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GASOLINE ENGINE TRODBLES
AND

TIE CARE AND OF

By G. E. P. Smith

INTRODUCTION

This bulletin is not a general treatise on gasoline engines. It
was intended primarily for the discussion of gasoline engine troubles,
but several other important features concerning the care and opera-
tion of engines have been added. It deals with four-cycle engines,
which constitute at least 95 percent of the gasoline engines in use
in Arizona, but will prove suggestive to the owners of two-cycle
engines also.

Gasoline engines are peculiarly adapted to farm use. They can
be started on a moment's notice; they will run for hours without
attendance; there is much less danger connected with them than
with a steam plant; the standby losses are nothing; they are compact
and easily made portable. It is little wonder that they have come
into use by the tens of thousands and are found in all agricultural
communities, particularly where pumping for irrigation is prac*
ticed.

So much is written about gasoline engines, and manufacturers'
catalogues describe the construction so well that little need be said
here. Briefly, there is a cast cylinder mounted on a heavy bed with
a single-acting piston receiving its impulses from the head end of
the cylinder. The connecting rod is attached at one end to the
wrist pin of the piston and at the other end to the crank pin, without
any cross-head. The flywheels are relatively heavy in order to equal-
ize the motion. The fuel charge is drawn by suction through a
small mixing chamber, where it is mixed in adjustable proportions
with air, and thence into the cylinder. The inlet and outlet valves

NOTE* This bulletin was written for the most part in 1911. Therefore, no mention In made
of the new types of oil-burning engines which are being introduced for small-unit power purposes*
more especially for irrigation pumping On account of the relatively low cost of the fuel oil which
they use, they hold out great promise of economy, not only reducing the cost of pumping at moderate
lifts but making possible the reclamation of areas where the great depth to water precludes the use
of the ordinary gasoline engines for pumping. The author is now conducting a aeries of testa
to determine the operating conditions of the new types of engines* and to ascertain, first,
whetfaker they are to be recommended for farm use; and, second, the relatrjw merits of the new types*
The results of these tests will be issued in another bulletin in the near future.
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are of the poppet type. The charge is ignited by means of an elec-
tric spark, either from a make-and-break mechanism or from ass
induction coil. The current is supplied usually from dry or wet
batteries, but magnetos are sometimes used and are preferable. The
cylinders are water-jacketed or provided with radiation rings, mak-
ing them water-cooled or air-cooled. The governor usually is built
into the flywheel, and governs the fuel feed either by cutting out
the charge, or by throttling the inlet passage, when the engine
reaches a certain desired speed. Various other mechanical features
are introduced according to the judgment and inventive skill of
the designers, for example, starting devices, water-feed in the charge^
and adjustable mechanism.

Gasoline engine building is well standardized and, as a rule*
engines are sold on their merits. The heavier engines with more
machine work upon them give less trouble and last longer, but, natur-
ally, cost more than the lighter, cheaper-built engines which will
give good service for a few years.

Of all the "do's and dontV' which might be enumerated, the
following three need special emphasis:

1. Study your engine, its mechanism and its principles of action.
2. Keep it lubricated.
3. Keep it clean and in adjustment. Go over it once a week

with a bunch of waste, removing all dirt and excess oil, and
examining nuts, bearings, and valve springs.

EXPLANATION OF THE CYCLE

The term "four-cycle** signifies that four strokes of the piston or
two revolutions of the crank are necessary to complete the cycle
of events that take place in the engine. In a two-cycle engine
there are only two strokes in a cycle. The adjustment of a gasoline
engine so that all the events occur at the right moments is called
timing the engine. The strokes of a four-cycle engine are:

1. The admission stroke, during which the fuel and air are
drawn into the cylinder.

2. The compression stroke, in which the mixture of gasoline
vapor and air is compressed into the head end of the
cylinder. The ignition occurs near the end of this-
stroke.

3. The expansion stroke, during which the explosive mixture
burns and expands. This may be called the power
stroke.
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4. The exhaust stroke, in which the burned gases are driven
out of the cylinder.

