9.01 Speed pot
We advise a 10K linear pot, although you can use
any value from 4K7 to 20K.

Beware of opening the switch when the motor is
running: the motor will brake to a halt more or less
quickly, depending on the deceleration ramp setting.

The gain adjustment on the
controller alters the amount of
rotation required before full speed
is reached: this allows various
input devices to be used.

The simplest speed control is an

With the ignition off, or even
with the battery disconnected,
the relays short out the motor
so free-wheeling is not
possible. To freewheel
properly the motor should be
disconnected.

ordinary rotary pot: this won’t give
any ‘dead man’ control as the pot Forward

won’t return to zero when it is
released. 4QD can supply a spring fRreverse

return to zero hand control or a on
plunger operated pot (linear
position sensor), suitable for off

incorporating into a foot pedal.

The Pro controller has special
circuitry so that, if the ignition
is switched off at full speed,
the motor will be braked to a
stop (under control of the
deceleration ramp) and only
when it has stopped will the

9.02 9 Use as voltage follower

Instead of a pot, the input may be fed from a variable
voltage. Ov (common) to pin F, signal input (+ve) to

pin E. A resistor (10k) should be connected from pin
D to pin F to over-ride the internal pot fault detector

circuit. Zero speed will be for zero voltage input and
full speed voltage may be adjusted (by the pre-set) to
be from 3v to above 20v.

The reverse line may also be operated by a voltage.
With zero volts present controller will operate in
forward. Apply a voltage (any voltage over
approximately 5) and reverse will be selected.

9.03 Ignition (On/Off) switch
Circuitry in the controller switches it off (zero
current consumption) unless pins A and B of the
connector are joined. Therefore a switch must be
fitted.

There are three ways of factory wiring the
ignition:the following notes apply to the standard
controller, not to the RW version.

Do not permanently link these pins. For correct
operation, the ignition switch must be turned on (or
the hand control box plugged in) after power has
been applied to the controller. If the ignition switch
is turned on before power is applied then the ignition
relay may not pull in properly as its operation relies
on the Pro’s internal capacitor charging through a
bleed resistor before the ignition switch is closed.

Page 8

ignition relay switch off. For
this to work properly it is important that the ‘Gain’
control is not turned up too far - see section 11.01.

9.04 9 High Pot lock-out

This feature switches off the ignition if this is
activated with the speed pot other than at low speed
to guard against the vehicle taking off because the
ignition is activated with the throttle depressed.

In some applications this feature may be undesirable.
e.g. with a Joystick Interface when the system will
not power up unless the stick is central at switch on -
this can cause confusion!. It can be disengaged by
simply removing the header marked HPLO on the
diagram ‘features’ - page 4.

Note: the Trickle Resistor (p.4) may get hot when
HPLO is engaged and a relay may click on and off.

9.05 9 UVP (Battery Discharge Protection)
this can be used to protect the the battery from
damage that could be done by over-discharging it.
To do this, the voltage at the controllers battery
terminals is monitored and the performance is
reduced as this voltage falls.

The level is factory set to a low voltage (about 15v)
so the feature is effectively inactive on 24v
controllers. For 12v controllers the feature must be
totally deactivated by fitting the header marked UVP
in the features diagram (page 4).

To enable UVP on 24y, fit the 12K resistor Ry,

Pro-120 controller instructions

shown in the ‘Connections’ diagram (page 7). For
variable cutback, you could fit a variable resistor. Or
you could use a switch to enable/disable the feature.
The level at which it works is controlled by the value
of the external resistor.

The controller cannot know the difference between a
flat battery and losses caused by very high battery
current in wiring that is too thin, so in some
applications it may have undesired effects. It can be
disabled completely by linking out the pinstrip
marked UVP on the features diagram. Spare
‘jumpers links’ are available from 4QD (JLK-001).

9.06 Reversing switch

Reversing switch connections are shown in the
diagram (facing). Reversing is ‘dual ramp’ which
means that, if the vehicle is reversed at speed, it
automatically slows down under control of the
deceleration ramp then, at zero speed, reverses and
speeds up under control of the acceleration ramp.
Whenever the vehicle is in reverse, a speed reduction
circuit operates, so that (if the gain adjustment has

been set up sensibly) full reverse speed is half of full
forward speed.

