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1: Introduction
4Q

D
’s V

ortex range are high frequency chopper
drivers giving control of m

otor speed both in drive
m

ode and in braking m
ode. T

hey use M
O

S
F

E
T

s in
state-of-the-art high frequency circuitry to give best
possible perform

ance and battery econom
y. T

he
controllers incorporate m

any advanced features such
as regenerative braking, independent, linear,
adjustable acceleration and deceleration ram

ps,
reverse speed reduction, dual ram

p reversing, fault
protection, therm

al protection and electrom
agnetic

brake driver.

M
any of these features can be disabled if so required.

S
om

e features are optional on the sm
aller controllers.

T
he V

ortex features a ‘double ended’ layout w
ith the

pow
er com

ponents in the centre. T
his is physically

slightly less convenient than, for instance, our P
ro-

120 controller but does result in a m
ore econom

ical
controller.

T
he sim

plest possible configuration is show
n on page

6. T
he V

ortex series have m
any other features so

there is  a lot of extra inform
ation in this m

anual.
P

lease don’t be put off but read the m
anual quickly

through before you start. T
his should introduce you

to w
hat you can do w

ith our controllers and clarify
w

hat w
e are trying to say.

O
ur drives are protected: provided you don’t actually

connect them
 w

rongly or short them
 out, they w

ill
survive alm

ost any type of m
otor - w

e regularly use a
12v starter m

otor as a test load, stalling it w
ith a

m
onkey w

rench. T
he drives survive this but w

ill get
hot and therefore m

ay eventually fail.

T
he V

ortex series are open-card controllers. A
 very

high proportion of controllers returned for repair have
been dam

aged by m
ishandling!

D
o not let any foreign body contact the board. T

hat
includes w

ater, dirt, screw
drivers, nuts and bolts.

U
se only fully-insulated pow

er connectors.

T
he controller can be dam

aged by foreign body
contact if the m

ain capacitor is still charged.

B
efore handling the controller or unplugging the

pow
er or m

otor connections, disconnect the battery,
then leave the ignition turned on 

fo
r a

t le
a

st o
n

e
m

in
u

te before handling the controller, to discharge
the m

ain capacitor. 

O
therw

ise, short out the battery inputs to the
controller, to discharge the capacitor to m

ake the
controller safe to handle.

S
ee also back page for dos and don’ts

2: H
andling

P
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part of the circuit board the controller m
ay w

ell fail. 
T

he capacitor can only heat w
hile the controller is

actually w
orking properly so capacitor failure is

alw
ays sim

ply dow
n to overloading the controller in

one w
ay or another.

O
verheating

If any electrical item
 is w

orked hard it can get hot. If
it is overw

orked for too long it w
ill sim

ply get hotter
and hotter until som

ething fails. D
epending on the

nature of the installation and overloading, solder
joints can m

elt, the m
ain capacitor can vent and the

M
O

S
F

E
T

s m
ay then fail. F

ortunately such severe
overheating is not com

m
on.

S
ustained overheating causes the varnish around the

heatsink and capacitors to discolour. T
his is not in

itself harm
ful but can indicate problem

s.

N
o reverse.

If the controller w
on't reverse there are tw

o distinct
possibilities:
1

T
he m

otor still goes forw
ard w

hen reverse is
selected.
2

T
he m

otor is dead w
hen reverse is selected

T
he first fault is likely to be a w

iring fault: the
reverse signal is not getting to the controller. M

easure
the voltage on the black w

ire to pin C
 (m

easure w
ith

respect to battery –ve). If this is low
 (below

 about 6v)
the controller w

ill go forw
ard. W

hen high (above
about 6v) the controller w

ill reverse. T
he reversing

sw
itch connects this pin to battery positive to apply a voltage to reverse it.

T
he second fault is usually in the controller: if a relay

clicks in the 'dud' direction, try cleaning the relay
contact. O

ne relay operates for forw
ard, one for

reverse. C
urrent flow

s from
 battery positive, through

the norm
ally closed contact of the relay w

hich hasn't
m

oved, then through the m
otor and so through the

now
 closed contact of the relay w

hich has operated.
U

sually the norm
ally closed contacts tend to get dirty

easier (low
er contact pressure). C

lean w
ith fine

em
ery paper.

W
e can repair dam

aged controllers. B
ut please be

sure that the controller is faulty before returning it as
w

e m
ay m

ake a charge for handling controllers w
hich

are not faulty or w
hich only have the fuse track

blow
n.

T
here w

ill be a charge m
ade for repairing controllers

w
ith blow

n fuse track.

T
here is an additional handling charge m

ade if
controllers are returned in boxes. T

he box itself never
requires and servicing!

O
therw

ise charges m
ade w

ill depend on the age and
condition of the controller and on the fault as w

e tend
to be fairly lenient in interpreting the guarantee!

M
ake sure you include your nam

e, address and
details of the fault w

ith the returned controller.

F
uses.

T
he m

ain 'fuse' is a zig-zag section of
track show

n to the right. It is situated on
the underside of the board, just by the
battery +

 connection. 

If it fuses, solder a fine piece of w
ire

over it - a single strand from
 7/0.2 cable

is fine. S
pecial pads have been placed

for this purpose.

T
here are also sim

ilar fuse tracks to pins
A

 &
 F

 of the 6 pin input connector.

In practise fuse tracks are very fickle: it w
ould be possible to design a board w

ith 5 different fuses each one
of w

hich could blow
 singly and separately under different overload characteristics: w

e cannot guarantee
therefore that the correct piece of track w

ill alw
ays blow

! S
o if in doubt, fit a separate fuse.

S
ervice
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 c
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t p
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 d
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 b
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 m
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y 

to
 a

lte
r 

th
e 

de
si

gn
 to

 e
lim

in
at

e 
it.

T
hi

s 
po

lic
y 

m
ak

es
 it

 d
iff

ic
ul

t t
o 

gi
ve

 y
ou

 s
en

si
bl

e
fa

ul
t f

in
di

ng
 ti

ps
 -

 b
ut

 it
 d
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f c
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 b
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 p
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at
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 m
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 m
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 p
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 u
se

r 
is

 b
es

t a
dv

is
ed

 th
er

ef
or

e 
no

t t
o 

re
ve

rs
e 

on
st

ee
p 

hi
lls

!

