that are far
begﬂ.r;d thair oomflt_'lah servea as the con g link between the
ents taught in the public schools and the raal st.ud,v of elec{mf‘igg. It iz Inter-

from c¢over t.o cover. Highteenth Revised Edit.ion. Just 2056

STANDARD ELECTRICAL DICTIONARY. By T. 0’Conor SLoaNE.

An indispensable work to all Interested in electrical sclence, Suitable alike for the
student and professional. A practical h.andlx:mk of reference containing definitions
of about 4, distlncl; words, terms and phrases. The definitions are terse and
concise and include every term used in electrical sclence. Recently issued. An en~
tirely new edition. Should be In the possesston of ali whodesireto aepabraa.st wlt.h
the progress of this branch of sclence.  In its arrangement ceg
fs very convenlent. The word or term defined is printed tn black—fa type whlch
readily catches the eye, while the hody of the page i 1o smaller but distine The
definitions are well worded, and so as to be understood by the non~t.echnlcal reader,
The genersl plan seems to be to glve an exact, concise deﬂn.it.ion, and then amplify
and explain in & more popular way Synonyms are also given, and references t0 other
words and phrases are made. very complete and accurate index of ifty pages is
at the end ol' the \rolume and as this index contains all synonyms, and as all p
m lndexed In ev erwsonable combination of words, reference to the proper place
in the body of the k 1s readily made., It is difficult to decide how far a book of
this character 12 to keep the dlc onary form, and to what extent it may assume the
- encyclopedia form. For some oses conclse exactly worded defAnitions are needed ;
for other p more ean ed lg are req This book seels o satisfy
th demands, and d with considerabls success, Complew, concise and con-
venlent, 682 pages, 393 !].lustratlons Twelfth Editlon. Price . . . . $8.00

SWITCHBOARDS., By Wriiiam BaxTer, JE.

This book appeals to every enginesr and electriclan who wanta to lmow the cal
gide of thi It takes up sorts and conditions of d amos. conn ons and
circuits, and shows by diagram and illustration just how tehl

connected. Includes direct and alternating current boards, also those for avc iighting,
incandescent and %: wer circuits. Specla.l treatment on hish vol board.s or wer
transmission. 2d Edition. 190 pages. IHustrated.

TELEPHONE CONSTRUCTION, INSTALLATION, WIRING OPERATION
AND MAINTENANCE, By W. H. Rapcurre snd H. . Cusnixa,
Thiz book is intended for the amateur, the wireman, or the enginesr who deslres to
eatabllsh a_means of telephonic communication between the rooms of his home, office,
or shop It deals only with such things as may be of use to him rather than with

. Gives t.ho principles of construction and operation of both the Bell and Independent
instrumenta: nl):pmvod methods of installing and wiring them: the means of protecting
thern from lightning and abnormal currents: thelr conmectlon together for operation
as gerles or bridging statlons: and rules for thelr § tion and maintenance. Line
wiring and the wiring and operation of special telephons systems are

Intricate mathematics are avoided, and all apﬁr&tﬂs circuits and systems are thor-
oughly describod. The appendix contains definitions of wnits and tarms used in the
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text. BSelacted wiring tables, which are very helpful, are alsc Included. the
subjecta treated are Construction, Operat.ion and Installasion of ONne Inst:ru—
menta; Inspection and Maintenance of Tele?hone Insl.ru.ment.s Telophone Line
Wi ; Testing Telephone Line Wires and Cables: erlng Operat.ion of S]:edal
Tolepl one Systoms, etc. 2nd Edition. revized and enlarged. 223 pages.
ll.lustratiom...................81.00

' WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINED. By

ArFrep P. MoRgan.
This 5 undoubtedly one of the most co; ofplew and comprehennible ‘treatises on t.hs
subject. ever published, and & close study 15 pages will enable one Lo master all

of the wireless nsmlsslon of messages. ‘The author has filled s log;felc
mt and has sneceeded in furnishing a lucid, comprehensible & Ia.na.tion in ple
hnguageolthetheoryandpm!oeorwelesswmsphyand
Among the contents are; Introd : Wireleas Transmission and Reoopt.ion—'rhe
Aerial System, Earth Connections— he Transmitting Apparatus, Spark Coils and

Tra.mformers. "Condensers, Hellm Spark Giapa, Anchor Aerial Switches—The
Recoi and Cou % Colls,

e Varlobis Condensre. ¥
Couplers, V. ble Condensers, Dtrectlva Wave B AOua %?epam
Telephons Recefvers Re.n]g of Btatlons, Static Interference—Wireless Telephoues
found and Sound Waves The Vocal Cords and Tar—Wirelass Telophone, How Sounds
Are into Electric Wa.m—ereless Telephomas Tha Appamtus—-Sum.mry
154 pages. 156 engravings. Price - « + BL00

WHAT 18 SAID OF THIS BOOK:
*This bock should bo In both the home and school librury.”"—The Youths® Instrudot,

WIRING A HOUSE. By HerpeEatT PraTr.
Shows & house already built: tells just how to etart about wiring it; where to begin;
what wire to use; bow to run it acconding to Insurance Rules; in fact, just the informa-
tlon yoir need, Directions apply aquany to ashop. Fourth editlon’ *, . 265 vemts

FACTORY MANAGEMENT, ETC.
———— ——————

MODERN MACHINE SHOF CONSTRUCTION, EQUIPMENT AND MANAGE-
MENT. By C. E. Perntgo, M.E.

The only work publlahed that describes the modern machine eh um
plant fmm tha lg::lne tlla Rrass wing on the site in&endad for it untd.l the

product 1a careﬁﬁ tudy of its thirty-two chapters the practical man
may eoono uild eﬂ’lcl(mt.ly equ.lp. the modern machine

MBNAZe
shop or mnuta.ctuﬂns establis ment Just t.he Thook needad hy those contemplating
the evection of modern sho ngs, the rebuliding and reorganization of old o,
or the introduction of mocgm shoigﬂmethods, time amd cost ms. It ls & book
wrltt.en and IHusirated by a pract man for practical shop men who are too

to rend theoricx and want fads, the rnost complete all-around book of ita
kl.ng aver published. It is a practical bool: for practical men, from the apprectics bs
the shop to the deutt in tha office. It mlnutely describes and Dlustrates the most
almple and yet most efficient time and cost system yet devised. Price ., $5.00

FUEL

COM]gJ’STION OF COAL AND THE PREVENTION OF SMOKE. By Wux. M.
ARR.
This book has been preparad with special reference to the generation of heat by the
combustion of the common fuels found in the United States, and deals ﬁmw.hrtv
with the conditions neceesary to the economic and smolieless combustion of bituminoes
coals In Stationary and Locomotive Stearn Bollers.
The presentation of this important subject ls systematic and ve, Thoar~
rangement. of the book is in s series of practical questions to which are a
accurate anawers, which deseribe In language, free from technicalities, the sverul
processes involved in the furnace combustion of American fuela: it clea.rly States the
assel:g'iual‘riaqufmws L{t.o;i ﬁrfect. combutsggn a.ndtro nl:.rs gutttl}?obmt mtst_iods for ce
construction for o quan yo Y ma.mr ven quall
coal. MNear| nﬂllyllfm 9 tyoo
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GAS ENGINES AND GAS

THE GASOQLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR AND
USES. By Xeno W. Purnan.
This s a practical treatlse on the Gasoline and Kerosene Engine intended for the man
who wante t0 know just how to manage his engine and how to apply it to all Idnds of
farm work to the beet advantage.
This_book abounds with hints and helps for the farm and long for the home
and housewlfe. There 18 s0 much of value In this book that it 13 § poasible to ade-
qua.belgmi.:lascribe it 1o such small space. Snﬂkwe that it is the kind of a book
mer will appreclate and ev farm home ought to have, Includes selecting
t.he moet sultable engine for farm work, Its moat convenlent and efficlent Installatho
Ty ""‘"”‘T“ ?’#m“’?“""’%m‘&‘ﬂé' [mpdics, and how i0 Brokd themaTbe & "*'m“n"
ment o arm
S o S b il S S b il o e oo
a ne on von rm Ufe o 8] =
! tasks whi chmust.otherwisebe gery ng fany b
ma.de cont.rivanoes for cut wood, supplying kitchen, garden and barn wit| wa.beli.l

load. hauling and ¥, v n to the bina or the feed mﬁl
included: also full directions for making I.k cows, churn, w.
tha house and clean the windows, otc, _Very swrings of
m and cuts showing Statl Porta.ble and Tractorr E

ldnds of work, All money-making utiiize power. utliize
power by reading the pages ofl’“t’{la boolk. It is an ald to the resu.lt. ttor, Imralu.able
2 s el ms Bt b, kel e o bt S o
cau aph. NOW of stationary or gas van-
paged. Nearly 180 engravings. Iﬁ'lso e s e 4 4 .« 3800

WHAT I3 SAID OF THI3 BOOK:
“Am much pleased with the bobk and find it to be very complete and u CP-
T will h recommend 1t to students and farmers whom I think would stand l.n
need of such a work, os I think It iz an exceptionally good one.”—N. S. Gardiner,
Prof, in . Clemison Agr. College of 9. C.; Dept. of . and Agrl. Exp. Station,
Clemson Col , 8,0,
"1 feel that Mr. Putnsma bobk covers the main points which a farmer should know,™
—R. T. Burdick, Instructor In Agronomy, Unlversity of Vermont, Burlington, Vi.
“It will be a valuable addition to our library upon Farm M. Se—James A,
Farra, Inst. In Agrl. Engineering, S3tate University of Ky ., Lexington, B

