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In the July/August issue of AME (Issue 
139), there appears an article headed 

“Electrical Points Switching” by Dave 
Jeanes. Dave describes a team project 
in which members of his club have 
come together to combine their efforts 
to provide for driver operated points. 
All power to them. They are to be 
congratulated in successfully solving their 
problem in a way that clearly meets their 
needs well. I am a little worried about 
some electrical matters in their design, so 
I wondered whether the electronics guru 
on that team, Dave, wouldn’t mind if I 
add some thoughts to that article.

Sometimes one sees disputes arising 
in AME Letter Box and elsewhere, in 
which writers use the forum to have a 
go at each other. I did not want to enter 
into any of that, so my first step was to 
contact Dave at the email address in the 
article. Dave’s grace in the face of my 
suggestion that I add a caveat to his work 
is acknowledged.

Dave’s design is working for the 
users, and that’s what designs are meant 
to do, but it is sailing close to the wind 
in some respects, and others who might 
follow the design might strike trouble.

The design uses two stages of current 
gain so that a signal from a reed switch 
can operate a dc motor. The fist stage is a 
transistor, and the second is a relay. The 
design is unconventional in a couple of 
respects as I will show.

The use of a transistor for the first 
stage of current gain in such a circuit is 
conservative and sound. This is a robust 
transistor as transistors go, but a robust 
transistor is pretty fragile when compared 
with most of the items that a model 
engineer would work with. The active 
part of a transistor is a small chip of 
silicon with very little thermal mass. This 
means that it will heat up very quickly 
when presented with excessive energy. 
At sufficiently high power, this transistor 
would fail by being overheated in a few 
microseconds. There is definitely not 
time to turn the power off when there is a 
sign of trouble.

Most model engineers will be familiar 
with the idea that an inductor stores energy 
when a current passes through it. This is 
the basis of operation of the Kettering 
ignition system. The points close, and the 
current in the primary winding of the coil 
rises. When the points open, the energy 
of the magnetic field in the inductor is 
dissipated. In the case of the ignition coil, 
a second winding with a high number 
of turns is used to present that energy to 
the spark plug gap. The voltage on the 
primary of an ignition coil is not as high 
as on the secondary, but the sudden rise 
in voltage is observed there as well.

In a perfect inductor, if a source 
of current is suddenly withdrawn, the 
voltage will rise immediately to whatever 
voltage is required in attached circuitry to 
take the energy. In the real world, no 
inductor is perfect, and the energy will 
pass to stray capacitances or be lost as 
heat in the iron core if it is not absorbed 
by other components.

A relay coil is an inductor as well, and 
if a source of current is terminated, we can 
expect to see a very quick rise in voltage at 
the relay coil terminals. The polarity of 
this voltage will be that obtained by the 
current in the coil continuing in the same 
direction. In a simple circuit such as Fig. 
1 where the relay coil current is switched 
by a transistor, the instantaneous voltage 
at the connection between the transistor 
and the coil will rise rapidly to many 
times the supply voltage.

The circuit shown in Figure 1 is 
not normally used as it would be usual 
to expect the energy from the relay coil 
inductance to be quickly dissipated in the 
transistor, and raise its temperature past 
the destruction point. In some instances 
the transistor will not be destroyed, but 
it is not good practice to trust in luck on 
this point.

Fortunately there are several circuit 
tricks that can overcome this problem. 
The first is shown in Figure 2. Here a 
diode is connected across the relay coil. 
The orientation is such that the diode 
does not pass current during the relay 
“on” time, but the switch-off transient 
current will be carried by it. The energy in 
the inductor will dissipate as the current 
circulates in the coil and diode. Most of 
the energy will be dissipated as heat in 
the coil resistance. Unfortunately there 
can be an objection to this simple fix. In 
some circumstances the reduction in the 
coil current can be too slow, resulting in 
a slow release of the relay contacts. This 
can lead to an increase in arcing at the 
contacts.

The dissipation of the energy can be 
sped up by increasing the voltage drop 
presented to the circulating current. This 
is easily achieved by adding a resistor in 
series with the diode as shown in Figure 3.

The transistor used in the original 
article was a BD139. The data sheet 
for this transistor can be found on the 
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internet. Unfortunately, if you Google 
“BD139 data sheet” you will find many 
sites that want to sell you their data sheet 
finding service. You have to hunt a bit to 
find a manufacturer’s site that actually has 
a data sheet. I have performed the hunt in 
this instance, and found a genuine data 
sheet at http://www.st.com/stonline/
products/literature/ds/5238.pdf

This transistor has a VCB0 and 
a VCE0 (minimum) of 80 volts. This 
means that we can apply up to 80 volts 
on the collector (the output pin in these 
circuits) and the transistor will not break 
down. We have to allow a margin of safety 
here. Sixty volts is a safe figure to aim for. 
The “top” of the coil is already at 12 volts, 
so if we restrict the voltage rise across the 
coil to 48 volts, then the transistor will 
be safe.

