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 b

e fitted
 in

 th
e h

o
les p

ro
v

id
ed

.

A
ltern

ativ
ely

 
a 

sin
g
le 

co
p
p
er 

stran
d

 
fro

m
 

a 
7
/0

2

cab
le 

m
ay

 
b

e 
u

sed
, 

so
ld

ered
 

b
etw

een
 

th
e 

h
o
les

p
ro

v
id

ed
, alth

o
u
g

h
 th

is is n
o

t g
u
aran

teed
 to

 restrict

d
am

ag
e if th

e fau
lt re-o

ccu
rs.

F
u
se 

track
s 

can
 
b
e 

rep
aired

 
b
y

 
an

y
o
n

e 
cap

ab
le 

o
f

so
ld

erin
g
.

A
 

h
an

d
lin

g
 

ch
arg

e 
w

ill 
b

e 
m

ad
e 

o
n

 
co

n
tro

llers

retu
rn

ed
 w

ith
 b

lo
w

n
 fu

se track
s.

F
1
 is in

 th
e earth

 track
 to

 th
e p

o
t an

d
 b

rak
e: it can

 b
e

b
lo

w
n

 b
y

 an
 earth

 lo
o

p
, see o

u
r w

w
w

 site fo
r m

o
re

in
fo

rm
atio

n
.

F
2
 is in

 b
attery

 lin
e to

 ig
n

itio
n
, p

ark
in

g
 b

rak
e etc.

an
d

 
can

 
b
e 

b
lo

w
n

 
b

y
 

a 
w

irin
g
 

sh
o

rt 
to

 
ch

assis

(b
attery

 -v
e).

D
o
 n

o
t u

se a
 stra

n
d

 th
ick

er th
a
n
 0

.2
m

m
 d

ia
m

eter a
s

th
is co

u
ld

 a
llo

w
 o

th
er tra

c
ks to

 g
et d

a
m

a
g
ed

 in
 th

e

ev
en

t 
o
f 

a
 

fa
u

lt. 
T

h
is 

m
a
y
 

m
a

ke
 

th
e 

co
n

tro
lle

r

u
n

rep
a
ira

b
le.

D
o
 
n
o

t 
re

p
a
ir 

th
ese 

tra
cks 

u
n

less 
y
o
u
 
a
re 

c
erta

in

th
ey

 h
a
ve

 b
een

 b
lo

w
n

: test first w
ith

 a
n
 o

h
m

m
eter!

F
1

F
2



P
ag

e 
2
2

P
ro

-1
5
0

 c
o
n

tr
o
ll

er
 i

n
st

ru
ct

io
n
s

8
.3

 F
a
u

lt
 s

o
u

n
d

 c
o

d
e
s

T
h
e 

P
ro

-1
5

0
 i

s 
fi

tt
ed

 w
it

h
 a

 s
o

u
n
d

er
 w

h
ic

h

em
it

s 
a 

p
at

te
rn

 o
f 

so
u
n
d

s 
to

 i
n

d
ic

at
e 

th
er

e 
is

a 
fa

u
lt

 
an

d
 

w
h

er
e 

th
is

 
m

ay
 

b
e.

 
It

 
is

p
ar

ti
cu

la
rl

y
 u

se
fu

l 
fo

r 
re

m
o

te
 d

ia
g
n
o

si
s,

 b
y

te
le

p
h
o

n
e,

 t
o

 t
h
e 

v
eh

ic
le

's
 m

an
u
fa

ct
u

re
r.

T
h
e 

so
u
n
d

 c
o

d
e 

is
 t

h
e 

n
u

m
b
er

 o
f 

th
e
 c

o
d
e
,

a
s 

a
 

4
 

b
it

 
b

in
a
ry

 
so

u
n
d

 
w

it
h

 
th

e 
le

a
st

si
g

n
if

ic
a
n
t 

d
ig

it
 f

ir
st

.

T
h
e 

li
st

 
(r

ig
h
t)

 
sh

o
w

 
th

e 
b

ee
p

 
p
at

te
rn

co
rr

es
p

o
n
d

in
g
 w

it
h

 e
ac

h
 p

o
ss

ib
le

 f
au

lt
 c

o
d
e.

"—
" 

d
en

o
te

s 
a 

lo
n

g
 t

o
n
e 

an
d
 "

•"
 a

 s
h
o
rt

 o
n

e.

N
o
te

 
th

at
 n

o
t 

al
l 

p
o
ss

ib
le

 f
au

lt
 c

o
d

es
 
h
av

e

b
ee

n
 a

ss
ig

n
ed

!

8
.4

O
th

e
r 

fa
u

lt
s

In
te

rn
a

l 
C

o
n

tr
o

ll
e

r 
F

a
u

lt
s

In
te

rn
al

 
co

n
tr

o
ll

er
 

fa
u
lt

s 
ar

e 
d
u

e 
to

 
m

al
fu

n
ct

io
n

s

w
it

h
in

 
th

e 
co

n
tr

o
ll

er
 

it
se

lf
, 

n
o

t 
th

e 
w

ir
in

g
 

an
d

h
ar

d
w

ar
e 

it
 i

s 
co

n
n
ec

te
d
 t

o
.

If
 a

n
 i

n
te

rn
al

 f
au

lt
 i

s 
su

sp
ec

te
d

, 
m

ak
e 

ab
so

lu
te

ly
 s

u
re

th
at

 t
h

er
e 

is
 n

o
 o

th
er

 p
o
ss

ib
le

 c
au

se
.

In
te

rn
al

 
fa

u
lt

s 
m

ay
 

re
su

lt
 

fr
o
m

 
co

n
ta

m
in

at
io

n
, 

b
y

w
at

er
 

o
r 

sw
ar

f 
fo

r 
ex

am
p

le
. 

If
 

th
e 

co
n
tr

o
ll

er
 

is

co
n

ta
m

in
at

ed
 w

it
h
 s

w
ar

f,
 t

h
o
ro

u
g
h
ly

 b
lo

w
 i

t 
o
u

t.
 I

t

th
e 

p
ro

b
le

m
 i

s 
w

at
er

, 
d
ry

 i
t 

o
u
t 

an
d
, 

if
 n

ec
es

sa
ry

, 
cl

an

it
 a

n
d
 c

ar
ef

u
ll

y
 t

ry
 i

t 
o
u
t.

W
at

er
 i

n
 i

ts
el

f 
d
o
es

 n
o

 d
am

ag
e 

b
u
t,

 i
f 

th
e 

b
at

te
ry

 i
s

co
n

n
ec

te
d
, 

el
ec

tr
o

ly
ti

c 
co

rr
o
si

o
n
 w

il
l 

o
cc

u
r.

 T
h
is

 c
an

w
el

l 
b
e 

fa
ta

l 
to

 t
h
e 

co
n
tr

o
ll

er
! 

It
 t

h
er

e 
is

 c
o
rr

o
si

o
n
, 

it

is
 q

u
it

e 
sa

fe
 t

o
 u

se
 c

le
an

 w
at

er
 a

n
d

 a
 m

il
d
 d

et
er

g
en

t

to
 c

ar
ef

u
ll

y
 c

le
an

 t
h
e 

b
o
ar

d
. 

M
ak

e 
su

re
 i

t 
is

 p
ro

p
er

ly

d
ry

 a
g

ai
n
 b

ef
o
re

 r
e-

te
st

in
g

 i
t!

If
 

th
er

e 
is

 
d

ef
in

it
el

y
 

a 
p
er

si
st

en
t 

in
te

rn
al

 
fa

u
lt

,

co
n

si
d
er

 r
et

u
rn

in
g
 t

h
e 

co
n
tr

o
ll

er
 t

o
 4

Q
D

.

8
.5

 F
u

s
e

s
T

w
o
 f

u
se

 t
ra

ck
s 

ar
e 

p
re

se
n
t 

in
 t

h
e 

co
n

n
ec

ti
o
n
s 

to
 t

h
e

6
 p

in
 c

o
n
n
ec

to
r:

T
h
es

e 
fu

se
s 

ar
e 

p
re

se
n
t 

to
 

re
st

ri
ct

 
d
am

ag
e 

in
 

th
e

ev
en

t 
o
f 

a 
w

ir
in

g
 f

au
lt

 t
o
 t

h
e 

C
o
n
tr

o
l 

co
n

n
ec

to
r 

(C
)

o
r 

B
ra

k
e 

co
n

n
ec

to
r 

(B
).

 
T

h
e 

tw
o
 

fu
se

 
tr

ac
k

s 
ar

e

in
d
ic

at
ed

 
in

 
th

e 
d

ra
w

in
g
 
(r

ig
h
t)

: 
th

ey
 
ar

e 
th

e 
lo

n
g

th
in

 t
ra

ck
s 

F
1

 a
n

d
 F

2
.

F
1
: 

in
 t

h
e 

ea
rt

h
 l

in
e 

to
 p

in
 F

. 
T

h
is

 a
ls

o
 d

is
co

n
n
ec

ts

th
e 

ea
rt

h
 t

o
 p

in
 A

 o
f 

th
e 

b
ra

k
e 

co
n
n
ec

to
r.

 I
f 

th
is

 f
u
se

is
 b

lo
w

n
, 
fa

u
lt

 P
O

 i
s 

in
d
ic

at
ed

.

F
2

: 
in

 
th

e 
ig

n
it

io
n
 
fe

ed
 
(p

in
 
A

) 
an

d
 
p
o

w
er

 
to

 
th

e

p
ar

k
in

g
 

b
ra

k
e.

 
If

 
th

is
 

tr
ac

k
 

is
 

b
lo

w
n

 
th

en
 

th
e

co
n

tr
o
ll

er
 w

il
l 

b
e 

co
m

p
le

te
ly

 d
ea

d
.

H
L

H
P

L
O

 (
p

.1
2
)

C
o

n
ti

n
u

o
u
s 

to
n
e

P
t

P
o
t 

fa
u
lt

 
C

o
n
ti

n
u

o
u
s 

to
n
e

C
L

C
u

rr
en

t 
li

m
it

—
—

—
—

—
—

—

R
ev

er
si

n
g

—
—

—
—

—
—

—

0
1

—
•

•
•

0
2

•
—

•
•

0
3

—
—

•
•

0
4

•
•

—
•

0
5

—
•

—
•

0
6

•
—

—
•

0
7

—
—

—
•

0
8

•
•

•
—

0
9

—
•

•
—

1
0

0
A

•
—

•
—

 

1
1

0
B

—
—

•
—

1
2

0
C

•
•

—
—

1
3

0
D

—
•

—
—

N
o
t 

u
se

d

1
4

0
E

•
—

—
—

N
o
t 

u
se

d

1
5

0
F

—
—

—
—

N
o
t 

u
se

d

P
ag

e 
3

P
ro

-1
5
0

 c
o
n

tr
o
ll

er
 i

n
st

ru
ct

io
n
s

3
S

a
fe

ty

E
le

ct
ri

c 
m

o
to

rs
 

an
d
 

b
at

te
ri

es
 

ar
e 

d
an

g
er

o
u

s.
 

A
n
y

m
o
to

r 
co

n
tr

o
ll

er
 

ca
n
 

o
n
ly

 
o
p
er

at
e 

p
ro

p
er

ly
 

in
 

a

p
ro

p
er

ly
 d

es
ig

n
ed

 a
n
d
 f

u
n
ct

io
n
in

g
 e

n
v
ir

o
n
m

en
t.

T
h
e 

P
ro

-1
5
0
 c

an
 d

el
iv

er
 s

h
o
rt

-t
er

m
 c

u
rr

en
ts

 i
n

 e
x
ce

ss

o
f 

1
5
0
 a

m
p

s.
 B

at
te

ri
es

 o
f 

th
e 

so
rt

 c
o
m

m
o

n
ly

 u
se

d

ca
n
 

d
el

iv
er

 
si

g
n
if

ic
an

tl
y
 

m
o

re
 

th
an

 
th

is
: 

fa
u
lt

y

w
ir

in
g
 

o
r 

co
m

p
o
n

en
ts

 
ca

n
 
ca

u
se

 
th

e 
b
at

te
ri

es
, 

th
e

m
o
to

r 
an

d
 t

h
ei

r 
w

ir
in

g
 t

o
 b

e 
a 

p
o
te

n
ti

al
 f

ir
e 

ri
sk

.