GASO%INE ENGINES: THEIR OPERATION, USE AND CARE. By A. Hrarr
ERRILL.
* The slmplest, latest and most comprehensive blished ¢ Gasollne
Emdmﬁbing what the Gasoline K Is: I ocmﬁ‘l:l'l.u:oln:mWll and operation; how
1t how to select 15; how to use It and how (o remedy troubles encoun
intended for Owners, O tors and Users of Gasoline Motors of all
work fully describes and illustrates the varlous T?W of Gasoline Engines used in
Motor Boat& Motor Vehlcles and Stationary k. The , accessories and
appliances are described, wi apters on ignition, fuel, lubrication, operation and
%ﬂe tmul}]g. Special atwnt;lon given to the care, operat:lon and repadr of mo&frs.

ta and suggesuons on emerg and mak A

t&wﬁ amn?ed table of troubles and t.halr
m"n 1'I.n t.hm;gusmen:{‘dh:gggmtm?:mmadeobr the subhuo’:'l Ew e, e is

full of interest and value a{lg)ok which youcaumtaﬂ'ord to bewit.hout, ?5

152 peclallymadeensmvinss Price . .. . v

GAS, G&SOLIN'E, AND OIL ENGINES. By Garoxer D. Hiscox,

Just lssued, 218t revised and enlarged edition. Evegly user of & gns engine needs this
book. Ei le, inatractive, and l'isht up-to-date he only complete work on the
subject. ‘ells atl about the runnin management ot sasol ne and ofl el

as designed and manufactured in tha Un.[tecl States. Ex ive motors fOor statlonary

marine and vehicle power are fuilly u'eat»ed togother with Husirations of thelr pa.rta
and tabulated sizes, also their care and mnning are ineluded. Electrie ignition N{a
Induction coll and jump spark are fully a;a::d[:bm.hmcl and Mustrated, Inclnding valus
information on the for SCONOMY power and the erection of power plants,
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The rules and regulations of the Board of Fire Underwriters tn regard to the installation
and ma otors §s given in full, suggestlg the safe installation
of explosive moto wer A Ijst of United States Patents Issued on gas, gasoline, and

ofl engines and th adjuncts from 1875 to date is included. 640 pa.ges 435e v-
imFoldlngplateﬂPrioo.......... .

GAS ENGINE CONSTRUCTION, OR HOW TO BUILD A HALF-HORSE—
POWER GAS ENGINE. By ParseLL and Wezp.

A practical treatise of 300 pages describing the theory and rlncl})les of the action of
Gas Engines of varlous types and the design and censtruction of a half-horse-powe.*
Gas Engine, with lllustrations of the work in actusl prograss, other with the dimen-
sioned working drawlngs, glving clearly the sizea of the various detalis: for the student,

the sclentific Investigator, and the amateur mechanic, This book treats of the subject
more from the s int of practice than that of theory. The principles of operation
of Gas Engines are clearly and simply described, and then the actual construction of a
half-horse-power ne is taken up, st.ap by step, showl.ns in dﬁt.al.l the mak.lng of the
Gas Engine. 34 Edition. 300 pages. Price . . . . s v e 2.0

HOW TO RUN AND INSTALL GASOLINE ENGINES. By C. Von Coumn.

Rev].sed and en.larged odition just i&ue-d The object of this Httle hook is to Turnish
pocket Instructor Tor the beglnner busymauwhousesanelc:ugltn e for pleasure or
roﬂt but who doos notr have the t.[me or inclination for & techmical book, but sim
g: t.horoush.ly underatand how to propecly operate, install and care for his own
index refers to each trouble, remedy, and subject alphabetically. Being a quick
referenoe to find the cause, remedy and preventlon for troubles, and to become an
expert with hig own engine. Pocket size. Paper binding. Price . . 25 eentn

MODERN GAS ENGINES AND PRODUCER GAS PLANTS. By R. E. Marnor.

A guide for the ﬁas engine designer, user, and engineer in the construction, selection,
. instal opemtion and malntenande of gas englnes, More than one
k as engines has bean written. but not one has thus {ar even encroached on the
Aeld oovered by this book. Abowve all Mr. Mathot's work is a practical guide. Hecog-
nizing the need of 8 volume that would assist the gas engine user in understan
thoroug h.I the motor ulpon which he depends for gower. o author has discusmed
subject thout the help of any mathematics and without elaborate theoretical ex-
pianations.  Brery port of the gas ngins s desribed I dead. “"n”*’upﬁ.f“‘“";nﬂ“‘
rough understanding of the requirements of the ol Ugg ns
&8 to the purchase of an engine, Its instalation, care, and o forn a mout
valuable matura of the work, 320 pages. 175 detaﬂe-d l.llustrat Prlce + $3.80

THE MODERN GAS TRACTOR. By Vicror W. Paak.

A comdpletve treatise describing all types and slzes of gasoline, kerosene and oil tractors.
Conslders design and construction exhaustively, glves complete Instructions for care,
ﬁration and repair, cutlines all practical alzlpllmlons on the road and in the Beld,
hest and Ia.tnest. work on farm tractors and tractor power plants, A work needed

by farmers, students, blacksmiths, mechanlics, salesmen, 1m lement d
and engineers, 500 pages. Nearly 300 illuatrations and folding plates. Prioe £8.00

GEARING AND CAMS

BEVEI. GEAR TABLES. By D. Aq. EngarromM.

A book that will at once commend itself t0 mechanies and draftemen. Does away
with all the trigonometry and fancy ring on bovel gearn, snd makes it easy for any-
one to lay them out or make them just right. There are 36 full-page tables that
show every necessary dimension for all stzes or comblm.t[ons ‘You 're apt. to need, No

ﬂfm;ing 32}1“9851“81; (iitzgswp .A r this oo (h}d
an e CorTett cu use. cop¥ o K] prepares you or
the bevel-gear lIlne. 3d Edition. 66 Dages. . . . . %

CHANGE GEAR DEVICES. BY Oscm E PerrIGo.
A practical hook for every des! ftaman, and mechanie interosted in the inven-
tton and development of the devices ror feed changes oo the different roachines requir-
ing such mechanism, All the necessary informatlon on this subject I3 taken up,
anatyzed, classifled, stfted, and concentrated for the use Emen who have not. the
tima t0 go through the masses 8f irrelevant matter with wh.Ic guch a subject is usu-
ally encumbered and select such information as will be useful
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It shows Just what has been dong, how it has becn done, when it was dono, and who
did it. 1t saves t.l.me in hunt.i.ng up pntant. rwords a.nd re-lnvant.ing olcl ideagl 633

i DRAFT[NG OF CAMS, Er Louis RoulLLion.
'he laying out of cama {5 a serions problem unless you know how to Zo at it right.
Thls Ppute you on the rlght. roa.cl for pracbically any kind of cam _vou are llkelg to run
p against. 3d Editlo . renty

P L

HYDRAULICS

HYDRAULIC ERGINEERING, By Garoner D), Hiacox.

A treatize on the properties, power, and rcsources of water for all purpeses.  Including
the measurement of streams, the flow of water in pipes or conduits; the horse-power

of fal]ing water, turbine and im t wat,er-wheels wave mowrs, cantrlfugal recipro-
and air-lify pumpa. With 3 a.mi ;ﬁlmms 36 practical tal les
are interested in wat.er—works dave.lo ment his book a useful one,
bmuse 1t is an entirely practical treatizse upon a subject of prasent. importance, and
cannot fail ih having a far-reaching influence, and for this reason should have a place
l.n the workingmb of e\re{? engineer. Armong the subjects treated are: Historical
Hydraulics, Measuremeni of the Flow of Streams; Flow
l‘rom Sub-surface Oriﬁoes and Nozzles Flow of Water in Pipes; Siphons of Varlous

Kinds; Dams and Grest Storage Reservoirs; Olf fy and Town Water Supﬁg Wells

and Their Reinforcement: Air Lift Methods o sing Water; Ar

Irrigation of Arid Districts; Wnt.er Power: Wawr Whaﬂls Pumps anbd Pumping

Machinery; Reci tlm%‘Pu pe; Hydmu]lc Power Transmission; Hydraulic

Minl‘p&: anals; Bit.chas onduits and Pipe Lines; Marine Hydraul.iu Tidal and

Sea Wave Power, ete. 320 pages, Price . . . . . .+« 4 4+« +« s+ » 3400
INVENTIONS—PATENTS

INVERTORS' MANUAL, HOW TO MAKE A PATENT PAY.

This is a book deslgned 6a & guide to inventors in perfecting their inventions, taling

out their patents and disEnsing of them. It ia not inlany 2ense a Patent Solicitor's

Clreular nor a Patent Broker's Advertlsemnent. No advertisomenta of any deseription

appear ln the waork. It iz a book containing a quarter of a century’s exparlance of a

msuoeessnw 1l inventor, together with notea based upon the experlence of many other
vantors,

Among the subjects treated In_this work are: How to Invent. How #o Secure a
tent. alue of Good Imrent.ion How to Exhibit an Inventlon. How to
Interest Capital. How o Estimate the Valoe of a Patent.  Value of Deslgn Patents,
Value of F Patents. Value of 3mall Inventions. Advice on Selllng Patents.
Advice on the Formation of Stock Companies.  Advice on the Formation of Limited
Liahllity Com: eg. Adv‘ice on Disposl nlg of Old Pat.ent.s Advice as to Patend
.At-torney‘s A 0& asto 8 Agent& Asgignments. License and Con-
tracta. 8 Con cernln? tent Rights, 1900 Census of the United States b
Cou.nuotOvar 1{‘.l01:’1:’1’1:o1:iu].1’ntr on. Revised edition. 120 pages, Price. . $1.0

KNOTS

ENOTS, SPLICES AND ROPE WORK. By A. HysaTr VERRILL.