There is data on the P8035 relay in 
the Dick Smith catalogue, but the coil 
resistance, a critical bit of information, is 
not there. In this case, an internet search 
yielded nothing. I spoke to one of the 
“help line” people at Dick Smith head 
office. The fellow was helpful in nature, 
but did not understand the concept of 
coil resistance, and offered his estimate, 
which proved to be way out. I tried a Dick 
Smith store that had the relay in stock, 
and fortunately got a helpful young bloke 
who measured this parameter for me. It 
is 84 ohms.

The determination of a value for the 
resistor R2 in Figure 3 is really easy. We 
don’t even have to use ohm’s law! Whatever 
the current was that flowed in the relay 
coil when it was ON, that current caused 
about a 12 volt volt drop in the relay 
resistance. The instant after the transistor 
switches off, R2 will be carrying the 
same current. We want to drop 48 volts 
across R2, which is 4 times the volt drop 
that that current value gave us across 84 
ohms. Thus R2 = 4 x 84.  Four times 84 is 
336. This is not a standard value, but 330 
ohms is very close, and would do nicely.

When the diode was used alone, 
as in Fig.2, the circulating current was 
dissipated in the 84 ohm coil resistance. 
In the Figure3 circuit, that current is 
dissipated in 84 + R2, five times as much. 
This gives us a speeding up of the decay 
of that current (and the decay of “pull in” 
force) by a factor of 5. The result will be 
nearly as quick as it would have been if 
the energy were dissipated in secondary 
breakdown in the transistor.

For a diode for Figure 2 or Figure 3, 
one of the family 1N400x would be good. 
Data on these can be found at http://www.
fairchildsemi.com/ds/1N/1N4001.pdf

This family has seven members with 
different peak reverse voltage ratings as 
follows:

Any of the diodes from 1N4001 to 
1N4007 would do here as the highest 
Reverse Voltage will be about 15 volts 
with a freshly charged battery. If you are 
buying from an electronics hobby shop, 
it is good to have seven part number to 
choose from. With luck, you will find 
one of them.

In those cases, where R2 is very much 
greater than the relay resistance, the diode 
can be dispensed with, as the extra power 
loss during “on” time might not be a 
concern. See Figure 4. This arrangement 
used to be more common, but has been 
rare since the days when robust silicon 
diodes have become available and cheap. 
It is not silly, however, and if I had to 
make up a circuit like this, and had no 
diodes to hand, I would install R2. The 
little extra energy loss during “on time” is 
a small price to pay for the protection of 
the transistor.
Transistor Input Circuit

A little analysis of the published 
circuit will show that it is sound here. 
The voltage across the transistor when 
it is “hard on”, called the “saturation 
voltage” is about half a volt. Thus the 
relay coil current will be about 137 mA. 
The current gain of the BD139 is not 
specified at this current. All we can tell 
from a reasoned look at the data sheet is 
that it will be over 20. This means that we 
need a base current greater than 137/20 
mA = 6.85 mA. The design uses a 1k 
resistor for controlling the base current. 
This will give about 11.4 mA. This is 
plenty. Gain in transistors varies over 
wide limits, but the lowest gain transistor 
in the family will saturate nicely.
Relay Output Circuit

The arrangement of Relay 1 and 
Relay 2 in the original circuit seems, on the 
face of it, to provide for complete control 
of the motor. If neither relay is energized, 

the motor is not 
powered. If Relay 
1 is energized, the 
motor will run in 
one direction. If 
Relay 2 is energized, 

the motor will run in the other direction. 
Why should we have Relay 3 and its 
associated transistors? There is a good reason 
to have Relay 3 which I now describe.

The arrangement of the contacts 
in a relay such as this will be something 
like Figure 5.  An arm attached to the 
relay armature (the armature is the 
part that moves under the influence 
of the magnetic field – exactly as in a 
motor) carries two contacts facing in 
opposite directions. When the relay is 
not energized, the top one of these rests 
against a stationary contact (at the top 
on my drawing). This is the “Normally 
Closed” contact. The moving arm is 
held against this in some way, often by 
a spring. When the relay is energized, 
the arm moves down, separating the top 
contacts, and after further movement, 
closing the bottom (the “normally open”) 
contacts. The total travel distance of the 
moving contacts will be chosen by the 
relay designer with several conflicting 
requirements in mind. It might not be 
much more than a millimetre on a relay 
designed for 12 volt automotive use. This 
relay is called a “Horn Relay” in the Dick 
Smith catalogue, but it is not a horn relay. 
A horn relay has only normally open 
contacts.

