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FOREWORD

The object of this EO is to describe the
fundamental operating theory of high tension and
low tension ignition systems in such a manner that
personnel will have a better conception of how
sparks are generated and distributed in the correct
firing order of the engine. The use of technical
terms has been avoided as much as possible. It is
hoped that the information contained herein will
serve the purpose for which it is intended.
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Paragraphs 1 to 10

SCINTILLA AIRCRAFT MAGNETO

MAGNETS AND FLUX LINES

1 The operation of Bendix Aircraft Magne -
tos is based on the properties of the permanent
magnet. A permanent magnet has a magnetic
field consisting of many individual paths of
invisible magnetic flux commonly known as
""lines" of flux. Each "line'" of flux extends
from the north pole through the intervening
air space to the south pole, thereby forming
a closed loop as indicated in Figure 1.

2 The presence of the lines of flux can be
shown by placing a magnet under a piece of
paper on which iron filings are sprinkled. The
iron filings will arrange themselves indefinite
positions along the lines of flux,indicated in
Figure 1, which compose the magnetic field.
3 The lines of flux have the characteristic
of repelling one another. Consequently, they
will spread over a considerable portion of the
air space between the poles as represented
graphically in Figure 1.

4 The lines of flux also have a natural
tendency to seek the path of least resistance
between the magnet poles. A laminated soft
iron bar provides a much easier path for the
flux than does the air, and for this reason the
lines will crowd together and pass through
such a bar if it is placed near the magnet.

5 This can be seen in Figure 2 where the
"lines" of flux composing the magnetic field
are shownconcentrated in a defined path within

the air space. Therefore, the density of ''lines'
of flux within the bar is very high, The appli-
cation of the laminated soft iron bar to mag -
netos will be explained subsequently in this
Engineering Order.

6 The direction of the flux in the laminated
soft iron bar when placed in a magnetic field
is determined by the polarity of the permanent
magnet,

7 The permanent magnet is made of a spe-
cial alloy steel which has the characteristic
of being able to retain a large portion of the
magnetism induced in it when it is ""charged"
by passing through it lines of flux from a strong
electro-magnet. The laminated bar is of mag-
netically "soft" iron, which does not retain an
appreciable amount of magnetism when mag-
netic lines of flux are passed through it.

8 Therefore, should the magnet in Figure
2 be turned over so that the north pole was at
the top of the picture, the direction of the lines
of flux would be reversed in the iron bar,

GENERATING AN INDUCED VOLTAGE

9 Experiments can be made with a magnet
to show how a voltage is generated or induced
in a coil of wire. The coil should be made with
a few turns of heavy copper wire and connected,
as shown in Figure 3, to a meter which indi-
cates any voltage by deflection of its needle.

the bar instead of occupying a large portion of 10 The lines of flux of the magnet, when in
|
S S
N > N
Figure 1 Figure 2
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the position illustrated in Figure 3, pass
through or "link" the turns of wire in the coil.
When one line of flux passes through one turn
of a coil, it is known as one "flux linkage'. If
one line of flux passes through six turns of a
coil, six '"flux linkages'' are produced.

i1} Accordingly, if six lines of flux pass
through six turns of a coil, there are thirty-
six flux linkages, and so on.

12 If the magnet is brought up from a re-
mote position to the position shown in Figure
3 (a.), the number of lines of flux which are
linking the coil would be constantly increasing
during this motion. In other words, there would
be a CHANGE IN FLUX LINKAGES as the
magnet is moved.

13 This CHANGE IN FLUX LINKAGES,
produced by moving the magnet, induces a
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voltage in the coil of wire. This voltage (or
force) will be indicated by the deflection of the
meter needle. Should the magnet be moved
back away from the coil as shown in Figure 3
(b.), the FLUX LINKAGES would be constantly
decreasing during this motion, inducing voltage
in the coil in the OPPOSITE direction as indi-
cated by the meter needle.

14 The voltage induced in the coil is pro-
portional to the RATE OF CHANGE OF FLUX
LINKAGES. The flux linkages can be increased
by adding more turns in the coil of wire or by
using a stronger magnet having more lines of
flux. The rate canalso be increased by moving
the magnet faster thus increasing the speed of
the flux change. The deflection of the meter
needle will indicate the magnitude of the volt-
age when any of the foregoing experiments of
increasing the RATE OF CHANGE OF FLUX
LINKAGES ARE TRIED.

15 No voltage will be induced in the coil of
wire if the magnet is held stationary even
though the lines of flux link the coil turns be-
cause the RATE OF CHANGE IN FLUX LINK-
AGES IS ZERO. This experiment shows that
there must be a CHANGE IN FLUX LINKAGES
to induce voltage. This is an important prin-
ciple when applied to a magneto because it
points out that the lines of flux must be given
a magnetic path through the coil and, also,
that there must be a movement of either the
coil or the magnet to produce a CHANGE IN
FLUX LINKAGES.

16 It is interesting to note that voltage in
the same proportions would be induced in the
coil of wire by holding the magnet stationary
and moving the coil to provide the necessary
relative movement to produce the CHANGE IN
FLUX LINKAGES. This principle of a moving
coil and a stationary magnet has been used in
many makes of magnetos. Bendix Aircraft
Magnetos, however, still employ their original
design of having the magnet rotate to produce
the CHANGE IN FLUX LINKAGES.



EO 15-5AD-2

THE EFFECT OF CURRENT
IN THE COIL OF A GENERATOR

17 Nearly everyone is familiar with the
common electro-magnet in which a temporary
magnetic field is produced by sending a current
through a coil of wire. Figure 4 is a sketch of
a simple electro-magnet in which the energiz-
ing voltage is obtained from a dry cell.

18 The magnetic field of the electro-magnet
consists of flux lines and has the same prop-
erties as the field of the permanent magnet
previously discussed, the only difference being
that if the battery is disconnected from the
electro-magnet, the field will disappear. It
might be said that the iron core becomes a
temporary magnet during the time the current
is "on" and is just an ordinary iron bar when
the current is "'off".

1'9 This principle of an electro-magnet can
be used to further investigate the properties
of the coil and magnet pictured in Figure 3,
with interesting results. For example, short-
circuit the terminals of the meter in Figure 3
and the voltage induced in the coil of wire will
cause a current to flow through the circuit.
Note that there is now a coil of wire wound on
an iron core with a current passing through
the wire.

20 This is essentially the same condition
that was had with the battery inFigure 4, except
that the voltage is now provided by the motion
of the magnet instead of the battery.

21 When a change in flux linkages sets up a
current in a coil, the direction of the current
is always such that its magnetic field opposes
the motion or change in flux linkages which
produced the current. This phenomenon is
known as Lenz's Law and is of the greatest

Paragraphs 17 to 25
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importance to the operation of the magneto,
as explained later in this EO.

22 This will be clearer if reference is made
to Figure 3. Here it was demonstrated that
when the magnetic lines through the coil were
increasing (magnet moving toward the coil),
the voltage induced was of the opposite direc-
tion to that induced when the lines of flux were
decreasing (magnet moving away from the
coil).

23 If the experiment shown in Figure 3 was
performed, using an ammeter instead of a
voltmeter, and observing to make sure that
the direction in which the coil was wound and
the polarity of the magnet were as shown in
Figure 3, it would be found that when the
magnet was moved up to the coil, the current
would flow up the right hand wire through the
ammeter and down the left hand wire.

24 If the "right hand rule' * was applied to
this current, it would be found that the field
which it sets up opposes the field of the mag-
net; that is, it sets up a field which repels the
field of the magnet and tries to push the latter
away.

25 While the magnet is being moved up to-

%*This is a convenient means of determining the polarity of a magnetic field when the
direction of the current and the direction of the winding of a coil are known. If the
fingers of the right hand extend around the coil in the direction of the current, the
thumb will always point in the direction of the flux, or the, North end of the field.