Thereupon, the same sequence of events begins again.
In Fig. 1 are presented four sectional diagrams to illustrate the

relative positions of the admission valve, the exhaust valve, the
piston, and the crank, near the beginning of each of the four strokes.
The first diagram shows the inlet valve open and the charge of gaso-
line vapor and air being drawn into the cylinder. The piston is there-
fore just past dead center at the head end of the cylinder The
second diagram shows the compression of the charge. The third dia-
gram shows the positions as the mixture burns and exerts a pres-
sure against the piston. During the fourth stroke the exhaust valve
is open and the burned gases escape.

At the head of the accompanying trouble chart is the note, "First,
turn engine slowly through a full cycle and note the occurrence of
events/' This is important. Turn the flywheel forward slowly, be-
ginning with the admission stroke. Note that the admission valve
is open and that the exhaust valve is closed. Note whether the
former closes when the piston is at the end of its travel. Note
whether the compression is good. The better the compression the
more difficult it will be to bring the piston back toward the head end.
Leaky compression is easily detected by holding the flywheel. Note
whether the ignition occurs as it should before the crank reaches
dead center,—about 15° before in the case of an average-speed ten-
horsepower engine running on batteries. Finally, see that the ex-
haust valve opens and closes properly. Putting an engine through
its cycle occupies but a minute of time and should be done at the
outset when hunting trouble.

GASOLINE ENGINE TROUBLES

Gasoline engines are cranky. Even the best of them are subject
to ill-temper at times. When all conditions are right the gasoline
engine runs steadily and carries its load with a minimum of attention.
But anon it refuses to run and the operator must ascertain where
the trouble lies. An experienced operator who understands his
engine will determine quickly what is needed, and will proceed to
adjust or repair or renew the defective part. In recent years the
gasoline engine has been universally adopted for pumping, thresh-
ing, sawing, traction, and other uses, and there are now a host of
novices who run their engines successfully only until trouble occurs,
whereupon they find themselves unable to locate the difficulty. To
help such operators is the main purpose in issuing this bulletin.
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In locating trouble one should have a system and should follow
it closely. Very frequently an operator proceeds in the most random
way, trying the spark, adjusting the needle valve, tightening a few
nuts, and, finally, he has not the slightest notion of where the trouble
lies Perhaps, indeed, he has five things out of order where he started
with one. In one instance two men worked on a stalled engine for
two days Twice they had the piston out. There was nothing that
<was not examined several times. After all was done they did not
know where the trouble lay and had to obtain an expert from the
nearest town. The difficulty was found to be very trivial. In
another instance a cattleman came to town with a sorry tale concern-
ing his gasoline engine. Moreover, it was June, and eight hundred
cattle were at the corral bawling for water. The cattleman had
taken off every spring and every valve and brought them m to be
examined They appeared to be in good condition, so the mechanic
•went to the ranch and put the engine together again. He found
that the only thing in the world that had caused the trouble was that
the dry batteries had run down and new ones were needed. If Mr
'Cattleman had had any kind of a system he might have located the
trouble himself. In another case an operator was quite sure that
the trouble "was somewhere in the ignition," but later it developed
that he had exhausted the gasoline from the supply tank.

Every move that the operator makes ought to prove something.
After testing the ignition he should know positively either that the
ignition is out of order or that it is in order. In the latter case he
should then test the carburetor, and should determine either that
the carburetor is out of order or that it is in order. Proceeding in
this manner he figuratively drives the trouble to bay. Many opera-
tors have a system or scheme which they follow more or less uncon-
sciously when hunting trouble. Why should not such a scheme be
published for the use of all operators-* A chart of gasoline engine
troubles accompanies this bulletin. It is printed on heavy paper,
and is intended to be tacked up on the engine room wall for ready
reference. For many operators the chart contains nothing with
•which they are not already acquainted but if they will follow the
system or scheme, they will be relieved of much perplexity, many
needless delays, and much expense. Similar charts have been pub-
lished before. They have been consulted in an effort to make the
present one as simple and effective as possible.