9.07 Half Speed Reversing

As supplied, reverse speed is half of forward speed.
If reverse speed reduction is not required it can be
disabled by moving the ‘jumper’ on the pinstrip
shown in the diagram on page 4.

9.08 Dual Ramp Reversing

It is possible to disable the ‘dual ramp’ when
reversing becomes ‘pre-select’ so that, if the reverse
switch is operated at speed, nothing will happen until
the demand speed is reduced to zero. Reversing will
now occur when the demand speed is turned up
again. In this mode a push switch can be used for
reversing: push the switch as you move the speed
control from zero to temporarily engage reverse and
release it when the vehicle is moving. Then, when
the speed control is again reduced to zero, the
controller will drop back into forward automatically.
To disengage dual ramp, remove the header
indicated on page 4.

10 Braking

Regenerative motor braking is integral to the Pro
series controllers, but it can be disabled (see section
17). When the demand speed is reduced below the
actual motor speed, the controller starts braking,
returning as much of the braking energy as possible
back into the battery. The rate at which the braking
acts is adjusted by means of the deceleration
adjustment.

For maximum energy recovery, use gentle braking.
Turning the speed control to zero for maximum
braking, shorts out the motor via the relays so there
is then no energy recovery.

Regenerative braking does not work well at slow
speeds, simply because it relies on the motor turning
to provide braking energy. Therefore, if the motor is
only turning slowly it cannot give a lot of braking, so
a vehicle may creep if parked on a hill. To stop this
creeping you can get motors fitted with an
electro-magnetically operated parking brake.

Parking Brake

When power is applied to this, the brake is released
and when power is removed the brake is applied by a
spring. The Pro series controllers have a circuit to

Pro-120 controller instructions

ABC

drive such a brake: power is applied to the solenoid
as demand speed is increased above zero and when
the demand speed returns to zero, power is removed.
Parking brake drive is via the 3 pin connector, shown
on the diagram ‘Features’. This should be wired as in
the first diagram.

Release

Brake

Normal

The 3rd pin is battery negative so you can use a 3
position switch to give Release—Brake—Normal
(brake override facilities), as shown in the diagram
below.

The brake driver will give 1 amp: if more current is
drawn the controller will shut down.

Page 9
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7 Connections

The diagram shows the simplest connections needed

to use the controller.

More information on wiring follows.

Fuse or breaker, see text

6 core cable

on switch
A“s“%gﬁ Yellow

everse switch|

White
Black

To fit battery discharge
protection.

Ignition wire removed

=)=
Ry fitted (12K)

Yellow is directly connected to battery +ve. White
and black may also be battery +ve (depending on the
control switches). Green is battery -ve and blue and
red are the control pot.

Battery Condition Meter

Speed control pot

Fuse in yellow wire is optional but recommended -
see p 15.

point, the parking brake is released.

MST. As the throttle is further advanced then,
normally just above the RAT, the controller starts to
modulate: i.e. it starts switching and voltage is fed to
the motor. This is the MST (Modulation Start
Threshold).

Because of stiction in the motors, they need a small
voltage before they start to rotate: this will occur at a
slightly higher throttle setting.

Full speed is reached approximately 3v above the
MST (measured on pin 6 of expansion connector).

In certain applications, altering these adjustments
can make for better low speed control, near zero
speed. For instance, increasing RAT could suppress
relay jitter in a radio control application.

8 Power Connections

8.01 Battery wiring

Use only good quality battery connectors: the
controller feeds current back the battery during
braking and if a battery connector falls off when
braking this regenerated current can pump up the
voltage on the dud battery connection. Although the
controller is protected against damage, this is not
advised since control is lost. The same will happen if
a fuse or circuit breaker opens during braking.

Page 6

Wire size.

Use heavy duty wire for the battery leads and make
them as short as possible. This also applies to the
battery linking wire on 24v systems.

4mm (12awg) wire is ‘officially’ rated to handle 41
amps continuously. At 100 amps it gets too hot to
touch within about 60 seconds. We therefore suggest
you use at least 6.0mm? (10awg) wire for battery
connections.