Paragraphs 25 to 30

ward the coil as shown in Figure 3 (a.), the
normal tendency is to INCREASE the flux
through the coil core in the direction from
right to left of the picture, as shown by the
arrows. However, as soon as the flux starts
to INCREASE, current begins to flow in the
coil and it sets up a field of a direction from
left to right. This field opposes the increase
of magnetic flux and actually exerts a small
mechanical force which tends to push the
magnet away from the coil.

26 When the magnet is moving away as
shown in Figure 3 (b.), the current in the coil
will flow up the left hand wire, through the
meter, and down the right hand wire. By the
"right hand rule', the field of the coil is now
aiding the field of the magnet. As the magnet
is moved away from the coil, the flux linkages
decrease. Here again, however, just as soon
as the flux linkages start to decrease, current
begins to flow in the coil and this current sets
up a magnetic field which, in accordance with
Lenz's Law, opposes the change. Since the
change is now a DECREASE, the coil field
will not in this case oppose the magnet field,
but will rather aid it, trying to keep it from
dying out or decreasing. Actually, a small
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mechanical pull is exerted on the magnet by
the coil, tending to resist the motion of the
magnet away from the coil.

27 To sum up an understanding of what is
happening in these experiments consider the
magnet and coil as a simple type of generator.
If the generator is operated (magnet moved)
without a load connected (such as would be
the case if a voltmeter were connected across
the coil terminals) no current will flow and
only voltage will appear across the termin-
als. If the generator is operated in a short-
circuited condition (such as with an ammeter
connected across the coil terminals) a current
will flow but the voltage will be low. This
effect of decreasing output voltage when an
increased output current is taken, can be ob-
served on any simple unregulated generator.

THE EFFECT OF INTERRUPTING
THE CURRENT

28 Suppose the apparatus is set up as shown
in Figure 5 with a contact switch connected
across the coil, and the spring of the contact
switch connected to the magnet with a piece of
string such that as soon as the magnet has
moved a slight distance from the coil, the
string will pull the switch open.

29 Now, as the magnet is moved away from
the coil, the flux through the coil core will
decrease, Figure 6. This decrease in flux will
induce a voltage in the coil and since the coil
ends are connected together through the contact
switch, a current will flow in the coil. This
current willcause the coil toact as anelectro-
magnet and try to prevent the flux in the coil
core fromdecreasing. In other words, the coil
will, by its electro-magnetic action, keep
most of the original amount of flux in the coil
core even though the magnet has moved away
from the core.

30 By the time that the magnet has been
moved far enough to pull on the string, it will
be so far away from the coil that it actually
contributes very little to the amount of flux in
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the coil core, most of the core flux being pro-
duced by the electro-magnetic action of the
current in the coil itself.

57 When the magnet pulls the string, the
contacts open. As soon as this happens, the
current in the coil must stop flowing, since
the circuit is open. When the current stops,
the coil ceases to be an electro-magnet and
thus the field of flux which was being heldin
the coil core by this electro-magnetic action
very quickly disappears. This action produces
a veryrapid change of flux in the coil coredur-
ing the time that the contacts are separating,
inducing a voltage which causes an arc at the
switch contacts, see Figure 6.

32 To make clearer just what happens at
the instant of opening of the contact switch,
the magnetic circuit of the device is redrawn
in simplified form in Figure 7. Just before
the switch opens, the electro-magnetic action
of the coil is retaining most of the original
field in the coil, Figure 7 ""A'. But as soon as
the switch contacts start to separate, the cur-
rent in the coil decreases, thereby allowing
the flux to "escape' from the core, Figure 7
"B", The effect of the contact switch and coil

Paragraphs 30 to 34

is to hold back, or delay the flux change until
there is astress or '""stretch' in the flux lines,
at which time the opening of the switchreleases
the flux and lets the change occur very rapidly.

THE REQUIREMENTS
FOR AIRCRAFT IGNITION

33 Actually the device pictured in Figure 5
is aform of magneto. Infact some old fashioned
stationary gasoline engines can still be found
in operation which employ an ignition system
very similar in principle to this simple de-
monstration apparatus. Such engines have the
breaker contacts inside the engine cylinder
instead of a spark plug, one contact being
pivoted so that it can be moved away from the
other at the instant ignition is desired tooccur
in the cylinder. The arc which occurs at the
breaker points then ignites the gas in the cyl-
inder. The magnet, coil, and breaker contacts
are moved in the correct relation by a cam
driven through gears from the crankshaft of
the engine. Obviously such an arrangement is
not suitable for aircraft ignition for a variety
of reasons, but the principle involved forms
the basis of design for all types of magnetos,
as will be pointed out later in this EO.

34 It is not too difficult to '"draw' an arc
between two contacts while they are in the
process of separating. This is because the
voltage required is quite low. As a matter of
fact the arc which is '""drawn'' by the operator
of an electric welding apparatus is usually

( ~Tri e
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Figure 8 Four Pole Rotating Magnet
produced from a source of less than 100 volts.

35 It is quite a different matter to produce
the voltage required to break down a spark
plug gap in an engine, since this latter process
is not one of ''drawing' an arc but is rather
one of puncturing or breaking down the layer
of gas between the spark plug electrodes. The
voltage required to do this may be as high as
12,000 to 15,000 volts under some conditions
of engine and spark plug operation.

36 To obtain this high voltage with a single
coil as shown in Figure 5, would necessitate
such a large coil and magnet that it would not
be practical and would require a good deal of

power to move the magnet rapidly enough to

produce the required rate of change of flux
linkages.,

BT Therefore, this arrangement must be
modified somewhat to provide a compact and
efficient source of high voltage which is nec-
essary for aircraft ignition. There are two
avenues of approach to this problem, both of

EO 15-5AD-2

which will be discussed in the following pages
of this EO.

APPLICATION OF FUNDEMENTAL
PRINCIPLES

38 The properties of the commonhorseshoe
magnet are present in the rotating magnet of
Bendix aircraft magnetos. A schematic illus-
tration of a four pole rotating magnet is shown
in Figure 8. The lines of flux of the rotating
magnet, when not installed in the magneto,
pass from a north pole through the air space
to a south pole as indicated. This closely re-
sembles the magnetic field of the horseshoe
magnet shown in Figure 1,

39 The pole shoes and their extensions are
made of soft iron laminations cast in the mag-
neto housing. The coil core, also made of soft
iron laminations, is mounted on top of the pole
shoe extensions.

40 The pole shoes (D) and their extensions
(E), together with the coil core (C) as shown
in Figure 9, form a magnetic path similar to
that made by the coil core illustrated with the
common horseshoe magnet in Figure 5. This
magnetic path produces a concentration of flux
in the core of the coil when the magnet is in
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Figure 9 Magnet in '""Full Register' Position
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the positions shown in Figure 9. This is known
as the 'full register' position of the rotating
magnet,

41 When the magnet is rotated to the posi-
tion where one of the pole pieces is centered
between the pole shoes in the magneto housing
Figure 10, lines of flux donot pass through the
coil core because they are ''short-circuited"
by the pole shoes. This is known as the ''neu-
tral" position of the rotating magnet.

42 It should be noted that no primary or
secondary windings are shown on the coil
core in Figures 9 and 10. These have been
omitted to permit a clearer description of the
magnetic action, By first observing the action
without the windings, a better understanding
of their function in the magneto can be later
obtained.

43 If the magnet shown in Figures 9 and 10
is rotated, it will pass through four full reg-
ister positions and four neutral positions during
one complete revolution. Each time the magnet
is in a full register position, a maximum num-
ber of lines of flux pass through the coil core.
And each time the magnet is in a neutral posi-

Figure 10 Magnet in '""Neutral" Position

Paragraphs 40 to 47

tion, the magnetic flux through the coil core
is zero.