D
ua

l R
am

p 
re

ve
rs

in
g 

ca
n 

be
 d

ea
ct

iv
at

ed
, w

he
n 

th
e

re
ve

rs
in

g 
be

co
m

es
 p

re
-s

el
ec

t.

4:
 S

af
et

y

3:
 M

od
el

s
2 

m
od

el
s 

ar
e 

av
ai

la
bl

e,
 fo

r 
di

ffe
re

nt
 c

ur
re

nt
 r

at
in

gs
 a

nd
 w

ith
 d

iff
er

en
t o

pt
io

ns
.

E
ac

h 
is

 a
va

ila
bl

e 
as

 1
2v

 o
r 

24
v,

 b
ut

 th
e 

24
v 

ca
n 

be
 s

up
pl

ie
d 

w
ith

 r
es

is
to

rs
 in

 th
e 

re
la

ys
 fo

r 
36

v 
op

er
at

io
n.

 A
ls

o
av

ai
la

bl
e 

ar
e 

-4
8v

 v
er

si
on

s.

N
C

C
-3

5-
12

, -
24

, -
36

 &
 -

48
35

 A
m

ps
55

A
 m

ax
 ty

pi
ca

l
N

C
C

-7
0-

12
, -

24
, -

36
 &

 -
48

70
 A

m
ps

11
0A

 m
ax

 ty
pi

ca
l

S
la

ve
 v

er
si

on
s 

of
 a

ll 
op

tio
ns

 p
os

si
bl

e 
or

 tw
o 

st
an

da
rd

 u
ni

ts
 c

an
 b

e 
in

te
rc

on
ne

ct
ed

 in
 ta

nd
em

 

T
he

 v
ol

ta
ge

 is
 m

ar
ke

d 
on

 th
e 

re
la

ys
. M

ak
e 

su
re

 th
es

e 
ar

e 
co

rr
ec

t a
s 

24
v 

re
la

ys
 w

ill
 n

ot
 o

pe
ra

te
 fr

om
 1

2v
 a

nd
12

v 
re

la
ys

 w
ill

 s
oo

n 
bu

rn
 o

ut
 th

ei
r 

co
ils

 if
 u

se
d 

on
 2

4v
.

36
 a

nd
 4

8v
 v

er
si

on
s 

us
e 

th
e 

24
v 

re
la

ys
 b

ut
 w

ith
 a

 r
es

is
to

r 
in

 s
er

ie
s 

w
ith

 th
e 

re
la

y 
co

ils
 a

nd
 o

th
er

 c
om

po
ne

nt
s

ch
an

ge
d 

as
 a

pp
ro

pr
ia

te
.

A
 b

ox
ed

 o
pt

io
n 

is
 a

ls
o 

av
ai

la
bl

e.
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V
ortex series instructions

5: F
eatures

T
he diagram

 above show
s the V

ortex-75 w
hich has

four M
O

S
F

E
T

s and capacitors. T
he V

ortex-40 has
tw

o only. O
therw

ise, the V
ortex-40 is largely the

sam
e as the V

ortex-75.

S
peed pot and reversing sw

itch input is via a 6 pin
connector, supplied.

P
ow

er &
 M

otor connections are by 6.3m
m

 blade
connectors on top of the board. S

pare pow
er

connections are provided and can be used for control
w

ires or for extra m
otor w

ires as you w
ish. 

9.5m
m

 blade connectors are available as an option.
A

lso available is an expansion connector option, see
page 12.

R
egen B

rake D
efeat

D
ual R

am
p R

everse

H
alf S

peed R
everse

M
S

T
 P

reset

A
C

C
 P

reset

D
E

C
 P

reset

G
ain P

reset

R
A

T
 P

reset

B
- C

onnection

B
+

 C
onnection

M
+

 C
onnection

M
- C

onnection

P
arking B

rake
Input C

onnector

E
xpansion C

onnector

FETs

Capacitors

Heatsink

Relays

T
herm

al S
ensor

P
age 13

V
ortex series instructions

A
ll speed controllers should only be used w

ith good
quality m

otors. O
ld, dirty m

otors can have dam
aged,

w
orn brushgear and this causes arcing. O

n occasion
arcs at the brushes can cause seem

ingly random
controller failure. F

ortunately this effect is quite rare,
but it’s best to be careful.

Ideally the m
otor should include an internal

suppression capacitor, a ceram
ic type of 10n value is

suitable. If the m
otor does not include this you are

advised to fit one across the brushes as close as
possible to the m

otor body. T
he controller w

ill w
ork

w
ithout this capacitor, but it can lengthen the life of

the system
.

A
 w

ord of w
arning: m

any car type m
otors have the

chassis connected to one term
inal. T

ake great care
w

ith these as you could easily short the controller out
- w

hich w
ould be fatal. It is best to avoid these

m
otors. O

therw
ise either m

ake sure the m
otor is

m
ounted on insulation (including the drive shaft), or

m
ake certain that no other point of the control system

can be earthed to chassis. If in doubt contact 4Q
D

.

M
ost m

odern d.c. m
otors use perm

anent m
agnets.

T
hese are the best for battery operation. H

ow
ever,

other types can be used: at 4Q
D

 w
e regularly use a

12v car starter m
otor for testing (even w

ith our 24v
150 am

p drives) since these are a far w
orse load than

is ever likely to be m
et. Into such a m

otor (stalled)
the controllers sim

ply deliver their m
axim

um
 current and get hot. It is virtually im

possible to dam
age the

controllers by an unsuitable m
otor (the controller w

ill
sim

ply get hot quickly), so don’t be afraid to
experim

ent.

T
here is no reason w

hy you cannot use a 24v m
otor

from
 12 volts - it w

ill only go at half its design speed.
A

lso, if you use a 12 volt m
otor from

 24v, it w
ill go

at tw
ice its rated speed. S

ince the V
ortex is current

lim
ited you w

on’t overload the 12v m
otor, provided

it can handle the available (lim
ited) current.

S
hunt w

ound m
otors can be used if the field

w
inding can be separated. C

onnect the field w
inding

perm
anently across the supply and control the

arm
ature w

inding: the shunt w
ould m

otor then
behaves like a perm

anent m
agnet m

otor.