Thie is a practical hook En complete and stmple directions for making & & mosk
useful and ornamental ot.s in cornmon use, with chapters on Splig:gg Point.ing.
Selzing, Ser , 8t¢. ‘This book is fully illustrated with one
orlslnai , which show how each knot, tle or splice is formed, and ita Yppear—
ance when . The hook will be found of the greatest value to Ca.mpers achts-
men, Travelers, Boy Boouts. in fact. to anyone having occasion t0 use or handle rope
or knots for any purpose. he book is tlmruughly reliable and practical, and is not
onl)‘r a guldo but. & t.eacherr It i3 the standard work on the subject. Among the
tents are Cordage, Kinds of Rope. Construction of Rope, Parts of Rope
Cable m:ld Bolt. Rope St.ren(flbh of Rope, Weight of Bope. 2, Simple Knots and
ends. Tarms ing Rope. Beizing Rope. 3. Ties and Hitches, 4.

Noosa, Loopa M ri Knota. 5, Shortenings, Grommeta and Salvagea. 6.
m Selzlm;s and Spl.ingen 7. Fam:y Knots and Rope Work. 128 Dages 1540
engravings. FPrice . . e - 0 cents
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LATHE WORK

LATHE DESIGN, CONSTRUCTION, AND OPERATION, WITH PRACTICAL
EXAMP RK.

LES OF LATHE WO By Oscar E. PErnIGO.

A new revised edition, and the only complete American work oo the subject, wril:tm

by & man who knows 'not on] how work ought to be done, but who als knows

to do 1. and how to convey Imowledge t0 others, It is strict to-date in i!n

descriptions and nlustrations Lathe history and the relations of the to manu-
given; also a ascri t.ion of varl%ius d&vioes for feeds and thread

18 thoroughly % %Mvﬁu cones. -c1
gaara and all the essentlal elements of the modern La Tho claselfication of lathe
taken up, glving the essential differences of the several types of lathes including,
understood, engine lathes, bench lathes, apesd lashes. grdga Iathes,
Lathas, pulley lathes, formj.ns lathes, mult.lpl.e—spind.le lathes, ra
prectsion Iathes, wmt Iathes, special lathes, elacttica.lly-dﬂvam Iathes. oo, In
tion to the completa erposil:ion on, construction and design, much practical matier on

lathe Ingtallation, care and operation bas been incm'pmued n the ed 1915 odi-
tlon. AN ihnds of Iathe atf.achments for d.ﬁ].l.i.ns . otc., are bed and
cotnplete instructi t. to mﬂ the art of Lathe
operation as well as th rlnclples in\roived in de%n

operations are descl'lbes The new ed.tﬁon ha.s i

pages atd 350 Il.lus'crat.lons .P'rloe .00

WHAT I3 SAID OF THIS BOOK:
“Th.lsi.salalhebookl’rombeglnn to end, and is just the kind of a book which one
deélights to consult,—a masterly treatimont of the subject in hand.”"—Engineering News,
"This work will be of exceptional interest to anyone who is interested in lathe pracdoe

a3 ons very seldom sees such & complete treatize on a subject a9 this 1s on the lathe.™—
Canadian Machinery.

TURNING AND BORING TAPERS. By Faep H. Covvmv.

There are two W a{s ; the right way and one other. This treatise has
todowiththedgtway. youhowt.ostm'tthe s perly, how to set the
Iathe, what and how to use them, and !or!:y and one ol,her I.itt.le r.hlnﬁ
that you should lmow. Fourth ed.'lt.ion “ e e v . . .

LIQUID AIR

LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. 0’CoNoR Sroane,

‘This book gives the history of the thaory discovery, and manufaciure of I‘lgnd
and oontalgis an musu-atg description of all the A experiments that have excited nu
St o Sl o T T, e T i o
un [ and is open

pecte] from it In the near future, e v o
'A book that renders simple one of the most perplexing chemical problems of the
century. Startling developments {llustrated by actual experiments
\Tt 18 not only & work of scientific Interest and wut.horlt. but. Is mwnded for the g:;;l
reader, belng written In a popu]ar stque—ea.sﬂy by every one.

peges. Price . . . . .-...-38.00

LOCOMOTIVE ENGIN EERIN G

AIR-BRARKE CATECHISM. By RonerT H. BracEALL.

This book iz & standard bool: It covers the Wesaine:house Alr.Brake E%ﬂfmt.
N mdth 0, 6 E, T. Locomotive mﬁl?&gjpmem the
Tri lo Valve for leght- Service; and he a m(?o

oberation of a.ll parta of the aj tus Is explalned in detail,

finding their pacultarities a.ncl with a proper nemedy given, It contalm
2,000 questtons with their a.nswers, wh.ich will enable any rahl'ond 0 pasa any
examination on the subjact. of Alr Brakes. Endorsed and used by alr—bu.ke inatroe-
tors and nxaminers on nearly every rallroad in the Unlted Statea, 26th Editlon, 411
pagen, Tully 1I1usterat,ed wlth oolomd plates and dlagrams. . . . . . . . $8.00
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AMERICAN COMPOURD LOCOMOTIVES., By Feep H. CoLviN, |

The oply hook on compounds for the engineman or shopman that shows in a plain
mi the variois features of compound locomotives in use. Shows how they
t to do when they break down or balk. Containg sections as follows:—

A Bil: of fi t-og of Compouncling 9team Cylinders. PBaldwin Two—-(!ylinder
and, ttsb 'wo-Cylinder Compound. hode Island Compound. Rlch-

momi ers Compound. Schenectady Two-Cylinder 'B?

?auc]aln Compound andem Compounds. Baldwln Tamdem, The Colvin- lght.-

man TangemmEIcheneot.ady Tandem. Bal%rlloed Ltl?omo(tllges Bﬁlgjw Val
Oompmm or Balaneing. Loea ows. DBrealkdowns. ucing 'VeR,
ri.m.ng Valve Motlon. Disconnecting. FPower of Compound Locomotives, Practi-

Ful.ly Illust.rated and containing ten 1 Duotone™ inserte on heavy Pl.ata Paper,
showing different types of Compo 142 pages. Price . . . . . 21.60

COEBD‘?S’II;ION OF COAL AND THE PREVENTION OF SMOKE. By Wu.
. BaRR,

‘This book has heen prepared with special reference to the generation of heat by the
combustion of the cgm.mtm fuels found in the United States and deals cularly
with the conditions necessary to the economic and amokeless combustion ftuminous
coal in Stationary and Locomotive Steam Bollers.
Presentation of this important subject ia %ijbematlc and ve. 'The ar-
questlons to are appended
accurate answ%& which describe in e free from t-echnlcalltl the several
in the furmace combustion of American fuels; it clearly statea the
mmﬂaéﬁrgquid tea for 1:»31'&3«:‘]:Irl oombu&g?n tmc%igolnt}s l;:n.l t’t-hﬁe‘)lc.est met.llmds ol;gtﬁr?w%
construction for talnmﬁ ® gres q,uan ¥ of heal m any glven q ¥ O
¥ [Hustra Prce . . . . . . . +« .+ « BL00

DIARY OF A ROUND-HOUSE FOREMAN. By T. 8. Remry.

'This 1a the grea&‘.est book of R‘lll;oad tJel egroes ever published. Gonta.ln.la:s aﬁli;g?d of
information an -geation ng the line of handling men, organizing, ete., gne
ca.nnotaﬂ‘ordt.osgﬁm 176 pages. Price. . . . . . . . - . . . 8100

LINE MOTIONS, VALVES AND VALVE SETTING. By Frep H. CoLviN, Asso-
ciate Edltor of American Machinist,

for the engineer or machinist that clears up the mysteries of valve

mslﬁd Shown the different valve gears in use. how thay worlc and why. Piston
and e valves of different types are Mustrated and ox A book that. avery
rallroad man in the motlve power de ent ought to ave Oontainscha bera On
Locomotive Link Motion, Valve Movements, tting Slide Valves, Analysis by
Disgrams, Modern Practice, Sllp of Block, Blice Valves, Piston Valves, Setting Plston
¥Valves, Joy-Allen Valve Gear Walschaort valve Gear, Gooch Valve Gear, Alfree-
Hubbeil Valve Gear, etc., h'uuymusmted. Price. . . . . . . O0Oecents

LOCOMOTIVE BOILER CONSTRUCTION. By Fraxx A. KLEINHANS,

e comstruction of hollera In general 15 treated, and, following this, the locomotive
bod.ler is taken up In the order in which its varions g0 through the shop. Shows
alltypﬁofbotlersuseﬂ gives detalls of construction; practical . such as lite ot
riveoting, punches and dies; work done per day, allowance for bending and flapging
aheets, and other data. fncludm the recent Locomotive Boller Inspection Laws
and Examinsation Questions with their amwers for Government, I tors Ocmwlus
chapters on La: Out Work: Fla.ngmg and B‘orgingMPunchlns ; DPlate
Planlng, General _Tables; F‘Injshi Bendmg R vetlng.
Bofler Detalls; Smoke Box Assembil H Boller Shop
Machinery, ete., ete,

There 1an't a man who has anything 1o do with holler work, elther new or repalr work,
who doesn’t need this book. The manufacturer, superintendent, foreman, and boiler

need It.  No matter what the type of , yo’'ll find a mint of In.forma-
‘gg:l;e that you wouldnt bhe without. Over 400 pages, five large fold.lng 38 e
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LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By Gro. L. FowtE
Revised by Wu. W. Woop, Air-Brake Instructor. Just issued. Revised
pocket edition.