A
 d

ig
it

al
 c

o
n
tr

o
ll

er
 p

er
fo

rm
s 

ch
ec

k
s 

o
n
 i

ts
 w

ir
in

g
 a

s

it
 i

s 
sw

it
ch

ed
 o

n
, 

an
d

 a
ls

o
 d

o
es

 c
er

ta
in

 c
h
ec

k
s 

'o
n
 t

h
e

fl
y
' 

d
u

ri
n
g
 

o
p
er

at
io

n
. 

T
h
es

e 
ch

ec
k
s 

sh
o

u
ld

 
ca

tc
h

m
o
st

 f
au

lt
s 

(i
n

si
d

e 
th

e 
co

n
tr

o
ll

er
, 

as
 w

el
l 

as
 o

u
ts

id
e)

b
u

t 
co

n
d
it

io
n
s 

o
f 

o
p
er

at
io

n
, 

p
ro

g
ra

m
m

in
g

 a
n

d
 u

se
 a

re

o
u

ts
id

e 
o

u
r 

co
n

tr
o
l 

an
d

 4
Q

D
 c

an
 a

cc
ep

t 
n
o

 l
ia

b
il

it
y

fo
r 

th
e 

re
su

lt
s 

o
f 

an
y
 f

au
lt

. 

S
u
g
g

es
ti

o
n

s 
fo

r 
w

ir
in

g
 
et

c 
ar

e 
g

iv
en

 
in

 g
o
o
d

 f
ai

th

an
d

 
w

il
l 

su
it

 
m

o
st

 
cu

st
o
m

er
s.

 
4
Q

D
 

ca
n
 

h
o
w

ev
er

ac
ce

p
t 

n
o

 l
ia

b
il

it
y
 f

o
r 

th
e 

d
es

ig
n

 o
f 

y
o

u
r 

p
ar

ti
cu

la
r

m
ac

h
in

e:
 

it
 

is
 

u
p
 

to
 

th
e 

m
ac

h
in

e 
m

an
u

fa
ct

u
re

r 
to

m
ak

e 
su

re
 t

h
at

 t
h
e 

m
ac

h
in

e 
is

 s
af

e 
u
n
d

er
 a

n
y
 a

n
d
 a

ll

fa
u
lt

 c
o
n
d

it
io

n
s.

C
ir

c
u

it
 b

re
a

k
e
r

F
au

lt
s 

in
 t

h
e 

b
at

te
ry

 o
r 

m
o

to
r 

w
ir

in
g

 p
o

se
 a

 f
ir

e 
ri

sk
,

as
 w

el
l 

as
 i

n
tr

o
d

u
ci

n
g
 t

h
e 

p
o

ss
ib

il
it

y
 o

f 
u
n
co

n
tr

o
ll

ed

o
p

er
at

io
n
. 

Y
o
u

 s
h
o

u
ld

 m
ak

e 
su

re
 y

o
u

r 
b
at

te
ri

es
 h

av
e

ad
eq

u
at

e 
ci

rc
u
it

 b
re

ak
er

s 
to

 d
is

co
n

n
ec

t 
th

em
 i

n
 t

h
e

ev
en

t 
o

f 
su

ch
 
fa

u
lt

, 
o
r 

in
 
th

e 
ev

en
t 

o
f 

u
n

fo
re

se
en

ci
rc

u
m

st
an

ce
s 

w
h
er

e 
th

e 
p
o

w
er

 
m

u
st

 
b

e

d
is

co
n
n

ec
te

d
.

M
e
c

h
a
n

ic
a
l 

b
ra

k
in

g

In
 a

 c
o

n
tr

o
ll

er
 w

it
h

 r
eg

en
er

at
iv

e 
b

ra
k
in

g
, 

m
ec

h
an

ic
al

b
ra

k
es

 a
re

 h
ar

d
ly

 u
se

d
. 

H
o

w
ev

er
, 

it
 i

s 
th

e 
b
at

te
ry

 t
h

at

is
 d

o
in

g
 t

h
e 

ac
tu

al
 b

ra
k
in

g
, 

n
o

t 
th

e 
co

n
tr

o
ll

er
. 

F
au

lt
s

in
 

th
e 

b
at

te
ry

 
o

r 
an

y
 

o
f 

th
e 

p
o
w

er
 

w
ir

in
g
 

ca
n

th
er

ef
o
re

 r
en

d
er

 r
eg

en
er

at
iv

e 
b

ra
k
in

g
 i

n
o
p
er

at
iv

e.

M
ec

h
an

ic
al

 b
ra

k
in

g
 s

h
o
u
ld

 t
h
en

 b
e 

fi
tt

ed
 a

s 
a 

sa
fe

ty

p
re

ca
u
ti

o
n
.

M
o

u
n

ti
n

g

T
h
e 

co
n

tr
o
ll

er
 
m

u
st

 b
e 

m
o
u

n
te

d
 s

o
 t

h
at

 w
at

er
 a

n
d

d
ir

t 
ca

n
n

o
t 

co
n
ta

m
in

at
e 

it
. 

T
h

e
 

m
et

a
l 

b
a
se

 
p

la
te

m
u

st
 
n

o
t 

b
e
 
m

o
d

if
ie

d
 
as

 
th

is
 

w
il

l 
p
ro

d
u
ce

 
m

et
al

sw
ar

f 
S

u
ch

 c
o
n

ta
m

in
a
ti

o
n

 i
s 

li
k
el

y 
to

 c
o
m

p
ro

m
is

e

th
e 

co
n

tr
o

ll
er

's
 

sa
fe

ty
 

fe
a
tu

re
s 

a
n

d
 

ca
n

 
m

a
k
e 

it

b
eh

a
ve

 i
n

 a
n

 u
n

sa
fe

 m
a

n
n

er
 o

r 
ev

en
 d

es
tr

o
y 

it
.

S
u

c
h

 d
a

m
a
g

e 
ca

u
se

d
 b

y
 c

o
n

ta
m

in
a
ti

o
n

 w
il

l 
n

o
t 

b
e

re
p

a
ir

ed
 u

n
d

e
r 

th
e 

g
u

a
ra

n
te

e.

If
 

w
at

er
 

o
r 

o
th

er
 

co
n
ta

m
in

at
io

n
 

d
o

es
 

en
te

r 
th

e

co
n

tr
o
ll

er
 

y
o
u
 

m
u
st

 
d
is

co
n

n
ec

t 
th

e 
b
at

te
ry

im
m

ed
ia

te
ly

 
an

d
 

cl
ea

n
 

o
r 

th
o
ro

u
g
h

ly
 

d
ry

 
o
u

t 
th

e

co
n

tr
o
ll

er
 b

ef
o

re
 r

e-
co

n
n
ec

ti
n

g
 t

h
e 

b
at

te
ry

.

T
h
e 

u
n
b

o
x
ed

 
co

n
tr

o
ll

er
 

h
as

 
n
o

 
p
ro

te
ct

io
n
 

ag
ai

n
st

co
n

ta
m

in
at

io
n
, 

so
 

sh
o
u

ld
 

n
o
t 

b
e 

u
se

d
 

in

en
v

ir
o
n

m
en

ts
 w

h
er

e 
th

is
 i

s 
a 

p
o

ss
ib

il
it

y
. 

M
et

al
 

sw
ar

f 
is

 
th

e 
m

o
st

 
d
an

g
er

o
u
s 

k
in

d
 

o
f

co
n

ta
m

in
at

io
n
, 

th
er

ef
o
re

 n
ev

er
 c

u
t 

d
ri

ll
 f

il
e 

o
r 

w
o
rk

m
et

al
 i

n
 a

n
y
 w

ay
 n

ea
r 

to
 t

h
e 

co
n

tr
o
ll

er
 o

r 
th

e 
m

o
to

r

u
n

le
ss

 
p
ro

p
er

ly
 
se

al
ed

. 
In

 
p
ar

ti
cu

la
r,

 
n

ev
er

 
m

o
d
if

y

th
e 

b
as

e 
p

la
te

 w
h
il

e 
it

 i
s 

at
ta

ch
ed

 t
o
 t

h
e 

co
n
tr

o
ll

er
!

T
h
e 

b
o
x
ed

 
co

n
tr

o
ll

er
, 

if
 

p
ro

p
er

ly
 

m
o
u
n

te
d

, 
h
as

re
as

o
n
ab

le
 p

ro
te

ct
io

n
 a

g
ai

n
st

 r
ai

n
 e

tc
.

T
h
e 

u
n
b
o

x
ed

 c
o
n

tr
o
ll

er
 (

o
r 

w
it

h
o

u
t 

it
s 

co
v

er
) 

an
d
 t

h
e

d
is

p
la

y
 
 
b

o
th

 
h
av

e 
fu

ll
 
b
at

te
ry

 
v
o
lt

ag
e 

p
re

se
n

t 
o
n

th
em

: 
ta

k
e 

g
re

at
 c

ar
e 

th
at

 
n
o
 
co

n
d
u
ct

in
g

 o
b

je
ct

 
o
r

co
n

ta
m

in
at

io
n
 

to
u
ch

es
 

th
em

 
w

h
il

e 
th

e 
b

at
te

ry
 

is

co
n

n
ec

te
d
. 

T
h
is

 
is

 
p
ar

ti
cu

la
rl

y
 

li
k
el

y
 

if
 

y
o
u
 

ar
e

ac
ce

ss
in

g
 t

h
em

, 
fo

r 
in

st
an

ce
 t

o
 a

lt
er

 t
h

e 
p

er
fo

rm
an

ce
.

H
a
n

d
li
n

g

T
h
e 

ca
p

ac
it

o
rs

 i
n
 t

h
e 

P
ro

-1
5
0

 c
an

 r
et

ai
n

 c
h
ar

g
e 

fo
r 

a

lo
n
g

 
w

h
il

e 
af

te
r 

th
e 

b
at

te
ry

 
is

 
d
is

co
n

n
ec

te
d
 

so

im
m

ed
ia

te
ly

 a
ft

er
 d

is
co

n
n
ec

ti
n
g
 t

h
e 

b
at

te
ri

es
 t

u
rn

 o
n

th
e 

ig
n
it

io
n

 f
o

r 
a 

fe
w

 s
ec

o
n
d

s 
to

 d
is

ch
ar

g
e 

th
em

.



P
ag

e 4
P

ro
-1

5
0

 co
n

tro
ller in

stru
ctio

n
s

4
D

im
e
n

s
io

n
s

 a
n

d
 M

o
u

n
tin

g

T
h
e 

d
im

en
sio

n
s 

o
f 

th
e 

co
n
tro

ller's 
b

ase 
p
late 

are

sh
o
w

n
 b

elo
w

. It h
as tw

o
 M

5
 tap

p
ed

 screw
 h

o
les fo

r

m
o
u

n
tin

g
: id

eally
 it sh

o
u
ld

 b
e in

 th
erm

al co
n
tact w

ith

th
e 

m
ach

in
e's 

ch
assis 

w
h
ich

 
w

ill 
th

en
 

act 
as

ad
d

itio
n

al h
eatsin

k
in

g
.

T
h
e co

n
tro

ller m
ay

 b
e m

o
u
n

ted
 in

 an
y
 o

rien
tatio

n
.

H
o
w

ev
er y

o
u
 sh

o
u

ld
 co

n
sid

er w
h
eth

er it is lik
ely

 to

b
e su

b
ject to

 d
u
st, d

irt, o
il o

r w
ater d

u
rin

g
 u

se an
d

m
o
u

n
t it ap

p
ro

p
riately

.