S
eries w

ound m
otors m

ay also be used but they
cannot give dynam

ic braking and are very inefficient
at low

 speeds so are not ideal. T
o use them

 w
ith the

V
ortex series a m

odification m
ust be m

ade so the
field can be correctly connected into the relay
circuitry: contact 4Q

D
.

Y
ou can reverse a field-energised m

otor by sim
ply

sw
apping over the field w

indings. Y
ou should not do

this w
hen the m

otor is rotating as arm
ature currents

w
ill then be very high. T

he field w
ill draw

 m
uch less

current than the arm
ature so a m

uch sm
aller sw

itch
w

ill suffice. A
 field energised m

otor, used on the

T
he rated current output of the controllers is w

ith the
heatsink hot. W

hen cold they w
ill give considerably

m
ore current. T

hus the 40 am
p version w

ill in fact
give about 55 am

ps w
hen cold. T

his is O
K

 because
the M

O
S

F
E

T
s used are rated at 60 am

ps continuous
w

ith a case tem
perature of 25°C

. A
s the M

O
S

F
E

T
s

w
arm

 up their allow
able current reduces so that at a

case tem
perature of 100°C

 they can (only!) handle
42 am

ps each continuously. T
he current lim

iting used
in 4Q

D
’s controllers senses the M

O
S

F
E

T
tem

perature and autom
atically adjusts as the

M
O

S
F

E
T

s heat up. H
ow

ever, running the controllers
at full current w

ill cause speedy heating so the
allow

able continuous current w
ill depend on the

external heatsinking.

S
teel is not a good heatsink m

aterial: heat does not
flow

 easily in steel. A
lum

inium
 or copper is far

better. If you have a steel plate, sandw
ich an

alum
inium

 sheet betw
een the steel and the V

ortex to
spread the heat.  F

or really arduous use w
e suggest

heatsink com
pound betw

een the V
ortex’s heatsink

and your ow
n: this helps heat flow

 across the join.
M

ake sure both surfaces are flat and free of grit.

T
he V

ortex-75 incorporates a therm
al sensor

(optional on other m
odels) w

hich cuts back the output
current if the controller gets too hot. T

he V
ortex-75

cuts back to about 20 am
ps, w

hen the M
O

S
F

E
T

s w
ill

dissipate about 20 w
atts. T

his is still enough to
overheat the controller if no external heatsink is used,
so don’t rely on it!

13: H
eat &

 H
eatsinking

14: C
hoice of m

otor
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V
or

te
x 

se
rie

s 
in

st
ru

ct
io

ns

R
A

T
 a

nd
 M

S
T

T
w

o 
ot

he
r 

pr
es

et
s 

ex
is

t: 
w

e 
ad

vi
se

 a
ga

in
st

 a
lte

rin
g

th
es

e.
 

N
or

m
al

 s
et

tin
g 

is
 c

en
tr

e 
sc

al
e.

 

R
A

T
. A

s 
th

e 
th

ro
ttl

e 
is

 m
ov

ed
 fr

om
 z

er
o,

 a
t a

 lo
w

se
tti

ng
 o

ne
 o

r 
ot

he
r 

di
re

ct
io

n 
re

la
y 

en
ga

ge
s

(d
ep

en
di

ng
 o

n 
th

e 
se

le
ct

ed
 d

ire
ct

io
n)

. T
hi

s 
is

 th
e

R
A

T
 (

R
el

ay
 A

ct
iv

at
e 

T
hr

es
ho

ld
).

 A
t t

he
 s

am
e 

po
in

t,
th

e 
pa

rk
in

g 
br

ak
e 

is
 r

el
ea

se
d.

M
S

T
. A

s 
th

e 
th

ro
ttl

e 
is

 fu
rt

he
r 

ad
va

nc
ed

 th
en

,
no

rm
al

ly
 ju

st
 a

bo
ve

 th
e 

R
A

T
, t

he
 c

on
tr

ol
le

r 
st

ar
ts

 to
m

od
ul

at
e:

 i.
e.

 v
ol

ta
ge

 is
 fe

d 
to

 th
e 

m
ot

or
. T

hi
s 

is
 th

e
M

S
T

 (
M

od
ul

at
io

n 
S

ta
rt

 T
hr

es
ho

ld
).

If 
yo

u 
w

is
h 

to
 a

dj
us

t t
he

se
 p

ar
am

et
er

s 
an

d 
ar

e 
no

t
co

m
pl

et
el

y 
an

d 
ut

te
rly

 s
at

is
fie

d 
th

at
 y

ou
 k

no
w

 w
ha

t
yo

u 
ar

e 
do

in
g,

 p
le

as
e 

co
nt

ac
t 4

Q
D

.

B
ec

au
se

 o
f s

tic
tio

n 
in

 th
e 

m
ot

or
s,

 th
ey

 n
ee

d 
a 

sm
al

l
vo

lta
ge

 b
ef

or
e 

th
ey

 s
ta

rt
 to

 r
ot

at
e:

 th
is

 w
ill

 o
cc

ur
 a

t a
lig

ht
ly

 h
ig

he
r 

th
ro

ttl
e 

se
tti

ng
.

T
hi

s 
6 

w
ay

 c
on

ne
ct

or
 m

ay
 b

e 
fit

te
d 

as
 a

n 
op

tio
n.

 T
hi

s
ex

pa
ns

io
n 

co
nn

ec
to

r 
ha

s 
tw

o 
m

ai
n 

us
es

:
1

't'
 V

er
si

on
. T

o 
fit

 a
 b

oa
rd

 to
 w

or
k 

w
ith

 a
 ta

ch
o

ge
ne

ra
to

r 
in

 a
 c

lo
se

d 
lo

op
 s

pe
ed

 c
on

tr
ol

 s
ys

te
m

: t
hi

s
gi

ve
s 

fa
r 

be
tte

r 
sp

ee
d 

co
nt

ro
l r

an
ge

 a
nd

 im
pr

ov
es

pe
rf

or
m

an
ce

 (
es

pe
ci

al
ly

 to
rq

ue
) 

at
 s

lo
w

 s
pe

ed
s.