The chart does not state what to do when the trouble is located.
In most instances the operator knows already what to do or the
remedy will be obvious, in other cases he will consult the book of
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instructions furnished by the manufacturers of the engine. The pur-
chaser of an engine should always insist on personal instructions
from the manufacturers or their agent at the time of purchase. Need-
less to say, too, he should insist on having the engine put in adjust-
ment and demonstrated before accepting and paying for it.

THE CHART AND HOW TO USE IT

Begin at the top of the chart and work down. The first ques-
tion is, does the engine start readily after being shut down. If
there is no difficulty in starting, the upper part of the chart need not
be consulted, because the trouble must be one of those listed on the
lower part of the chart (B). If there is difficulty in starting, then
search in the subdivisions under A.

TROUBLES IN STARTING

Starting troubles are classified under three heads, ignition, car-
buretor, and motor.

A-L The ignition is to be examined first inasmuch as it is the
most frequent offender, and also because its operation is independent
of the rest of the engine. Test the spark just outside the igniter-
block, and, if there is a strong spark there, remove the block and test
at the make-and-break points. In case of a jump spark, first test
.at the vibrator, and, if.no trouble exists there, remove the spark plug
to make a final test. But, suppose that a good live spark is not
•obtained, then:

A-I-L Begin with the source of the current, which is either a
battery or a magneto. Test the battery as a whole or test each
«cell separately. An ammeter should be used for dry or wet cells and
a voltmeter for a storage battery. Either one can be used to test
the magneto, rotating the magneto meanwhile to give the proper
•speed. If no meter is at hand strike two connecting wires together
and separate them, or draw one wire across a file or across the milled
liead .of a terminal nut so as to close and open the circuit suddenly.
One can judge readily from the series of sparks whether or not the
•cell o'r cells are live and strong. The most common trouble with the
magneto is that it becomes short-circuited by over oiling. A mag-
neto needs very little oil, only a couple of drops once or twice a week.

A-I-2. If the cells are all right, test the connecting wires close
to the igniter block or close to the induction coil. If the current
is weat or dead, then-trace the circuit to '-see. where it is broken,, and
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examine the contacts to see if they are bright and tight, and see that
the wiring is correctly done and that no two wires are crossed.

A-I-3. If the spark is good outside of the igniter block, but
not inside, then the trouble must be sought in the igniter block
itself. Perhaps the ignition is not timed right, perhaps one point
is pitted, or the points are foul with carbon deposit or oil, or the
insulation may be broken. In the case of a jump spark, the vibrator
must be examined, and the spark points, and the insulation, and the
timing. An extra igniter block or an extra spark plug should be
provided with every engine. An old igniter block can be returned
to the factory to receive new platinum points.

A-IL If, however, on the preliminary test the ignition as a
whole is found to be good, then the subdivisions under I need not
be consulted; but the operator turns directly to A-II,the carburetor.
One method of determining whether there is an ample feed of gaso-
line is to close the air admission port and turn the engine over once,
opening the relief cock as the piston returns and noting the odor of
the gas. On some engines the surplus gasoline thus drawn in by the
strong suction will run out through the air pipe. However, on some
engines the air port has no valve and is not accessible; and on some
engines there is no relief valve. It is impossible to state a method of
testing of universal application but each operator should know how to
make the various tests for his own engine.

A-II-2. When the suspicion of the operator rests on the mix-
ture, it is customary to believe the mixture too weak. This is a
fairly safe assumption in cold weather, but it frequently happens
that the cylinder has become "flooded*'. In that case the best
remedy is to close the throttle and turn the engine over a few times
when, usually, it will begin to fire.

A-III. When the ignition and the carburetor are in order,
although there may be many possible troubles to come, yet there
are very few that can keep the engine from starting.