T
h
e b

est o
rien

tatio
n
 is v

ertically
 w

ith
 co

n
n
ectio

n
s at

th
e b

o
tto

m
: th

is w
ay

 if w
ater sp

lash
es g

et o
n

to
 lead

s

etc. th
ey

 w
ill sim

p
ly

 ru
n
 d

o
w

n
w

ard
s aw

ay
 fro

m
 th

e

co
n

tro
ller. If w

ater d
o

es sp
lash

 o
n

to
 th

e co
n
tro

ller, it

w
ill 

ru
n

 
d

o
w

n
 

th
e 

h
eatsin

k
 

an
d

 
aw

ay
 

h
arm

lessly
.

O
th

erw
ise m

o
u
n
t w

ith
 th

e h
eatsin

k
 at th

e b
o

tto
m

 so

w
ater can

n
o
t g

et o
n
to

 th
e circu

it b
o

ard
.

A
llo

w
 p

len
ty

 o
f sp

ace to
 in

stall th
e co

n
tro

ller an
d

 all

co
n

n
ectin

g
 
w

ires, an
d

 m
o

u
n
t 

so
 th

at 
th

e m
o

u
n
tin

g

screw
s can

 b
e easily

 accessed
.

H
e
a
t S

in
k
in

g

D
u
rin

g
 
o

p
eratio

n
, 

d
ep

en
d
in

g
 
o
n
 
m

o
to

r cu
rren

t, 
th

e

alu
m

in
iu

m
 b

ase p
late o

f th
e co

n
tro

ller can
 g

et h
o
t.

F
o
r 

b
est 

su
stain

ed
 

p
erfo

rm
an

ce, 
 

m
o

u
n
tin

g
 

to
 

an

ex
tern

al h
eatsin

k
; so

m
eth

in
g
 g

o
o
d
 at co

n
d
u
ctin

g
 h

eat

w
ith

 a larg
e su

rface area ex
p

o
sed

 to
 th

e air. T
h
is m

ay

b
e th

e alu
m

in
iu

m
 ch

assis o
f a v

eh
icle, an

 alu
m

in
iu

m

m
o
u

n
tin

g
 p

late, o
r an

y
 o

th
er g

o
o

d
 h

eatsin
k
. 

1
.8

0
" (4

6
m

m
)

Machine Chassis

50mm 55mm

1
2

1
m

m

181mm
76mm

CL
M5 Tapped M5 Tapped

ta
g
 e

n
d
 o

f c
irc

u
it b

o
a
rd

P
ag

e 2
1

P
ro

-1
5
0

 co
n

tro
ller in

stru
ctio

n
s

C
h

eck
 

y
o
u

 
h

av
e 

n
o
t 

co
n
n
ected

 
th

e 
b
attery

 
+

 
to

 
a

m
o
to

r co
n
n

ectio
n
.

0
3

O
v
er vo

lta
g

e d
e
tec

ted
 a

t sw
itc

h
 o

n
.

(P
o

w
er-u

p
)

T
h
is fau

lt is rep
o
rted

 if b
attery

 v
o
ltag

e at sw
itch

 o
n

 is

o
v

er 5
5
 v

o
lts.

0
4

C
a

n
n
o

t d
isc

h
a

rg
e
 m

a
in

 ca
p
a
c
ito

rs a
t sw

itch
 o

n
.

T
h
ere is lik

ely
 to

 b
e a sh

o
rt in

 th
e m

o
to

r w
irin

g
 to

b
attery

 p
o

sitiv
e.

C
h

eck
 also

 th
at y

o
u

 h
av

e n
o
t co

n
n

ected
 th

e b
attery

p
o

sitiv
e co

n
n

ectio
n
 to

 a m
o
to

r term
in

al.

S
w

itch
 o

ff, d
isco

n
n

ect th
e M

+
 an

d
 M

- co
n
n

ectio
n
s at

th
e co

n
tro

ller. S
w

itch
 o

n
 ag

ain
. If th

e fau
lt is n

o
t n

o
w

rep
o

rted
 (o

r ch
an

g
es) - y

o
u
r m

o
to

r o
r its w

irin
g

 is

fau
lty

!

O
th

erw
ise, it co

u
ld

 b
e an

 in
tern

al co
n
tro

ller fau
lt.

0
5

C
a

n
n
o

t p
re

-c
h
a
rg

e
 th

e m
a

in
 ca

p
a

cito
rs a

t p
o
w

e
r-u

p
.

T
h
ere is lik

ely
 to

 b
e a sh

o
rt in

 th
e m

o
to

r w
irin

g
 to

b
attery

 
n

eg
ativ

e. 
If 

y
o

u
r 

b
attery

 
n
eg

ativ
e 

is

co
n

n
ected

 
to

 
ch

assis, ch
eck

 fo
r 

sh
o
rts in

 
m

o
to

r o
r

w
irin

g
 to

 ch
assis.

S
w

itch
 o

ff, d
isco

n
n

ect th
e M

+
 an

d
 M

- co
n
n

ectio
n
s at

th
e co

n
tro

ller. S
w

itch
 o

n
 ag

ain
. If th

e fau
lt is n

o
t n

o
w

rep
o

rted
 - y

o
u
r m

o
to

r w
irin

g
 is fau

lty
!

O
th

erw
ise, it co

u
ld

 b
e an

 in
tern

al co
n
tro

ller fau
lt.

0
6

B
rid

g
e p

u
lld

o
w

n
_
(P

W
M

) fa
iled

(P
o

w
er-u

p
)

L
ik

ely
 to

 b
e an

 in
tern

al co
n

tro
ller fau

lt.

0
7

B
rid

g
e p

u
ll u

p
 (P

W
M

) fa
iled

(P
o

w
er-u

p
)

L
ik

ely
 to

 b
e an

 in
tern

al co
n

tro
ller fau

lt.

0
8

O
v
erh

ea
t!

T
h
e th

erm
al; sen

so
r 

h
as d

etected
 o

v
er-tem

p
eratu

re.

T
h
is 

h
ap

p
en

s 
if 

th
e 

in
tern

al 
h
eatsin

k
 

b
lo

ck

tem
p
eratu

re rises ab
o
v

e ab
o

u
t 9

0
°C

.

S
w

itch
 o

ff an
d
 allo

w
 th

e co
n
tro

ller to
 co

o
l d

o
w

n
!

0
9

O
v
er vo

lta
g

e d
e
tec

ted
 d

u
rin

g
 o

p
e
ra

tio
n

.

D
u
rin

g
 

reg
en

 
b

rak
in

g
, 

p
o

w
er 

is 
fed

 
b
ack

 
to

 
th

e

b
attery

: it is th
e b

atteries th
at d

o
 th

e b
rak

in
g
 - n

o
t

th
e 

co
n

tro
ller

! 
T

h
is 

fau
lt 

is 
o
ccu

rs 
if 

th
e 

b
attery

v
o

ltag
e, 

d
u

rin
g

 
o
p
eratio

n
, 

rises 
to

o
 

h
ig

h
. 

T
h

is 
is

u
su

ally
 cau

sed
 b

y
 a d

u
d

 b
attery

 (th
at can

n
o
t accep

t

b
rak

in
g

 en
erg

y
) o

r a b
ad

 b
attery

 co
n
n

ectio
n
.

1
0

T
h
e 

p
a
rk

in
g
 
b
ra

ke 
is 

d
em

a
n
d
in

g
 
e
xc

essive 
cu

rren
t

(o
ve

r 1
 a

m
p
).

T
h
is 

fau
lt 

w
ill 

n
o
rm

ally
 

o
ccu

r 
as 

th
e 

th
ro

ttle 
is

o
p

erated
. T

h
e co

n
tro

ller w
ill n

o
t start u

p
.

R
em

o
v
e th

e p
ark

in
g
 b

rak
e fro

m
 th

e B
 co

n
n
ecto

r an
d

tu
rn

 th
e ig

n
itio

n
 o

ff an
d
 th

en
 o

n
.

If 
th

e 
fau

lt 
n
o
 

lo
n

g
er 

o
ccu

rs, 
th

ere 
is 

a 
p
ro

b
lem

(u
su

ally
 

a 
sh

o
rt 

circu
it 

in
 

th
e 

w
irin

g
) 

w
ith

 
th

e

p
ark

in
g

 b
rak

e.

1
1

In
h
ib

it in
p
u
t is a

ctive
 (lo

w
)

S
ee sectio

n
 5

.4
 fo

r in
h
ib

it in
p
u
t.

T
h
e 

in
h
ib

it 
in

p
u

t 
is 

u
su

ally
 

u
sed

 
w

ith
 

a 
b
attery

ch
arg

er to
 p

rev
en

t th
e m

ach
in

e startin
g
 u

p
 w

ith
 th

e

ch
arg

er p
lu

g
g

ed
 in

.

S
w

itch
 o

ff, u
n

p
lu

g
 th

e ch
arg

er (o
r w

h
atev

er else is

u
sin

g
 th

e in
h
ib

it in
p

u
t) an

d
 sw

itch
 o

n
 ag

ain
.

1
2

B
rid

g
e u

n
resp

o
n

sive

T
h
e 

m
icro

co
n

tro
ller 

co
n
tin

u
o

u
sly

 
ch

eck
s 

th
at

M
O

S
F

E
T

s are w
o
rk

in
g
 p

ro
p
erly

. If th
is fau

lt o
ccu

rs

it p
ro

b
ab

ly
 m

ean
s th

e m
icro

 h
as d

etected
 an

 in
tern

al

fau
lt.

T
o
 m

ak
e su

re, sw
itch

 th
e co

n
tro

ller o
ff, d

isco
n
n

ect

b
o

th
 

m
o
to

r 
w

ires 
an

d
 

sw
itch

 
o
n
. 

If 
th

e 
fau

lt 
still

o
ccu

rs th
ere is an

 in
tern

al co
n
tro

ller fau
lt.



P
ag

e 
2
0

P
ro

-1
5
0

 c
o
n

tr
o
ll

er
 i

n
st

ru
ct

io
n
s

8
.2

 F
a
u

lt
 c

o
d

e
s

 a
n

d
 N

u
m

b
e

rs

T
ra

n
s
ie

n
t 

fa
u

lt
s

.
T

h
es

e 
fa

u
lt

s 
d
o
 n

o
t 

ca
u
se

 a
 t

ri
p
 c

o
n
d

it
io

n
. 

W
h
en

 t
h

e

th
e 

fa
u

lt
 i

s 
p
re

se
n
t,

 t
h

e 
co

n
tr

o
ll

er
 w

il
l 

re
d

u
ce

 s
p

ee
d

 ,

so
 
th

e 
m

o
to

r 
w

il
l 

d
ec

el
er

at
e 

to
 
a 

st
o
p

 
if

 
th

e 
fa

u
lt

re
m

ai
n
s.

A
s 

so
o
n

 a
s 

th
e 

 f
au

lt
 i

s 
re

m
o

v
ed

, 
th

e 
co

n
tr

o
ll

er
 w

il
l

re
su

m
e 

n
o
rm

al
 o

p
er

at
io

n
 s

o
 w

il
l 

a 
ac

ce
le

ra
te

 t
o
 t

h
e

se
t 

sp
ee

d
.

C
L

  
 (

C
u

rr
e

n
t 

L
im

it
)

T
h
e 

co
n
tr

o
ll

er
 h

as
 l

im
it

ed
 t

h
e 

m
o
to

r 
cu

rr
en

t.
 T

h
is

 i
s

b
ec

au
se

 
th

e 
lo

ad
 

o
n
 

th
e 

m
o
to

r 
(t

h
er

ef
o
re

 
th

e

co
n

tr
o
ll

er
) 

is
 e

x
ce

ss
iv

e.
 T

h
is

 i
s 

n
o
t 

in
 i

ts
el

f 
a 

p
ro

b
le

m

fo
r 

th
e 

co
n
tr

o
ll

er
 

an
d
 

is
 

in
cl

u
d
ed

 
m

ai
n

ly
 

as
 

u
se

r

fe
ed

b
ac

k
. 