2
'D

' v
er

si
on

. F
or

 g
an

gi
ng

 tw
o 

V
or

te
x 

co
nt

ro
lle

rs
to

ge
th

er
, e

ith
er

 fo
r 

a 
tw

o 
m

ot
or

 v
eh

ic
le

 o
r 

fo
r

oc
ca

si
on

al
 u

se
, a

s 
w

he
n 

do
ub

le
 h

ea
di

ng
 a

 lo
co

.

D
ou

bl
e 

he
ad

in
g 

- 
D

 v
er

si
on

W
he

n 
tw

o 
st

an
da

rd
 c

on
tr

ol
le

rs
 a

re
 c

on
ne

ct
ed

 to
ge

th
er

vi
a 

th
e 

ex
pa

ns
io

n 
co

nn
ec

to
rs

, o
ne

 is
 u

se
d 

as
 th

e
m

as
te

r 
an

d 
th

e 
se

co
nd

 b
ec

om
es

 th
e 

sl
av

e.
 T

he
 m

as
te

r
is

 c
on

ne
ct

ed
 n

or
m

al
ly

 a
nd

 c
on

tr
ol

s 
on

e 
m

ot
or

 a
nd

 it
s

pa
rk

in
g 

br
ak

e 
(if

 fi
tte

d)
.

T
he

 s
la

ve
 c

on
tr

ol
le

r ne
e

d
s o

nl
y 

ba
tte

ry
 c

on
ne

ct
io

ns
an

d 
co

nn
ec

tio
ns

 to
 th

e 
se

co
nd

 m
ot

or
. I

f o
th

er
 c

on
tr

ol
s

ar
e 

fit
te

d 
to

 th
e 

sl
av

e,
 th

en
 a

 'v
ot

in
g'

 s
ys

te
m

 o
pe

ra
te

s:
If 

ei
th

er
 ig

ni
tio

n 
is

 o
n,

 b
ot

h 
co

nt
ro

lle
rs

 o
pe

ra
te

. 
If 

re
ve

rs
e 

is
 s

el
ec

te
d 

on
 o

ne
, b

ot
h 

w
ill

 r
ev

er
se

. 
If 

sp
ee

d 
is

 n
on

-z
er

o 
on

 b
ot

h 
co

nt
ro

lle
rs

, t
he

n 
th

e
fa

st
es

t s
el

ec
te

d 
sp

ee
d 

w
ill

 c
on

tr
ol

 b
ot

h.
 

S
o 

to
 a

vo
id

 c
on

fu
si

on
, s

im
pl

y 
pl

ug
 

no
th

in
g 

in
to

 th
e 

6
w

ay
 in

pu
t c

on
ne

ct
or

 o
n 

th
e 

sl
av

e!

T
he

 s
la

ve
 is

 c
on

ne
ct

ed
 to

 th
e 

m
as

te
r 

V
or

te
x 

vi
a 

a 
6

w
ay

 c
ab

le
 b

et
w

ee
n 

th
e 

tw
o 

ex
pa

ns
io

n 
co

nn
ec

to
rs

w
ire

d 
th

us
:

O
n 

th
e 

'D
' v

er
si

on
 (

fo
r 

D
ou

bl
e 

he
ad

in
g)

 p
in

s 
B

 a
nd

 C
ar

e 
al

re
ad

y 
lin

ke
d 

on
 th

e 
co

nt
ro

lle
rs

: t
he

ir 
co

nn
ec

tio
n

vi
a 

th
e 

m
ul

tic
or

e 
is

 o
pt

io
na

l.

T
hi

s 
sl

av
in

g 
sy

st
em

 c
an

 b
e 

us
ed

 a
s 

a 
pe

rm
an

en
t

co
nt

ro
lle

r 
fo

r 
a 

tw
o 

m
ot

or
 v

eh
ic

le
, w

he
n 

th
e 

tw
o

m
ot

or
s 

w
ill

 p
er

fo
rm

 id
en

tic
al

ly
 b

ut
 w

ith
 in

de
pe

nd
en

t
cu

rr
en

t l
im

its
. I

f t
w

o 
m

ot
or

s 
ar

e 
us

ed
 o

ff 
on

e 
si

ng
le

20
0 

am
p 

co
nt

ro
lle

r,
 th

en
 th

e 
fu

ll 
20

0 
am

ps
 c

ur
re

nt
 is

av
ai

la
bl

e 
to

 d
riv

e 
ei

th
er

 m
ot

or
 in

 s
ta

ll 
co

nd
iti

on
s.

W
ith

 th
e 

V
or

te
x 

sy
st

em
, e

ac
h 

m
ot

or
 m

ay
 o

nl
y 

dr
aw

up
 to

 1
00

 a
m

ps
, l

im
ite

d 
by

 it
s 

ow
n 

co
nt

ro
lle

r.
 T

he
sy

st
em

 th
er

ef
or

e 
of

fe
rs

 m
or

e 
pr

ot
ec

tio
n 

to
 th

e 
m

ot
or

s.
A

ls
o,

 if
 o

ne
 m

ot
or

 g
et

s 
di

sc
on

ne
ct

ed
 th

e 
se

co
nd

m
ot

or
 w

ill
 s

til
l b

e 
pr

ot
ec

te
d.

 L
as

tly
, i

f t
he

re
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 a
fa

ilu
re

 in
 o

ne
 c

on
tr
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r 
th

e 
ch

an
ce

s 
ar

e 
th

at
 th

e
ve

hi
cl
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m

ay
 s
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l b
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er
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ot
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lle
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pr
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g 
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m
er
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nc
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‘g
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ou
 h

om
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 s
er

vi
ce

,
al

be
it 

at
 r

ed
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 p

er
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rm
an

ce
.

P
in
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P
in
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A
ig
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n
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sp
ee
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E
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F
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V
or

te
x 

se
rie

s 
in

st
ru

ct
io

ns

T
he

 V
or

te
x 

se
rie

s 
ar

e 
de

si
gn

ed
 fo

r 
m

ou
nt

in
g 

vi
a 

th
e

he
at

si
nk

 a
s 

in
 th

e 
di

ag
ra

m
 b

el
ow

. I
n 

m
os

t
ap

pl
ic

at
io

ns
, f

ul
l c

ur
re

nt
 is

 o
nl

y 
dr

aw
n 

fo
r 

sh
or

t
pe

rio
ds

 s
o 

lit
tle

 h
ea

tin
g 

w
ill

 b
e 

ex
pe

rie
nc

ed
.