A-III-1. This calls for a little good sense. It can only happen
in the winter, and at that season the operator should have some high-
grade gasoline with which to prime his engine. The priming charge
should not be poured in carelessly from a can, but a measured quan-
tity should be put in. Then a fewt moments should be allowed for
it to vaporize. Rocking the flywheel back and forth will cause the
vapor to mix with the air. Then, if the engine does not start, there
must be a more serious difficulty.

A-III-3. The compression is tested best by turning the fly-
wheel slowly through the compression stroke. The easier the



GASOUNE ENGINE TROUBLES 805

the worse is the engine. It should be springy even after holding it
in one position for a minute. If the resistance decreases while hold-
ing the wheel, it must show that the gases are leaking out. The
compression must be very poor, however, to prevent the engine
from starting on light load and from running idle. So, finally, at the
very end of the list the operator may be justified in taking his
engine down to examine the valves, the piston rings, and, last, the
cylinder gaskets. It is, and should be, the last resort.

TROUBLES AFTER STARTING

In the case of troubles after starting the operator is assisted
by the engine itself in locating the trouble, either by noises, or smoke,
or by the engine parts becoming hot. An internal combustion engine
is run largely by sound and the operator's ear quickly detects mis-
firing, pounding, back-firing, explosions in exhaust pipe, loss ol
power, or irregular speed. Overheating, too, if allowed to develop,
changes the sound. An engine shoitld be examined at least once an
hour, and at such times the temperature of the cylinder and the
bearings should be felt with the hand.

Therefore, the second column gives the outward indications of
trouble. These indications are arranged approximately in the order
of likelihood of occurrence. The operator should look down the
column, select the proper indication and examine the possible causes
under it. If the engine becomes "noisy" in operation, then, first,
it may be.

B-I. Misfiring. This may be due to poor ignition, carburetor
troubles, or to very poor compression. If the last, then consult
causes for it at the bottom of Table A. In cold weather an engine
is apt to misfire when first started, but after a few minutes the fuel
mixture becomes normal and the explosions become regular.

B-II. Pounding is not an uncommon occurrence and should
not be tolerated* It may be due to a variety of causes. If the igni-
tion is timed too early the engine will pound, and yet the explosions
tihoold be as early as the engiii'e Will stand without pounding. There-
fore, if possible, this adjustment should be made while the engine \s>
running on its regular load. Some engines permit of this, others must
be shut down in order to change the time of explosion, fire-ignition,
that is, ignition prior to the spark, causes pounding ^th a more
Irregular sound. It indicates a hot dirty cylinder. Pounding due
to loose bearings is accompanied by rattle ajid a metallic sound



806 BULLETIN 71

B-III. Back-firing is easily distinguished from explosions in
the exhaust pipe. The former gives a series of muffled snappy pops,
while the latter sound more like the sharp reports of a gun. The
former occurs while the intake valve is open. The latter occur just
when the exhaust valve opens. Pounding due to pre-ignition occurs
while both valves are closed. Back-firing and explosions in the
•exhaust pipe often accompany each other, and are caused most often
by a too lean mixture.

B-V. Overheating is an important danger signal. Sometimes
it calls attention to the fact that the circulating water has not been
turned on, or to the need of adjusting the mixture, or of more lubri-
cating oil. But sometimes the difficulty is more serious, as when
the compression is poor, on account of a foul cylinder and stuck
piston rings. This condition is not easy to remedy. If the carbon
deposit has not become hard and gummy it can be blown out some-
times by feeding kerosene or denatured alcohol in through the air pipe,
or some kerosene may be poured into the cylinder and allowed to
soak several hours. But, it may be necessary to remove the piston
and dissolve and scrape out all of the deposit, to smooth down the
•cylinder walls if they are scored, and to loosen and free all the rings
in their grooves. If the rings are burnt and show places where the
gases have been blowing by, then new rings shduld be put in.

If the bearings heat, and yet they are well lubricated, then the
holding nuts should be loosened a small fraction of a turn.