It Is out of the question to try and tell you about every subject that Is covered in this
pocket edition of Locomotive Breakdowns. Just imagine all the common troubles
that an englneet may ex, t49 happen some time, and then add all of the unexpected
ones, troubles that conld occur, but that you have never thought about, and you will

t th%;' are all treated with the best methoda of 3 Wa{sclmert
Locomotive Valve Gear Troublea, Electric Headlight Troubles, as well ag Questiona
and Answers on the Air Brake are all included. 312 pages, 8th Rovised Edition.
Fally illustrated. 4+ + + = ¢ ¢ ¢ 4 ¢ o 4 =« + 4 » = = + » +» 81,00

LOCOMOTIVE CATECHISM. By RoBErRT GRIMEHAW,

The revisad edition of ** Locomotive Catechism,'” by Robert Grimshaw, I8 a New Book
from Cover to Cover. It contalns twice as many pages and double the number of
1lustrations of provious editions. Inciudes the greal amount of informa-
tion ever publisbed on the construction amd management of ern motives.
B pared Chapters on the Walschaert Locomotlve Valve Gear, the Aie.
a uipment and the Electric Head Light are given,

It commends itself at once to every Engineer and Fireman, and t0 81l who are golng in
for examination or promotion, Inplain lang , with full, complete angwers, oot only
all the questions asked by the examining eer araﬁlven but those which the
young and leas ex on would ask the veteran, and which oid hands ask as *stick-
ers.” It Is a veritable Encyclopedia of the Locomotive, is entirely free from mathe-
matfes, easlly understood and l:homughlgﬁ up-to-date. Contains over 4,000 Examina-
tion Questions with thelr Answers. 825 pages, 437 Hlustrations and three foldln'g
plates. 23th Revised Editlon. e e e e e e . - $3.5

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOCOMOTIVE
FIREMEN AND ENGINEERS, By Cmas. F. LockmarT.

An entirely new book on the Locomotive. It appeals to ave‘? raflroad man, as it
tells him how things are done and the right way to do them. ritten by & man who
has hadl ¥ears of practical ex nee in locomotive shops and on the rond and
running. ‘The information glven in this book camnot be found in any other similar
treatise, Eight hundred and fAfty-ohe questions with thelr answers are included
which will prove specially help to those preparing for examioation, Practical
information on: The Construction and Operation of Locomotives: Breakdowns and
their Romedies; Air Brakes and Valve Gears. Hules and Signals sre handied in a
thorough manner. As & hook of reference it cannot be excelled. The book ia divided
into six . 83 follows: I. The Fireman’s Dutles. 2. General Description of the
Locomotlve, 3. Breakdowns and thelr Remedles. 4. Alr Brakes. 5. Extracia
from Standard Rules. 6. Questions for Examinatlon. The 851 questions have beer
and ed. Th 0 the examinations

selected arranged. 855 COVer required by the
different rajlroads. 368 pages. 88 illustrations, Price . . . . . .« . ‘yl.bo

PREVERTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING.
By GEoRGE BRaDSHAW,
This book is a heart-to-heart talk with Rallroad Employees, dealing with facts, not
theories, and showlng the men in the ranks, from ev W. how accidents
occur and how they may be avoided. The book is
phow%r:phs and drawings show the safe and unsafe methods of work, (]
ary schemes, no ideal pictures. Just plain facts and Practical Ss:izastions are given.
Everym.llroademlpl €8 who reads hook Is a bettar and safer man to have jo
rallroad service. It glves juat the information which will be the means of preventing
many injurles and deaths. Al rallroad employees should procure s copﬁ' read it,
%I:l-id 0 your part In preventing accidents. 169 pages. Pocket slze. Fully lrsuamta‘l;

D€+ 4 e 4 4 4 4w v e h 4 e w4 e e 4 e e s e oa cen
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TRAIN RULE EXAMINATIONS MADE EASY. By G. E. CoLLmwawoob.

‘This iz the only practical work on train rules in print. Every detall Is covered, and
puzzllng points are explained in simﬁ)le. comprehensive . ynaking 1t & practics.
treatise for the Train Dispatcher, Engineman, Tralnman, all others who have to
do with the movements of trains. Containg complete and reliable information of the
Standard Code of Train Rules for single track. Shows Slgnals in Colors, as used on
*he different roads. Explains fully the practical application of train orders, giving
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clearanddeﬂnitne understandlngofauorderswhfch may ho used. The roea and
t¥ for certaln rules are explained in such 8 manner that the student may
beyond a doubt the rights conferred under any orders he may recelve or the actio
required by certaln rules.  As nearly all roads require trainmen t0 pass regular exam!
nations, a complete set of examination guestiona, with their anawers, are im:ludec..
Thesa will enable the student tO pass the requirad examinations with credit to himse
i%theroadforwhiﬁhhv works, 256 pages. Fullyﬂ.lusbra&adwithTmhlSl
olors. Price . . .+ 4 4 4 s+ s e oa e s =

-

THE WALSCHAERT AND OTHER MODERN RADJAL VALVE GEARS FOR

LOCOMOTIVES. By Wu. W. Woop.
If you would thoroughly understand the Walschaert Valve Gear you should

PO8Sess &
copy of this book, as the author takes the pla.lneat. form of a ateamn englne—a Stat.iom
in the rough, will only turn {ts crank in one direction—and from it b

alvaGea.rco plet.a. The points discussed are clearl ustrated; two large folding
plates that show the positions of the valves of hoth & or gutside adimisgion type, as
wel.i a8 the links and other ts of the when the crank is at nine different polnts

" .-'l

in Ite revolution, are valunble In making the movement clear. Thess smploy

slld.tngcardboardmod ch are contained in a pocket in the cover.

g‘he hook la divldad into ﬁvtg general _;dl\ﬂs&lons E:T:] rog})v;g 1. Analzsls of :‘-lhe sem'(i

. Deslgning so arec o gear, ! vantages ® LONT. uestlons an

anawers relat m%v 5 alve Gaai‘ag Setting valves with the Wal-

schaert Valve tgrlmﬁ locomotive valve motlon; modern
valvagearso erl.han haert: the Hobart All-free Valve and Valve

Gear, with questions and answers on brealkdowna: the Baker-Pilliod V: a.lve Gear; the

Improved Baker-Filliod Valva Gear, with queszions and answers on hreakdowns.
The mestionswithfuﬂmwm ven will bo eapecistly valuable to fivemen and { g
neersqin for an ammﬁul for promot.ion 245 pages. Third Reé-.nis%d

P . P ]

WESTINGHOUSE E-T AIR-BRAKE INSTRUCTION POCEET BOOK. By
Wu, W. Woop, Air-Brake Instructor.

Hereisshookfortheraﬂmdm sud the man whoalmswbeone It Is without
complete work ublished on the Wes use E-T Locomotive Brake
Equipmem, ritten by an Brake Instrucior who knows jnet what Is needed, It
covers the subject thoroug Everything about the New Wegtinghouse E and
Tender Bra.ka HKquipment, clud.ln&the standard No. 5 and the Perfected No. 4
wt-{le of brake, 18 treated in detail. ritten in plain English and profusely illustrated
th Colored Plates, which enable one to trace the flow of Bressu.ras throughout_the
entire equipment. ’l‘he hest book ever published on the Afr Equall
the and the advanced engineer. Will paas any aoe through any exal tion,
¥t Informs and enlightens you on every point, Indispénsable to every engineman and
Containg examination questions and answers on t.he E-T e% pment. Coverl.ns what
the E-T Brake is. How it should be operated. o when defective. Not a5
%uestian can be asked of the engmaman up for promoﬁon. om elther the No. 5 o
0. 8 E-T equipment mtEisT ,?fkad aénd a answerod oi.fn t,ghis m Iltr You want. [
understand ! ment get a co v COVRrs v
detail, hiakes Air-Brake tmublgga.r?d mminatdong{asy Price . . . . 8133

MACHINE-SHOP PRACTICE

AMERICAN TOOL MAKING AND INTERCHANGEABLE MANUFACTURING.
y J. V. WooDwoRTH.
A "aho ppy " hook, containing no theorizing, ng problematical or mental devices,
there are no lndly Pmport.ionod and impossik Ea mae, no catalogue cuts, but a
valusble wllection o drawings and deseriptions of da ces, the rich fruita of the aut«hor s
own @ Boe. t8 H500-0dd r4 the one subject only, Tool M . ahd wha
ever rel bhereto. Is dealt with. he work s without a rival, Itisa oomplete
practical treatise on the art of American Tool lMakinSg and syst.em oflnt.erchabtécg!ea le
manufacturing as on to-day in the United In it are descri and
fllustrated all ol the dlﬂerent ty])es and claﬂses of amall tools, fixtures, devices, and

¥ for

special applisnces which are in general use all machine-manufacturing and metal-
workdng establishmenta where economy, ca t.y. and mt;erchangeabm%g in the pro-
duction of machined metal parts ave imperative. The aclence of jig making 15 exhaust.
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ively discussed, and particular attention is pa.id to drill fige, boring, profiling and
ﬂxbt{ms and other devices in which the o parts to ma.clﬁf od ara lmwd and fm
within the contrivances. All of the tools, ﬁxr.ures and devices lllustrated and de-
serfbod have beon or are used for the actual Eemduction of work, such as parta of drill

: parat
Hances, brass goods, composttion parts, mould products, ehest metal articles
?cn'l.ngs. Jewalry, watches, medals, coins, etc. 5? rice

MACHINE-SHOP ARITHMETIC. By CoLviN-CHENEY.
This {5 an arithmetic of the things you have to do with dally. It tells you plainly
about: how to And areas in figures; how to And surface or volume of balla or spheres;
handy ways for calewlating; about oornlﬂound gearing; cut screw threads on any
Iathe; dnﬂmg for taps: sg;seds taps, emery wh grindstones, milling
cutters, ete.; all about the Metric system with conversion tablee: pmpertles of metals;
strength of bolta and nuts; dectmal equivalent of an inch. .A.I.l of machine-shop

and 1,001 other t.h.i.nss. any one of which th worth more
oeort.h.isbookwr{ou andlts&vesyouthe trouble of bothering the boss. ﬂl.h
edlton.l3lpagas f e s e e e e e e s e . BOee

