10 Power Connections

Battery & motor wire size

This should be heavy gauge. For full output you will
probably use two motors. Battery drain is typically
about half the motor current (this depends on the
speed) so 10.0 mm? wire (which will carry about 70
amps continuously) will probably be adequate for the
4QD-300. Double strands of 6mm? would be better.

Keep the battery and motor wires as short as possible.
Excessive battery wiring length will cause reduced
voltage to the controller at full output, giving reduced
output current and degrading performance. Long
battery leads can also cause the 4QD’s capacitors to
work harder when they may heat up, reducing their
life.

Battery wiring

WARNING be very careful with the battery wiring.
The 4QD is not polarity protected and any mistake
with battery wiring will destroy the controller. The
battery should be the last item you connect, and you
should disconnect the battery before changing any
other wiring. Reverse polarity protection can be
added simply by fitting a relay in the wiring if
required - see facing page - and this is strongly
recommended.

To avoid mistakes, chose a battery layout such that
the terminals cannot be wrongly connected. One
such layout is shown in the diagram

Battery leads are clamped to the vehicle’s chassis in
such a way that the positive lead can only reach the
positive terminal, and then only if the battery is fitted
the correct way round in the vehicle.

With incorrect battery fitting the —ve terminal (on the
left) cannot be reached by the positive cable

Be warned that, when you connect the battery, there
will be a rather large spark as the capacitors in the
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controller charge. This does not indicate a fault and
is quite normal. The capacitors are a very necessary
item (their purpose is to hold electricity to supply
current during the very fast switching of the
controller). The capacitors can hold their charge for
quite a time, so if you disconnect the battery then re-
connect it (even several minutes later) the spark may
not occur the second time. Fitting a reverse polarity
protection relay cures this spark.

Also: use good quality battery connectors. The 4QD
regenerates energy back into the battery during
braking. If the battery connection falls off at this
time then the regenerated energy cannot be dumped
and it will cause the voltage on the controller to rise
to a destructive level. Although this switches the
controller off, all control over the motors will be lost

Undervoltage protection

Undervoltage protection has two functions:

1 1t can protect the controller from the effects of
a failed battery.

2 It can prevent damage to a battery which can
be caused by excessively discharging it.

Failed battery

If one cell in a battery fails, the effects at high
current an be unpredictable and can blow the
controller - since the battery voltage can disappear
very fast indeed!

Therefore adjustable battery undervoltage is now
fitted, It is adjustable (by means of a preset
adjustment on the base board) between about 14v
and 40v.

4QD series controller instructions.

The drawing shows the base board with the control
(top) board removed. The adjustment is to the left of
the 14 way connector.

T
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Battery Contactor

A contactor should be fitted in the battery line as
shown. This provides an emergency power
disconnect so is a vital, safety feature. It also gives
protection against reversing the batteries.

The relay coil is fed from the ignition switch
connector. A 470ohm, 2 watt resistor must be fitted
across the relay contact to pre-charge the main
capacitor in the controller.

Typical voltages for various settings are shown
below. Note that these figures are not guaranteed: if
you need accurate setting, measure it!

Position u/v For Battery
Fully clockwise 40v

3 o'clock 37v 48v

centre 27v 36v

9 o'clock 17v 24v

Fully anticlockwise ~ 14v

Battery discharge protection

If a battery is discharged too much it can be
permanently damaged. Most manufacturers suggest
80% discharge corresponding to a voltage of about
10.5v for each 12v of battery. In most applications
the owner is quite capable of not abusing batteries,
but when you are re-selling a machine this feature
can seem to be attractive as you may expect it to
save expensive warranty claims on the batteries!

Unfortunately life is not that simple: as a battery
ages it effectively shrinks so eventually it will not
perform the required duty. Fitting discharge
protection will hasten this point - so may in fact
cause more complaints than it cures!

How It works

The protection cuts back the performance of the
controller as the battery discharge level is reached.
This enhances the behaviour that would be expected
with a flat battery. However the controller can't tell
the difference between a flat battery and poor battery
connection or an over-length battery wire.