B-VI. Let us assume that the engine starts readily on light
load, but when the regular load is put on, the engine labors, and
perhaps the speed is reduced. Or, possibly, the trouble develops
gradually and the engine may even slow down and stop. The trouble
may be one of a great many, but if the operator follows the chart
scheme he will soon know just what is wrong. First, is it the igni-
tion ? We will assume that it is tried and found to be strong and well-
timed. Is it the carburetion? We will assume that the fuel is be-
ing properly supplied and that the valves are found to be set judi-
ciously. Is the engine overheated? If the engine is heavily loaded,
overheating may cause it to labor, even though there may be no
other symptom of distress. Thus the list of troubles is gone through
and on each point the operator ascertains, yes or no, whether or not
there is trouble. If no trouble is found down to No. 6 the opera-
tor can conclude that the engine is over-loaded. If he has not fol-
lowed out a scheme of this sort, he can come to no conclusion,

B-VII. In case of smoke issuing from the exhaust pipe, the
cause can be known from the color of the smote, bl^efc smoke i
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eating too much gasoline being fed, and light or bluish smoke indicating:
too much lubricating oil in the cylinder. If the piston rings are worn
and leaky, smoke will issue from the crank end of the cylinder,

The above explanations are sufficient to show how the chart
should be handled. It should be kept in some place where it is al-
ways and conveniently available. Any operator can add to it
according to his experience. It must be confessed that some troubles
of very rare occurrence are omitted purposely in order not to make
the chart cumbersome. Also, such difficulties as the breaking of
parts of an engine are omitted, for troubles of that nature are made
knqwn immediately by unmistakable sounds.

THE HOUSING OF AN ENGINE

The life of a gasoline engine is at least fifty percent longer in a
machine shop than in the average pumping plant, the reason therefor
being partly the superior care and attention given to the engine by a
machinist, and partly the superior housing in the machine shop.
It is quite common to find pumping plants with no housing whatever
to protect them from the weather. Fig. 2 illustrates such a case.
Dust, sand, gummy grease, rain, dew, and the hot sunlight, and
neglect are all enemies of the gasoline engine. They not only bring on
ailments of many kinds, but shorten its life also. The writer saw
an engine that had been standing exposed to the weather from the
end of one irrigating season until the next spring. It was literally
buried in dirt.

On the cover page is shown an engine nicely housed. The build-
ing is constructed of adobe with a galvanized corrugated iron roof.
The circulating water tank stands outside and the exhaust pipe
passes out through the roof. At the right of the engine (not shown) is
a work bench. The operator of this engine will have far less use
for the Trouble Chart than will the owner of the engine shown in
Fig. 2.

Many farmers build light ̂ frame houses over their* engines. This
is false economy. The boards warp and split quickly and the nails-
draw out. Permanent construction should be used, either concrete
or galvanized iron or adobe. Adobe walls should be protected by
means of projecting eaves. <

An excellent plan where the pump is of the Jaorizontal-^u:Is type
is to depress the engine room six or eight feet in a sort of storm cellar.
Such a room should be walled up inside, well roofed, and floored.
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Depressing the engine permits the pump to be set lower, or to be
direct connected, or else the belt can be run at a flatter angle. Sev-
eral installations of this type have been observed.

FUEL CONSUMPTION

While the manufacturers continue to advertise how little gaso-
line is required to run their engines, the users continue to tell how
much it takes. The fuel consumption is often more than it should
be, usually due to the operator rather than to the engine. Many
conditions arise that increase the fuel consumption unnecessarily.
The common ones are, in the order of their importance and frequency:

1. Too rich mixture
2. Leaky compression
3. Retarded ignition
4. Excessive friction in cylinder or bearings.
5. Engine too large for its work
6. Leak in piping