44  Although the figures presented up to
this point show only a few lines, actually the
field of the magnet consists of many thousands
of lines of flux. For this reason it will be
simpler to portray the action of the magnetic
circuit by means of a graph fromn this point
forward. Such a graph, showing the number
of lines of flux plotted against the magnet
position in degrees, is shown in Figure 11.
For convenience in visualizing the relation of
the magnet to the pole shoes at various angular
positions, a series of small sketches of the
magnet and pole shoes is shown underneath
the graph curve.

45 The curve in Figure 11 shows how the
flux in the coil core changes when the magnet
is turned with no windings present. This is
called the static flux curve, because it repre-
sents the normal magnetic condition of the
circuit. If the magnet is turned with no wind-
ings on the coil core, the flux will build up
through the coil core in first onedirection and
then in the other as shown by this curve.

46 It is important to realize that this curve
represents both the direction and the concen-
tration of the flux. When the curve is above
the line the flux is passing through the coil
core in one direction. The higher the curve
above the line, the greater the number of lines
of flux in the core. The lower the curve goes
below the line the greater the number of lines
through the core IN THE OTHER DIRECTION
(note arrows on flux lines in sketches). Each
time the magnet passes througha neutral posi-
tion the flux in the coil core falls to zero and
then builds up again in the opposite direction.
Therefore the greatest CHANGE IN FLUX
occurs during the time the magnet is passing
through the neutral position, as shown by the
steep slope of the curve at the points corres-
ponding to the neutral positions of the magnet.

47 For example, suppose there are 32,000
lines of flux passing through the coil core in a
direction from left to right, see Figure 11,
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when the magnet is in the full register position
indicated by ''zero degrees'' of the graph.

48 If the magnet is turned clockwise, the
flux value will decrease along the curve indi-
cated by the graph, until at the 45° position
zero flux in the coil core has been obtained.
Thus in 45° of rotation of the magnet a flux
change of 32,000 lines in the coil core has been
produced.

49 If the magnet is further turned, the flux
through the coil core will increase again,
this time it is passing through the core in the
opposite direction, that is - from right to left
(see sketch with arrow under 90° position of
graph). When the 90° position of the magnet
has been reached it will be found (see graph)
that 32,000 lines of flux in the coil core has
again been produced, but this time of the op-
posite direction.

50 As far asthe coil coreitself is concerned,
the total change in flux produced by this 90°
turn of the magnet is 64,000 lines, since the
flux changed from a positive value of 32,000
lines, to zero, and then changed further to a
negative value of 32,000 lines.

51 Continue to turn the magnet in a clock-
wise direction and the flux value will again
reach zero at the 135° position of the magneto.
It will then start to increase in a positive di-
rection until a value of 32,000 lines is reached
at the 180° position of the magnet.

52 In turning the magnet from its 90° posi-
tion to its 180° position a change of 64,000
lines has again been produced, since it started
with a value of 32,000 below the zero axis of
the graph, and ended with a value of 32,000
above.

53 In the same way as just described, a
flux change of 64,000 lines is produced for the
180° to 270° interval and the 270° to 360° in-
terval of rotation of the magnet.

54 From the above description it should be
clear that the four pole magnet provides four
flux changes for each complete revolution

Paragraphs 47 to 59

through which it is turned, and that further,
each of these flux changes has a value of ap-
proximately twice the number of flux lines
which the magnet is capable of forcing through
therfcoil'core.

55 Having now obtained an elementary un-
derstanding of how the static fluxcurve, Figure
11, is produced, see what the effect is when a
primary winding is installed on the coil core.
Do not connect the breaker points into the cir-
cuit just yet, but observe first the open-circuit
voltage of the primary without the breaker in-
stalled.

56 The primary winding is made up of, say,
180 turns of heavy, insulated copper wire, and
is wound directly around the coil core, see
Figure 12. Now, any change in flux in the coil
core will cause a change in flux linkages in
this winding and induce a voltage in it.

Sill The voltage induced in this coil will de-
pend on how fast the magnet is being turned
when the voltage is being measured. This is
because the amount of voltage produced is
proportional to the rate of change of flux link-
ages, as explained inconnection with Figure 3.

58 This can be proved by connecting an os-
cilloscope across the primary winding and
measuring its open circuit voltage while the
magnet is being rotated. If the magnet is turned
at 500 rpm a voltage curve something like that
shown in blue in Figure 12 will be obtained.
(Note that Figure 12 is plotted to the same
scale of magnet degrees as was used in Figure
11.) If the magnet is driven at 1000 rpm, a
curve like the one shown in red in Figure 12
will be obtained, which, since the rate of change
of flux linkages has been doubled (speed of
magnet doubled) gives, for all practical pur-
poses, twice as much voltage as was obtained
at 500 rpm.

59 As was expected, the open circuit volt-
age curve reaches its maximum value peaks
at the neutral positions of the rotating magnet,
which represent the positions where the rate
of change of flux is greatest.
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60 While the voltage values shown in Fig-
ure 12 are not presentedas beingactual values
for the open circuit primary voltage of any
particular magneto, they are nevertheless ap-
proximately correct in a general way for most
magnetos, and can serve to show on a com-
parison basis, that something less than 20
volts is available from the primary at low
speed. A little simple figuring will show that
it would require a coil of over 100,000 turns
to get 12,000 volts from a coil-and-magnet
generator of this type, and even to do that
would require that the magnet turn at 500 rpm
or over. Such a coil would be nearly as big as
an entire modern magneto.

61 Further, even if the difficulties of getting
proper voltage could be worked out, it would
be impossible to time such a unit to an engine.
This is because the slope of the voltage curve
shown in Figure 12 is quite gradual, andde-
pends onengine speed. As anexample, suppose
the voltage values shown in Figure 12 could
be stepped up one thousand times by increasing
the number of coil turns. Then 12,000 volts
would be obtained at the point on the graph
indicated by 12 volts on the voltage scale of
Figure 12. But 12 volts is not reached at the
same position of the magnet on the red curve
(1000 rpm) as it is on the blue one (500 rpm).
Since the magnet is driven mechanically from
the engine crankshaft, the engine spark timing
or firing position would be different for every
different speed of the engine. Further, since
no two spark plugs fire at exactly the same
voltage, the engine spark timing would also
vary for every spark plug.

62 By using a current interrupter of the
type described in Figure 5, the requirements
for precisely timed sparks can be met with a
mechanism of minimum size and weight. Fur-
ther, the speed of the flux change can be greatly
increased, so that high voltage can be obtained
with a relatively small coil.

63 However, it will be recalled in connec-
tion with Figure 5, that the opening of the
contacts caused a considerable arc at the con-
tact surfaces, this arc having been used for

10
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ignition purposes in some of the early gasoline
engines,

64 While this arrangement might pass on a
stationary engine, the arc is destructive, and
it will very quickly burn away the surfaces of
the contact points, causing their life to be short.
In order to use the interrupter or breaker in
an aircraft magneto where long periods of de-
pendable service are required, the arc must
be eliminated.