MODERN MACHINE-SHOP CONSTRUCTIQN, EQUIPMENT AND MANAGE-
MENT. By Oscar E. PErrico.
The o work ublis.hed that describes the Modern Shop or Manuf, Plant
nlytime t.hg irasa w1ﬁ ont the site Intended for it until the ﬂnlshmugd}ngmdm
18 sh.l ped.  Just the book needed by those contemplating the erection of modern shop
b n%aud reorganization of old ones. or the introduction of Modern
Sho ethods, time and cost eyetems. It isa book wﬂtwn and Mlustrated by a l‘p
B e moth comiriats Al romna Book of 1te Lind. ov '“dbuﬁﬁ?.ﬁf‘“&“mﬁ““‘ arto
e most com over pu 0 ([ LA/
Eﬁﬂo rlgingl and speclally-made Mustratfons. 2d Revised and ta%
. o

THE WHOLE FIELD OF MECHANICAL MOVEMENTS
COVERED BY MR. HISCOX’S TWO BOOKS

We mﬁaﬂ tuwe books by Gardrer D. Hiscor thal will keep you from “inventing'® things
tha, e been done before, and supgest ways of dowines thai you hate not of
before Many a man spends time and money, !ﬁv ng over some mechanieal problem,
o learn, a; he has soleed the problem., t the same thing has deen accomplished
r:m pusinmcuce others long before, Timeandmomyspmtmmgymtwm
pluh what afreaJu beert accm&dished are ime and money LOST, he whole field
nown mechan: vement, and practically every device iy covered
51; !sd( uhina ward has been inpented, it 43 mustrated in them, If
hasr't bem inven then lﬁn in them the nearest thﬁmu 0 1 you toant, soms
morements or derices thgt lapp n our case perhaps; or chh wﬂl ﬂu&ou a bev
rmwhtchtowork Nobookorser g&ubﬁshedfsofmorsrealu mmm
neenior, Draftsmon, or praciical M tc than o polumes described below

MEC]E%NICAL MOVEMENTS, POWERS, AND DEVICES. By Garones D..
1800X

This 13 a collection of 1,800 en”ngs of diﬂ'erent mechanical motlons and appl.iam.
secompanled by a spro t & book of great value to the lnven

the draftsman all readers’ with mechan.lea.l tastes, The book is divided 1nto
eight.een sectiohs or chapters, in which the subject-matter 1s ¢laaxified under the follow-
ing heads: Mechar Powers: Transmission of Power; Measurement of Power:
B Puwer. Alr Power Applances; Electric Power and Construction; Na:

Gearing; Motlon and Devices; Controlling Motion: Horol ul
M Mi.f.l and Facto gua.noes, Construction and Devicea: Dog
Bous sticas. th edition, 400 octavo pages. Price . N 83.60

MECHANICAL APPLIANCES, MECHANICAL MOVEMENRTS AND NOYEL’I‘IES
OF CONSTRUCTION., By Garorner D. Hiscox.

This is a supplementary volume to the one upon mechanical movements, Unlilte the
first volume, which ia more elementary in character, this volume contains illustrations
descriptiond of many combinations of motlons and of mechantcal devices and
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appliancea found In d.iﬂecrent- lines of machinery, each device shown by a line
dra with & description wing its world:? &&ns and the med of loo.
From the multitude of devioes men omed, 111
passing, such items as conveyors and elevators, Prony b

t{ge.s of hollers, solar englnes, oll-fuel burners, oondenm Corltss and

valve gears, gOvernors, gas engines, water motorn of v mms,

ghips, motors and d mos, antomobile and motar b cles, ra.i.lwmir 103:
e P Tatge oooamdation of dthers o ol 1 rtance. 1,000 wiauym‘&y
guns, and accum oD O o156 of equal mpo 3 &
engravings, h%ocmvomx&s 2d Edition. Price . . P $3.60

MACHINE-SHOP TOOLS AND SHOP PRACTICE. By W. H. VANDERVOORT.

A work of 565 pages and 873 illustrations, describing in every detall the construction,
operation, and tanipulation of both band a.nd mach.lne?oo!s Incindes chapters o

on ﬂ_].l . bt seraping surfaces; on and dles. the the
and fta ns ngianers. shaper& and thalr tools mlllln.g macﬁas snd cutters; goar
cutters a.ud gear cutting; ing machines and grinding machines and

their work; hardening and t;eedolertng.g l.ns baltl.n.g a.nd

useful data and tables. 6th o e 9.00

THE MODERN MACHINIST. By Jounx T. Umn.

Thjsisabookshovdns by plain description and made expressl

for t.he work ﬂé?t is 'best. Inngatt:n m mwégﬂ%g highes'i;y og iencymhn t:}rllgglerﬁ
ce. o way by which

wh.lch a8 Mr. ﬂ‘c “Amer lean machinists have becoms and are the ﬂ.nast. &sa-

chaniéa in the world.” Ind'.lcatin.ga.sitdoes in every hnet.her dv the author

withwewdetauot yexpeﬂenoelnbheshop.itca.nuoaraﬂmbe service to any

man practically connected with the shaping or Snishing o

‘I‘hareisn thing experimental or vrslonnrgaboutthebook,audevﬁoesbamglnacmﬁ

s gl atgog? reeul;.ls. It ht ; L1‘;:;?I1131'l a oompeng!.ium 11&0];: methods,
0 ¥ of apecial tools and appliances which will give new ideas to many
ecwl the uperl.ntend d to the man at the bench. Tt will be found

a valuable edition to am{’e branr and should be oonsu.lt.ed when&vel' a

new or difficalt job is dona. whether it is lE milling, turning, or

a3 they are all troated ractical manner, tion. 320 pages. ﬁlustra-

tions.Price-....................82.60

¢« SHOP KINKS.” By RopeErT GRIMSHAW, -
A book of 400 pages and 222 ilustrations, being entlrely Qifferent from any other
book on machine-shop practice. Depa.rt.inq_‘nom conventional atyle, the author
avollds universal or common ahop usage and limits his work to sho specialw:ge

of doing better, more cheaply and more rapidly
advanced m g of resents ve establishments of the world are placed at the
I of th.e mder shows t.ha roprietor where large savings are possible,
be Im roved. © 1Elc».‘re«a 1t holda out tions that,
fmm a.ppliad will a.dva.noement. 0 shop can afford to g without 1t.
uable wrinkles and helpful sugeestions. Itwﬂlbeneﬁ t all, from

- rent.ioeto proprlel:or Every mach.injsb, at any age. shouldst.ud 1ts pages.  Fifth
edlion. Price o oy Lo LT TR 4250

THREADS AND THREAD CUTTING. By Couvin and STABEL.
This clears up manyofthe teries of thread-cubting, auchasdoubleandtri le
threads, Internal threads, use of hobs, etc. Contalns a lot of
hints and several tables, Th:l.rdad.ltion Pl'lee [ 560!1“

MANUAL TRAINING

ECONOMICS OF MANUAL TRAINING. By Louis RourLLion,
The only hook published tha.t glves just the lnformation needed by all Interested in
Manual Traink uild; qu!pment and ‘%upplies Shows exactl
what 13 needadnf es of the work l’mm eqi“ arten to the High an
Normal School, Gives itemized lista of everythi anual Training Work
and tells juat whaz lt t to cost, Also shows wh;em %0 buy supplies, etc filal
174pazesandis ustrated. 2d edition. Price . . . . . . . $1.60

25




CATALOGUE OF GOOD, PRACTICAL BOOKS
— re—

MARINE ENGINEERING

MODERN SUBMARINE CHART.

A croas-section view, show!ng clearly and distinctly all the interior of & Submarine

of the latest typo. You get more information from this ¢chart about the construction

and operation of 8 submarine than In any other way. No detalls omitted—every-

wcu.raw and to scale, It Iz abaolu corvect in every detall, having been

apgmved bE oers. All the and devicea fitted in & modern

t- are wn, and to make the ving mote

ail the faatums are shown 1|1 operative form, with Officers and Men ln A.I.]fh
nﬁ usifn em in service conditfons. THIS CHART I3 RE
CYCI.OPED A OF A SUBMARINE. It I8 educational and worth man:

Malled in a.tuberor.............85«!1“

PATTERN MAKING

PRACTICAL PATTERN MAKING. By F. W. Barrows.
This book, nov in its second ed.lt-Ion is a comprehensive and en K pr&culcsldt-mﬂae

on the subject of making, LI tbemw o I
and with definite tructions oo t,he use Pl ber of pe.rls in the trade. It glvea
speciﬂc and detalled descriptions of the rmateriala pattern makers de-

.seribes the tools, both those for_the beuch and the more tersating machine tools;

h.eving completa chapters on the Lathe, the Clreular Saw, and the Band 3aw. It m
ntvl mmplas of pattern work, each one fully illustrated and e:?hlned with oy

idnet.a . toh?ile exg.mpla. {? thelr dgmal,;m valrl}ett)s &ﬁer much ?;es.wﬂilw be uéotmd of
Leres pattern makers, an a 0 FOLDEEr w seeldng

information on the more advanced branches of their trade,

]l;:t,hhla second odition cl?jfs the work ‘:ri;.ld be rciunghmtéch t.haé. s %?w %ven to thoes w'lg
ve lo exacting e. In the description of patterns as adap

t0 the ]ﬁg Machine many difficulties which have long prevented the rapld and

aconomical production of castings are overcome; and this great, new bmnch of the

trade js given much & St.ripi' plate and stool plate work and the less expen.

aive vibrator, or rapping are all explained In detafl.

Plain rules !brlmenln%t-hecoatof twms.withaoomletegsumof

OBt ﬁe&pi dwdetalled method of marld.ns apgalicable to all bmnchgs of-

with comp! information Showmﬁlch pattvem 1ts spedﬂc title, cosr.,

date of production, material of it 1= made, the number of :md COTe-
boxes a.nd its location In the pattern safe, all com densedtnmamostoompletamrd

record, with eross index.