4QD series controller instructions.

D » _
Ignition switch

C—

1N4148 + to controller
B >
A % M D From battery +

. -

— Diode Relay  470R 2w resistor

When the battery is connected up, current flows
through the resistor to charge up the controller’s
capacitors. When the ignition is switched on, the
capacitors are connected across the relay coil which
pulls in, shorting out the resistor. If the battery is
reversed the MOSFETS in the controller short out the
capacitors so they do not charge up and the relay
cannot operate. The fault current is limited by the
resistor to a safe value.

{ Circuit breaker or fuse.

Use of a circuit breaker or fuse is optional: in
practise circuit breakers and fuses aren’t fast enough
to protect semiconductors, so may not offer the
controller full protection.

However a circuit breaker can also act as a power
switch to disconnect the battery. It is also possible
that a suitably small fuse or breaker in the battery
could protect against reversed battery, but this will
depend on the size of the battery wiring and the
response of the breaker.

If fitting a breaker in the battery this should not be
opened while the motor is running: as the controller
brakes, it feeds energy back into the battery. If this is
disconnected, the controller can generate a very high
voltage as it tries, in vain, to regenerate the braking
energy.
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8 Adjustments

The controller will normally be supplied with these
adjustments set to suit a typical application - so you
may not have to alter anything.

There are five possible adjustments, two of which
(marked ) you should net touch unless you are quite
technical.

Refer to the 'Features' diagram to locate the
adjustments.

Gain
This also acts as a pre-set top speed adjust.

The purpose of the gain control is to match the
controller to the speed pot arrangement, since a twist
grip may use only 90° of the available electrical
travel whilst a plunger pot will use all of it.

The 'Gain' control is marked on the features diagram
and has a G against it on the circuit board.

To set the gain, first chock up the drive wheels so
they are clear of the ground and free to rotate.
§ Switch the controller on and select forward
direction.
§ Have an assistant hold the throttle at full speed.
§ Adjust the Gain preset pot.
X Turn it down (anticlockwise) until the wheel
speed starts to decrease.
 Now slowly turn it up (clockwise) until the
wheel speed is just at maximum and
won’t increase any more.

It is easiest to do this if the Accelerate adjustment is
fully anticlockwise (minimum ramp).

If this gain adjustment is too low the vehicle will
loose top speed -it is then being used as a 'top speed’
adjustment but do not cut the top speed too much.

If you need to do this it means your gear ratio is too
high and this will cause excessive motor current.

If this gain adjustment is too high the controller will
reach full speed before the throttle pot reaches
maximum deflection so there will be a 'flat’ spot at
full throttle. Also, reverse speed will now be more
than half maximum speed.

Page 6

Ramps
These control how sharply the machine accelerates or
decelerates when the throttle is actuated sharply.

Acceleration. The preset marked A on the diagram
adjusts the acceleration rate. Too long an acceleration
time (clockwise) and the vehicle will be slow to pick
up speed. Too fast a rate and the vehicle may do a
wheel spin or, if badly balanced, will do a wheelie or
dislodge the driver. Factory setting is at about 10
o’clock

Deceleration rate is adjusted by the preset marked D
on the diagram. Too slow a deceleration and the
braking will be ineffective in an emergency but too
sharp a deceleration may throw the rider off the front
of the vehicle. Normally this is best set slightly below
acceleration, so the standard factory setting is at
about 9 o’clock.

It is usually easiest to adjust these empirically.
Factory settings are about right for 6-8 mph vehicles
with fairly fast response. Trim them by trial and error
to adjust the vehicle’s handling as you require. Fast
vehicles need longer ramps than do slow vehicles.

The ramp times are variable over a very wide range
to allow for fast vehicles. By arrangement 4QD can
alter the adjustment range for various uses.

q Current

this should not need adjusting: this is set at maximum
when the controller leaves the factory and there is
little point in altering it - unless you think the motors
will be damaged by the available stall current.