H
o
w

ev
er

, 
d
ep

en
d
in

g
 o

n
 t

h
e 

se
tt

in
g
 o

f 
th

e

cu
rr

en
t 

li
m

it
 p

ar
am

et
er

, 
if

 s
u

ch
 l

o
ad

in
g

 i
s 

su
st

ai
n
ed

fo
r 

to
o
 l

o
n
g

 t
h
e 

co
n
tr

o
ll

er
 m

ay
 g

et
 h

o
t 

an
d

 s
w

it
ch

it
se

lf
 o

ff
.

T
h
e 

o
n
-b

o
ar

d
 s

o
u
n
d

er
 e

m
it

s 
a 

co
n

ti
n

u
o
u

s 
se

ri
es

 o
f

b
ee

p
s.

H
L

 (
H

ig
h

 p
o

t 
L

o
c

k
o

u
t)

T
h
is

 o
cc

u
rs

 d
u
ri

n
g

 p
o

w
er

 u
p
 t

es
ts

 i
f 

th
e 

th
ro

tt
le

 p
o

t 
is

n
o

t 
at

 z
er

o
. 

It
 w

il
l 

al
so

 o
cc

u
r 

if
 t

h
e 

p
o
t 

w
ip

er
 i

s 
o

p
en

-

ci
rc

u
it

. 
H

L
 w

il
l 

v
an

is
h
 w

h
en

 t
h
e 

p
ro

b
le

m
 i

s 
cl

ea
re

d
.

S
ee

 a
ls

o
 p

ag
e 

1
2

.

T
h
e 

o
n
-b

o
ar

d
 s

o
u
n

d
er

 e
m

it
s 

a 
co

n
ti

n
u
o

u
s 

to
n

e.

O
P

 a
n
d

 U
P

 (
O

v
e

r 
/ 
U

n
d

e
r 

P
o

w
e

r)
T

h
es

e 
in

d
ic

at
e 

O
v

er
-v

o
lt

ag
e 

o
r 

U
n
d
er

-v
o

lt
ag

e

P
ro

te
ct

io
n
 h

as
 o

cc
u
rr

ed
.

If
 

th
e 

v
o

lt
ag

e 
at

 
th

e 
co

n
tr

o
ll

er
's

 
b
at

te
ry

 
te

rm
in

al
s

b
ec

o
m

es
 

to
o
 

h
ig

h
 

o
r 

to
o
 

lo
w

 
w

h
il

e 
th

e 
m

o
to

r 
is

ru
n
n
in

g
, 

th
e 

o
v

er
-v

o
lt

ag
e 

o
r 

u
n
d
er

-v
o

lt
ag

e 
p

ro
te

ct
io

n

sy
st

em
 a

d
ju

st
s 

th
e 

m
o
to

r 
sp

ee
d
 t

o
 k

ee
p
 t

h
e 

v
o

lt
ag

e

w
it

h
in

 s
af

e 
li

m
it

s.
 

U
n
d

er
-v

o
lt

ag
e 

m
ea

n
s 

th
at

 
th

e 
m

o
to

r 
cu

rr
en

t 
is

ex
ce

ss
iv

e 
fo

r 
th

e 
b
at

te
ry

 o
r 

w
ir

in
g

, 
so

 t
h
e 

v
o

lt
ag

e 
at

th
e 

co
n
tr

o
ll

er
 i

s 
d
ro

p
p

in
g
 
to

o
 
lo

w
. 

If
 
th

is
 
h
ap

p
en

s

o
ft

en
, 

it
 i

n
d
ic

at
es

 t
h
e 

b
at

te
ry

 i
s 

b
ad

 o
r 

th
e 

w
ir

in
g
 i

s

to
o
 t

h
in

 o
r 

fa
u
lt

y
.

O
v
er

-v
o
lt

ag
e 

u
su

al
ly

 
o
cc

u
rs

 
d
u
ri

n
g
 

re
g
en

er
at

io
n
 

if

th
e 

w
ir

in
g
 i

s 
b
ad

, 
o

r 
th

e 
b
at

te
ry

 i
s 

b
ei

n
g
 e

x
ce

ss
iv

el
y

o
v

er
ch

ar
g

ed
.

P
t 

(P
o

t 
to

p
)

T
h
is

 i
n

d
ic

at
es

 
a 

P
o
t 

o
r 

w
ir

in
g
 f

au
lt

 o
r 

b
lo

w
n
 f

u
se

tr
ac

k
 (

F
1
) 

su
ch

 t
h

at
 t

h
e 

v
o
lt

ag
e 

o
n
 t

h
e 

to
p
 o

f 
th

e 
p
o

t

is
 h

ig
h
 (

ab
o
v
e 

4
.7

v
) 

o
r 

lo
w

 (
b

el
o

w
 2

.5
v
).

 S
o
 c

h
ec

k

th
at

 F
1
 (

p
ag

e 
2
3
) 

h
as

 n
o

t 
b
ee

n
 b

lo
w

n
 b

y
 a

 w
ir

in
g

fa
u
lt

.

It
 c

o
u
ld

 a
ls

o
 b

e 
a 

lo
w

 (
le

ss
 t

h
an

 a
b
o
u

t 
1

K
) 

o
r 

h
ig

h

(g
re

at
er

 t
h

an
 a

b
o
u
t 

1
9
K

) 
re

si
st

an
ce

 p
o
t,

 o
r 

a 
b
ro

k
en

w
ir

e 
o

r 
co

n
n
ec

ti
o

n
 (

ei
th

er
 e

n
d

 o
f 

th
e 

p
o
t)

 o
r 

a 
sh

o
rt

to
 t

h
e 

p
o

t.
 T

h
e 

co
n
tr

o
ll

er
 w

il
l 

b
eh

av
e 

as
 i

f 
th

e 
th

ro
tt

le

is
 a

t 
ze

ro
 w

h
il

e 
th

e 
fa

u
lt

 p
er

si
st

s.

T
h
e 

o
n

-b
o
ar

d
 s

o
u
n
d

er
 e

m
it

s 
a 

co
n

ti
n

u
o
u

s 
b
ee

p
-b

ee
p
-

b
ee

p
-b

ee
p
 t

o
n

e.
 T

h
e 

co
n
tr

o
ll

er
 w

il
l 

o
p

er
at

e 
n

o
rm

al
ly

ag
ai

n
 a

s 
so

o
n
 a

s 
th

e 
fa

u
lt

 i
s 

cl
ea

re
d
.

P
O

 (
P

o
t 

O
v

e
r)

P
o
t 

o
v
er

-v
o
lt

ag
e 

h
as

 o
cc

u
rr

ed
. 

P
o
t 

m
ax

im
u

m
 s

p
ee

d

in
p
u

t 
ac

ce
p

ta
b

le
 v

o
lt

ag
e 

(o
n
 p

o
t 

w
ip

er
) 

is
 s

et
 u

p
 i

n

p
ar

am
et

er
s 

1
2

 a
n

d
 1

3
 (

se
ct

io
n
 7

) 
an

d
 P

O
 o

cc
u
rs

 i
f 

th
e

v
o

lt
ag

e 
ex

ce
ed

s 
th

is
 

le
v
el

. 
U

su
al

ly
 

ca
u
se

d
 

b
y
 

a

b
ro

k
en

 e
ar

th
 w

ir
e 

to
 t

h
e 

p
o
t.

 W
il

l 
al

so
 b

e 
g
iv

en
 i

f 
p
o

t

w
ip

er
 i

s 
o

p
en

-c
ir

cu
it

 o
r 

to
o
 h

ig
h
 i

m
p
ed

an
ce

. 
O

r 
if

fu
se

 t
ra

ck
 F

1
 i

s 
b
lo

w
n
 (

p
. 
2
3

).

P
U

 (
P

o
t 

U
n

d
e
r)

P
o
t 

u
n
d

er
-v

o
lt

ag
e 

h
as

 o
cc

u
rr

ed
. 

T
h
e 

p
o
t 

v
o

lt
ag

e 
h

as

g
o

n
e 

b
el

o
w

 t
h

e 
v

al
u
e 

se
t 

u
p
 f

o
r 

fu
ll

 r
ev

er
se

 s
p
ee

d
.

P
d

 (
P

o
w

e
r 

d
o

w
n

)
T

h
e 

d
is

p
la

y
 s

h
o
w

s 
th

is
 w

h
en

 t
h

e 
ig

n
it

io
n

 i
s 

o
n
 b

u
t

th
e 

sp
ee

d
 p

o
t 

is
 a

t 
ze

ro
. 
T

h
is

 i
s 

n
o

t 
a 

fa
u
lt

 c
o
n
d

it
io

n
.

P
e
rm

a
n

e
n

t 
F

a
u

lt
s

T
h
es

e 
al

l 
ca

u
se

 t
h

e 
co

n
tr

o
ll

er
 t

o
 t

ri
p
 o

u
t.

 T
o
 r

es
et

, 
th

e

ig
n
it

io
n

 m
u
st

 b
e 

sw
it

ch
ed

 o
ff

 t
h
en

 o
n

 a
g

ai
n

.

0
1

Ig
n
it

io
n
_
o

ff
(P

o
w

er
-u

p
)

T
h
is

 o
cc

u
rs

 i
f 

th
e 

v
o
lt

ag
e 

o
n
 t

h
e 

ig
n
it

io
n

 l
in

e 
fa

ll
s

b
el

o
w

 
ab

o
u
t 

1
6
v

. 
P

o
ss

ib
le

 
ca

u
se

s 
in

cl
u

d
e 

a 
d

u
d

b
at

te
ry

, 
b
ad

 
co

n
n
ec

ti
o
n

s 
in

 
th

e 
b

at
te

ry
 
w

ir
in

g
 
an

d

b
ad

 c
o

n
n
ec

ti
o
n

s 
o
n

 t
h
e 

ig
n

it
io

n
 s

w
it

ch
.

C
h

ec
k
 a

ls
o

 t
h
at

 y
o
u

 h
av

e 
n

o
t 

co
n
n
ec

te
d

 t
h
e 

b
at

te
ry

p
o

si
ti

v
e 

co
n
n

ec
ti

o
n
 t

o
 a

 m
o
to

r 
te

rm
in

al
.

0
2

B
a
tt

er
y 

v
o

lt
a

g
e
 t

o
o
 l

o
w

.
(P

o
w

er
-u

p
)

T
h
is

 w
il

l 
b
e 

g
iv

en
 i

f,
 a

t 
sw

it
ch

 o
n
, 

th
e 

b
at

te
ry

 v
o

lt
ag

e

is
 t

o
o
 l

o
w

 (
b

el
o
w

 a
b
o

u
t 

1
5
v
).

 O
th

er
w

is
e 

th
er

e 
is

 a
n

in
te

rn
al

 c
o
n

tr
o
ll

er
 f

au
lt

. 

P
ag

e 
5

P
ro

-1
5
0

 c
o
n

tr
o
ll

er
 i

n
st

ru
ct

io
n
s

4
.1

In
te

rn
a

l 
fe

a
tu

re
s
, 
d

im
e

n
s
io

n
s

 a
n

d
 m

o
u

n
ti

n
g

 o
f 

b
o

a
rd

 v
e

rs
io

n

T
h
e 

d
ia

g
ra

m
 b

el
o
w

 s
h
o

w
n
 t

h
e 

co
n
tr

o
ll

er
 w

it
h
o
u

t 
th

e

co
v

er
 t

o
 i

d
en

ti
fy

 t
h
e 

m
ai

n
 f

ea
tu

re
s 

re
fe

rr
ed

 t
o
 i

n
 t

h
is

m
an

u
al

.