Thabookcloaeswithanorlglnal ractical method for the inventory and valus-

tlon of pat Containing nearly 35% pages and 170 {Hustrations, Price . $2.00

PERFUMERY

PERFUMES AND COSMETICS, THEIR PREPARATION AND MANUFACTURE.
By G. W. AsxiNsoN, Perfumer.

A comprehensive treatise, in which there has been ho: omitted that could be of
value t0 the rfumefr or manura.ct.mr of tollet repa. . Complete directions
for making mes, smelling. sachets, H
preparations for the care of the skin, the mouth, tha halr, cosmettcs, es and
oOther toilet articles are glven, also o detailed description of aromatic substances: thalr
nature, tests of purity, and wholesale manu.fact-u.re. including a chapter ogs;yn
ucts, with form for their use. A book of %eueral. a% weil as professional in-
rest, meeting t-he wants not only of the druggls ¥rl o man
also of the general public. Among the oonwntas are: 1. The History of Parfum

About Aromatic Substances in General. Odors from the Vegetable K gg:
4 The Aromatic Vegetable Bubst.ances Emplo n Perfumery. 5. The Animal Sub-
stances Used in Perfummery. 6. 'The Chemical gmducts Used I Perfumery. 7. The Ex-

traction of Odors. 8. The Speclal Characteristics of Aromatic Pubstances. ¢. The Adul-
ration of Essentlal '0ils anc Their Recognition, 10. Eﬁ'nt-hetic Pmduc‘ra il. Tableof
sical pert es of Ammat.lc Chemicals.  12. The Easences or Extrgcts Employed

2. Directiona for Making the Most Important Essences and KExtracts.
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14. The Divislon of Perfumery. 15 The Manufacture of Handkerchiof Perfumes.
16, Formulas for Handkerchief Perfumes. 17, Ammoniacal snd Acld Perfumes.
18. Diy Perfumes. 19 Formulas for Dry Perfumes, 20. The Perfumes Used for

tHon. 21. Antiseptlc and Therapeutic Value of Perfumes, 22. Classification of
Odors. 23, Bome 8 erfurnery Products. 24, Hygiene and Cosmetic Perfumery.
25, Preparations for the Care of the Skin. 26, Manufacture of Casein. 27. Formulas
for Emulsions, 28. Formulaa for Cream. 29. Formulas for Moals, Pastes and Vege-
table Milkk, 30. Preparations Used for the Hair. 31. Formulas for Hair Tonics and
Restorers. 32. Pomades and Halr Oils, 33. Formulas for the Muanufacture of
Pomades and Hair Olls. 34. Hair Dves and Depilatortes. 35, Wax Pomades, Bando-
lines and Brillantines, 36. Skin Cosmetics and Face Lotions. 37, Preparations for
the Nails. 38. Water Softeners and Bath Salts. 39. P tlons for the Care of the
Mouth. 40. The Colors Used in Pexrfumery. 41. The Utensils Used fn the Toilet,
Fourth edition much enlarged and brought up-to-date. MNearly 400 pages, illus-
Wated. PHCE o o 0+ v v 0 x e s noa e e e e . B6.00

WHAT I8 SAID OF THIS BOOK:

* The most satlsfactory work on the subject of Perfumery that we have ever seon.”
“'Wo feel safe in saying that here is a book on Perfumery that will not disappoint you,
_for it has practical and excellent formules that are within your ability to prepare

recommend the volurne as worthy of confidence, and say that no purchaser will be
pointed in securing from its pages good value for its cost, and a 1 dividend
on the same, aven If he should use but one per cent of {is wrt'iﬂogf form! There
1s money in It for every user of its Information.” —PAarmaset Record,

PLUMBING

MECHANICAL DRAWING FOR PLUMBERS., By R. M, Srarnycex,

A concise, comprehensive and me&ical treatise or the subject of mechanical dra

in its various modern applications to the work of all who are in any way connec
with the plumhing tra(]& Nothing will so help the plumber in estimating and in
explaining work to cnstomers and workmen as 3 knowledge of drawing, and to the
worlkiman it {s of inestimable value if bhe 1s to rise above his position to positions of
ter responsibility, Among the chapters contained are: 1. Value to plumber of
dmledse of drawing; tools required and thelr c:IM: common views neededn mechan-

jcal 2. Perspective versus mechanical drawing in s;!mwlnﬁ plumbing con-
struction, 3. rrect and incorrect methods in pluml;l‘gf drawing; plan and elevation
ed, 4. Floor and cellar plana and elevation; & drawings; use of t lea,

5. Use of an_?'le: drawing of Attings, traps, etc. 6. Drawlng plumbing elevations
and ﬂt%lmtrucﬂons in drawing plurn] elevations. 8. The drawing of
pIumbl:.f ; scale drawings. 9. Drawings of fixtures and Attlngs. 10, InEgﬁ
of dra nﬁi& 11, Shading of drawings, 12. Shading of drawings, 13. Sectd
drawings; wing of threads. 14. Plumblng elevatlons from architect’s plan. 15, Ele-
vatlons of separate parts of the plumbing systern. 16. Elevations from the architect's
lans, 17. Drawings of detall plumbing connections. 18. Architect's plans and plumb-
elevations of resldence, 19, Plum elevations of residence (contimed): plurmb-
ing %lan.s for ¢ot 20. Plumbing clevations; roof ections, 2L, and
ing elevations forsix-fiat bullding. 22. Dra:ci:éso various parts of the plumb-
system; use of scales, 23.- Use of architect's . 24, Special features in the
fllustrations of coun plumbing. 25. Drawing of wrought-iron plpl.nf valves, radia-
tors, coils, ete. 26, Drawing of piping to illustrate heating systems. 150 ilk

MODERN PLUMEBING ILLUSTRATED. By R. M, SrarBUCE.

This book represents the highest standard of plumbing work, It has been adopted
and used as a reforence book by the United States Goverrunent, In its sanit work in
Cuba, Porto Rico, and the Philippines, and by the principal Boards of Health of the
United Jtates and Canada.
It ﬁ:,m connections, sizea and working data for all fixtures and groups of fixtures. It
ie helpful to the master plumber in demonstrating to his customers and in flguring
work, It gives the mechanic and student gquick and casy accoss to the best modern
E’Iumbing practice.  SBuggestions for estimating plumbing construction are contained
{ts pagess, This book represents, jn a word, the lateat and best up-to-date practice
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andshouldhoint.h hmdxoa'e mhitﬁct'sanl. and plursber who
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pr;chbl ‘ﬁ}g}"’ K ready f wst- of plu m‘é““““’gm et n Y.
(6 1D WOl ¥y for o plum)| E, Of COn-
tinuous ven ; continuous vemt.lng for WO 1A \rantd.ns for two

ing for cottage house mmmnr ?mmbingforreaidm use of
fit pmmblng for two-flat house. plumbi.ns

for double apartment budlding; plumbing for omoe b g or pubi.ic,

l.lshme:&o o plbins rwhomm rw.ory'mf bmg S uf:
3 pluml or e, 1 AUtOmA

ls.mghodea,eﬂc mofﬂush.ingvalves;uﬂ.nals bllcwﬂatmonntba

Durham tem, the destruction of pipee by elettrolysia on of work without

use of lea?a automatic sem lift; automsatic sump tank; coqniry 1 CoOnstrus-

E and aubomatic sewage alphon coun plum L water

boﬁply ror ooumry OUSO of water mains and service Hoehctddty. double

ers; hote;;la.ter supply of large autéc‘rcr'l%a.tic contxrol of e t.at‘ggbmsgé

mating plumbing col on 0Ctavo , fully lustra ¥
gostion fo SR femucd. Price - $4,00

o engravings, 'Third, newlsed and andarged edition

STANDARD PRACTICAL PLUMBING. By R. M, STARBUGK.

A complete practical treatise of 450 pages covering the of Modern Plum|
in &l {ta a large amount of space a\ro a very complete
treatme n& of the subject of Haot Wat.ar upply irculation and Range
oiler Worlk. Its thirty chapters include about every phm ot the subjoct one ¢an
think of, 1t an indispensable work to the master plomber, the journeyman
plumber and the apprentice plumber, containing chapiers on: the plumber’s tools
wiping solder; compositlon and use; joinit Wiphig; lead work; traps, slphonaﬁm
traps; venting: continuous venting; house sewer and sewer connections; hor
lp;iptns roush.lns maln tra pandfreshalrmlet. fHoor, yard,
lend oic.; fixture wagtes; w ter closets: ventiiation: improve& ounneo-
tlons. residence plumbing lenmm for hotels, schools, ) stab o, otc.:
modecrn couuwm tration of sewage and water supply:; hot and ¢old
supply: range circulating Dpipee ranse problem: hat
wat.erfoila.rg ‘:'l.fl.ildjns.tl‘;‘\lra.t.arl.l.l't,ah(miIt.sum!.multl’r oame ber htnwufa
hollers; hea radistion B gyatem; theory for um| d.ra 'or
the plumber. mmwt&y :gf epngravings, Price . . . .

RECIPE BOOK

HENLEY'S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS AND

PROCESSES. Edited by Ganroner D. Hiscox.

The most valuable Techno-chemical Formula Book published, Includ.lns over 10,000
pelected sclentific, chemical, tochnological, and cal recipes and processes,

This Is the most complete Book of Formulas ever published, glving thousands of

recipes for the manufacture of valuable articles for e'lrerlyday use, Hinta, Helps,
cal Ideas, and Secrot Processes are revealed within ita pages. I covers every

branch of the useful arts and tells thousands of ways of making money, and 15 just the

book everyone should bave at his command.

