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By Richard Schurmann

Sparks 'n' Arcs

Sparks without the Arcs

Engine Control – Control of Engine Speed
Last issue I showed a photo (Figure 143) of a small servo 

of the type used in model aeroplanes attached to the engine 
governor on a Jenbach loco on the Boulder Creek Tramway. I 
remember that in years past a proposal was mooted for a stepper 
motor drive to an engine throttle, but this is a much more 
elegant solution. Such a solution is very well when an engine 
comes equipped with a governor, but if there is no governor, 
then we must make one. Such is the case with the Isis Mill D11 
(see page 49) which has a Toyota car engine. If we execute the 
governor in electronics, then  it becomes easy to integrate into 
a realistic control/MU system. In particular it is easy to provide 
an “engine power” output.

To control the engine speed, we need to be able to measure 
it. Control is then exercised by comparing the speed we 
want with the speed we have, and then adjusting the throttle 
accordingly. The circuit for determining the speed is called a 
tachometer circuit. The first part of a tachometer is a circuit 
or contrivance to pick up some signal from the engine that 
indicates speed. In the case of a petrol engine, an obvious (but 
not the only) source of a signal for this is the ignition system. 
Here I explore our opportunity for the generation of such a 
signal. This might interest petrol engine enthusiasts as well as 
impending tachometer builders.
Spark Ignition System

In the days before electronics was introduced, spark 
ignition systems used energy from a magneto or from a battery. 
If a battery was used, then a system known as the Kettering 
Ignition System was (and is) used to bring the energy from the 
battery to the spark. The two provide similar electrification at 
the spark plug. I intend to look closely at the Kettering circuit. 
The waveforms with a magneto are similar.

I have used the CAD program, LTSpice, to simulate the 
components in a Kettering System. The main components are:

(a)  A contact breaker. This is worked by a mechanism carefully 
contrived to make the spark at just the right time for the 
engine. This is important for the engine, but not for our 
quest to add a tachometer – as long as we know how 
many sparks there are per revolution.

(b) A capacitor. This has an important impact on the 
waveforms that we see in the system. It is said that the 
system will not work without this.

(c) The coil. This component is called a “Coil” for reasons 
of history. Just as the capacitor used to be called a 
“condenser”. (It is nothing like a condenser, as any steam 
man will tell you.) The “coil” is a step up transformer 
with a step up ratio of about 100:1

(d) The spark plug. This not only has the important role of 
igniting the fuel, but provides a very special non-linear 
load for the coil and makes a major contribution to the 
important waveforms.

Of course, on a multi-cylinder engine, there is often a 
distributor. We will not dwell on this, except to note that the 
frequency of impulses in the lead to each spark plug will be 
different from that at the coil. My circuit model is seen in 
Figure 144.

Figure 144. Circuit Model of Kettering Ignition.

This time, (for the first time) we really will 
discuss some of what the column title calls for.
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At the left we have a voltage source set to 14.5 volts. This, 
of course, represents the battery. We are modelling the system 
'in use' so will not bother with the ignition switch and other 
auxiliaries. The second voltage source V2 is a pulse generator 
which determines when the points are open or closed. We could 
say that this represents the cam in the distributor. The device 
labelled SW is a voltage controlled switch, which plays the part 
of the contact points. C1 is the capacitor (“condenser”).

L1 and L2 are the primary and secondary windings of the 
coil. R1 represents the resistance of the primary, or primary and 
ballast resistor (if used). The 10k resistor R5 is the secondary 
winding resistance (a very long length of very fine wire). The 
100pF capacitor C2 is a published figure for the typical self 
capacitance of the secondary.

I have added R6, 3.3Megohm to represent the other losses 
in the coil (apart from winding resistances). I have shamelessly 
“tweaked” the value of this to get the best match between the 
model and the reality.

If you hit a tuning fork, it will ring. In exactly the same 
way, if you hit a resonant circuit such as the coil primary and the 
capacitor C1 with electrical energy, it will ring. In this system, 
the energy is provided by the current from the battery in the 
primary inductance. This is released when the contacts open, 
and the energy will pass back and forth between the inductance 
and the capacitance. Figure 145 shows the ring that we get with 
this model as seem at the secondary terminal of the coil.

Figure 145. Output of coil when points open and no spark 
plug connected. Note that the peak voltage is over 16kV. This 
sinusoid “fades away” due to losses in the circuit, which are 

augmented in the model by R6 required to make  
this “fade” realistic. 