M
o

u
n

ti
n

g
: 

a
n

d
 H

e
a

t 
S

in
k
in

g

T
h
e 

al
u
m

in
iu

m
 b

lo
ck

 o
f 

th
e 

u
n

b
o
x

ed
 c

o
n
tr

o
ll

er
  

m
ay

g
et

 
h

o
t 

an
d
 
sh

o
u
ld

 
b
e 

m
o

u
n
te

d
 
in

 
th

er
m

al
 
co

n
ta

ct

w
it

h
 a

 s
u
it

ab
le

 h
ea

ts
in

k
 i

f 
su

st
ai

n
ed

 h
ig

h
 c

u
rr

en
t 

is

re
q
u

ir
ed

. 
F

o
r 

b
es

t 
re

su
lt

s,
 h

ea
ts

in
k
 c

o
m

p
o

u
n
d

 s
h

o
u
ld

b
e 

u
se

d
 b

et
w

ee
n
 b

lo
ck

 a
n

d
 h

ea
ts

in
k

 

T
h
e 

co
n

tr
o
ll

er
 s

h
o
u

ld
 b

e 
m

o
u
n

te
d
 b

y
 m

ea
n

s 
o
f 

th
e

tw
o
 
M

4
 
ta

p
p
ed

 
h

o
le

s 
in

 
th

e 
m

et
al

 
b
lo

ck
 
h
ea

ts
in

k
,

o
n

to
 t

h
e 

ch
o
se

n
 m

et
al

 (
p

re
fe

ra
b

ly
 a

lu
m

in
iu

m
) 

p
la

te
.

T
h
is

 p
la

te
 w

il
l 

ac
t 

as
 a

n
 a

d
d

it
io

n
al

 h
ea

ts
in

k
.

T
h
is

 m
o
u
n

ti
n

g
 i

s 
sh

o
w

n
 i

n
 t

h
e 

b
o
tt

o
m

 d
ia

g
ra

m
.

V
e

h
ic

le
 C

h
a

s
s
is

C
o
m

p
o
n
e
n
t 
s
id

e

B
a
tt

e
ry

 N
e
g

a
ti
v
e

(B
-)

 T
e

rm
in

a
l

M
o

to
r 

P
o
s
it
iv

e
(M

+
) 

T
e

rm
in

a
l

M
o

to
r 

N
e
g

a
ti
v
e

(M
-)

 T
e

rm
in

a
l

B
a
tt

e
ry

 P
o

s
it
iv

e
(B

+
) 

T
e
rm

in
a
l

3
.1

 (
7
8

m
m

)

3.95" (100.3mm)

O
v
e

ra
ll 

H
e
ig

h
t 
1

.7
" 

(4
3
.2

m
m

)

S
e
ri

a
l 
n
u

m
b
e
r

5
.5

3
" 

(1
4

0
.3

m
m

)

C
o

n
tr

o
l 
(C

)
C

o
n
n
e

c
to

r

1
2

3
4

0
.5

0
" 

(1
2

.7
m

m
)

M
4
 T

a
p
p

e
d

M
4
 T

a
p
p

e
d

0
.5

0
" 

(1
2

.7
m

m
)

C L

B
ra

k
e
 (

B
)

C
o

n
n
e

c
to

r

V
ie

w
 o

f 
b

o
a
rd

 f
ro

m
 c

o
m

p
o

n
e

n
t 

s
id

e

FEDCBA

D
is

p
la

y
 (

D
)

C
o

n
n
e

c
to

r

A
u
x
/P

ro
g

ra
m

 (
A

)
C

o
n
n
e

c
to

r

F
o
rw

a
rd

P
o
w

e
r

R
e

v
e
rs

e



P
ag

e 6
P

ro
-1

5
0

 co
n

tro
ller in

stru
ctio

n
s

4
.2

D
is

p
la

y
 a

n
d

 M
o

u
n

tin
g

T
h
e d

isp
lay

 is su
p
p

lied
 attach

ed
 to

 th
e p

ro
g
ram

m
er,

as sh
o

w
n

 b
elo

w
.

P
ro

g
ram

m
er 

an
d
 

d
isp

lay
 

m
ay

 
b
e 

sep
arated

 
at 

an
y

tim
e - th

ey
 w

ill w
o
rk

 sep
arately

, b
u

t it m
ay

 b
e easier

to
 leav

e th
em

 jo
in

ed
 an

d
 n

o
t fin

ally
 m

o
u
n

t th
em

 u
n
til

y
o

u
 

h
av

e 
m

ad
e 

an
y
 

p
erfo

rm
an

ce 
alteratio

n
s 

y
o
u

req
u

ire.

T
h
e co

n
tro

ller w
ill w

o
rk

 w
ith

o
u

t th
e d

isp
lay

 so
 y

o
u

m
ay

 w
an

t to
 leav

e m
o
u
n

tin
g
 th

is u
n

til later.

T
h
e 

d
isp

lay
 
is 

u
sed

 
fo

r 
fo

u
r 

p
u
rp

o
ses: 

y
o
u
 
sh

o
u
ld

co
n

sid
er all o

f th
ese w

h
en

 d
ecid

in
g
 w

h
ere to

 m
o
u
n

t

th
e d

isp
lay

:

1
:

In
 
n

o
rm

a
l 

u
s
e

, 
to

 
sh

o
w

 
eith

er 
th

e 
b

attery

v
o

ltag
e, o

r P
d
 if th

e co
n
tro

ller is id
le.

2
:

A
d

ju
s
tin

g
 th

e
 p

e
rfo

rm
a

n
c
e

 (see sectio
n
 7

)

y
o

u
 

w
ill 

n
eed

 
b
o
th

 
d

isp
lay

 
an

d
 

p
ro

g
ram

m
in

g

b
u

tto
n
s.

3
:

In
 

th
e
 

e
v
e

n
t 

o
f 

a
 

fa
u

lt, 
th

e 
d
isp

lay
 

w
ill

in
d
icate th

e lik
ely

 n
atu

re o
f th

e p
ro

b
lem

.

4
:

D
u

rin
g

 
p

o
w

e
r 

u
p

, 
th

e 
co

n
tro

ller 
m

ak
es

sy
stem

 
ch

eck
s 

an
d

 
sh

o
w

s 
p
ro

g
ress 

o
n
 
th

e 
d
isp

lay
.

M
an

y
 o

f th
ese ch

eck
s are to

o
 fast fo

r a h
u
m

an
 to

 see!

T
h
e d

isp
lay

 co
n

n
ects to

 th
e co

n
tro

ller v
ia a 4

 w
ay

cab
le.  S

ee sectio
n
 7

.3
 fo

r co
n
n
ectio

n
s.

T
h
e 

d
isp

lay
 
req

u
ires 

a 
rectan

g
u
lar 

cu
t-o

u
t 

in
 
y

o
u
r

p
an

el, w
ith

 tw
o
 M

3
 clearan

ce h
o

les as sh
o
w

n
 ab

o
v
e.

S
u
p
p

lied
 w

ith
 th

e d
isp

lay
 is a red

 p
lastic b

ezel w
h

ich

sh
o
u

ld
 

b
e 

san
d

w
ich

ed
 

b
etw

een
 

th
e 

p
an

el 
an

d
 

th
e

d
isp

lay
 as sh

o
w

n
 b

elo
w

.

If y
o
u

 ap
p
ly

 a th
in

 b
ead

 o
f silico

n
e ru

b
b
er b

eh
in

d

y
o

u
r 

p
an

el 
b

efo
re 

m
o

u
n
tin

g
 

th
e 

d
isp

lay
 

y
o
u

 
can

easily
 m

ak
e th

is co
m

p
letely

 w
ater tig

h
t.

P
ro

g
ra

m
m

e
r

S
E

L
+

–

P
a
n

e
l

S
c
re

w
s

B
e
z
e
l

D
is

p
la

y
 b

o
a
rd

N
U

M
B

E
R

V
A

L
U

E

CL

1
.2

8
"

1
.0

"

0.75"

P
ag

e 1
9

P
ro

-1
5
0

 co
n

tro
ller in

stru
ctio

n
s

8
S

e
rv

ic
e

 a
n

d
 F

a
u

lt fin
d

in
g

T
h
e P

ro
-1

5
0
 h

as so
p
h

isticated
 self an

d
 en

v
iro

n
m

en
t

testin
g

 so
 w

ill fin
d

 m
o
st fau

lts th
at are lik

ely
. If su

ch

a fau
lt if d

etected
, th

e co
n
tro

ller w
ill  sh

u
ts d

o
w

n
 th

e

an
d

 w
ill so

u
n
d
 a p

attern
 o

f b
eep

s (see p
ag

e 2
2
) an

d

d
isp

lay
 an

 ap
p
ro

p
riate n

u
m

b
er to

 in
d
icate th

e n
atu

re

o
f th

e fau
lt fo

u
n
d
. T

h
e fau

lt n
u
m

b
er w

ill flash
 o

n
 an

d

o
ff.

M
o
st fau

lts are cau
sed

 b
y

 d
u
d
 b

atteries, b
ad

 m
o
to

rs

o
r b

ad
 w

irin
g
. T

h
e co

n
tro

ller can
n

o
t k

n
o

w
 ex

actly

w
h
at 

th
e 

p
ro

b
lem

 
is, 

b
u
t 

it 
w

ill 
d
etect 

m
o

st 
su

ch

fau
lts 

an
d
 

w
ill 

resp
o
n
d

 
co

rrectly
 

to
 

th
em

 
b
y
 

n
o

t

w
o
rk

in
g
 an

d
 b

y
 in

d
icatin

g
 a fau

lt co
d
e.

If y
o
u
r co

n
tro

ller d
o
esn

't w
o
rk

, y
o

u
 sh

o
u
ld

 ch
eck

 th
e

fo
llo

w
in

g
 

p
o
in

ts 
b
efo

re 
co

n
tactin

g
 

4
Q

D
 

fo
r

assistan
ce.

E
rra

tic
 fa

u
lt d

is
p

la
y

If n
o

ise (p
ro

b
ab

ly
 fro

m
 th

e m
o
to

r w
irin

g
) g

ets in
to

th
e 

d
isp

lay
 

w
irin

g
 

th
e 

co
n
tro

ller 
can

 
sh

o
w

 
erratic

fau
lts. T

h
e co

n
tro

ller m
ay

 also
 h

av
e cau

se to
 ab

o
rt

u
p

d
atin

g
 th

e d
isp

lay
, so

 erratic d
isp

lay
s m

ay
 o

ccu
r.

D
u
rin

g
 n

o
rm

al ru
n
n

in
g
 th

e d
isp

lay
 m

ay
 o

ccasio
n
ally

g
et 

co
rru

p
ted

: 
th

e 
m

icro
co

n
tro

ller 
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p
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 b
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b
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 d

is
p
la

y
 c

o
n
n
ec

to
r 

o
n
 t

h
e

co
n

tr
o
ll

er
 b

o
ar

d
 a

re
 e

ff
ec

ti
v
el

y
 t

h
e 

sa
m

e 
as

 i
g
n
it

io
n

an
d

 p
o
t 

- 
so

 i
t 

is
 
p
o
ss

ib
le

 
to

 
w

ir
e 

a 
co

n
tr

o
l 

p
an

el

u
si

n
g
 t

h
es

e 
w

it
h
 o

n
ly

 t
w

o
 e

x
tr

a 
w

ir
es

 f
o
r 

th
e 

si
g
n

al
s.

B
C

M

4
Q

D
's

 
B

C
M

-5
2

4
 

o
r 

7
4

8
 

ca
n
 

b
e 

u
se

d
, 

co
n
n
ec

te
d

b
et

w
ee

n
 w

h
it

e 
an

d
 g

re
en

 w
ir

es
. 

H
o
w

ev
er

 t
h
e 

v
o

lt
ag

e

h
er

e 
is

 f
ed

 v
ia

 a
 d

io
d
e 

so
 t

h
e 

B
C

M
 i

n
d
ic

at
io

n
 w

il
l 

b
e

sl
ig

h
tl

y
 l

o
w

er
 t

h
an

 s
ta

n
d

ar
d
.