H
ow

ev
er

, t
he

 V
or

te
x’

s 
he

at
si

nk
 is

 a
 th

ic
k 

bl
oc

k 
of

al
um

in
iu

m
 w

hi
ch

 w
on

’t 
co

ol
 d

ow
n 

qu
ic

kl
y 

to
 th

e 
ai

r.
In

 m
or

e 
de

m
an

di
ng

 a
pp

lic
at

io
ns

, g
oo

d 
he

at
si

nk
in

g 
is

im
po

rt
an

t, 
su

ch
 a

s 
a 

su
ita

bl
e 

m
et

al
 p

la
te

 w
hi

ch
 w

ill
us

ua
lly

 b
e 

th
e 

ve
hi

cl
e’

s 
ch

as
si

s.
 If

 h
ea

ts
in

ki
ng

 is
in

ad
eq

ua
te

, t
he

 c
on

tr
ol

le
r 

w
ill

 g
iv

e 
re

du
ce

d
pe

rf
or

m
an

ce
, a

nd
 if

 a
llo

w
ed

 to
 o

ve
rh

ea
t f

or
 to

o 
lo

ng
,

m
ay

 b
e 

da
m

ag
ed

. T
he

 h
ea

ts
in

k 
is

 c
om

pl
et

el
y

el
ec

tr
ic

al
ly

 in
su

la
te

d.

M
ou

nt
in

g 
ho

le
s 

in
 th

e 
he

at
si

nk
 a

re
 ta

pp
ed

 M
4.

 D
o

no
t d

ril
l t

he
se

 o
ut

 la
rg

er
. I

t i
s 

un
ne

ce
ss

ar
y 

an
d 

yo
u

w
ill

 c
on

ta
m

in
at

e 
th

e 
bo

ar
d 

w
ith

 s
w

ar
f, 

in
va

lid
at

in
g

an
y 

gu
ar

an
te

es
.

F
or

 m
or

e 
in

fo
rm

at
io

n 
on

  h
ea

ts
in

ki
ng

, s
ee

 p
ag

e 
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Y
ou

 c
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o 
m

ou
nt
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co
nt
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 d
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al

um
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 b
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m

en
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ou

nt
in

g 
on
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th

e 
he

at
si

nk
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H
ow

ev
er

 if
 y

ou
 w
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t t

o 
us

e 
th

e 
co

rn
er

 m
ou

nt
in

g
ho

le
s 
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 w

el
l, 

yo
u 

m
us

t u
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 in
su

la
tin

g 
m

ou
nt

in
gs

.

W
ha

te
ve

r 
yo

u 
do

, m
ak

e 
su

re
 th

e 
co

nt
ro

lle
r 

ca
n’

t g
et

w
et

 a
nd

, i
f i

t d
oe
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 d

on
’t 

co
nn

ec
t t

he
 b

at
te

ry
 u

nt
il 

yo
u

ha
ve

 d
rie

d 
th

e 
co

nt
ro

lle
r 

th
or

ou
gh

ly
. T

he
 w

at
er

 w
on

’t
ca

us
e 

da
m

ag
e 

un
le

ss
 th

e 
un

it 
is

 c
on

ne
ct

ed
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e
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tte

ry
, w

he
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el
ec
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ol

yt
ic

 c
or

ro
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 w

ill
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ur
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at
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P
age 6

V
ortex series instructions

S
im

ple w
iring

O
n the 6 w

ay m
ulticore control w

ire, yellow
 is

directly connected to battery +
ve. W

hite and black
m

ay also be battery +
ve (depending on the control

sw
itches). G

reen is battery -ve and blue and red are
the control pot. A

 short circuit in the w
iring betw

een
these tw

o groups w
ill cause problem

s!

B
oxed version: W

ire colours are as show
n in the

diagram
 above.

N
o

te
 th

e
 1

A
 fu

se
 in

 th
e

 ye
llo

w
 w

ire
.

 If this is om
itted,

a m
istake in the w

iring can blow
 fuse tracks on the

controller. C
ontrollers returned for repair w

ith the
fuse tracks blow

n w
ill be subject to a handling

charge, so if you are happy to repair these fuse tracks
yourself, you do not need this fuse! S

ee page 15.

B
attery F

use
N

o
te

 a
lso

 th
e

 fu
se

 in
 th

e
 b

a
tte

ry lin
e

: this is really
only to give a useful m

easure of protection against, a
reversed battery. T

he boxed unit has a 40 am
p fuse

fitted but the controller m
ay easily draw

 m
ore than

this depending in the application. A
 larger fuse can be

fitted, but w
ill give less protection in the event of the

battery being reversed. U
se the sm

allest value fuse
w

hich does not cause nuisance blow
ing: if the

controller is giving m
ore current than it can readily

handle it w
ill sim

ply get hot.

S
ee also page 8.

A
 relay m

ay be used as an alternative. S
ee ‘P

olarity’
on facing page.

P
ush buttons

Instead of tw
o sw

itches (ignition and
forw

ard /  reverse) you m
ay use tw

o
instantaneous push-buttons. W

iring is
show

n left: note the extra diode
W

ithout this, reverse w
ill not w

ork.
T

he diode's C
athode (the end w

ith the
band) should be connected to W

hite.

8: C
onnections

.

Y
ellow

B
lue

R
ed or B

row
n

P
erm

anent
m

agnet
m

otor

B
lack

6 core cable
S

peed control pot

R
everse sw

itch

Ignition sw
itch

C
ables anchored
to chassis.

Y
ellow Y

ellowW
hite

W
hiteB

lack

B
lack

G
reen

G
reen

B
lue

B
lue

R
ed

R
ed

1am
p fuse

F
use

6 core cable

S
peed control pot

R
everse

F
orw

ard

B
lack

G
reen

B
lue

R
ed

Y
ellow

Y
ellow

D
iode

W
hite

F
use, see text

Y
ellow W

hite
B

lack

G
reen
B

lue
R

ed

T
he diagram

 show
s the

sim
plest connections needed to

use the controller.