The spark plug, or rather the gas between the electrodes, 
has a distinctive electrical property, which it shares with gas 
discharge tubes and with arc welders. This is so the gas can 
withstand a much higher voltage initially than it sustains once 
current starts to flow. Once the current starts to flow, the gas 
molecules are ionized, and form a conducting plasma. In the 
case of a spark plug, the gas will “break down”; that is, start 
to conduct, when the voltage applied reaches about 8kV. Note 
that this is only about half the peak voltage that is found in the 
ring of the coil output. Once the gas plasma is conducting, it 
will sustain a volt drop that will vary with current, but will be 
about 3kV.

For my circuit model, the modelling of the humble spark 
plug is much more complicated than the modelling of the whole 
of the rest of the ignition system. See Figure 146.

The circular circuit symbol labelled E1 is called a 
voltage controlled voltage source. It does not represent any 
real component at all, but is an idealized construct. It has an 
output voltage proportional to the high tension voltage, (2.2 
thousandths in this case) but it does this without having any 
impact (“loading”) on the High Tension voltage. The following 
circuitry is built around a Schmitt trigger, which we have 
seen in S&A before. This trigger changes state when the High 
Tension voltage reaches 8kV (the spark “strikes”) and changes 
back again when the voltage falls below about 3kV (the spark 
is extinguished.). The voltage controlled switch  S2 represents 
the turning on of the current in the spark gap, and the diode, 
resistor and 3000 volt voltage source represent the impedance of 
the spark whilst current flows. When we connect the spark plug 
to the Kettering circuit, the “ring” of the circuit is interrupted. 
See Figure 147.

Figure 147. Voltage waveform at spark plug in the circuit model. 

In Figure 147, you see the voltage rise quickly to about 
8kV where the spark plug fires, pulling the voltage down to 
about 3kV. The spark draws the energy from the coil until it is 
no longer able to provide sufficient voltage to sustain the spark. 
Then the spark extinguishes, and the ring resumes but with 
diminished energy. If we look at this with a different timescale, 
as in Figure 148 we see that the initial rise in voltage is just a 
segment of the “ring” waveform that would have continued if 
the spark plug had not fired. Note that the ring after the spark 
is extinguished, is the same ring, but by then most of the energy 
is lost and the ring resumes at diminished magnitude.

Figure 146. Circuit model of a spark plug.
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Figure 148. The rise in high tension voltage over the first 40 
microseconds is just the start of a damped sinusoidal “ring”.

Figure 149 is an oscilloscope picture of a real ignition 
circuit. Point F is when the points close. Notice that the gas 
plasma loses its conductivity and cools as the current falls, and 
the voltage rises at D. This aspect is not modelled in my LTSpice 
simulation.

Figure 149. A real ignition system waveform.
 

We can pick up pulses from a Kettering Ignition System in at 
least two ways. Modern solid state (transistor) ignition systems 
will often have provision for a dashboard tachometer output, so 
that provides a third option. I will look at pick up from the high 
tension, and pick up from the points. My High Tension pulse 
detector circuit is modelled in Figure 150.

The Figure 150 circuit uses a 2pF capacitor to direct a tiny 
amount of charge from the HT lead. This is followed by another 
Schmitt trigger. In this case the Schmitt trigger circuit and the 
component values surrounding it will be built up using real 
components, except capacitor C4, that is. It is not intended to 
be a real component. It represents a worst case value for circuit 
stray capacitance. It is included only to prove that the circuit 
will work with it there. Figure 151 shows the output of the 
comparator U1 on the same axes as a (reduced) picture of the 
High Tension waveform. 

Note that it is the steep upward slope of the high tension 
pulse that is detected, and not the magnitude of it. The output 
signal from the comparator is delayed by about 5µs. This is 
characteristic of the integrated circuit used.  A very much higher 
rate of change is detected when the spark plug fires, (falling 
edge of the red trace) but this is less suitable for our use as the 
duration is so short.

The 2pF capacitor is a component that has to withstand 
up to 16kV. You won't find that in the capacitor section of 
your corner electronics shop. Fortunately, the value of this 
component is not critical, and it is very easy to make. It can be 
made by wrapping metal foil or wire around the High Tension 
lead. See Figures 152 and 153. With reasonable assumptions 
about the dimensions of high tension cable and the properties 
of the insulation, I have calculated 40mm as the length of lead 
we need to wrap. At the web address http://answers.yahoo.
com/question/index?qid=20110316145325AABeN8a you 
will find an exercise for a cable of thickness that is very similar 
to high tension cable. The example finds the capacitance of 50 
metres of cable. All we need to do is scale it down.

 
Figure 152. Constructing the 2 pF High Tension capacitor. A 
40mm wide strip of foil is wound around the cable and then 
stranded copper wire would over that. If copper foil were 

available, that would be better, and the wire could be soldered.