F
u

s
e
 o

r 
C

ir
c
u

it
 b

re
a

k
e
r

A
lt

h
o
u
g

h
 

th
is

 
is

 
n
o

t 
n
ec

es
sa

ry
 

to
 

th
e 

co
n
tr

o
ll

er
's

o
p

er
at

io
n
 

it
 

w
il

l 
se

rv
e 

as
 

a 
sa

fe
ty

 
d
is

co
n
n

ec
t 

if

re
q
u

ir
ed

 a
n

d
 i

t 
w

il
l 

al
so

 h
el

p
 p

ro
te

ct
 a

g
ai

n
st

 s
o
m

e

p
o

ss
ib

le
 f

au
lt

s 
- 

su
ch

 a
s 

a 
sh

o
rt

 f
ro

m
 m

o
to

r 
to

 b
at

te
ry

n
eg

at
iv

e,
 w

h
ic

h
 c

o
u

ld
 d

es
tr

o
y

 t
h
e 

co
n

tr
o
ll

er
 i

f 
a 

fu
se

is
 n

o
t 

fi
tt

ed
. 

C
o

n
tr

o
ll

er
s 

d
es

tr
o

ye
d

 t
h
u
s 

a
re

 g
e
n
er

a
ll

y

u
n

-r
ep

a
ir

a
b
le

. 
Y

o
u

 h
a

v
e
 b

e
en

 w
a

rn
ed

!

F
o
r 

m
o
st

 
ap

p
li

ca
ti

o
n
s 

a 
b
re

ak
er

 
o
f 

6
0

 
am

p
s 

is

ad
eq

u
at

e.
 

A
 

su
it

ab
le

 
ci

rc
u
it

 
b

re
ak

er
 

is
 

co
m

m
o
n
ly

av
ai

la
b
le

 f
ro

m
 m

o
st

 a
u
to

m
o
b
il

e 
au

d
io

 s
el

le
rs

.

5
W

ir
in

g



P
ag

e 8
P

ro
-1

5
0

 co
n

tro
ller in

stru
ctio

n
s

5
.2

M
o

to
r, B

a
tte

ry
 a

n
d

 P
o

w
e

r C
o

n
n

e
c
tio

n
s

P
o
w

er co
n
n

ectio
n
s are to

 th
e 9

.5
m

m
 tab

s o
n
 th

e en
d

o
f th

e b
o
ard

.

N
o
te 

th
at 

th
e 

b
attery

 
co

n
n

ectio
n
s 

h
av

e 
o
n

e 
larg

e

(9
,5

m
m

) tab
 an

d
 o

n
e sm

all (6
.3

m
m

): th
e sm

all o
n
e is

n
o

rm
ally

 u
sed

 to
 co

n
n
ect a b

attery
 ch

arg
er o

r to
 feed

an
cillary

 eq
u

ip
m

en
t.

T
h
e co

n
tro

ller's p
o
w

er co
n
tacts are d

esig
n
ed

 fo
r u

se

w
ith

 fast-o
n
 recep

tacles. (4
Q

D
 can

 su
p
p

ly
 th

ese p
re-

crim
p

ed
 to

 lead
s). E

ach
 m

o
to

r co
n
tact can

 accep
t tw

o

9
.5

m
m

 recep
tacles (tw

o
 feed

 tw
o
 m

o
to

rs) an
d
 each

b
attery

 
co

n
tact 

can
 

accep
t 

o
n
e 

9
.5

m
m

 
an

d
 

o
n

e

6
.3

m
m

 recep
tacle. 

F
u
lly In

su
la

te
d
 re

ce
p
ta

c
les m

u
st b

e u
se

d
 to

 p
rev

en
t

sh
o
rts b

etw
een

 co
n
tacts.

C
a
b

le
 s

iz
e

W
ire 

o
f 

at 
least 

6
m

m
2 

sh
o
u

ld
 

b
e 

u
sed

 
fo

r 
p
o
w

er

co
n

n
ectio

n
s. 

U
n

d
ersized

 
w

ire 
co

u
ld

 
o
v

erh
eat,

resu
ltin

g
 in

 ex
cessiv

e p
o

w
er lo

ss, a risk
 o

f fire an
d

sh
o
u

ld
 th

e in
su

latio
n
 m

elt, th
e p

o
ssib

ility
 o

f d
am

ag
e

to
 th

e co
n
tro

ller.

C
rim

p
s 

sh
o
u
ld

 
b
e 

o
f 

g
o

o
d
 

q
u
ality

 
an

d
 

p
ro

p
erly

crim
p

ed
 o

r th
ey

 can
 o

v
erh

eat - in
 ex

trem
e cases p

o
o
r

crim
p

s can
 irrep

arab
ly

 d
am

ag
e th

e co
n
tro

ller o
r ev

en

cau
se a fire risk

.

C
o

lo
u
rs 

sh
o

w
n

 
b
elo

w
 

are 
reco

m
m

en
d
ed

. 
It 

is

stro
n
g

ly
 
ad

v
ised

 
th

at 
y
o

u
 
u

se 
d

ifferen
t 

co
lo

u
rs 

fo
r

b
attery

 an
d
 m

o
to

r to
 m

in
im

ise th
e risk

 o
f co

n
n
ectin

g

a b
attery

 w
ire to

 a m
o
to

r term
in

al

an
d

 th
u
s d

estro
y
in

g
 th

e co
n
tro

ller!

W
a
rn

in
g
: 

C
o
n
n

ec
tin

g
 

a
 

b
a

ttery

co
n

n
e
ctio

n
 

(p
a

rtic
u
la

rly
 

b
a
ttery

-v
e) 

to
 

a
n

y 
m

o
to

r 
te

rm
in

a
l 

m
a

y

in
sta

n
tly d

e
stro

y
 th

e co
n

tro
ller.

B
a
ttery co

n
n
e
ctio

n
s h

a
v
e o

n
e la

rg
e

(9
,5

m
m

) 
ta

b
 

a
n

d
 

o
n

e 
sm

a
ll

(6
.3

m
m

).

M
o
to

r co
n
n

e
ctio

n
s h

a
ve tw

o
 la

rg
e

(9
,5

m
m

) ta
b
s.

C
a
b

le
 ro

u
tin

g

It is v
ery

 im
p
o
rtan

t to
 k

eep
 th

e B
+

 an
d

 B
- w

ires as

sh
o
rt 

as 
p
o

ssib
le 

an
d

 
to

 
ro

u
te 

th
em

 
n
ex

t 
to

 
each

o
th

er, 
p

o
ssib

ly
 

b
y
 

tw
istin

g
 

o
r 

tie-w
rap

p
in

g
 

th
em

to
g
eth

er. 
F

ailu
re 

to
 

d
o

 
th

is 
co

u
ld

 
cau

se 
th

e 
m

ain

cap
acito

rs 
to

 
o

v
erh

eat 
an

d
 
w

ill 
resu

lt 
in

 
in

creased

lev
els o

f in
terferen

ce b
ein

g
 em

itted
.

M
o
to

r w
ires sh

o
u
ld

 also
 b

e k
ep

t as sh
o

rt as p
o

ssib
le.

E
x
cessiv

ely
 

lo
n
g
 

m
o

to
r 

w
ires 

w
aste 

p
o
w

er 
an

d

red
u

ce p
erfo

rm
an

ce, b
u
t d

o
 n

o
 d

am
ag

e.

C
ab

les 
sh

o
u

ld
 

b
e 

ro
u

ted
 

n
ex

t 
to

 
m

etal 
ch

assis

m
em

b
ers 

w
h

ere 
p
o
ssib

le 
in

 
o
rd

er 
to

 
m

in
im

ise

rad
iated

 electrical n
o
ise.

M
o

to
r T

y
p

e
s

T
h
e 

P
R

O
 
1
5
0

 
is 

d
esig

n
ed

 
fo

r 
u

se 
w

ith
 
p

erm
an

en
t

m
ag

n
et D

C
 m

o
to

rs, b
u
t can

 also
 b

e u
sed

 w
ith

 sh
u
n

t

w
o
u

n
d
 m

o
to

rs.

It is u
su

ally
 sen

sib
le to

 u
se a m

o
to

r w
ith

 a sim
ilar o

r

h
ig

h
er cu

rren
t ratin

g
 to

 th
e co

n
tro

ller. If th
e m

o
to

r

h
as to

o
 lo

w
 a cu

rren
t ratin

g
, th

e co
n
tro

ller w
ill b

e

ab
le to

 d
eliv

er en
o

u
g
h

 cu
rren

t to
 q

u
ick

ly
 o

v
erh

eat th
e

m
o
to

r w
h

en
 u

n
d
er lo

ad
.

P
e

rm
a

n
e
n
t

M
a

g
n

e
t

D
C

 M
o

to
r

B
-

M
-

B
+

M
+

1
2

V
 to

 4
8

V

B
a

tte
ry

B
la

c
k

B
lu

e

Y
e

llo
w

R
e

d

+
+

−
−

P
ag

e 1
7

P
ro

-1
5
0

 co
n

tro
ller in

stru
ctio

n
s

P
a
ra

m
e

te
r 0

1
 a

n
d

 0
2

:

F
o

rw
a

rd
 ra

m
p

 tim
e
s

T
h
ese are th

e tim
es fo

r acceleratio
n

 an
d
 d

eceleratio
n

in
 fo

rw
ard

 d
riv

e. T
h
e d

isp
lay

 is in
 seco

n
d
s, 0

.1
 sec to

9
.9

 seco
n
d

s so
 th

e reso
lu

tio
n
 is 1

 d
eciS

eco
n
d
s (ten

th

o
f a seco

n
d

).

D
o
 

n
o

t 
ch

o
o

se 
to

o
 

fast 
(to

o
 

sm
all 

a 
n
u
m

b
er) 

an

acceleratio
n
 o

r d
eceleratio

n
 fo

r y
o
u
r m

ach
in

e. If y
o
u

d
o

, 
an

d
 
it 

tip
s 

o
v
er 

w
h
en

 
acceleratin

g
 
fast 

- 
d
o

n
't

b
lam

e th
e co

n
tro

ller (o
r 4

Q
D

!).

F
ast acceleratio

n
 an

d
 d

eceleratio
n

 m
ay

 also
 sh

o
rten

th
e o

p
eratin

g
 life o

f th
e o

n
-b

o
ard

 relay
s.

P
a
ra

m
e

te
r 0

3
: M

a
x

 s
p

e
e

d

T
h
is is th

e to
p
 sp

eed
. A

s y
o
u
 ad

ju
st th

is p
aram

eter

th
e d

isp
lay

 w
ill sh

o
w

 0
0
 - 9

9
. T

h
is is th

e p
ercen

tag
e

o
f av

ailab
le th

ro
ttle electrical trav

el.

Y
o
u

 can
 set th

is p
aram

eter in
 step

s o
f 1

%
 b

u
t lo

w

v
alu

e settin
g
s m

ak
e n

o
 sen

se an
d
 w

ill n
o
t w

o
rk

!

G
en

erally
, if y

o
u
r m

ach
in

e is to
o
 fast (so

 th
at y

o
u

n
eed

 to
 red

u
ce th

e to
p
 sp

eed
 electrically

) y
o

u
r g

ear

ratio
 is w

ro
n
g
.

R
ed

u
cin

g
 to

p
 sp

eed
 electrically

 cau
ses th

e m
o
to

r to

tak
e m

o
re cu

rren
t. T

h
is can

 o
v
erlo

ad
 th

e co
n
tro

ller

an
d

 th
e m

o
to

r, so
 
if y

o
u
r 

m
o
to

r b
u
rn

s 
o
u
t (o

r th
e

co
n

tro
ller o

v
erh

eats) - d
o
 n

o
t b

lam
e th

e co
n
tro

ller!

P
a
ra

m
e

te
rs

 
0
4
, 

0
5

 
a

n
d

 
0
6
:

(re
v

e
rs

e
)

T
h
ese 

are 
as 

p
aram

eters 
0
1

, 
0

2
 

an
d

 
0

3
, 

b
u
t 

fo
r

rev
erse rath

er th
an

 fo
rw

ard
.