Modern In its trentment of ov subject that falls ‘within ita scope, the book

may truthfully be said to pmseerrﬂ thejgcery lat,e%tm ‘pel' Iy|.1.lsls to ba found in the arts and

mdustria andwmtainthosepmomeswhlchl&expeﬂen co has pro woﬁgot

To present here even a Umited number of the subjecm w find
aplaaeinth.isnluable work would be dificult. Suffice to say thatin it pages wil
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be found matter of intense intereat and immeasurably pra.cbiml valua to the sclentlile
amateur 5nd to him who wishioa to obéain & knowledge of th used in
the arts, trades and manufacture, a knowledge which will render his pursulta more
instructive and remunerative, Sening a8 a reference hook to the smsu and large
manufacturer and supplyving intelligent eeckers with the Information
conduct & groom the work will be found of inestimable worth to the Metall , the
the Perfumer, the Painter, the Manufacturer of Glues, Pastes, ants,
and , the Comﬁunder of Alloys, the Cook, the Phg&slcla.n the Drusfht the
o Engineer, the koun%?nmn. the Machinist, the Potier, the
Tanner, the Confectioner, the ist, the Manicure, the Manufacturer of Chem-~
fcal Noveities and Toilet Pre tions the Dyer, the Electroplater, the Enameler, the
Engraver, the Provisloner, lass ‘Worker, Goldbeatér, the Wa . the
Jeweler, the Hab Malker, the In.k Manufacturer the Optician the Farmer, the Dalry-
man, the Paper Maker, the Wood an W e Chandler and Soap Maltér,
the Veterinary Surgeon. ancd the Technologist geneml.
A mine of Informa a.nd w-datainav respect, A book which will prove of
vaiue tol EVERYONI‘. b oovers, every branch of the Usetl Arts,  Every hotme

hook; Btore, every ublic and rivaw en-
e R T EEEBE—-—&hggdhsvesoo?g 500 pogee. Price o T $5.00

WHAT IS BAID OF THIS BOOK'

“Your Twentleth Century etﬁoes. ulg
Iamgladwhavaacopyoflt,andlrloo d not re laoeit.moneycm;ldnb it. It
15 the best thing of the sort 1 . E. TRUX,

. 'l‘ha-emtswpemons whowcmld notbeabletoﬂnd]nthebooksomeslngle formula
%:%t would repay seveml times the cost of the book."—Merchants' Record ond Show

hatt | pumhaaed your book ‘ Henley's Twentleth Century Book of Recl Formulas and
Processes ' ab‘?ab & yoar ago and it 1a worth Ita weight in geld."-—WM. H. MURRAY,
Bﬁnﬂiﬂs‘ﬂna

“THE BOOE WORTH THREE HUNDRED DOLLARS™
“On close examination of your Twantleth Century Réceipt Book,' 1 find it to be a
' ¥ery valuable and useful book with the very best. of practical information obtainable,
The of t-he hoolz, $3.00, I8 very amall In co pa.rlson to the benefits which one can
O from it. I consider the book w: worth fully three hundred dollams to snyone.'
DR A C. Snm. New York.

“ONE OF THE WORLD'S MOST USEFUL BOOEKS™
“ Aome time ago, I got one of your ‘Twentieth Century BooksorF ulas’ and have
made m: liﬂ from it ever sloee. 1 am a.l.one s:l.n.oe ushand’s death with two
amal] ¢ care for and am them. I bave customers
who tnke trom mo Tollet Articles ?)et up, ullowin%dlmctions given In the book,
g oI. have found everyone of them to H. MCMAEEN, West Toledo,

L]

RUBBER

RUBBER HAND STAMPS AND THE MANTPULATION OF INDIA RUBBER.
By T. O’Conor SLOANE,

This book gives full detalla on a.lltgolnta. treating in a conclse and simple manner the
elomenta of nearly everythl %ber necessary to understand for a commencement in
[ndia Ru Manufacture. The making of all kinds of Rubber
Hand Stamps, 8mall Articles of Indis Rubber, 1. 3.-Government Comn tion, Dating
Hand Stamps, the Manipulation of Sheat Rubber , Toy Balloons, In Rubber Solu-
tlons, Cemenis, Blackings, Renovatlnf Varnish, and Treatment for India Rubber
Shoes, etc.; the Hektosra%h Atamp Inks, and Miscellaneous Notes, with a Short
i e matacr Asigned to 5 °“”°u§“°“¢““w%“t'ﬁ’”°“|§n‘;‘u‘ s belng piain and Ample
unders 86X ons 1 AN
Including a chapter on Rubber aldn% Vp nlz.l.ng 3 d:wed?ter on the
e of rﬂ{)ber i&dSurgery and Dentlsu'y h.I.rd nsv‘lsed enlarged tion.'llgg
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SAWS
SAW FILINGS AND MANAGEMENT OF SAWS. By RoOBERT GRIMSHAW.
A practical hand-book on filing, gumuning, swu‘glns hammering, and the brazing of
bmll)d aawg, the 5 . work, and ‘powefr to Tun ular eaws, etc. A handy book for
those who have &of saws, or for those mechanics who do their ownﬂnns as it deals
with the proper shape and pltches of saw teeth of all kinds am 31\ras many useful hints
snd rules for . sekiing, and fling, and Is a practical al those who use saws

Complete tables of proper shape, pitch, and saw teéeth as well as
8[?08 amf number of teeth of various saws are included. ‘Third edition, revised and
eplarged, Ilustrated. Price . . . . . . .+ &+ ¢+ « = « +» 4+ = + B1.00

STEAM ENGINEERING

AMERICAN . STATIONARY ENGINEERING, By W. E. Craxe.

Thia book at the boller room and takes in the whole power plant. A piain
talk on every-day work about 3, bollers, and thei ra.coessor%
wbescientlﬂcormthemaﬁ All forimtlas are in slmple form so that any one
underst.andins & arithmetic can readily understand any of
emoatpractlcalbooklnprmt.hasgiven & resulis of his years of
ex‘perienoo. has included about all that has o do with an emomora&war
plant. Youmnotlefttoguassatasmglepomt-. You are ahown what to
expect under the various conditions; how to secure the best resulta; waye o ent-
"?‘“ﬂtd&n "w‘jll)? fwkli.}:shcgg ang;hag.hgn(;esﬁ' lal.nenotl?geh 'or practical
LY on aer.mpa. & of g rge of '8 p
men and yot of value to those high in the profession,

A partial ]ist or contents is; The boller room, cle:anjxrl)inzoﬂers, firing, l‘eac}lng E:mpe.

inspection and repair; chimneys, sizes and cost !

testing cemant.‘ pile driving; en.glneﬂ. slow speed; valves: valve setting;

Clorllss engines, setting valves, slogle and double eccentric; air pamg BNAR;

different wpes of oondansers ; m n?edad !tl'llnglslé‘:r;-],:l pounds; pins not sguare

oars 3 5

copper; d.rip pipes fromlinder ?ac.kets belts, how made, care of; oils: greases;

testing lnbricants; tables, Inclu steam tal t APOAA O ents;

uares and square roots; cubes and cube rovt; arcas and ch'cu.m.l‘erem o

ﬁgws% Brick work, exl:alosions; pumps; punp Yalves, heaters, f l.i
safel ves; ead, and clearance, a9 & COm ewmmlnation ora
W em:mdp Ilustrated. Egioe

EMINENT ENGINEERS, By DwrseT GoDpDARD,
Everyono who appreciates the e@ect of such great Inventions as the Steam B
Soeamboat, Locomonve, | Sewing Machine, Sieel Wor other
discoveries, Is Interested in knowing a littie about the men who made them and thelr
achieverrents,
Mr. Goddard has selected thirty-two of the world's engineers who have contributed
most largely to t.ha advancement of pur civilization by mechanical means Aﬁl'vj.ng only
eneral Interest and In a way which sppea]a to whethar

such facta &3 are 83
mechanics or not, 280 paged. 35 Hlustrations, Price . . s+« + $150
ENGINE RUNNER'S CATECHISM. By RoBERT GRIMSHAW.
praciical treatise for the stat engineer, ujnxhowtoerechadjustmdm
the principal steam engines in use in the United States. Describing the g
featu.res of various special and well-k.nown makes of engines: Temper Cut.-oﬂ'. hip:
PFoundations, Erecting and Starcting, Valve Set,t.lng Care and Use,

Emergaucies recting and Adjusting Special Engines.
The questions asked throughout the catechism are plaln and to the point, and the
answers are given b such simple language as to be readily understocd by a.nyone AR
the instructions given are complete and up-to-date; and they ace written in & popular
siyhe without any technfcalities or mathematical formu]m The work is m
gizo for the pocket, clearly and well printed, nicely bound, and profusely .
'To oung el naersthlscat.ech.tsmwﬂlbeofgmtval especlally to those who may
be yreu;af'in%g' 0 g0 forw to be examined for oeruﬂca.t.es at e’;m . and to
enginears generally [t will be of no Hetle service, a8 they will ind in volume more
ly practical and useful information than ls to be found anywhere else within s I.ﬂle
tompass. 7pa.ses.Se\'enthed.lion.Price.........o.S.OO
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HORSEPOWER CHART.