65 This can be done by connecting a con-
denser across the contact points of the breaker
as shown in Figure 13.

66 The action of the condenser is comparable
to that of the elastic diaphragm shown in the
water analogy in Figure 13. In this compar-
ison, the elastic diaphragm prevents '"banging"
of the valve when the water is suddenly shut
off. It does this by providing a by-pass route
for the water to flow around the valve during
the time the flow is being stopped. Similarly,
the condenser prevents arcing of the contacts
of the breaker as they are being opened, by
allowing a '"by-pass route' for the current

DIAPHRAGM

FLOW OF
WATER

he agacdos

FLOW or}
CURRENT

CONTACT
POINTSV

Figure 13



EO 15-5AD-2

during the time the contacts are being separ-
ated. The action which takes place in the
condenser and breaker circuit is as follows:
Before the breaker opens, the condenser is in
a completely discharged condition, since the
breaker itself forms a connection across the
condenser terminals. During the time the
breaker points are separating,the current will
be by-passed around them in the form of a
charging current in the condenser. During the
time the condenser is charging, the breaker
contacts move further apart, so that by the
time the condenser is fully charged and brings
the current to a stop, the contacts are so far
apart that anarc cannot "'jump across''between
them.

67 The breaker contact points are electri-
cally connected across the primary coil, and
the magneto breaker mechanism is timed to
the magnet so that the contact points close at
the position where there is a maximum of flux
in the coil core. The condenser is connected
across the contact points of the breaker as
shown in Figure 14.

68 With breaker points, cam and condenser
added to the circuit as in Figure 14, the action
which takes place when the magnet is turned
will be somewhat different from thatportrayed
by Figures 11 and 12 for a magnet and coil
with no breaker points.

69 The action of the device shown in Figure
14 is depicted by the graph curves shown in
Figure 15. At the top of the figure the original
static flux curve of the magneto is shown for
reference purposes, together with degrees of
magnet rotation.

70 Underneath the static flux curve is shown
the sequence of opening and closing of the mag-
neto breaker. Note that the breaker is timed
by means of the breaker cam to close at a
position where a maximum amount of flux is
passing through the coil core (34° before neu-
tral), and to openat aposition 11° after neutral.
Note also that there are four lobes on the cam,
so that the breaker will close and open in this
same relation to each of the four neutral posi-

Paragraphs 66 to 74

tions of the magnet. Note also that the point
opening andpointclosing intervals are approx-
imately equal.

71 Now, starting at the maximum flux posi-
tion (marked '"0°" at the top of the figure), the
following sequence of events will take place.

72 As the magnet is turned toward the neu-
tral position, the amount of flux through the
coil core starts to decrease, see resultant
flux curve Figure 15. This decrease or change
in flux linkages induces a current in the pri-
mary winding, as depicted by the curve marked
"Primary Current' in Figure 15.

73 Aspreviously stated,a current-carrying
coil produces a magnetic field of its own. Ac-
cordingly, the current induced in the primary
winding will set up a magnetic field of its own.

74 Inaccordance withLenz's Law, the mag-
netic field set up by this current will oppose
the CHANGE OF FLUX LINKAGES, inducing
the current. This is shown graphically by the
curve marked '"Resultant Flux' in Figure 15.
Without current flowing in the primary wind-
ing, the flux in the coil core would decrease
to zero as the magnet was turned to neutral,
and then start to increase in the opposite di-

= 4—S£—GOIL
(ABOUT 180 TURNS

NO. 18 WIRE )
COIL CORE

Figure 14 Model for Demonstrating the
Effect of Using Breaker Points and Con-
denser to Interrupt Primary Current
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rection as represented by the dotted 'static
flux" curve. However, the electro-magnetic
action of the primarycurrent prevents the flux
from changing as explained above, and tem-
porarily holds the field in the coil core instead
of allowing it to change. This is represented
by the curve shown in blue which is known as
the "resultant flux'" curve.

75 As a result of this process, there is
great stress in the magnetic circuit by the
time the magnet has reached the position where
the contact points are about to open, a few
degrees past the neutral position. The condi-
tion in the circuit now resembles that depicted
in Figure 7 "A'".

76 At this time, the primary current is
maintaining the original field in the coil core
where the magnet has already turned past neu-
tral and is now attempting to establish a field
through the coil core in the other direction.

1t The contact points, when opened, function
with the condenser as described in connection
with Figure 13, to interrupt the flow of primary
current in the coil, causing anextremely rapid
change in flux linkages. In less than a thou-
sandth of a second, the flux linking the coil
changes from a positive value of nearly 30,000
lines, see resultant flux curve, Figure 15, to
a negative value of nearly 30,000 lines. This
change of nearly 60,000 lines, occurring in
less than a thousandth of a second, gives a
tremendous rate of change of flux linkages,
inducing several hundred volts in the coil.
The voltage is shown in graphic form directly
underneath the resultant flux curve in Figure
15, The values of voltage indicated for this
curve are not intended to represent those for
any particular type of magneto, but are for
comparison purposes, to show that with a
breaker and condenser installed, the same
magnet and coil which formerly produced about
20 volts at 500 rpm, Figures 11 and 12, now
can produce 12 times this much voltage.

78 The very rapid flux change produced by
the use of breaker points and a condenser
makes it possible to obtain the high voltage

Paragraphs 74 to 80

required for ignition without the need for an
extremely large coil. Further, the timing of
the rapid flux change is accurately controlled,
by the breaker,and this together with the very
steep nature of the rise of the voltage wave,
Figure 15, complies with the requirement for
precise timing of the spark in an engine
cylinder.

THE HIGH TENSION
SYSTEM

IGNITION

i) There are two ways in which the rapid
flux change discussed inconnection withFigure
15 can be made to produce the necessary high
voltage for firing a spark plug. One way to do
this would be to remove the coil from the
assembly shown in Figure 14 and to wind a
secondary winding of about 18,000 turns of
fine wire directly over the 180 turn primary
already on the coil core.

80 Upon re-assembling the unit, see Figure
16, it would be found that since the secondary
contains 100 times as many turns as the pri-
mary, and, since the primary was capable of
producing 240 volts, Figure 15, the secondary
is capable of producing 24,000 volts,

INSIDE END

OF WINDING OF WINDING
OUTSIDE END INSIDE END
OF WINDING OF WINDING

PRIMARY 180 TURNS  SECONDARY 18000
HEAVY WIRE TURNS FINE WIRE

INSIDE END
OF PRIMARY
WINDING
GROUNDED TO
CORE OUTSIDE END OF

ING.
v ¥
frfg?NDAR WIND BREAKER

HIGH TENSION COIL ASSEMBLY
PRIMARY AND SECONDARY

%| OUTSIDE END OF PRI-
MARY WINDING CONN-
ECTED TO INSIDE END

OF SECONDARY WIND—

Figure 16 Evolution of Coil for High
Tension Magneto
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81 This type of coil is used with minor
variations in all conventional high tension
magnetos.

82 This secondary winding, containing 100
times as many turns of wire as the primary,
gives a voltage equal to 100 times that of the
primary. Therefore the open-circuitsecondary
voltage graph will look exactly like that shown
for the open circuit primary voltage in Figure
15, except that the voltage values would be
multiplied by 100. See red figures Figure 15.

83 However, the magneto does not develop
its full open-circuit voltage when operating in
a normal manner on the engine. In fact the
voltage required for a well-maintained spark
plug is usually less than 5000 volts during
cruise power operation of the engine. This
means that as soon as the magneto secondary
voltage has risen to the firing or sparking
voltage of the plug, the plug gap becomes con-
ductive and a current starts to flow in the
secondary winding of the magneto.

84 The flow of secondary current to the
spark plug alters considerably the shape of
the voltage and resultant flux curves, This is
due to the electro-magnetic effect of this cur-
rent flowing in the secondary coil. As has
already been pointed out in connection with
Figures 5, 6 and 7, any current-carrying coil
acts in accordance with Lenz's Law to oppose
the flux change which is producing the current.
Therefore, as soonas secondary current starts
to flow, the rapid flux change will be retarded
or slowed.

85 Figure 17 shows graphically the sequence
of events which occurs in the magneto when
the latter is running in a normal manner on an
engine.