Figure 150. Spark impulse detect from High Tension.

Figure 151 High Tension waveform (reduced magnitude) 
and pulse detect output.
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Figure 153. The bare wire and foil are covered with tape. The 
tape is wound on tightly in the same direction as the winding 
of the wire. If the high tension lead is of the type that you can 
remove the plug from the end of, heatshrink over this again 

would be a nice touch.
A circuit for picking up the pulses from the ignition points 

will work completely differently. The waveform that we should 
expect at the points will be like the red trace on Figure 154.

Figure 154. Voltage waveform at the points (red) and waveform 
of Pulse Extraction circuit (blue).

The red trace is very similar to the trace at the spark plug 
(Figure 147), except that it has the 14.5 volt from the battery 
superimposed. At the very left, we see the red trace take a step 
down. This is where the points close. The next 22 milliseconds  
is the time when the current is building up in the primary of the 
coil and the energy is building up in the coil magnetic circuit. 
When the points open, there is the characteristic waveform at 
the spark plug (that we discussed above) but reduced by a factor 
of 100 due to the coil turns ratio. Then the ring dies down, and 
the battery voltage appears across the points until they close 
again. You can see that this waveform peaks at over 90 volts, so 
it is not suitable for feeding directly into the electronics. Note 
also, that at the beginning of the 'ring”, the waveform goes 
negative. My Points Interface Circuit is shown in Figure 155

A high voltage diode D6 and resistor R13 pick up whenever 
the voltage at the points falls below 5 volts. This eliminates the 
900 volt spike. A second diode, D7, which can be an ordinary 
small signal diode, and resistor R14 prevent the passing of the 
negative spike. We need to prevent the output signal from going 
low during the negative spike, as that would cause an extra pulse 
transition. Fortunately, this can be achieved by “slowing down” 
the signal, and this is done by capacitor C5. The output, Pulse_
Signal, is shown on the blue trace on Figure 154.
Fuses

I flagged that I have been researching fuses in the March-
April issue (167). Since then, I located several catalogue pages 
that listed fuses and characterized them only with physical size 
and with a single number “current rating”. This was not good 
enough for the coverage I wanted to give the subject. Recently, 
a new JayCar catalogue has come out which lists some very 
interesting fuses manufactured by American manufacturer 
LittelFuse. These are not High Rupture Capacity (HRC) fuses, 
but from the datasheet appear to be suitable for use with the low 
voltages used in battery electric locomotives. Such a fuse, and 
holder are shown in Figure 156.

Figure 156 LittelFuse MEGA Fuse and holder.
There is more to a fuse than just carrying the current when 

the fuse is good, and not carrying the current when the fuse 
is “blown”. Years ago, I was designing equipment for Telecom 
(Remember them? They were a precursor to Telstra, but in 
community ownership.) The specification called for an alarm 
signal named “Fuse Fail”. I argued that when a fuse has gone 
“open circuit”, it has not failed to perform, but has indeed 
done just the opposite: it has succeeded in terminating a fault 
current. It reminded me of the old story about the lady who 
purchased a 3AG fuse (common size of fuse in a glass tube) 
for her vacuum cleaner from an electronics shop. She was back 
the next day complaining that the fuse was no good as it had 
blown as soon as the machine was switched on. She seemed to 
expect a replacement at no charge, and was not happy when 
she had to pay again. A week later, she met the electronics shop 
proprietor in the street and accosted him about the quality of 
his merchandise. “Your fuses are no good!” She said. “Your fuses 
blow as soon as the vacuum cleaner is switched on. I bought 
a fuse from the service station. When I switched the vacuum 
cleaner on, it burst into flames and was completely ruined. 
However, when I removed the service station fuse I found that it 
was still good, even when everything else in the vacuum cleaner 
had burned out!” Let us try to be slightly more sophisticated in 
our fuse use than that.

The designer of a fuse has to choose a compromise between 
two conflicting requirements. On one hand the user will want 
the resistance to be as low as possible to minimize volt drop. 
On the other hand it is energy dissipated in the resistance 
that raises the temperature of the element until it melts or 

Figure 155 Points Interface Circuit.
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vapourizes and opens the circuit. If this is to happen promptly, 
then that energy must accumulate at a high power. The power 
dissipation of a fuse element is related to the current thus: 

P = I2R

Whatever the energy is that will open the fuse, it is determined 
by the product of the power by the time that power is applied. 

En = Pt
      = I2 Rt

Where En is the energy required to open the fuse and t is 
the time it takes to open.