{ Reverse Acceptance Threshold.
Adjusting this requires a little technical
understanding. It is marked RAT on the diagram
(page 4).

Factory default: the threshold is set to maximum
which suits most machines. The adjustment controls
the threshold at which the controller will reverse.
Normally the controller should reverse the motor
before it is completely stopped.

We suggest you do not adjust this. It may need slight
reduction for higher battery voltages and/or for low
rolling friction vehicles.

4QD series controller instructions.

The diagram shows the 6 way connector: open,
closed and dismantled, to show the two stage latches
which hold the cable grip in place. The cable grip is
the top section. The numbers correspond with the
'Features' diagram.

6 way connector

Note that this connector is underneath the top board
so refer to the 'features’ diagram to identify the pin

letters. You will have to release the top board (four
‘Board Release’ screws on the features diagram) to

.. . insert access the 6 way connector.
If you need to open a closed connector, this is quite Y

possible by gently lifting the ears of the cable grip
outwards to release then from the latch but take care
not to break them.

This connects the speed pot and the direction switch.
Direction change is by applying a voltage to pin C:
no voltage (pin disconnected) will give forward.

Toor To reverse, connect this pin to a voltage, e.g. pin B or
IUUpDm | Ceeesn battery +ve.
1 1 , There is also an inhibit pin: connecting this to Ov
1 ) O O A 0 ) ) E:EEEE' will inhibit the action of the speed pot
ABCDEF ABCDEF ABCDEF

With the connector open, push the wires into the
holes in the cable grip from the front which is as
illustrated. The back has circular holes, not a slot. Pot Centre

wnmmgﬁ ov (ACW) I — ﬁw T
Top(+10.8v) [] B
R []
When all the wires are in place, squeeze the m«wﬁmm %
connector closed in a vice, or with a pair of parallel Inhibit
jawed pliers.

Connections for each connector are shown, then
follow more detailed information on the controls.

>oO0mm

4 way connector

This is principally for the ‘ignition” switch but two
— spare pins are supplied, one connected to the

‘ignition line and the

3 way connector

This is for the electromagnetic parking brake brake
which connects between battery +ve and the centre

12 Wiring - various

Ignition switch

Connects between +Batty and ‘Ignition’ on the 4 pin
connector. When the switch is open the control be fitted to act as an Ignition light. This
circuitry is disabled, turning off the 4QD-200. When  can be a useful diagnostic aid if the
closed the 4QD-200 is turned on. The current through  controller shuts down because of
overheating, dud wiring or some other

The diagram shows how an LED may

pin. A HEE. pin Ao.< or .g:oQ -) is supplied in case a second to Ov (battery —) (+Batty) =
brake override switch is .. +24/36/48
ired (+Batty) for a battery condition Ignition
requured. +24/36/48 - meter or a reverse polarity M
Brake rotection relay eter + _HmH
Ov P . Meter -
—
=
+
the switch is very small so a low current switch may
|

Ignition light ﬂ

be used. fault. However such problems are
The controller will not work at all without this relatively rare so the LED is more
connection. cosmetic.
Note that pin 2 is also +12v to the
The ignition is operated by a voltage so it can be direction switch and that pin 6 also I

operated by applying a voltage from a source other connects to the speed pot. 1

than the +Batty pin. se=aan
ABCDEF

4QD series controller instructions. Page 11
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shown below.

Feature
Accel
Adjustments
Battery
Brake

Brake defeat
Current

Drad band
Decel

Fuse

Gain

Ignition
Input
Joystick mode
Motor

Prereg

RAT

Splash plate
Symm reverse
Undervoltage
Zero

6 Features

explanations of the features will
be found under the section

c:o_m_zozmh
(lower board)

Index of features

Section
7

8

10

12

8

8

12

8

17

Symm reverse

Issue

(Current

Brake defeat

—_—

Decel Accel

Gain

Parking

Splashplate

Issue number
(bottom board)

Fuseclips
(bottom board)

Issue number
(lower board)

Fuse track
(lower board)

Ignition

In Joystick mode, J2 must be set to the factory
default. However if the Dead-band is set to low in
single-ended mode, then the header J2 must be moved
(or removed) or reversing will not properly operate.
J2 disconnects Joystick direction control so must be

as supplied for Joystick mode.