86 Up until the time the breaker opens, the
action of building up a primary current, and
of holding back or delaying the flux change are
the same as for the open-circuit condition
described in connection with Figure 15, Also
the rise of primary and secondary voltage
takes place when the breaker opens in the
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same manner as previously outlined.

87 However if the magneto is connected to
a spark plug which '"fires' at 5000 volts, the
plug will '"break down'" and become conductive
when this voltage is reached, and current will
start to flow. This is shown graphically in
Figure 17, in which the factors of Resultant
Flux, Static Flux, Breaker Timing, Primary
Current, Primary and Secondary Voltage are
shown plotted against magnet degrees for a
magneto in actual operation on an engine,

88 When the high voltage in the secondary
winding discharges, a spark jumps across the
spark plug gap which ignites the fuel in the
cylinder. Each spark actually consists of one
peak discharge, after which a series of small
oscillations occur as indicated by the secondary
voltage curve carrying brief explanatory notes
in Figure 17, During the time it takes for the
spark to completely discharge, current is
flowing in the secondary winding.

89 However, just as soon as current flows
in the secondary winding, a magnetic field is
set up which will oppose the CHANGE IN FLUX
which produced it. Therefore, the flux change
is slowed up, as indicated by the tapering
portion of the resultant flux curve.

90 In spite of the '"slowing up' effect of the
secondary current the sparknormally becomes
completely discharged before the next''closing'
of the contact points. That is, the energy or
stress in the magnetic circuit is completely
dissipated by the time the contacts close for
the production of the next spark, This is shown
in Figure 17 where it will be seen that the re-
sultant flux curve has tapered off so it exactly
coincides with the static flux curve at the time
the contact points close. In other words, all
the electro-magnetic action of the coil has
dissipated, and the magnetic circuit has re-
turned to its normal or static condition and is
ready tobegin the build-up of primary current
for the next spark, which is produced in the
same manner as the first,

91 Figure 18 illustrates a complete high
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Paragraphs 91 to 93
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Figure 17 Graphic Representation of Factors of Operation of Four Pole
Magneto Firing Plug in Engine Cylinder

tension ignition system consisting of two mag-
netos, radio shield harness, spark plugs,
switch, and a booster magneto. One magneto
is illustrated completely assembled and the
other is in skeleton form showing electrical
and magnetic circuits.

92 One end of primary winding is grounded
to the magneto. The other end is connected to
the insulated contact point of the breaker. The

other breaker point is grounded. The condenser
is connected across the breaker.

93 The ignition switch terminal on the mag-
neto is electrically connected to the insulated
contact point., A wire connects the switch ter-
minal oneach magneto with the ignition switch.
When the switch is in the "OFF" position, this
wire provides a direct path to ground for the
primary current. Therefore, when the contact

15
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points open, the primary current is not inter-
rupted. This prevents the production of high
voltage in the secondary winding.

94 One end of the secondary winding is
grounded to the magneto. The other end ter-
minates at the high tension insert on the coil.
The high tension current produced in the
secondary winding is then conducted to the
central insert of the distributor finger by
means of a carbon brush. From here, it is
conducted to the high tension segment of the
distributor finger and across a small air gap
to the electrodes of the distributor block. High
tension cables in the distributor block then
carry it to the spark plugs where the discharge
occurs.

95 The distributor finger is secured to the
large distributor gear which is driven by a
smaller gear located on the drive shaft of the
rotating magnet. The ratio between these two
gears is always such that the distributor finger
is driven at one-half engine crankshaft speed.
This ratio of the gears ensures proper distri-
bution of the high tension current to the spark
plugs in accordance with the firing order of
the particular engine.

96 Practically all aircraft engines operate
on the four stroke cycle principle. Conse-
quently, the number of sparks required for
each complete revolution of the engine is equal
to one-half the number of cylinders on the en-
gine. The number of sparks produced by each
revolution of the rotating magnet is equal to
the number of its poles. Therefore, the ratio
of the speed at which the rotating magnet is
driven to that of the engine crankshaft is al-
ways half the number of cylinders on the engine
divided by the number of poles on the rotating
magnet.

97 The numbers on the distributor block
denote the magneto sparking order and do not
represent engine cylinder numbers. Therefore,
the distributor block position marked "1" must
be connected to No. 1 cylinder, distributor
block position marked "2'" to the second cyl-
inder to fire, and the distributor block position

Paragraphs 93 to 101

marked "'3" to the third cylinder to fire, and
so on.

98 Sparks are not produced until the rotating
magnet is turned at or above a specified num-
ber of revolutions per minute at which speed
the rate of change in flux linkages is sufficiently
high to induce the required primary current
and the resultant high tension output. This
speed varies for different types of magnetos
but the average is 100 rpm. This is known as
the '""coming-in'" speed of the magneto.

99 When conditions make it impossible to
rotate the engine crankshaft fast enough to
produce the '"coming-in'' speed of the magneto,
a source of external high tension current is
provided for starting purposes. This may be
either in the form of a booster magneto, a
high tension coil, or an induction vibrator to
which primary current is supplied by means
of a battery. In the latter case, the vibrator
points in the inductionvibrator serve to supply
an interrupted or pulsating current to the pri-
mary of the ignition system. This pulsating
current is stepped up by transformer action
in the magneto coil to provide the required
voltage for firing the spark plug.

100 Inasmuchas a magneto is a form of high
frequency generator, radiations emanating
from it during operation will cause interfer-
ence with radio reception in the aircraft if the
ignition system is not shielded. The radio
transmitting station radiates waves of a CON-
TROLLED frequency, while the oscillations
produced in the magneto during operation are
UNCONTROLLED in that they cover a wide
range of frequencies.

101 If the high tension cables and switch
wire of the magneto are unshielded, they can
serve as antennae from which these UNCON-
TROLLED frequencies are radiated. Since the
receiving aerial on the aircraft is relatively
close to the ignition wiring, the uncontrolled
frequencies will be picked up by the aerial
along with the controlled frequencies from the
radio station, thus causing interference to be
heard in the radio receiver in the aircraft.

I
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102 To prevent this interference, the entire
ignition system is enclosed in a special me-
tallic covering known as ''radio shielding'' .
The various parts of the shielding are bonded
together and grounded to the engine, to prevent
the undesirable radiations from reaching the
receiving aerial.

103 When the magneto is required to supply
ignition for a relatively large number of cyl-
inders it has been found desirable to employ
rotating magnets having more than four poles.
This has led to the development off six; “eight/,
and fourteen pole rotating magnets.

104 Since the number of sparks which can
be produced by a magnet in one revolution is
equal to the number of poles on the magnet,
the greater the number of poles, the more
sparks the magnet can produce at a certain
speed of rotation. Thus an eight pole magneto,
if used on a fourteen cylinder engine would be
driven at 7/8 engine crankshaft speed, whereas
it would be necessary todrive a four pole mag-
neto at 2 x 7/8 = 1 3/4 times engine crankshaft
speed.

105 The number of degrees of rotation avail-
able for the occurrence of each event in the
magneto operating cycle becomes smaller as
the number of poles onthe magnet is increased.
For example, the interval available for the
discharge of the spark which is shown as 45°
for the four pole magneto in Figure 17, would
be only 22 1/2° on.an eight pole magneto.

106 As longas the magneto is operated under
conditions where the sparkbecomes completely
discharged before the next closing of the
breaker, this shorter interval does no harm.
But were anything to make the spark last
longer, or the breaker to close earlier, there
would still be current flowing in the secondary
when the breaker closed.

107 Two verypractical examples of this type
of operation are: -

(a) A magneto (8-Pole) operated on a test
stand with test gaps in atmospheric air. Such

Paragraphs 102 to 113

gaps do not have the "quenching" effect which
is present in the engine cylinder, (see Note 3,
Figure 17) therefore the test gap spark is of
longer duration than the spark in the engine
cylinder. As a result the spark is not yet ex-
tinguished at the instant the breaker closes.