F
used yellow

 w
ire m

ay be fed
from

 B
+

 if preferred.

green w
ire m

ust not
connect to m

achine
chassis.

P
age 11

V
ortex series instructions

G
ain

T
his is m

arked ‘G
ain’ on the diagram

 ‘F
eatures’. S

et
this so that, at m

axim
um

 required pot range, the
controller just reaches full speed: this is easiest to do
w

ith the m
otor unloaded. S

et the speed pot to your
required m

axim
um

 point (e.g. full up) then, listening
to the m

otor, adjust the preset. It it usually quite easy
to tell w

hen the m
otor stops accelerating.

M
axim

um
 setting of the gain preset w

ill give full
output for about 3v input.

R
am

ps
T

he V
ortex series controllers incorporate linear

ram
ps to control the m

axim
um

 acceleration and
deceleration rates. T

hese are user adjustable and, to
get best perform

ance from
 your m

achine, you should
adjust them

 to best suit your application.

A
cceleration ram

p
T

his is labelled as ‘A
C

C
’ on the circuit board: it is

present to m
ake the vehicle accelerate sm

oothly w
hen

the speed pot is increased suddenly, so as to avoid
sudden surges and shocks to m

echanical com
ponents.

A
s supplied it is norm

ally at half setting so that the
m

otor takes about 2 seconds to accelerate. A
djust it

as you require to give sm
ooth acceleration.

C
lockw

ise increases acceleration (reduces tim
e to full

speed), anticlockw
ise decreases acceleration

(increases tim
e to full speed). If the acceleration is set

too high (anticlockw
ise) the acceleration m

ay be
lim

ited by the current lim
it, w

hich does no harm
 but

m
eans that acceleration is not being controlled

properly, so w
ill be dependent on m

otor load.

D
eceleration ram

p
T

his is show
n as ‘D

E
C

’ on the circuit board: it is
present to m

ake the vehicle decelerate sm
oothly

w
hen the speed pot is reduced suddenly. A

s supplied
it is norm

ally at half setting (about 3 seconds). A
djust

it as you require to give sm
ooth deceleration. Y

ou
w

ill usually find you require a low
er setting (m

ore
anticlockw

ise) for D
E

C
 than for A

C
C

. If the D
ecel

tim
e is set too low

 (anticlockw
ise) then the relays

w
ill drop out (and short out the m

otor) before
regenerative braking has finished, giving a jerk
before the vehicle stops com

pletely. T
his w

ill also
shorten the life of the relays.

W
arning

O
n the -R

W
 version, be careful not to set the ram

ps
too fast: if reversing is too fast the relays can arc,
causing them

 to stick and also shortening their life.
T

his is fully explained on our w
w

w
 site:

http://w
w

w
.4qd.co.uk/serv/nccram

p.htm
l

A
djustm

ents

B
oxed C

ontroller

187

118

1.0m
 cables

red &
 black: battery

blue &
 yellow

: m
otor

B
ulgin 6 w

ay
chassis plug

55

green

blue
red

w
hite

yellow

black locating notch

V
iew

 on soldered pins
B

ulgin 6 pin
line m

ounting fem
ale
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V
or

te
x 

se
rie

s 
in

st
ru

ct
io

ns

D
ua

l R
am

p 
R

ev
er

si
ng

‘D
ua

l r
am

p’
 r

ev
er

si
ng

 c
an

 b
e 

di
se

ng
ag

ed
 b

y
re

m
ov

in
g 

th
e 

he
ad

er
 m

ar
ke

d 
D

ua
l R

am
p 

on
 th

e
di

ag
ra

m
, p

ag
e 

4.
 R

ev
er

si
ng

 th
en

 b
ec

om
es

 ‘p
re

-s
el

ec
t’

so
 th

at
, i

f t
he

 r
ev

er
se

 s
w

itc
h 

is
 o

pe
ra

te
d 

at
 s

pe
ed

,
no

th
in

g 
w

ill
 h

ap
pe

n 
un

til
 th

e 
de

m
an

d 
sp

ee
d 

is
re

du
ce

d 
to

 z
er

o.

R
ev

er
si

ng
 w

ill
 n

ow
 o

cc
ur

 w
he

n 
th

e 
de

m
an

d 
sp

ee
d 

is
tu

rn
ed

 u
p 

ag
ai

n.
 In

 th
is

 m
od

e 
a 

pu
sh

 s
w

itc
h 

ca
n 

be

us
ed

 fo
r 

re
ve

rs
in

g:
 p

us
h 

th
e 

sw
itc

h 
as

 y
ou

 m
ov

e 
th

e
sp

ee
d 

co
nt

ro
l f

ro
m

 z
er

o 
to

 e
ng

ag
e 

re
ve

rs
e 

an
d 

re
le

as
e

it 
w

he
n 

th
e 

ve
hi

cl
e 

is
 m

ov
in

g.
 T

he
n,

 w
he

n 
th

e 
sp

ee
d

co
nt

ro
l i

s 
ag

ai
n 

re
du

ce
d 

to
 z

er
o,

 th
e 

co
nt

ro
lle

r 
w

ill
dr

op
 b

ac
k 

in
to

 fo
rw

ar
d.

P
re

-S
el

ec
t r

ev
er

si
ng

 
m

u
st

 be
 u

se
d 

fo
r 

se
rie

s-
w

ou
nd

m
ot

or
s 

or
 if

 r
eg

en
 b

ra
ki

ng
 is

 d
is

ab
le

d.

R
eg

en
er

at
iv

e 
B

ra
ki

ng
R

eg
en

er
at

iv
e 

m
ot

or
 b

ra
ki

ng
 is

 in
te

gr
al

 to
 th

e 
V

or
te

x
co

nt
ro

lle
rs

. W
he

n 
 th

e 
de

m
an

d 
sp

ee
d 

is
 r

ed
uc

ed
be

lo
w

 th
e 

ac
tu

al
 m

ot
or

 s
pe

ed
, t

he
 c

on
tr

ol
le

r 
st

ar
ts

br
ak

in
g,

 r
et

ur
ni

ng
 a

s 
m

uc
h 

of
 th

e 
br

ak
in

g 
en

er
gy

 a
s

po
ss

ib
le

 b
ac

k 
in

to
 th

e 
ba

tte
ry

. T
he

 s
pe

ed
 a

t w
hi

ch
 th

e
br

ak
in

g 
ac

ts
 is

 a
dj

us
te

d 
by

 m
ea

ns
 o

f t
he

 d
ec

el
er

at
io

n
ad

ju
st

m
en

t.