An electrical arrangement in which 
one side of a 12 volt battery is connected 
to the normally open contact and the 
other side to the normally closed contact 
is a potentially dangerous one. For a 
load current above a certain threshold, 
there will always be an small arc as 
the contacts open. If the load is at all 
inductive, this arc will be more vigorous 
and prolonged. The circumstances are 
exactly as or the transistor switching the 
relay coil, except the currents are higher. 
If the arc plasma is still hot enough to be 
electrically conducting when the moving 
contact reaches the other fixed contact, 
then we have a direct short circuit; or a 
very short electric arc, across the battery. 
The arc might not be sustained with the 
particular gap, but it will draw a heavy 
momentary current and erode the contact 
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to do with it. The problem is that at 
low frequencies the current rises to 
unacceptable levels after it saturates 
the magnetic material. So the voltage 
must be reduced. The nett result is 
that the magnetic flux falls and so does 

torque. To overcome this, manufacturers 
have devised a closed loop feedback 
arrangement commonly called flux vector 
feedback which is able to maintain full 
load torque down to 1 hertz - but only 
at a price. It used to double the cost of 
the basic inverter. Whether this is still the 
case I do not know as I have not studied 

inverters for some years.
The Vectrix motor would seem to 

overcome the low frequency torque 
problem by fitting permanent magnets to 
supply the magnetic fields for the rotor. 
But that immediately turns it into a PM 
motor, raising another issue! 

As I said above, once you fix the rotors’ 
magnetic poles using permanent magnets 
you need some way to commutate the 
motor. 

OK; well and good. If you are going 
to commutate it electronically you might 
as well go a step further and control the 
frequency and hence the motor’s speed at 
the same time. So now we end up with 
frequency controlled speed. This is exactly 
what happens in the Vectrix. The chopped 
DC is turned into three “artificial” phases 
(i.e. three pulses of power per revolution 
of the rotor 120 degrees apart) in a range 
of frequencies from 1 to 300Hz. Since 
it is now frequency controlled it now 
resembles the induction or synchronous 
motor. 

The Vectrix does not use sensorless 
commutation. It uses the older Hall 
device to sense rotor position rather like 
the system used in the Fisher and Paykel 
Smartdrive washing machine. It also uses 

IGBTs instead of MOSFETs because 
they are probably better suited to very 
high voltages and currents. That is not a 
critical difference.

So the Vectrix combines all sorts of 
systems into the one motor! Presumably 
the designers have researched all the 
options and chosen to do it this way for 
good reasons. 

Now I have wondered why they did 
not use sensorless commutation and now 
believe that the reason is linked with the 
fact that sensorless commutation has 
a bit of a problem starting up. This is 
not surprising since the rotor has to be 
turning for there to be any back EMF to 
detect! Yet if there is no back EMF signal 
how does it know how to start?  These 
motors often chatter briefly while they 
“get themselves into synch”. The point 
is that the Hall sensor doesn’t have that 
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surface away, possibly giving rise to a 
short contact life.

Just as circuit elements were added 
to the relay coil in Figures 2 to 4 (above) 
to control the voltage rise whist energy 
from circuit inductance was dissipated, 
so we can add circuits to minimize the 
voltage rise on an opening contact. Such 
a circuit is called a “snubber”.

An alternative to snubbing, where 
we have the supply connected across the 
fixed contacts, is to terminate the current 
before we open those contacts. This is a 
function for Relay 3. If Relay 3 opens 
the circuit before an arc can form on the 
opening of Relay 1 or Relay 2, then, not 
only is the arc unlikely to form, but even 
if it does, if the supply is disconnected, 
there is no possibility of a dangerous 
short across the supply.

This will best be achieved if Relay 

3 releases more quickly than Relay 1 or 
Relay 2. Normally we avoid slowing down 
the movement of relay armatures as the 
slow opening promotes arcing, but in this 
circuit, if Relay 3 has already removed the 
supply, a slow opening of either of the other 
relays will not matter. Indeed, for Relay 3 to 
perform this function, we need it to open 
first. For this reason, I advocate the circuit 
of Figure 3. for the Relay 3 coil, and the 
circuit of Figure 2 for the other two.
Circuit drawing conventions

The circuits in the figures follow 
common modern practice for electronic 
circuit diagrams, (often, following the 
Americans, called “Schematics”).

The resistance values shown, which 
are in ohms, have a designator of “R”, 
as early drafting systems did not have an 
omega character. The logical flow is from 
left to right for easy readability.
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The original circuit adapted as 
suggested is shown in Figure 6.

I have included a fuse in the plus 
lead from the battery. A lead acid battery 
has a very high ultimate fault current. 
Enough to burn all the insulation off 
the wiring. The fuse is a really good idea. 
Lead acid batteries are never sealed, by 
the way. The style in a plastic case with 
no obvious provision for topping up the 
electrolyte are strictly “Valve Regulated 
Cells”. There is a valve built into the case 
wall that can vent oxygen and hydrogen 
when internal electrolysis is excessive. This 
danger is greatest when the battery is on 
charge. If charged when installed, such a 
battery should not be inside a sealed box. 
The space in the box surrounding the 
battery could become rich in oxygen and 
hydrogen. A nasty atmosphere for relay 
contacts with inductive loads.

Figure 6