(b) A magneto operated on an engine with
the breaker of the magneto improperly adjusted,
so that the breaker does not remain open for
the required number of degrees. Since the
breaker closes too early, it does so before
the spark is extinguished.

108 When either of these things happen, the
result is that the breaker closes before the
energy of the magnetic circuit has been com-
pletely dissipated.

109 The effects of this are shown ingraphical
form in Figure 19, "A'" and "B". In Figure 19
A" are shown the factors of operation under
normal engine conditions. In Figure 19 "B"
are shown the effects of operating the same
magneto on a test stand with gaps in air.

110 In Figurel9 "A'" it will be noted that be-
fore the breaker closes the secondary current
has tapered off to zero and the resultant flux
curve has likewise tapered off to exactly co-
incide with the static flux curve.

111 In Figure 19 "B'" however, due to lower
resistance of the test bench spark gaps, the
spark is not quenched, but is still flowing right
up to the instant the breaker closes. Further,
this flow of spark current in the secondary
prevents the resultant flux curve from taper-
ing off to coincide with the static flux curve.

112 At the instant before the breaker closes,
there is still some voltage in the secondary
which is maintaining the flow of secondary
current. This voltage, say, is 500 volts. Now
since there are 1/100 as many turns in the pri-
mary as in the secondary, the voltage across
the primary is at this instant 1/100 x 500 =5
volts.

113 When the breaker closes, the resistance
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of the primary circuit falls to avery low value,
say, about .5 ohm. Since the voltage before
closing was 5 volts, the current in the Primary
will at the instant of closing start to rise toward
a value of 10 amperes (I = E/R = 5/.5 = 10).

114 But as soonas the primary current starts
to rise, its electromagnetic action opposes the
change in flux linkages which is producing the
original 5 volts, Since the same flux change
is producing the secondary voltage, the de-
Creased rate of change of flux caused by the
current in the primary, lowers the secondary
voltage and the spark in the secondary circuit
is extinguished.

115 During the time that the secondary cur-
rent is coming to a stop, the pPrimary current
rises at such a rate that at any instant, the
sum of the ampere turns of the primary and
that of the secondary remains approximately
constant.

116 As a result of this process, it might be
said that the current flowing in the secondary
at the instant the breaker closes is "trans-
formed into the primary',

117 Now this current, since it is a part of
the energy left over from the spark which has
just taken place, has the same direction or
polarity as the original primary current for
that spark. But since the next spark in the
firing sequence of the magneto will have the
opposite polarity, this residual or '"left over"
current is of the wrong direction for the build-
up of primary current for the second spark.
This '"wrong way'' current is termed a '"'nega-
tive'' current because it subtracts from the
primary current for the second spark. This
makes the second spark weak in comparison
to the first spark.

118 Since the second spark is weak it will be-
come completely discharged before the breaker
closes, and there will be no negative current.
Then a normal primary current will build up
for the third spark, and this normal spark, as
in the case of the first spark, will not have
time to become completely discharged before
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the breaker closes, again causing a '"negative
current' for the fourth spark, and so on. From
this it can be seen that every other spark will
be weak,

119 It is perhaps worth repeating here that
the above phenomena take place only in cases
where the breaker closes while there is still
a considerable amount of energy in the mag -
netic circuit. It is a fortunate coincidence that
the rate of dissipation of spark energy at the
spark plug increases with the pressure and
turbulence in the engine cylinder. Therefore,
the greater the BMEP of the engine, the more
favourable are its effects upon the dissipation
of the spark energy and the prevention of the
''"negative current" effect,

120 When a magneto is run on a test bench
in the repair shop it may fail to pass a mini-
mum output voltage specification by reason of
the weak alternate sparks caused by the "neg-
ative current' effect. This is, as previously
stated, because the open air test gap on the
test stand has a lower '"resistance' than the
spark plug in the engine cylinder. To eliminate
the '"negative current" effect during such tests,
service literature covering the procedures
usually prescribes the use of a secondary con-
denser connected in series with the magneto
output. This condenser, when in an uncharged
condition offers no resistance to the flow of
current to the spark plug. But the spark cur-
rent very quickly charges the condenser,
which, in the same manner as explained for
the primary condenser in Figure 13, brings
the secondary current to a stop. Thus the sec-
ondary condenser prevents the possibility of a
"'negative current' by bringing the secondary
current to a stop more quickly than would
ordinarily be the case.

121 Under some conditions of speed and
spark gap length, the secondary condenser
may discharge backward through the circuit
in the opposite direction after first reaching
its fully charged condition as described above.
In this case should the breaker close during
the reversed-direction flow of condenser dis-
charge current, an effect of aiding the primary
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current for the next spark would take place.
However this aid is not consistentat all speeds,
and the object of attaining this condition is not
the purpose of the secondary condenser,

122 When the first eight pole magnetos were
produced, the secondary condenser was in-
corporated within the magneto as a permanent
part of the electrical circuit. This was done
because of a general conviction that if a mag-
neto without this condenser could not meet
minimum voltage specifications in the test
laboratory, it would fail to meet proper per-
formance standards on the engine. Since that
time it has been proven that such reasoning is
not applicable to magneto output voltage stand-
ards and while the secondary condenser is
retained for test purposes, its omission from
the completed magneto has now beenapproved,
and is in fact recommended by all engine man-
ufacturers on whose products such magnetos
are used.

THE LOW TENSION
SYSTEM

123 Thereare several very serious problems
encountered in the production and distribution
of the high voltage electricity which is used to
fire the spark plugs of an aircraft engine. For
this reason high tension magneto ignition sys-
tems of the type described in paragraphs 79 to
122 of this EO have always required a certain
amount of skilful maintenance while in service,
despite the many refinements which have been
introduced into their design.

IGNITION

124 In general, the troubles experienced with
high tension ignition systems for aircraft use
can be blamed on the fact that high voltage
electricity is a very perverse and difficult
commodity to handle. It corrodes most met-
als, deteriorates most organic insulation ma-
terials, and displays an amazing ability for
getting from where it should be, to where it
should not be.

125 There are four inherent causes for the
trouble experienced in handling high voltage
electricity: -

Paragraphs 121 to 130

(a) Flashover

(b) Capacitance

(c) Moisture

(d) High Voltage Corona

126 These four causes need no introduction
to aircraft operators or to ignition equipment
design engineers, since their troublesome
effects are well known, It was, in a deliberate
effort to overcome these troublesome effects
that the Bendix low tension ignition systems
were designed. Since their introduction to the
aircraft industry in 1940, low tension ignition
systems have been proved in regular operation
by practically every manufacturer of large
radial engines, as well as the armed services
and the major airlines.

127 In order to understand the reasoning be-
hind the use of the low tension ignitionsystem,
it may be helpful to clarify in greater detail
the four troublesome factors of flashover,
capacitance, moisture and corona.

128 By flashover is meant an entirely dif-
ferent phenomenonthan that whichis associated
with a wet distributor, or amoisture ladenpart
in the ignition system. The term 'flashover"
is used to describe what happens inside the
distributor of a high tension ignition system
when an aircraft ascends to a high altitude.

129 A distributor is a necessary part of the
ignition system because it performs the func-
tionof switching the magneto output in sequence
to the various cylinders which are to be fired.
The distributor cannot be eliminated from the
system, because to do so would mean that
there would have to be a separate magneto for
each engine spark plug. Obviously, the distrib-
utor cannot be filled with oil, plastic, or other
insulating compounds. Therefore, air must be
depended upon for a dielectric or insulator
between the high voltage conductors.