S
o
m

e m
ach

in
es, e.g

. g
o
lf b

u
g
g

ies, are u
n
safe to

 d
riv

e

fast in
 rev

erse, so
 d

ifferen
t p

aram
eters are req

u
ired

.

P
a
ra

m
e

te
r 0

7
: D

e
a

d
 b

a
n

d

T
h
is 

is 
m

o
st 

u
sefu

l 
in

 
jo

y
stick

 
m

o
d
e, 

w
h
ere 

th
e

cen
tre 

o
f 

m
o
v
em

en
t 

o
f 

th
e 

jo
y
stick

 
m

ay
 

h
av

e 
a

ten
d

en
cy

 to
 w

an
d
er.

D
efau

lt 5
%

 o
f av

ailab
le th

ro
ttle sig

n
al.

P
a
ra

m
e

te
r 0

8
 a

n
d

 0
9

:

P
a
rk

in
g

 b
ra

k
e
.

T
h
ese co

n
tro

l th
e p

ark
in

g
 b

rak
e: ig

n
o
re if y

o
u
r m

o
to

r

d
o

es n
o

t h
av

e o
n
e fitted

!

A
s th

e co
n

tro
ller starts to

 ap
p
ly

 p
o
w

er to
 th

e m
o
to

r,

it ap
p
lies p

o
w

er to
 th

e p
ark

in
g
 b

rak
e to

 release it.

P
aram

eter 0
9
 d

efin
es h

o
w

 m
u
ch

 p
o
w

er is ap
p
lied

 to

th
e m

o
to

r b
efo

re th
e b

rak
e is released

.

T
o
o

 lo
w

 a v
alu

e w
ill allo

w
 th

e m
ach

in
e to

 ro
ll b

ack

o
n

 a h
ill start, to

o
 h

ig
h
 a v

alu
e an

d
 th

e m
o

to
r w

ill

start w
ith

 a jerk
.

A
s th

e m
o
to

r sto
p

s, th
ere is a sh

o
rt d

elay
 b

efo
re th

e

b
rak

e p
o

w
er is rem

o
v
ed

 (to
 allo

w
 th

e b
rak

e to
 re-

en
g

ag
e). 

P
aram

eter 
0
8
 

d
efin

es 
th

is 
d
elay

. 
T

y
p
ical

v
alu

es w
ill b

e 1
/2

 to
 1

 seco
n
d
.

P
a
ra

m
e

te
r 1

0
: H

P
L

O

If th
e co

n
tro

ller's ig
n
itio

n
 is tu

rn
ed

 o
n

 w
ith

 th
e p

o
t

h
ig

h
 

(n
o
t 

at 
zero

) 
th

e 
co

n
tro

ller 
w

o
u

ld
 

start 
u
p

im
m

ed
iately

. 
S

o
 

a 
H

ig
h
 

P
o

t 
L

o
ck

 
O

u
t 

(H
P

L
O

)

fu
n
ctio

n
 is p

resen
t. 

P
aram

eter 1
0
 sets th

e p
o
t lev

el  w
h

ich
 is co

n
sid

ered

h
ig

h
. 

T
h

e 
d

isp
lay

 
w

ill 
sh

o
w

 
0
0
-9

9
 

as 
th

e 
p
o

t 
is

tu
rn

ed
 

fro
m

 
d
ead

 
b
an

d
 

lev
el 

to
 

fu
ll 

sp
eed

. 
Z

ero

m
ean

s th
e lev

el is th
e sam

e as th
e d

ead
-b

an
d
. 9

9
 is

fu
ll p

o
t in

p
u
t. If th

e p
o

t is ab
o

v
e th

is lev
el at sw

itch

o
n

, 
H

P
L

O
 

w
ill 

p
rev

en
t 

o
p

eratio
n
 

u
n
til 

th
e 

p
o
t 

is

tu
rn

ed
 lo

w
.

S
o
 if y

o
u

 set th
is to

 9
9
: th

ere is effectiv
ely

 n
o
 H

P
L

O
.

If y
o
u
 set it to

 1
0
%

, th
en

 an
y
 p

o
t settin

g
 b

elo
w

 1
0
%

at 
sw

itch
 

o
n
 

w
ill 

b
e 

accep
ted

: 
th

is 
w

ill 
p
ro

b
ab

ly

allo
w

 th
e m

ach
in

e to
 creep

 fo
rw

ard
, w

h
ich

 y
o

u
 m

ay

d
eem

 d
esirab

le b
u

t it's u
p
 to

 y
o

u
 to

 ch
o
se a safe v

alu
e

fo
r y

o
u
r m

ach
in

e.

G
en

erally
 
ch

o
o
se 

a 
lev

el 
o
f 

zero
 
 
o
r 

o
n
ly

 
slig

h
tly

m
o
re.

D
efau

lt (m
o
st m

o
d

es) 2
%

.

P
a
ra

m
e

te
r 1

1
: R

e
v

e
rs

e
 s

o
u

n
d

e
r

T
h
ere is an

 o
n
-b

o
ard

 so
u
n
d

er w
h
ich

 can
 b

e m
ad

e to

b
leep

 
in

 
rev

erse. 
T

h
is 

p
aram

eter 
tu

n
s 

th
e 

fu
n
ctio

n

o
n

/o
ff.



P
ag

e 
1
6

P
ro

-1
5
0

 c
o
n

tr
o
ll

er
 i

n
st

ru
ct

io
n
s

P
a
ra

m
e

te
r 

0
.0

: 
M

o
d

e

T
h
er

e 
ar

e 
1

0
 d

if
fe

re
n

t 
'M

o
d

es
' a

v
ai

la
b
le

.

T
h
e 

ta
b
le

 t
o

 t
h
e 

le
ft

 l
is

ts
 t

h
e 

av
ai

la
b

le
 m

o
d

es
 a

n
d

th
ei

r 
in

it
ia

l 
p

ar
am

et
er

s.
 P

ar
am

et
er

 n
u

m
b
er

s 
ar

e 
at

th
e 

to
p
 (

y
el

lo
w

 b
ac

k
g
ro

u
n
d

)

C
h

an
g
in

g
 t

h
e 

m
o
d

e 
is

 t
h

e 
m

o
st

 t
h
at

 t
h

e 
av

er
ag

e

u
se
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 d
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 c
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d
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b
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b
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 b
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b
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 b
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b
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d
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Machine

Default
Golf buggy, fast

Golf buggy, slow
Locomotive, fast

Locomotive, slow
Boat (fast)

As default

As default
As default

As default

No.

00.
01.
02.
03.
04.
05.
06.
07.
08.
09.

AccelAccel DecelDecel MaxMax

ForwardReverse

99

99

99

99

99

99

99

99

99

2.0
1.0
2.0
5.0
9.9
0.5
2.0
2.0
2.0
2.0
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Parkg Brake

HPLO

Rev

Snd

Pot/Input Learn

F MaxZeroR Max

000102030405060708091011121314 Param no: 
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4.0
4.0
4.0
4.0
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4.0
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0.5
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0.5
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4.0
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4.0
5.0
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0.5
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50
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50
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05
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05
05
05
05
05
05
05

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

01
01
01
01
01
01
01
01
01
012

2
2
2
2
2
2
2
2
2

99
99
99
99
99
99
99
99
99
9900

00
00
00
00
00
00
00
00
0099
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99
99
99
99
99
99
99
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9.99.9 9.99.9 9.9
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99999999 99 Maximum
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h
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e 

fu
ll

 t
o
rq

u
e 

o
u
tp

u
t 

o
f 

th
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b
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b
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b
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b
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 m
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 c
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ra

ti
n

g
.

U
se

 
o
n

ly
 
g

o
o
d

 
q

u
al

it
y

 
m

o
to

rs
 
w

it
h
 
b
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 c
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 c
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 c
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 c
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b
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h
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p
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h
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 d
u
ri

n
g
 b

ra
k
in

g
, 

so
 i

f 
th

e 
b
at

te
ry

 i
s 

se
n

si
ti

v
e 

to

o
v

er
-c

h
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p
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ra
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 c
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 d
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b
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d
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 c
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e 
p
o

si
ti

o
n

s 
o
f

th
es

e 
ar

e 
sh

o
w

n
 

in
 

th
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 c
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h
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 t
h
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 p
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 t
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p
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p
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 b
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d

e
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h
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o
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o
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r d
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n
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h
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o
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o
n
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e d
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b
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d
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d
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b
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m
in

g
.

W
ig

-W
a
g

 
(a

k
a
 
J

o
y
s
tic

k
)m

o
d

e
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o
u
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 b

e fitte
d
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o
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e p

o
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s

sh
o
w

n
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h
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 th
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n
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ig

-w
a
g

m
o
d

e. T
h

is is so
 th

a
t th

e v
o
lta

g
e o

n
 th

e
 b

o
tto

m
 en

d
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f

th
e p

o
t is a

b
o
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n
d
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e
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ctio
n
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o
n
d
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g
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h
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lta
g
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n
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a
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u
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p
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g
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m
m
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p
o
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n
g
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n
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u
lt c

o
n
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o
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u
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c
h
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 p
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t b
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n
d
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y
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T
h

ro
ttle
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o

t

T
h
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n
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p
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ised
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r a 1
0

K
 p

o
t, alth

o
u

g
h
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y

 p
o
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 b
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h
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o
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e m

an
y
 fo
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n
g
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o
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y
stick

,

o
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th
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p

o
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h
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in

d
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f 
th

ro
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p
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eh
icle, it is im
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at th
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ttle h
as a

sp
rin

g
 
retu

rn
, 

so
 th

at 
th

e 
v
eh

icle 
can

n
o
t ru

n
 
aw

ay

w
ith

 n
o
 o

n
e at th

e co
n
tro

ls, w
h

ile o
n
 an

 electric b
o
at,

a frictio
n
 jo

y
stick

 m
ig

h
t b

e b
etter.

4
Q

D
 can

 su
p
p
ly

 all so
rts o

f th
ro

ttle d
ev

ices as w
ell as

co
m

p
lete co

n
tro

l b
o

x
es an

d
 p

an
els, all listed

 o
n
 o

u
r

w
w

w
 site: w

w
w

.4
Q

D
.c

o
.u

k
.

If a p
o
t ab

o
v

e 1
5
K

 o
r b

elo
w

 1
K

 are u
sed

, th
e fau

lt P
t

w
ill b

e d
isp

lay
ed

 in
d
icatin

g
 th

e p
o
t is o

u
t o

f ran
g
e.

S
ee sectio

n
 o

n
 fau

lt fin
d
in

g
.

V
o

lta
g

e
 fo

llo
w

in
g

T
h
e P

ro
-1

5
0
 can

 b
e u

sed
 as a v

o
ltag

e fo
llo

w
er.  A

1
0

k
 resisto

r m
u
st b

e fitted
 b

etw
een

 p
in

s D
 an

d
 F

 so

p
o

t fau
lt is n

o
t trig

g
ered

.

T
h
e p

o
t w

ip
er m

u
st n

o
t b

e o
p
en

-circu
it: if th

e so
u
rce

im
p
ed

an
ce is to

o
 h

ig
h

 th
is w

ill b
e reg

istered
 as a P

O

fau
lt (in

p
u
t is in

tern
ally

 p
u
lled

 u
p

 w
ith

 3
3
0

K
 to

 5
v

rail).

Z
ero

 v
o
ltag

e an
d
 m

ax
im

u
m

 v
o
ltag

e can
 o

f co
u
rse b

e

p
ro

g
ram

m
ed

 as req
u
ired

 in
 th

e ran
g

e 0
 to

 4
.7

v
 as can

w
ig

-w
ag

 o
p

eratio
n
 in

 th
is ran

g
e.