It is possible to electrically centre the joystick by
using the ‘zero’ point indicated on the ‘features’
diagram. However - mechanical centring is better and
should generally be used in preference.

Reverse switch

uses the same connector as does the speed control (on
the top board). Only use a reverse switch if the
4QD-200 is switched to single ended mode.

If you use a reverse switch in joystick mode you will
not be able to go forward when the switch is closed -
both joystick directions will be reverse.

q If it simplifies the machine wiring, you may also
reverse by applying battery +ve (rather than 12v) to
the reverse input. Be careful however - a mistake in
the wiring could put battery +ve onto pin 2 of the

connector. This is the internal 12v line and applying
battery +ve here is dangerous. Reverse is engaged if
more than 5v is applied to the reverse line. Maximum
allowable voltage is 60v on the reverse line.

AvH,
® e
Y, E
D
-
Speed - - m
A
Reverse —
Forward Single-ended mode

4 Brake solenoid

Motors are available with an electromagnetic parking
brake fitted. This brake is normally on. Power must
be connected to the brake solenoid to release it.
Switching the solenoid is done by optional circuitry
on the controller so that when the controller is
switched off, or not running, the parking brake is on.
This also gives a fail safe, in that if the controller dies
for any reason, the electromagnetic brake will come
on.

The brake connects between battery +ve and ‘Brake’
(pin B) on the 3 pin connector. The brake output is
suitable for brake solenoids drawing up to 1A.

A spare battery - connection is present in case you
wish to fit a manual override switch. The diagram
shows how a 3 position switch can be used to give
release - brake - normal.

To brake

Release

Brake ® [B;

>WO

Normal

Page 4

4QD series controller instructions.

Inhibit input

Pin A of the 6 pin connector is an inhibit input.

One typical use of this would be in conjunction with a
switch operated by the hand brake lever. When the
brake is on the switch should short pin A to Ov
(battery -ve) to inhibit the controller. Releasing the
brake opens the switch and the controller
automatically ramps up to the demand speed. This
enables proper hill starting on the handbrake, whereas
other inhibit signals (e.g. switching off the ignition)
will cause the high-pedal lockout to engage.

The inhibit may also be used with a footbrake in
which case it is possible to set the deceleration ramp
to maximum time, when regen braking will have little

4QD series controller instructions.

effect. The vehicle will now be stopped on the
footbrake. Circuitry in the controller (issue 10 top
boards and later) detects that the vehicle (motor
speed) is reducing faster than the internal deceleration
ramp and automatically ramps controller’s internal
demand speed down to match the mechanical
braking.

This feature is not efficient - mechanical braking
wastes energy - but when fitted to, for instance, a hire
fleet of golf buggies, new drivers do not then
experience unexpected braking when they release the
throttle!

Ideally drivers should of course learn to use the regen
braking rather than the footbrake!

Page 13
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3 Contents 12 Wiring - various 1
1 Foreword 1 Ignition switch
i Ignition light
2 Introduction 1
3 Contents ) Speed control pot
4  Dos and Don’ts 2  Top Speed adjustment
i i High Pot lockout
5 Specifications 3
6 Features 4 Battery meter
7 Controls 5 Voltage Control
8 Adjustments 6 Wig-wag (Joystick)
Gain Reverse switch
Ramps [ Brake solenoid
q O:WRE [ Inhibit input
Hand control box
J Reverse Acceptance Threshold )
q Reverse Speed 13 Output current & Heatsink 14
9  Wirin 7 14 Mounting & Earthing 13
Y i 15 Waterproofing 15
10 Power connections 8 .
ire si 16 Battery charging 15
Battery & motor wire size
Battery wiring 17 Fuse 16
q Reverse polarity protection 18 Fault finding 16
q Circuit breaker or fuse.
Motor wiring
Motor polarity
Using several motors
11 Control wiring 10
Pre-wired models
Connectors

6 way connector
4 way connector
3 way connector

4 Dos and Don’ts

Do

Set up the gain, accel and decel presets to suit your battery voltage and requirements. Page 6.