The resistance R is a parameter chosen by the manufacturer, 
and we, the user, are not concerned about the exact value as 
long as it is low enough to make the normal operational losses 
negligible. The important take away for us is that there is an 
“ideal” characteristic that I2t is a constant. If the fault current is 
high, the fuse will open quickly. It will open before there is any 
appreciable heat loss from the element. If on the other hand, the 
fault current is only just above the rated current, the element will 
warm up slowly, and there will be a lot of heat loss. The heat loss 
means that the energy that must be totted up before opening 
will be much larger. A fuse then, will have a characteristic that is 
close to “I2t is constant” for high currents, and “fuse will open 
(eventually) at a specified current”.

Fuse characteristic curves are usually presented on a graph 
on which both axes have logarithmic scales. A characteristic of 
such a graph is that a power law, (such as I2t = constant) is a 
straight line. Figure 157 shows characteristic curves for some of 
the MEGAfuse range, (green) with lines of constant I2t added 
in red.

It is seen that the fuse characteristic curves follow the lines 
of constant I2t closely for high currents. This is important as the 
temperature rise in other components in the circuit will also be 
proportional to I2t. This characteristic allows us to determine a 
maximum temperature rise in the elements of the circuit that 
are being protected by the circuit.

In S&A for Jan-Feb 2011, (162), I determined that 
a particular MOSFET could withstand 230 amps for 10 
microseconds. This is an I2t value of 0.529. If we were to have 
four of these in parallel in a controller (a realistic figure) the  
I2t survival threshold for the combination would be about 2. 
The I2t figure for the smallest fuse in range shown in Figure 
157 is about 20. Thus the fuse could be relied on to protect 
motor windings or the heavy current wiring from a burn-out, 
but NOT the MOSFETs. It would be much too slow.

The LittelFuse datasheet for these fuses is at http://www.
littelfuse.com/data/en/Data_Sheets/Littelfuse-Automotive-
Bolt-down-Fuse-MEGA-32V.pdf
The Boy Electrician

Reader John Thorn from new South Wales wrote to me 
about an anomaly with the book The Boy Electrician that I wrote 
about in Issue 166 Jan-Feb 2013. I had identified the author 
as Alfred Powell Morgan. John has a copy of the same book 
which claims to have been written by J.W. Sims. Since I wrote 
the review, I have seen copies with both authorship claims. I 
remember the days when there was no Internet and no credit 
cards, and purchasing books from overseas was difficult. Many 
publishers divided the world up and would sell the same book 
in different countries under the imprint of different publishers. I 
have heard complaints that the same book has a different title in 
England from the American one. I have to admit that this is the 
first instance of an author changing his name as his manuscript 
crossed the Atlantic. I can confirm that it is the same book. The 
English one has some added photos. If you are interested in the 
content, there is nothing to choose between the two.
The Internet

I have been making some changes to my Internet 
arrangements. For reasons to do with my work, I have established 
a domain name of my own richardschurmann.com.au. Some of 
you may be experienced in these matters. I am finding it an 
enjoyable, but steep learning curve. I will change over to a new 
email address for this column: S&A@richardschurmann.com.
au. Some readers will find my address in old columns, so I will 
keep the old address for a while. 
Test bed locomotive

The following page contains information about Dave 
Webb's Baldwin D11 locomotive being used as a test bed for 
the Sparks 'n' Arcs engine control and MU provision.

Richard is at  S&A@richardschurmann.com.au
See this article in the AME Electrical/electronics Index 

at  http://richardschurmann.com.au/S&A/AME_ELEC_
INDEX/.

Figure 157. Fuse characteristic Curves.
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Dave Webb in Tasmania already have several locos to his 
name. Here is his latest loco building project.

E.M. Baldwin DH28B: D11 on the roster at Isis Mill at Childers 
in Queensland. Photo taken by Carl Millington who was the 

driver of this loco for some time.  
The following photos are by Dave Webb.

Here are the frames laid out for the 
Boulder Creek Tramway version.

A 1300cc Toyota engine has a new manifold fabricated to allow 
a turbo charger to be fitted.  

The small alternator is for auxiliaries.

At the rear of the engine we see two 270 amp alternators and 
the two series wound traction motors.

Of course a loco such as this has to have room to move, 
and the Boulder Creek Way and Works branch have not been 
slacking. The Main Line has recently been extended down the 
hill over the new trestle bridge.

Cab and engine cowl fitted. The Sparks 'n' Arcs engine control 
and MU provision will be tried out on this loco.

See more of the Boulder Creek Tramway at 
http://www.smex.net.au/bouldercreek/

A One third scale sugar 
cane loco takes shape