In order to test the fuel consumption, it is necessary to measure
the power generated by the engine as well as the quantity of gasoline
used. It does not follow that an engine is developing eight horse-
power simply because it is an eight-horsepower engine. The power
is best measured by a Prony brake applied to the pulley wheel or
to the flywheel. This usually requires the services of a good mechanic.
Fig, 4 shows 'art eugitie undergoing test of this kind. When the en-
gine is belted to a centrifugal pump the work done by the pump can
be easily obtained, and from it the work done by the engine can be
roughly approximated. The quantity of water pumped can be
measured, preferably by means of a weir, and the lift can be measured
with a tape, The useful horsepower or output is then computed as
follows:

The discharge in cubic feet per second multiplied by
the total lift in feet and divided by 8.8 gives the useful
horsepower.
The brake horsepower will be from two to three times the useful

horsepower according to the character of the pump and whether
the pump is discharging its rated amount of water or a smaller
amount. The fuel consumption for a ten-horsepower engine or
larger with good compression should not exceed one pint per brake
horsepower-hour on full rated load, or one and one-third pints per
brake horsepower-hour at one-half load. For smaller engines these
figures must be increased*
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For fuel economy an engine should work close up to its rated
load, and it is not advisable, therefore, to purchase an engine with
much excess of power above the required amount. Allowance must
be made for the effect of altitude, which reduces the power of a gas
or gasoline engine, approximately m the same ratio in which the
barometer readings are reduced, which is about three and one-half
percent for each thousand feet of altitude. High-grade engines have
some excess capacity above their rated power, so that they may be
able to develop the rated power at 3000 or 4000 feet altitude.

In the theory of gas and gasoline engines it is proven that effi-
ciency depends fundamentally upon the compression ratio, that is,,
upon the ratio of the fluid pressure of the charge at the end of the
compression stroke to the pressure at the beginning of that stroke.
For good efficiency, therefore, high compression is essential. In
the majority of cases in which the fuel consumption is too great the
principal cause is poor compression. The operator should make
frequent trials to determine the condition of this important factor.
A leaky exhaust valve is oftentimes the source of poor compression.
Less often it is an inlet valve that does not seat well. Valves
require frequent regrmdmg and every operator should learn to grind
the valves of his engine. After some years of service every engine
shows a loss of compression due to the wear on the piston and cylinder
and it becomes necessary to fit in new piston rings, or to provide a
new piston and rebore the cylinder. It is preferable to replace the
piston rings one at a time and let each new ring become worn to fit
the cylinder before replacing the next ring.

Altitude affects not only the capacity of an engine, but the final
compression also. An engine that is to be used at high altitudes
should have its connecting rod lengthened or a plate placed on the
piston head so as to reduce the clearance space. The latter is the
common method.

R. M. Strong and Lawson Stone of the Bureau of Mines, U. S.
Department of the Interior, have made and recently published a series
of over 2,000 tests on internal-combustion engines.* They studied
the individual effect upon fuel consumption of many factors of oper-
ation, using both gasoline and denatured Alcohol as fuels. The tests
were painstaking and comprehensive, and have settled many mooted
questions and thrown new light on the subject of gasoline engine
operation.

These investigations showed that the factor having greatest
influence upon fuel economy is the setting of the fuel needle-valve.

*ButL 43, Bureau of Mines, U* S. Department of the Interior,
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bustion, but at half load, it has slightly less air. Presumably, at
three-quarters load the most economical mixture would be found to
be equal to the theoretically correct mixture. It should be stated
liere that the tests were made on hit-or-miss engines, but the conclu-
sion for full load must be applicable, also, to engines with throttling
governors.

For the range through which the tests were made the fuel con-
sumption varied from about 0.6 to 1.3 pounds per brake horsepower-
hour. That is, for fiome valve settings the fuel consumption was
more than double what it was for other settings. And yet through-
out the entire range there was no misfiring with the weaker mixtures,
nor smoke in the exhaust with the richer mixtures, nor any other
Indication that the engine was not running under normal conditions.
Thus it may be possible for many operators to reduce the fuel con-
sumption in their engines to one-half of what it is at present by ascer-
taining the best position of the needle-valve.