130 When an aircraft equipped with such a
distributor approaches the altitude of 30,000
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feet, troubles begin to occur due to the rare-
fied nature of the air at this altitude. As the
air within the distributor housing becomes
thinner, its insulating strength becomes lower,
until at the critical altitude, electricity finds
it easier to jump through the air in the distrib-
utor and go to the grounded housing, than it
does to travel down the spark plug wire and
fire the spark plug.

131 Before the development of low tension,
considerable ingenuity had been exercised in
overcoming this problem. One solution which
was quite successful was to make the distrib-
utor of large physical size, so that the length
of the flashover path was increased; and to
provide a means of pressurizing the oversize
distributor with engine-driven air pumps.
This system is still giving satisfactoryservice
in several different designs, but it does have
the disadvantages of additional weight and
power requirements on the engine. It was evi-
dent that the best answer to the problem was
to eliminate high voltage from the distributor
completely.

132 The factor of sparkplug lead capacitance
is, for commercial operators, of greater im-
portance than flashover, due to its effects upon
the economics of line maintenance. This factor
is perhaps the least understood of all. While
the electrical effects of capacitance are well-
known to technical personnel, their effects
upon the spark plug discharge are not so well
appreciated.

133 To clarify this, compare the output of
any magneto (either high or low-tension), to
the shock energy of the mechanical blow de-
livered by a hammer. If the capacity (or the
electrical elasticity) of the spark plug wire is
sufficiently large, it will absorb the shock of
this electrical blow and prevent it from being
transmitted to the plug with sufficient force to
fire the gap. The mechanical analogy of this
condition is that of trying to drive a mnail with
a block of springy rubber between the hammer
and the nail head.

134 From a design standpoint, this means
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that unless the lead capacitance is eliminated,
a considerably larger reserve of energy than
is actually required for ignition must be built
into the magneto.

135 Noparticular problemexists indesigning
a magneto which incorporates the additional re-
serve of energy tofire througha shielded cable.
The real problem lies in the effect this excess
energy has on the spark plug. For the energy
which is absorbed and stored in the lead cap-
acitance during the rise of voltage across the
plug before it fires is dissipated in heat at the
plug electrodes after the plug has once become
conductive.

136 The discharge of energy stored in the
spark plug lead capacitance can be compared
to the type of arc that an electric welding op-
erator draws between the electrode and the
work. It is a low-voltage, high current dis-
charge, capable of burning and melting the
electrodes of the spark plug. The magneto
itself is not capable of delivering a current
which is detrimental to the spark plugs. But
when the energy of the magneto is stored up
in the lead capacitance before the plug fires,
and then suddenly released after the plug gap
has become conductive, a high current results
which shortens the life of the plug electrodes.

137 The detrimental effect of sparkplug lead
capacitance is also related in at least one way
with the problems of spark plug fouling. This
relation is involved with the effect of lead cap-
acitance in lowering the effective frequency of
the voltage applied to the spark plug. To avoid
a lengthy discussion on the term '"frequency"
let it be said that this refers to the sharpness
or quickness of the electrical blow delivered
by the magneto to the spark plug. The higher
the frequency, the more fouling can be tolerated
across the plug insulation before the plug will
misfire.

138 Since the problems of plug erosion and
frequency are both related to the amount of
lead capacitance, and since lead capacitance
is directly related to lead length, the only
complete solution to this problem would be to
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eliminate the spark plug lead entirely from
the system. This solution however, is not
practical for reasons which will be covered in
later pages of this EO.

139 The lasttwofactors onthe list - moisture
and corona - need but little explanation since
their effects are pretty well-known. It may be
in order to state that by ''corona'' is meant the
electrical stress which surrounds any conduct-
or of high voltage electricity *, When a high
voltage is impressed between the conductor of
an insulated wire and any metallic mass near
the wire, an electrical stress is set up in the
insulation. Repeated application of voltage
stress to the insulation will eventually cause
its failure, in a manner analogous to that in
which repeated mechanical stressing of a part
will eventually cause fatigue and failure. If air
is used as an insulator, its chemical compo-
sition soon changes as a result of the voltage
stresses, and it becomes less effective as an
insulator. If solid insulators are used, their
shape and composition must be critically con-
trolled ‘in*‘ordexr to”‘retard*fithe “deStructive
effects of these stresses. It is the action of
these stresses which makes necessary the
ventilation of high-voltage distributors, and
the changing of wires in free-wire type har-
nesses.

140 Although some ingenious answers have
been developed in the form of improved insu-
lation, plastic-filled harness units, and special
compounds, the threat of high voltage stress
effects can never be completely eliminated so
long as highvoltage must be handled. The only
complete solution is to keep the high voltage
confined to as small as possible a part of the
total system.

141 Keeping in mind the four factors which
have been discussed above, it may be of in-
terest to follow the train of reasoning which
was employed to circumvent their destructive

Paragraphs 138 to 144

effects in the planning of the low tension sys-
tem.

142 First, refer to Figure 14, in connection
with which will be recalled the statement made
in the text to the effect that there are two ways
in which high voltage may be obtained from
the demonstration model shown in the figure.

143 One of these ways has already been dis-
cussed in paragraphs 79 to 122. The other
way is to take the output voltage from the
demonstration model, Figure 14, and feed
into a step-up transformer having the required
characteristics to provide the necessary volt-
age for firing the spark plug. Figure 20 shows
a simplified circuit of such an assembly.

144 With arrangement shown in Figure 20,
the 240 volts (see Voltage Graph Figure 15)
obtainable from the apparatus depicted in Fig-
ure 14 is stepped up to the required voltage
for firing the spark plug of the engine. This
is actually the basic circuit of the low tension
system. While the electrical operation of this
circuit is quite simple, it is not exactly as
might appear from the schematic diagram, and
will therefore be discussed briefly in later
pages of this EO. Before proceeding with this

180 TURNS HEAVY WIRE TRANSFORMER

\
N

18.000 TURNS

180 TURNS_73E,FINE WIRE

FINE WIRE

NOTE: ALL VALUES OF WIRE TURNS ARE
GIVEN FOR COMPARISON PURPOSES
ONLY & ARE NOT REPRESENTATIVE
OF ACTUAL SYSTEM PARTS.

= CONDENSER

Figure 20 Simplified Circuit of Low
Tension System

*The use of the word '"corona' is, frankly, making a concession to popular usage which is
not strictly correct in atechnical sense. A better expressionwould be "insulationstresses''.
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EO, however, it will be interesting to con-
sider some of the factors governing the use
of this principle in designing an aircraft igni-
tion system.

145 In the first place, the spark plug itself
employs high voltage. This fact must be faced
if standard types of plugs are to be employed
with the system.

146 On this basis it becomes impossible to
completely eliminate high voltage from the
system.

147 The effects of this necessary compromise
can be minimized by keeping the high voltage
confined to as small as possible a part of the
total system. This has been done by keeping
the length of the spark plug lead very short,
obtaining the high voltage energy for this lead
from a small transformer, mounted on some
satisfactory supporting part of the engine as
close as possible to the plug. In practice the
length of the high tension spark plug leads is
less than one foot on most installations. A
separate transformer is used for each plug.

148 Since a separate transformer is used
for each spark plug, a carbon brush type dis-
tributor is used todistribute the output voltage
of the magneto coil-breaker-condenser team
to the various transformer coils on the engine.
Also since the distributor finger and breaker
cam must both be driven at 1/2 engine speed,
it is advisable to put the breaker cam on the
distributor shaft rather than the magnet shaft.
Figure 21 shows schematically, the arrange-
ment of parts when this has been done.

149 The primary of the transformer coil is
fed low voltage surges of electricity from the
distributor. The peak surge voltage is never
in excess of 350 volts, and probably is nearer
200 on most installations. This means that the
magneto, the harness, the distributor, and the
leads from the harness to the engine cylinder
coils have all been made virtually immune to
the troubles associated with high voltage.