3hows the horsepower of any stationary englne without ealculation.  No matter what
the cylinder diameter of stroke, the steam pressure of cut-oﬂ' the molntions or
whether condensing or non-condensing, 1t.s all there, and
saves time and calculations. Especially useful to engineers a.nd desicnems. 60 cents

MODERI}{STEAM ENGINEERING IN THEORY AND PRACTICE. By GArpNER
. Hiscox,

This iz a com t,aand tical works Immed for Statlonary Engineers and Flremon,
dealing with h.I.n é:mmsement of bollems engtnea pumps superhet:j&agu SLeAm,
ﬂnf ¥OBIMOS, M other
branches with which the ‘modern ens'l.neer must be ramlll e;.l;lky 00 questions with
their anawers on steam and electrical engineering, lik tobe ed by the Examin-
ing Board, are locluded.
Among the chapters are: Historical: steam and ita pmpenlas. tppljames for the
Pemtlonofswsm t¥pes of boilers; chimney and lts work; heat economy of the
'eod water; stemn pumps and their work: inerustation and its work; steam above
atmoapheric pressure, ﬂow of steam from nozzles; suparheat.ed steam and its work;
ad.laba.tlc erpamion team: indicator and ita wotl; steam engine proportions; stide
ve motfon Corlisa engine and l'ts valve gear; oompolmd
and itw trrlpla and multiple expansion engine; ateam turbine
elevators an management; coet of power: steam en t.roublas. elec‘t.ric
powara.ndeleetdcplan& 487 pagea, 405 engravings, 3d Edition. . . . $3.00

STEAM ENGIN'E CATECHISM. By RoBERT GRIMSHAW,

ue volume of 413 pages ls not only & catechlsm on the question and answer
?ha ple. but. lt. oont.atns formulaz and worked-out answers ror all the Steam problema
vn%ua the operation and management of the Steam Engine. Illustrations
valvas and valve gear with thelr principles o( emtlon are given. Thirty-
four Tablea that are indispensable to overy @ fireman that wishes to
progreasive and is ambitious to become master mlljnsarawithm its pagen. Itis
a8 most valuable Inatructor in the service of St&aem Engineering. Leadi

for the engineer. I+ ls thoroughty indexed for every detail. Eve uestion
on t.he Steam Engi.ne with iis answer is ¢ontained in thia vnluabllz work. S?x&een

L T R T S . . a

STEAM ENGINEER'S ARTTHMETIC. By CowviN-CHENEY.

A practical pocket-book for the steam peer. Shows how o work the problams of
the engine rooin and showa ** w T how to figure horse power ot enﬂa
boc[lers,amofboﬂm has tables of areas and circumferences: m tab)
dictionary of nﬁlneeﬂngt.erms Put.syouontoallort.helittlekinksin hat.-
ever t.here I8 to around » power plant, Tells you about the heat unit; absolute
hatic expmsion duty of engines; factor of safety; and a thoueand and one
ot.her th&a and e\r t.h.lng is plain and slmpie—not. tho hanclest wsyt.o ure but
ditlon. . . . . . . . . . . 0 cents

STEAM HEATING AND VENTILATION

PRACKICGALKISNTEAM HOT-WATER HEATING AND VENTILATION. By

This book is the standand and latest work published on the subject and has been pre-
pared for the use of all engaged in the business of steam, hot-water heating, and ventila-
tion. It is an original and exhaustive work. Tells how to get heatinseth cont»ra-cbetis. how

with the new accelerated syetems of hot-water clrculation, including ters ot
:’I{p-to-date methods of ventilation and the fan or blower system of heatl ui) ventila~
on. Containing chapters on: I. Introduction. II. Heat. III. volut.lon of

artmoial heating apparatus. IV. Bofler surface and set tinge V The
V1. Pipe and Attings. VII. Valves, various kinds. III. Forms ol’ r:d.lya
sufaces. IX. Locating of radiating surfaces. X, Estimating ra.d.l.atlon. XI. 8
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beating apparatus. XTI, Exhauststeam heating. X111, Hot-water heating. XTFV.
Pressure ;) stems of hot-water work. XV. Hot-water appliances. XVI. Gnrgeenhmme
beating. I. Yacuum vapor ami vacuum exhsust heating. XVIII. Miscella-
. g) fons, XX Ventilation. XXI,

ventilation &nd blast eating. XXII, Steam appllances, XXI1II.

Mechani

District heating. XXIV, and holler oo . XXV, Tem] fare tion

and "heat control” XXVT, i i methods. 30on Miscellanoous, 100,
es, tables, and useful information. pages. eta-lled engravings.

Edition—RBevisad, Price . . . . . . . . s . . « .« B3.00

500 PLAIN ANSWERS TO DIRECT QUESTIONS ON STEAM, HOT-WATER,

VAPOR A.ND VACU'UM HEATING PRACTICE. By Avrrer G. Kina.

This work, s arranged 1o question and answer form: it s Intended as
enced and as a reference book

dfuld t.extpbook orbhegoungormexpeﬂ fitter for
Atters. This boo da.lsotel.ls"why" 'Nowork of its kdnd has

ublished Itmmﬂth&quwﬂmmmmgmmmw
t.hst.wo by the steam fitter or heating contractor, and may be as s
text or cabook and for emmlnaﬁon%uastionsbymamm“smm
l"lwars Amocla.t.f.o "Rules, data, tables and d

ther with much other detalled infe td chmptlve o t-h&? ensagedt‘l:
much othee orma cm
4 or interested In the varlous methods of aluable to thooe P for

mm.inatlons ADswers every question nskod ting to moderno Steam, Hot-Water
Vapor and Vacuoum Heating. Among the eont.enta are: The Theory and Laws of
Heat. Methods of Hea . Oh.lm.n and Flues. Boilers for

Trimmings adia 2

and Settings. tion, Steam Heatd Boiler, Radiator and Pipe
Connections for Stecam Heating. Hot' Water Heal . The Two-Plpe Gravity
Systarmn of Hob Water Heating. The Circuit System of Hot Water Heating. The
Overhead Syatem of Hot Wator Heating., Boiler, Radiator and Pipe Co for
Gravity Systerns of Hot Water Heatlng. Accelerated Hot Water Heating. Ex-
on Tank Connections, Domestic Hot Water Heating. Valves and Air Valves,
acuum Yapor and Vacuo-Vapor Heating, Mechanieal Systems of Vacuem Heating.
Non-Mechanical Vacunm Systems. Vapor Systoms. At eric and Modu]aﬂnslz

) Hea Greenhouses.  Information, Ru.les s.n bles. 200 pagee
Hirations. =~ Ootave Sloty = price s aton, R AR W

STEEL

STEEL: ITS SELECTION, ANNEALING, HARDENING, AND TEMPERING.
By E. R. MAREHAM.

This work waa fopmerly Enown as “*The American Stecd Worker,” but on the pub-
Lication of the new, revised edition, the publishers deemed it advisable to change its
title to a more B‘ultable one It is the standard work on Hardening, Tempering,
and Anncaling Steel of Ld.nd&

Thlsbookteﬂshowtoselect d how to work, temper, harden a.ndannealst«alfor
everything on earth. It oesnt.tol]how wt,emperoneclmofwols and than leave
the t.reatrmem of another of tool to your Imagination and judgment, but it glm
carefit! instructiona for evel otﬂlofevmtooi,whath&rltbeat&p.smmer m
a screwdriver. It tells about the tempering of small wa d:Y
cutlery and the snnmmfg‘?f dies. In fact, there ism't & ns that [ st-eal
Et;uld want. w know that ‘3‘ Includeg‘ It i:h.t!le slsandard mmisns
, Byl te grades of ateel. Among head.i.ngs manuloned
the followi.ns n% ecta: Introduction the worlcman heating:
heating tool steel: forging ; anneall en.ingbaths bat.hs forlmrd + harden-
ing ateel; drawing the temper after a.rdenlng atzgmplas of hardeni ha.rden-

Lntgafwvmowmhmrmubh high apead steels, et Mpages
fuilly illustrated, Fourth Bditlon, Prce . . . . - + + + « - ssb

HARDENING, TEMPERING, ANNEALING, AND FORGING OF STEEL. By
J. V. WooDWoRTH.
A od for th
B T ek 13 ook
Er el e R F e it e
g cuuwrs, taps, wreﬁmmw bat;.h solid and shell, hollow mills, ;;:unchu
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an dies, and a1l kinda of sheot metal work:'lvn.eitools shoar blades, mws.ﬂnecut-lery and

metal cut.umi tools ofa.l] descr:g:ion, ag for all implamenta of steel hoth large

and n this plost and most satisfactory hardening and temper-
DProcesses are veu.

'I'he which the leading brands of steel may be adapted are concisel, Eenent-ed

andthed.r treatment for worling under differont condltiona 1/ explained, also 4

methods for the hardening and mmpa‘lngorspedal

A chapter devoted to the different proceases for hardelilnsis&hoindudedand
reference made to the ada.ptauon of machinery stoel for tooh of various kinds,
urth Edition. 2889&(00 201 illuatrations. Price . e e . 83.50 ’
TRACTORS

THE MODERN GAS TRACTOR. By Vicror W. Pagt.

A complete treatise describing all types and sizes of gasoline, kerosene, and ol tractors.
nddl;m and construction exhaustively, glves complete instructions for care,
thonandrep&h' outlines all practieal applications on the road and in the feld,
best and latest work on farm traciors and tractor power planta. A work needed

by farmers, studenta, blacksniths, mel:ha.nics salesmen, implement dealers, d ers,
d engineers. 500pnses Nea.rly {llustrations and fol plates. Price 00

THE HOME-MADE TRACTOR. By Xeno W. Purnanm,

Apmcﬁcaltmtlsemweeonmcﬁondsmaﬂandspwmlpurpmtncw in the
home workshop from the odde and ends of cast-off machinery avallable on nearly
mfmwn%mlm work shows the farmer w at amall BK] gujgo h.im p

en;.g m.a.k.tmi tﬁ © COn-~
struction of a [ ble of ha.uJing hurvasung &nowlnﬁ
doﬂns all the ordinary rarm work (n which the propulsion of & re~
quin 153 Twenty-four chapw?ho are 1.“:;ont.ah:ua':l in Imogxuua?%:l is ulu.strated with

engravings successfull tested home-made

tractors. "ﬁfﬁﬁ in cloth, l2mo il v
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