On the 12v controllers, voltage loss in the wire is
important and you may need to use two lengths of
6mm? wire for the battery - depending on their
length. Excessive voltage loss will cause the voltage

Pro-120 controller instructions

12 q Expansion connector

This 9 way connector may be fitted as an option.
Additional features (such as tachogenerator closed
loop control and IR compensation) can be added
here. It is also for ganging two Pro-120 controllers
together, to drive two motors simultaneously, when
the combination can control up to 240 amps of motor
current, making the combination quite suitable for
even high performance ride-on golf buggies. For
quantity orders 4QD can supply a slave version -
contact the factory for more information.

Double heading

When two standard controllers are used, one is the
master the second is the slave. This combination
might be used, for example, in an electric railway for
‘double heading’ a train with one engine at each end.
The controller which is to be the slave should have
its ignition switched off, it will be controlled by the
master.

The slave controller need have only battery
connections and connections to the second motor. It
is connected to the master Pro by a 4 way cable
between the two expansion connectors.
This cable should join as follows:

Master Slave Function
pin 1 pin 1 Ignition
pin2  do not connect +9v

pin 3 do not connect Oscillator
pin4  do not connect Oscillator
pin5 pin5 Speed

pin6  do not connect Speed

pin7  pin7 Direction
pin 8 do not connect Current limit
pin9  pin9 Ov

(gﬂ 23456789

Pro-120 controller instructions

Pin numbers are printed on the circuit board.

The two controllers will work as one, controlling the
two motors together with the gain and ramp
adjustments of the master controlling both.

HPLO should however be disabled - either on both,
or just on the slave, or it will engage causing one
controller not to work (power relay will click on and

off).

Slaving is automatic: with the wire linked as shown
one will be slave (whichever you chose to drive
from!) and with the link disconnected, they will be
independent.

The two motors will perform identically but with
independent current limits. If two motors are used
off one single 200 amp controller, then the full 200
amps current is available to drive either motor in
stall conditions. With the Pro-120, each motor may
only draw up to 120 amps, limited by its own
controller. The system therefore offers more
protection to the motors. Also, if one motor gets
disconnected, the second motor will still be
protected. Lastly, if there is a failure in one
controller the chances are that the vehicle may still
be operable on the other controller, providing an
emergency ‘get you home’ service, albeit at reduced
performance.

Other Uses

The expansion connector is designed to allow
additional facilities to be fitted - so there are many
possibilities!

Page 11
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3 Features

Expansion connector HPLO  Thermal sensor Trickle resistor

3m11 muhmﬁm:mﬁ 4

@ |coooooooo

‘ , s , u—._ Battery +
RB2 { v

RB1

Controls

Gain

Forward .
fy Parking brake

Accel

Decel 5c20
2 i 1, ) u—'_ Battery —

Dual Ramp pat nmm<mam E

Half speed Full speed

Brake drive transistor

For shipping, the mating parts of the 'Controls' and 'Parking brake' connectors are inserted into the sockets
on the board. See page 7.

The Pro-120 has double 9.5mm motor tabs, for one shown above, see section 12.
or two motors and single 9.5mm battery tabs. Also There are several on board options which can be
fitted on the battery terminals is a set of 6.3mm altered by removable jumpers:
blades, to connect a charger or for similar purpose. Feature Section Page
High Pot Lockout 9.04 8
. UVP (Battery Discharge Protection) 9.05 8
Single 9.5mm Reverse speed 9.07 9
ﬁ Dual ramp/Preselect reversing 9.08 9
Regenerative Braking 17 15
Double 9.5mm O .
There are also several user adjustments:
Ih Gain 1101 10
Acceleration 11.03 10
These are illustrated below. Deceleration 11.03 10
RAT 11.04 11
Also available is an expansion connector option as MST 11.04 11

Battery & Motor connections|

i

Heatsink (optional)

Cover (optional) Pot & direction switch via IDC

Splashplate (with cover)
,

Page 4 Pro-120 controller instructions
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1 Introduction

4QD’s Pro-120 is a reversing motor speed controller
for battery operated vehicles covering currents up to
120 amps (over 150 amps peak). They are available
for operation on voltages ranging from 12v to 48v.
They are high frequency chopper drivers giving
control of motor speed both in drive mode and in
braking mode. They use MOSFET: in state-of-the-
art high frequency circuitry to give best possible
performance and battery economy. The controllers
incorporate many advanced features such as reverse
polarity protection, regenerative braking,
independent, linear, adjustable acceleration and
deceleration ramps, controlled performance at power
down, reverse speed reduction, dual ramp reversing,

pot fault protection and electromagnetic brake driver.
Many of these features can be disabled if so required.