Keep the controller covered at all times- or water, dust and dirt will enter.

Fit reverse polarity protection - this is also an emergency power disconnect so is necessary for safety.
Make sure terminal nuts are tight - current through a loose connection will burn it.

Keep the motor in good condition. Damaged brushgear and commutators can blow the controller.

Fit a motor suppression capacitor. A 10n ceramic across the motor brushes, as close to the motor as
possible, can greatly increase system reliability.

Do not

Drill or otherwise modify the metal base - it’s impossible to keep metal swarf out of the controller. This
WILL blow the controller!

Test the controller without securing the top board in place: as a bare minimum, loosely insert the two
screws at the end away from the 6 way connector.

Connect the batteries with the ignition on. the ignition is also a reset switch if the controller trips for any
reason!

Make any soldered connection to the board. Such modification invalidates the guarantee!

Page 2 4QD series controller instructions.

15 Waterproofing

Most water problems are caused by condensation or
by splashing. Water splashes must be kept away from
the electronics and we at 4QD have taken great care
to make sure this is done.

The vacuum formed cover of the controller is
waterproof and will keep off water from above. The
mouths of the controller (one each end) are sealed
with a piece of waterproof foam between board and
base (F in the above diagram of the 4QD-200)

Behind the terminals is a plastic splash plate (SP in
diagram). A notch is present in this for control wires
to pass through. For proper splash proofing this plate
should be sealed to the board using Dow Corning 734
RTV - a free flowing silicone rubber with a
consistency like treacle. Do not use ordinary si rubber
- it won't do a good job and is very messy!

To use the silicone, remove the splash plate and wire
the controller. Now, with the controller base plate
horizontal and at the bottom. run a small bead of the
silicone along the bottom (longest edge) of the splash
plate before re-fitting it. The silicone will run down
the plate and seal it to the board. Use the top cover to
hold the splash plate in place. The silicone takes
about 1/2 hour to partially set.

The controller is best mounted with the aluminium
base horizontal at the bottom so water cannot run into
the controller and collect inside the cover. Mounting
with the base vertical is permitted but there is a slight
risk of water being trapped by capillary action
between the cover and one of the boards. If trapped in
the wrong place this water could cause electrolytic
corrosion and/or failure. A drainage hole near the
mouth in the appropriate place would minimise this
risk.

Do not try to seal the base to the cover: this should be
allowed to breathe so that any condensation or water

4QD series controller instructions.

which does enter can escape again.

In any machine you should consider whether it is
likely to be exposed to water: where will the water
come from, where will it go? Will water run along
cables into the controller or into any connector or
other sensitive point? If so you should make a small
loop so the water drips off at the low point before it
reaches the sensitive item.

If the controller is mounted on its side a drainage hole
(‘drain’ on the diagram) in the mouth may allow water
to run out. Also you can seal the splash plate to the
side of the cover with the same silicone rubber.
Several controller have failed because water was
allowed in and was held by capillary action between
the boards and the cover in the area shown by a
pecked outlines. Water here may not cause immediate
misbehaviour - until a track corrodes through!

16 Battery Charging

Unless a trip, circuit breaker or battery switch has
been fitted, the 4QD-300 is permanently connected
to the battery. The battery charger will not normally
be capable of causing voltage spikes above the
handling capacity of the MOSFETS in the controller
which are rated at 50v (60v for -48 models).
However if the batteries were ever removed whilst
the charger is active some chargers could cause
excessive voltage spikes so this possibility must be
considered.

Page 15
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