R
eg

en
er

at
iv

e 
br

ak
in

g 
do

es
 n

ot
 w

or
k 

w
el

l a
t v

er
y 

sl
ow

sp
ee

ds
, s

im
pl

y 
be

ca
us

e 
it 

re
lie

s 
on

 th
e 

m
ot

or
 tu

rn
in

g
to

 p
ro

vi
de

 b
ra

ki
ng

 e
ne

rg
y.

 If
 th

e 
m

ot
or

 is
 o

nl
y

tu
rn

in
g 

sl
ow

ly
 th

en
 it

 c
an

no
t g

iv
e 

a 
lo

t o
f b

ra
ki

ng
, s

o
a 

ve
hi

cl
e 

w
ill

 c
re

ep
 if

 p
ar

ke
d 

on
 a

 h
ill

. T
o 

st
op

 th
is

yo
u 

ca
n 

ge
t m

ot
or

s 
fit

te
d 

w
ith

 a
n 

el
ec

tr
om

ag
ne

tic
al

ly
op

er
at

ed
 p

ar
ki

ng
 b

ra
ke

. W
he

n 
po

w
er

 is
 a

pp
lie

d 
to

th
is

, t
he

 b
ra

ke
 is

 r
em

ov
ed

 a
nd

 w
he

n 
po

w
er

 is
re

m
ov

ed
 th

e 
br

ak
e 

is
 a

pp
lie

d 
by

 a
 s

pr
in

g.
 

T
he

re
 a

re
 fe

w
 a

pp
lic

at
io

ns
 w

he
re

 r
eg

en
er

at
iv

e
br

ak
in

g 
is

 d
el

et
er

io
us

 a
nd

 it
 s

ho
ul

d 
no

rm
al

ly
  b

e 
le

ft
en

ga
ge

d.
 

T
he

 a
bi

lit
y 

to
 d

is
ab

le
 r

eg
en

 b
ra

ki
ng

 c
an

 b
e 

in
cl

ud
ed

as
 a

n 
op

tio
na

l e
xt

ra
 if

 r
eq

ue
st

ed
 a

t p
oi

nt
 o

f p
ur

ch
as

e.

W
h

e
n

 r
e

g
e

n
 b

ra
ki

n
g

 is
 d

is
e

n
g

a
g

e
d

 :
1:

 th
e 

co
nt

ro
lle

r m
us

t b
e 

al
so

 s
w

itc
he

d 
to

 p
re

-s
el

ec
t

re
ve

rs
in

g 
(s

ee
 a

bo
ve

).

2:
 C

ho
se

 th
e 

lo
ng

es
t d

ec
el

er
at

io
n 

ra
m

p 
se

tti
ng

, a
s 

th
e

m
ot

or
 w

ill
 b

ra
ke

 o
nl

y 
un

de
r 

fr
ic

tio
n.

F
ai

lu
re

 to
 d

o 
th

is
 w

ill
 c

au
se

 je
rk

y 
pe

rf
or

m
an

ce
 a

nd
m

ay
 b

ur
n 

ou
t t

he
 r

el
ay

s.

T
o 

de
ac

tiv
at

e 
re

ge
n 

br
ak

in
g:
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N

E
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T
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O
N

T
R
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LL

E
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 F
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O
M

 T
H

E
B

A
T

T
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R
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2:
 R

em
ov

e 
th

e 
tw

o 
lin

ks
 la

be
lle

d 
R

B
D

.

T
he

 fo
llo

w
in

g 
di

ag
ra

m
 s

ho
w

s 
th

e 
pe

rm
itt

ed
co

nf
ig

ur
at

io
ns

 o
f t

he
 R

B
D

 ju
m

pe
rs

. A
ny

 o
th

er
co

nf
ig

ur
at

io
n 

w
ill

 d
am

ag
e 

th
e 

co
nt

ro
lle

r.

(n
ee

d 
a 

di
ag

ra
m

 o
f g

oo
d)

P
ar

ki
ng

 B
ra

ke
S

om
e 

m
ot

or
s 

ar
e 

fit
te

d 
w

ith
 a

 s
ep

ar
at

e 
so

le
no

id
re

le
as

ed
 p

ar
ki

ng
 b

ra
ke

.

T
he

 V
or

te
x 

co
nt

ro
lle

r 
ha

s 
a 

ci
rc

ui
t t

o 
dr

iv
e 

su
ch

 a
pa

rk
in

g 
br

ak
e 

br
ak

e:
 p

ow
er

 is
 a

pp
lie

d 
to

 th
e 

so
le

no
id

as
 d

em
an

d 
sp

ee
d 

is
 in

cr
ea

se
d 

ab
ov

e 
ze

ro
 a

nd
 w

he
n

th
e 

de
m

an
d 

sp
ee

d 
re

tu
rn

s 
to

 z
er

o,
 p

ow
er

 is
 r

em
ov

ed
.

P
ar

ki
ng

 b
ra

ke
 is

 v
ia

 th
e 

3 
pi

n 
co

nn
ec

to
r,

 s
ho

w
n 

on
th

e 
di

ag
ra

m
 ‘F

ea
tu

re
s’

.  
W

iri
ng

 is
 a

s 
th

e 
di

ag
ra

m
be

lo
w

.

T
hi

s 
fe

at
ur

e 
is

 s
ta

nd
ar

d 
on

 V
or

te
x-

75
  b

ut
 is

 a
n

op
tio

na
l e

xt
ra

 o
n 

th
e 

V
or

te
x-

40
. 