The simplest configuration is shown in section 7.
However because of the features and versatility of
our controllers we give a lot of extra information in
this manual - which may make it seem to be more
complicated than it is so we’ve marked the more
technical sections | so you may ignore them. Please
don’t be put off but read the manual quickly through
before you start. This should introduce you to what
you can do with our controllers and clarify what we
are trying to say.

Our drives are protected: provided you don’t actually
connect them wrongly or short them out, they will
survive almost any type of motor for a short time- we
regularly use a 12v starter motor as a test load,
stalling it with a monkey wrench. The drives survive
this but will get hot and therefore will eventually fail.

2 Safety

Handling - Important!

Before handling the controller, disconnect the
batteries and short out the controller’s battery input
terminals. This will discharge the main capacitors,
which otherwise can store charge for many minutes.
If any foreign body contacts the board while these
capacitors are still charged, the controller may be
damaged.

Page 2

MOSFETs tend to fail safe (i.e. open-circuit) so
failure to full speed is very unlikely. However, if the
controller is not mounted properly water might get
onto the board: no designer can make a controller
operate properly under these conditions.

The Pro has a power disconnect relay and special
sensing circuitry. If the ignition switch is switched
off at full speed then internal circuitry ramps the

Pro-120 controller instructions

17 Disabling Regen Braking

There are few applications where regenerative
braking is deleterious and it should normally be left
engaged. However it is possible to disengage it.

When regen braking is disengaged:

1: the controller must be also switched to pre-select
reversing (section 9.08)

2: Chose a long deceleration ramp setting, as the

motor will brake only under friction.
Failure to do this will cause jerky performance and
may burn out the relays.

To deactivate regen braking, the two links shown as
RB1 and RB2 on the features diagram, page 4 must
be broken. Holes are present so removable headers
can be fitted, but these are normally not present.

18 Common faults

There are no ‘common’ faults: as soon as 4QD find a
fault which occurs which can be prevented, we try to
alter the design to eliminate it. This makes it difficult
to give you sensible fault finding tips - but it does
improve our product!

Most controllers returned for attention are either nor
faulty or have been damaged by ‘foreign bodies’:
nuts and bolts in the works or water etc.

There's a lot more service and fault finding info on
our www site: www.4QD.co.uk/serv/ than we can
print here!

Controller appears to be dead

Check the High Pot lockout (page 8) and the pot you
are using. HPLO and pot fault detector are intended
to detect faults and stop the controller from
working.

If HPLO engages, it will cause the power relay to
deactivate.

If a Pot fault is detected, it will simply prevent the
controller giving any output, but will not disengage
the relay.

Controller switches off erratically

The protection circuitry will switch the controller off
in the event of a fault: faults inside the controller are
rare and generally are not erratic: the controller
works or it fails.

Parking brake is used: if this is faulty or is drawing
too much current, the controller will switch off and
this will seem erratic.

Otherwise: if too low a pot value is used or some
other device draws current from the pot supply, a
fault will be detected.

Pro-120 controller instructions

Fuse and fuse tracks
These are present to prevent major damage to the
controller is there is an external wiring fault.

earth track

There are three special sections of track which
should blow if a major fault occurs in the controls or
the brake (connected to the 6 pin and 3 pin input
connectors). They are situated beneath the input
connectors on the back of the board. They are thin
‘waists’ in the track and are is as shown arrowed in
the diagram, above. If one fuses, solder a fine piece
of wire over it - one strand from 7/0.2 cable is fine.
If you cannot cope with fixing the fuse track, should
it blow, then you should fit the fuse shown in the
‘Connections’ diagram, page 7. Use a 1 amp fuse.

Overheating

Beware of sustained overheating: the heatsink can
operate up to 95°C but not more (the overheat sensor
will operate).. The main decoupling capacitors may
get warm, but should not be allowed to remain too
hot to touch for too long.

The other limit is the soldering to the relays: the

current is limited just below that required to cause
the solder to melt!

Page 15
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