150 As a result, a low tension system could
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fly at 65,000 feet without pressurization or
other special treatment of any kind. The sys-
tem is also practically immune to the effects
of moisture, since only the short high tension
lead is directly vulnerable on this score. It is
true that water in the system may have harmiful
mechanical effects such as rusting of ferrous
materials, and mechanical softening and warp-
ing of insulation materials if subjected to
prolonged and thorough wetting. Electrical
interruption may then occur as a secondary,
and greatly delayed consequence. Low tension
systems have actually beenoperated on experi-
mental test completely submerged in water.

151 High voltage troubles are now confined
to the short leads at the plugs. Equipped with
coupling nuts ateach end these leads are easily
kept water-tight at the ends, and easily re-
placed in the event a failure should occur.

152 The effects of capacitance are also min-
imized by this design. As a comparison: the
capacitance of the average low tension spark
plug lead is approximately 100 micro-micro-
farads, as compared with anominal capacitance
of about 300 micro-micro-farads for a typical
high tension system. Since the wires in a high
tension system are of different lengths, these
figures are approximations. However, the re-
lationof these figures is borne out by practical
experience, in which it has been found that a
certain type of spark plug, operated on a low
tension system, will show about one-third the
erosion of an identical plug operated under
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CAM ON DISTRIBUTOR SHAFT
CONDENSER
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Figure 21 Schematic of Low Tension
Ignition System
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Paragraphs 152 to 156
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Figure 22 Schematic Diagram of Electrical and Magnetic Circuits

identical conditions with high tension ignition.

153 A schematic drawing of a complete low
tension ignition system consisting of one double
magneto, two distributors, radio shielded har -
ness, transformer coils and spark plug leads
is shown in Figure 22. This system, which is
for use on an 18 cylinder engine, employs four
separate 9-cylinder circuits of the type de-
scribed in connection with Figure 21.

154 One of these circuits fires the front
spark plugs in the front row of engine cylin-
ders, another the rear plugs in the front row;
another the front plugs in the rear row, and
the remaining circuit, the rear plugs in the
rear row. Each circuit consists of a magneto

generator coil, breaker, condenser, breaker
cam and distributor. Each spark plug on the
engine is provided with a separate transformer
coil, but on this particular system the two
transformers for each cylinder are placed
together in a single case for convenience in
installation.

155 The double magneto circuit pictured in
Figure 22 is of interest, and is worth com-
menting upon here, since this design is quite
widely used in both low tension and high ten-
sion systems. Its operation is based upon the
properties of the four pole magnet which was
introduced in Figure 8.

156 When a magnet of this design is installed

25



Paragraphs 156 to 163 (c)

with a set of pole shoes as in Figure 9, use is
actually being made of only one of the four
magnetically active sections of the magnet.

157 If this same magnet is employed in a
double magneto configuration as shown in Fig-
ure 23 (B) it is not only possible to operate
another coil from the unit, but also the flux
lines through the original coil will be slightly
increased by the addition of the extra pair of
pole shoes. This is because, in the single
magneto, a certain component of leakage takes
place at the sides of the magnet, see Figure
23 (A), which in the case of the double mag-
neto, is collected by the second set of pole
shoes and put to useful work.

158 The theory of operation of the low ten-
sion system is basically similar to that of a
high tension system in so far as the action of
the rotating magnet, breaker points, primary
condenser and primary coil are concerned.

159 In other words, the explanationpresented
in paragraphs 1 to 78 of this EO applies equally

to both high and low tension systems.

160 The two systems differ in distributor

(o \
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PURS I TETOUSE.

Figure 23 Magnetic Circuit of Double
Magneto
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action only to the extent that a high tension
distributor handles the full working sparkplug
voltage, while the low tension distributor
handles a maximum of 300 volts.

161 The action of the transformer coil in a
low tension system is worth some attention
however, since many of the outstanding per-
formance features of the system are due to
the design of this coil,

162 Basically the coil is a transformer, con-
sisting of a primary and secondary winding.
Figure 24 shows a typical designof low tension
transformer coil ''telescoped' to clarify this
construction,

163 While there are a variety of executions
of transformer coils in use on low tensionsys-
tems, three basic characteristics are common
to all designs: -

(a) Small size
(b) Light weight
(c) A primary winding having a resistance

several times that of the magneto generator
coil winding.
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164 The requirements for small size and
light weight are dictated primarily by the con-
ditions of the engine installation. However,
these physical characteristics of the unit also
influence the electrical performance in a
favourable manner, enabling the transformer
to deliver a '""hot', short duration, spark, with
an initial rate of rise of voltage which is about
four times that of a conventional high tension
ignition system.. More will be said concerning
the purpose of the rather high resistance pri-
mary.

165 While the process by which the trans-
former coil accomplishes its purpose is not
actually a simple one, the following explanation
is sufficiently accurate for the purposes of
this Engineering Order.

166 At the instant of opening of the breaker
contacts which are connected across the mag-
neto generator coil, a rapid flux change takes
place in the magneto generator coil core,
causing a rapid rise of voltage in this coil.
As has already been pointed out, it is the
primary condenser which actually brings the
current to a stop when the breaker opens.

167 Now the primary condenser and magneto
generator coil of a low tension system are
connected through the distributor directly
across the primary winding of the transformer
coil, see Figure 25. Therefore during the time
that the voltage across the primary condenser
is rising, as the breaker points open, the
natural tendency is for current to start flowing
out through the distributor and through the
primary of the transformer coil.
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Figure 25 Circuit of Low Tension System
at Instant Breaker Opens

Paragraphs 164 to 171

168 When this condition has been achieved,
the situation exists of a primary condenser
charged to nearly 200 volts, connected across
the primary of the transformer. The result is
a very rapid rise of current in the primary,
accompanied by a very rapid change in flux
linkages in both coils. The rapid change in
flux linkages in the secondary induces the
voltage which fires the spark plug. As soon as
the spark plug gap has been ''broken down',
current also starts to flow in the secondary.

169 As previously stated, the transformer
of the low tension system is purposely de-
signed to have an appreciable resistance in the
primary winding (5 ohms or over). When the
secondary current increases, the resistance
of the primary prevents a corresponding in-
crease of current in that winding, so that as
soon as the voltage originally generated in the
secondary has been lowered by the flow of
secondary current, the spark is extinguished
and no further action takes place. From this
it will be clear that the duration of the spark
in a high tension system is several times that
of a comparable low tension system. After the
secondary current has stopped, the energy
stored in the form of a charge in the primary
condenser continues to drain away at a rather
slow rate through the primary of the trans-
former coil.

170 The rather high primary resistance,
(usually five ohms or more) which is charac-
teristic of all low tension transformer coils,
helps to bring the primary current to a stop
after the spark has beenproduced. If this were
not done, the primary current would continue
to flow through the circuit until the distributor
finger carbon brush reached the edge of the
distributor contact segment, at which time the
current would be stopped by the interruption
of the contact as the carbon brush moved off
the segment. This would cause pitting and
burning of the distributor segments.

171 Thus it should be clear that the spark
voltage is produced by the growth of a magnetic
field in the transformer and not by the collapse
of the field as is the case in conventional igni-
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tion coils., This fact sometimes raises the
question as to why the subsequent collapse or
decay of the field in the transformer does not
produce a second spark at the spark plug.

172 The reason for this is that the rate of
decay of the magnetic field of the transformer
is determined by the rate of decay of the pri-
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mary current. It has already been pointed out
that the primary current results from the dis-
charge of the primary condenser and that this
current tapers off at a rather slow rate after
the secondary current stops. Since the rate of
decay of the magnetic field is the same as that
of the primary current, it is too slow to pro-
duce enough voltage for a second spark at the

plug.