B
ra

ki
ng

A
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C
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 c

on
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M
otor w

iring
T

his is not so critical as battery w
iring: too long

and/or too thin w
ire w

ill cause a loss of m
axim

um
current, w

ill get hot and w
ill w

aste battery pow
er but

w
ill not dam

age the controller. H
ow

ever, w
ire w

hich
is too thick w

ill do no harm
 either so w

e recom
m

end
the sam

e w
ire for the m

otor as for the battery.

C
ircuit breaker, fuse, isolator.

A
 circuit breaker or fuse m

ay be fitted if required.
T

he m
ain advantage is that it w

ill enable the battery
or m

otor to be disconnected in the event of an
em

ergency or for security and it m
ay give a m

easure
of protection should the battery be reversed.

A
lternatively, you could fit a breaker in the battery

lead: take care not to increase the w
iring length too

m
uch. A

lso, certain types of breaker can have the
sam

e effect as increased battery lead length. 

A
 breaker in the m

otor m
ay also be useful: it w

ill
enable you to quickly disconnect the m

otor in an
em

ergency. If correctly rated, this can also protect
the m

otor against overheating due to m
echanical

faults.A
lso w

ith the m
otor disconnected, free-

w
heeling becom

es possible. 

It is also possible to get a battery isolator sw
itch.

T
hese are norm

ally fitted to lorries, buses and boats
to isolate the battery in an em

ergency.

B
attery condition m

eter. 
P

ins A
 and F

 (yellow
 and green on the diagram

) are
directly connected to the battery so that you m

ay use
them

 to connect a battery condition m
eter.

T
he draw

ing show
s 4Q

D
's LE

D
 battery indicators.

6 w
ay connector.

T
he m

ating connector supplied is suitable 
only for

the correct size of w
ire.

A
cceptable w

ire sizes are: 
 .  .  . 7 stranded 0.22-0.25m

m
²

 .  .  . E
quivalent 24 A

W
G

 (7/32 A
W

G
)

It is an Insulation D
isplacem

ent C
onnector (ID

C
)

w
hich 4Q

D
 have chosen because it is so very easy to

use and very dependable. - but only w
ith the correct

w
ire!

D
o not strip the insulation from

 the w
ires, sim

ply
push them

 into the top part of the open connector
and squeeze it closed in a vice or w

ith suitable
parallel action pliers. A

s you do this the tines of the
contacts bite through the insulation to m

ake contact
w

ith the conductors.

W
ire w

hich is too thin w
ill not m

ake contact. W
ire

w
hich is too thick w

ill dam
age the tines.

D
o not use single strand (telephone) w

ire: it w
ill

m
ake unreliable contact and easily breaks.

Y
ou can re-open a closed connector by gently

m
oving the tabs at the sides of the top cover

outw
ards to disengage the latches w

hile lifting the
cover slightly, one side at a tim

e.

O
pen

C
losed

D
 red:       M

ax speed
E

 blue:      W
iper

F
 green:   0v (M

in speed)

C
 black:    R

everse

A
 yellow

: +
24v  to Ignition

B
 w

hite:    Ignition

1
1

A
B

C
D

E
F

A
B

C
D

E
F

9: C
ontrols
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age 9

V
ortex series instructions

S
peed pot.

W
e suggest a 10K

 linear pot, although other values
from

 4K
7 to 20K

, linear or log, can be used.

T
he gain adjustm

ent on the controller alters the
am

ount of rotation required before full speed is
reached: this enables a sim

ple lever operated control
by m

eans of a lever arm
 screw

ed onto a standard
rotary pot.

T
he sim

plest speed control is an ordinary rotary pot:
this w

on’t give any ‘dead m
an’ control as the pot

w
on’t return to zero w

hen it is released. 4Q
D

 can
supply a spring return to zero hand control.
A

lternatively 4Q
D

 can supply a plunger operated pot
(linear position sensor), suitable for incorporating
into a foot pedal.

T
he draw

ing show
s the pot supplied by 4Q

D

W
ith this pot you should only solder to the tips of the

tags: the holes show
n are not for soldering but as

heat barriers to stop heat travelling up the tag and
m

elting the plastic body.

¶ U
se as voltage follow

er

Instead of a pot, the input m
ay be fed from

 a variable
voltage. 0v (com

m
on) 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.

Z
ero speed w

ill be for zero voltage input and full
speed voltage m

ay be adjusted (by the pre-set) to be
from

 3v to above 20v.

Ignition and reverse inputs are both high im
pedance

(voltage controlled). H
igh activates. T

hresholds are
around 5v for both.

O
n/O

ff sw
itch

C
ircuitry in the controller sw

itches it off (zero
current consum

ption) unless there is a voltage on pin
B

 or pin C
. 

T
he w

iring is show
n on page 6.

B
ew

are of changing any sw
itch w

hen the m
otor is

running: the m
otor w

ill brake to a halt m
ore or less

quickly, depending on the deceleration ram
p setting.

If the sw
itch changed is the reverse, it w

ill then
accelerate up to speed in the other direction. T

his
process is quite safe (for the controller).

W
ith the ignition off, or even w

ith the battery
disconnected, the relays short out the m

otor so free-
w

heeling is not possible. T
o freew

heel properly the
m

otor should be disconnected.

R
eversing

R
eversing sw

itch
R

eversing sw
itch connections are show

n in the
diagram

 above. R
eversing is ‘dual ram

p’ w
hich

m
eans that, if the vehicle is reversed at speed, it

autom
atically slow

s dow
n under control of the

deceleration ram
p then reverses and speeds up under

control of the acceleration ram
p.

W
henever the vehicle is in reverse, a speed reduction

circuit operates, so that (if the gain adjustm
ent has

been set up sensibly) full reverse speed is half of full
forw

ard speed.

R
everse S

peed reduction
¶ If reverse speed reduction is 

not required it can be
disabled by m

oving the header m
arked ‘S

’ on the
board and in the ‘features’ diagram

. T
his is a pinstrip

w
ith a shorting link w

hich sim
ply unplugs. A

s show
n

(bottom
 pin free) reverse is the sam

e as full speed.
A

s supplied (top pin free) reverse is at half speed.

R
everse threshold

If you are reversing the controller from
, for instance,

a m
icrocontroller, the threshold is around 5v. A

voltage above this selects reverse, below
 the

threshold selects forw
ard.

front
side

back