In the investigations for effect of the time of ignition upon the
fuel economy, it was found that the best time of ignition was from
10° to 25° before dead center depending upon the mixture-ratio.
There are other factors, also, which must affect the setting of the
igniter, particularly the speed of the engine.

Tests were made to determine how the fuel consumption was
affected by the size or "fatness" of the spark, by the engine speed,
and by the temperature of the jacket-water. In all three cases the
•effect was found to be negligible. Likewise, tests on the effect of
adding water to the charge showed that the fuel economy was not
affected thereby, even when the amount of water was made equal
to the amount of gasoline. Pre-heating the air appeared to improve
the fuel economy somewhat on light loads, while on heavy loads it
increased the fuel consumption and seriously reduced the capacity
of the engine.

An engine operator will find it worth while to make the endeavor
to neduce the fuel consumption. He should not lose sight of the
fact that thorough lubrication is essential to good economy. Other
ways of improving his engine operation may occur to him. For
Instance, for fuel economy no muffler should be used on the exhaust
pipe, although a muffler is desirable if the engine is in close proximity
to residences. The exhaust pipe should be short and without turns.
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THE MAGNETO

One of the greatest advances in gasoline engine equipment in
the last two years has been the growth in the use of magnetos for
igniting the charge. Magnetos of good construction and low cost
are easily available, and every gasoline engine, whether large or
small, should be equipped with one. Not only does a magneto give
a hotter, surer spark than batteries, and thus tends to reduce the con-
sumption of fuel, but the ultimate cost is also less. A good magneto
will give three years or more of constant service and a longer time
on intermittent service. On account of its recent introduction, the
magneto is imperfectly understood by the average gasoline engine
owner, and therefore it is deserving of special consideration in this
bulletin.

Magnetos may be classified as high-tension and low-tension
according to the voltage generated, and also as direct-current and
alternating-current according to the character of the current. Small
low-tension dynamos are used in automobiles but are not to be
recommended for the farmer's stationary engine, or for a tractor,
unless it is desired to operate several incandescent lights in addition
to the engine ignition.

The most satisfactory type of magneto for the farm engine is
the low-tension direct-current type. In construction it consists of
permanent horseshoe magnets, single or double, an armature with
commutator mounted on a small shaft, and brushes for taking off
the current. There is only one winding, that on the armature, and
one end of it is sometimes grounded to the armature so that only
one brush or set of brushes is required. These magnetos need not
be geared to the engine but can be driven by the flywheel with a
friction pulley or belt.

The care and maintenance of such a magneto is simple. It
should be kept up to the speed recommended by the manufacturers,
the commutator should be kept clean and in order, and oil should be
used very sparingly. The brushes should be held against the com-
mutator firmly, but no more. After six months of service they should
be replaced by new brushes. If sparking occurs for a long time it
will burn and roughen the commutator, which ought then to be
smoothed up with very fine sandpaper. Sparking can be reduced
by rubbing the commutator with waste which has a very little oil
®n it, or by using a bit of commutator compound, Removing the
armature from its position weakens the magnets and should be avoid-
ed. Ordinarily the magneto when purchased is in good adjustment
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and requires no attention save two drops of oil in each bearing every
few days. Such a magneto can be used with a simple choke-coil for
make-and-break ignition, or with an induction coil for jump spark
ignition.

If a low-tension alternating-current magneto is selected, it
should be of the induction type. In this type all the coils are sta-
tionary, and the only moving part is a soft iron member called the
inductor, which is so shaped as to cause the current to alternate in
direction through the coil, usually four times during one revolution,
thereby producing four impulses of current, two in one direction
and two in the other. The induction magneto is speeded very high
and can be run by belt or friction drive. This type has the advantage
of having no brushes or commutator to keep in order, but it gives
more trouble in the induction coil than does the direct-current
magneto.

High-tension magnetos have the magneto, transformer, timer,
and distributor all combined in one machine. Their disadvantages
are their high cost, the necessity of positive drive by gears and the
need of accurate timing. They are more suitable for automobile
service than for stationary engines.