A
s su

p
p
lied

, w
ith

 th
e d

efau
lt m

o
d

e, zero
 sp

eed
 is fo

r

0
v

 an
d
 fu

ll sp
eed

 is ab
o
u
t 4

.7
v
. A

n
y
 v

o
ltag

e ab
o
v

e

4
.7

 w
ill cau

se a fau
lt P

O

R
e
v
e

rs
e
 s

w
itc

h

T
h
e 

R
ev

erse 
sw

itch
 

ch
an

g
es 

th
e 

m
o

to
r 

d
irectio

n

d
ep

en
d
in

g
 o

n
 w

h
eth

er it is clo
sed

 o
r o

p
en

. S
tan

d
ard

p
erfo

rm
an

ce is 

S
w

itc
h

  o
p

e
n

 (o
r ab

sen
t) th

e co
n
tro

ller w
ill

b
e in

 F
o

rw
ard

. 

S
w

itc
h

 c
lo

s
e
d

, th
e co

n
tro

ller w
ill rev

erse.

U
se o

f a sw
itch

 is o
p
tio

n
al: in

 w
ig

-w
ag

 m
o
d
e b

o
th

sp
eed

 an
d

 d
irectio

n
 are co

n
tro

lled
 b

y
 th

e sp
eed

 p
o
t.

T
h
e rev

ersin
g
 sw

itch
 is learn

ed
 b

y
 th

e in
p

u
t le

a
rn

featu
re so

 if y
o
u

 w
ish

 th
e co

n
tro

ller to
 g

o
 in

 rev
erse

(rath
er th

an
 fo

rw
ard

) w
h
en

 th
e sw

itch
 is o

p
en

, th
is

can
 easily

 b
e altered

! S
ee 7

.5
.

S
p

e
e
d

 c
o

n
tro

l p
o

t
w

ig
-w

a
g

 m
o

d
e

G
re

e
n

B
lu

e

R
e

d

P
ag

e 1
5

P
ro

-1
5
0

 co
n

tro
ller in

stru
ctio

n
s

P
lu

g
 in

  th
e co

n
tro

ls y
o
u

 p
ro

p
o
se to

 u
se (see sectio

n

5
.1

),  th
e p

ro
g

ram
m

er an
d

 th
e d

isp
lay

 (if n
o
t alread

y

in
 u

se).

P
ro

g
ram

m
er 

an
d
 

d
isp

lay
 

co
n

n
ect 

as 
sh

o
w

n
 

in
 

th
e

d
iag

ram
 

o
p
p

o
site 

(lead
s 

are 
sh

o
w

n
 

sh
o
rten

ed
 

fo
r

clarity
). 

It 
d
o

es 
n
o
t 

m
atter 

if 
th

e 
p

ro
g
ram

m
er 

h
as

b
een

 sep
arated

 fro
m

 th
e d

isp
lay

.

T
h
e ig

n
itio

n
 m

u
st b

e o
ff in

itially
. C

o
n
n
ect a b

attery

o
r su

itab
le p

o
w

er su
p

p
ly

. T
h
e d

isp
lay

 w
ill also

 b
e

o
ff. 

W
h
at 

h
ap

p
en

s 
n

o
w

 
d
ep

en
d
s 

o
n
 

w
h
ich

 
o
f 

th
e

p
ro

g
ram

m
er b

u
tto

n
s is d

ep
ressed

 w
h
ile y

o
u

 tu
rn

 o
n

th
e ig

n
itio

n
. R

elease th
e b

u
tto

n
 as so

o
n
 as th

e d
isp

lay

reg
isters.

P
ro

g
ra

m
m

in
g

 m
o

d
e

S
E

L
T

h
e co

n
tro

ller w
ill en

ter p
ro

g
ram

m
in

g
 m

o
d

e

R
e
s
to

re
 F

a
c
to

ry
 D

e
fa

u
lts

+
 

F
d
 

w
ill 

b
e 

d
isp

lay
ed

 
fo

r 
a 

few
 

seco
n
d
s.

R
eleasin

g
 

+
 

w
h
ile 

F
d
 

is 
d
isp

lay
ed

 
w

ill 
cau

se 
th

e

facto
ry

 d
efau

lt p
aram

eters to
 b

e resto
red

. H
o

ld
in

g
 +

d
o

w
n
 w

ill sh
o

w
 fau

lt 1
1
 (In

h
ib

it activ
ated

). U
sefu

l if

y
o

u
 h

av
e b

een
 alterin

g
 p

aram
eters an

d
 w

an
t to

 fo
rg

et

y
o

u
r alteratio

n
s.

S
o

ftw
a

re
 Is

s
u

e

 - 
T

h
e co

n
tro

ller w
ill d

isp
lay

 a n
u

m
b
er w

h
ich

 is

th
e so

ftw
are v

ersio
n
 n

u
m

b
er.

E
n

te
rin

g
 P

ro
g

ra
m

m
in

g
 m

o
d

e

 1
 

P
ress an

d
 h

o
ld

 d
o
w

n
 th

e S
E

L
 b

u
tto

n
 o

n
 th

e

p
ro

g
ram

m
er w

h
ile y

o
u
 tu

rn
 o

n
 th

e ig
n
itio

n
.

T
h
e co

n
tro

ller w
ill sw

itch
 o

n
 in

 p
ro

g
ra

m
m

in
g

 m
o
d
e.

T
o
 

in
d

ica
te

 
th

is 
th

e
 

d
isp

la
y 

sh
o
w

s 
0

0
. 

w
ith

 
th

e

d
ec

im
a
l 

p
o
in

t 
fla

sh
in

g
 

slo
w

ly
. 

Y
o

u
 

a
re 

n
o
w

p
ro

g
ra

m
m

in
g

!

Y
o
u

 are m
o
st lik

ely
 to

 w
an

t to
 ch

an
g
e p

aram
eter 0

0
(m

o
d
e n

u
m

b
er).

A
n
y

 o
th

er p
aram

eters y
o
u
 alter w

ill o
n

ly
 affect th

e

m
o
d

e th
at is activ

e w
h
en

 y
o

u
 ch

an
g

e th
em

.

If y
o

u
 d

o
 w

an
t to

 ch
an

g
e th

e m
o
d
e, sk

ip
 step

  2
  an

d

g
o

 to
 step

  3
  

 
2

 
U

se 
th

e 
+

 
an

d
 

- 
b
u

tto
n
s 

to
 

ch
an

g
e 

th
e

n
u

m
b
e
r d

isp
lay

ed
 to

 th
at 

o
f 

th
e 

p
a

ra
m

e
te

r y
o

u

w
an

t 
to

 
alter. 

S
ee 

tab
le 

o
p
p

o
site 

fo
r 

a 
list 

o
f

ch
an

g
eab

le p
aram

eters.

 
3
 

P
ress 

S
E

L
 

to
 

tell 
th

e 
m

icro
 

th
is 

is 
th

e

n
u

m
b
e
r o

f th
e p

aram
eter y

o
u

 w
ish

 to
 alter: 

th
e 

d
isp

lay
 

w
ill 

ch
an

g
e 

to
 

sh
o
w

 
th

e 
p
resen

t

V
a
lu

e o
f th

is p
aram

eter.

 
4

 
U

se 
th

e 
+

 
an

d
 

- 
b
u

tto
n
 

to
 

in
crease 

o
r

d
ecrease th

e n
u

m
b
er o

n
 th

e d
isp

lay
 to

 th
e n

ew

v
alu

e y
o
u
 w

ish
 to

 u
se. E

ach
 p

ress w
ill in

crem
en

t

th
e n

u
m

b
er b

y
 o

n
e step

.

K
eep

 y
o
u

r fin
g
er o

n
 a b

u
tto

n
 an

d
 th

e d
isp

lay
 w

ill

ch
an

g
e 

au
to

m
atically

, 
sp

eed
in

g
 

u
p

 
as 

it 
g

o
es.

R
em

o
v
e 

y
o
u

r 
fin

g
er 

w
h

en
 

y
o
u
 

g
et 

n
ear 

th
e

req
u

ired
 v

alu
e, an

d
 u

se in
d
iv

id
u
al p

resses to
 g

et it

ex
act.

 
5
 

P
ress 

S
E

L
 
to

 
accep

t 
th

e 
n
ew

 
v

alu
e 

an
d

retu
rn

 to
 P

aram
eter N

u
m

b
er m

o
d

e.

If y
o
u

 w
ish

 to
 alter an

o
th

er p
aram

eter, u
se S

E
L

ag
ain

 (step
 2

). O
th

erw
ise p

ro
ceed

:

 6
 

O
n
ce all p

aram
eters h

av
e b

een
 altered

 as y
o
u

w
an

t, 
in

crem
en

t 
th

e 
p
aram

eter 
to

 
P

G
 

 
(after

p
aram

eter 1
4
) an

d
 p

ress S
E

L
.

T
h
ere w

ill b
e a sh

o
rt p

au
se as th

e n
ew

 v
alu

es are

sto
red

. T
h
en

 th
e co

n
tro

ller w
ill g

o
 th

ro
u

g
h
 its n

o
rm

al

p
o

w
er-u

p
 ro

u
tin

e (see sectio
n
 6

).

T
h
e 

n
ew

 
v
alu

es 
y

o
u
 

en
tered

 
w

ere 
accep

ted
 

an
d

sto
red

 
in

 
th

e 
m

o
d

e 
n
u
m

b
er 

y
o
u
 

u
sed

 
w

h
en

 
y
o
u

started
 ch

an
g

in
g
 th

em
. 

If 
y
o

u
 

tu
rn

 
o
ff 

th
e 

ig
n
itio

n
 

at 
an

y
 

tim
e 

d
u

rin
g

p
ro

g
ram

m
in

g
, th

e ch
an

g
es w

ill n
o

t b
e rem

em
b
ered

:

th
is is a w

ay
 o

f can
cellin

g
 y

o
u
r ch

an
g
es sh

o
u

ld
 y

o
u

ch
an

g
e y

o
u

r m
in

d
!

R
em

em
b
er y

o
u
 can

 alw
ay

s reset th
e co

n
tro

ller to
 th

e

facto
ry

 d
efau

lt b
y
 tu

rn
in

g
 o

n
 th

e ig
n
itio

n
 w

ith
 +

 h
eld

d
o

w
n
.

7
.4

A
lte

rin
g

 a
 p

a
ra

m
e

te
r

Repeat as required



P
ag

e 
1
4

P
ro

-1
5
0

 c
o
n

tr
o
ll

er
 i

n
st

ru
ct

io
n
s

7
.2

P
ro

g
ra

m
m

a
b

le
 p

a
ra

m
e
te

rs

T
h
e 

fo
ll

o
w

in
g
 p

ar
am

et
er

s 
ca

n
 b

e 
al

te
re

d
:

N
o

.
D

e
fi

n
it

io
n

V
a
lu

e
s

D
e
fa

u
lt

C
o

m
m

e
n

ts

0
0
.

C
h

an
g
e 

m
o

d
e 

N
u

m
b
er

0
0

. 
- 

1
0

.
S

ee
 p

ag
e 

1
6

0
1
.

F
o
rw

ar
d

 A
cc

el
er

at
io

n
 R

am
p
 T

im
e

0
.1

—
9
.9

 S
ec

4
.0

S
ec

o
n
d

s,
 a

d
ju

st
ab

le
 i

n
 d

ec
iS

ec
o
n

d
s,

 

0
2
.

F
o
rw

ar
d

 D
ec

el
er

at
io

n
 R

am
p
 T

im
e

0
.1

—
9
.9

 S
ec

2
.0

S
ec

o
n
d

s,
 a

d
ju

st
ab

le
 i

n
 d

ec
iS

ec
o
n

d
s,

0
3
.

M
ax

 F
o
rw

ar
d

 S
p
ee

d
0
0

—
9

9
 %

9
9

in
 1

%
 i

n
cr

em
en

ts

0
4
.

R
ev

er
se

 A
cc

el
er

at
io

n
 R

am
p
 T

im
e

0
.1

—
9
.9

 S
ec

4
.0

S
ec

o
n
d

s,
 a

d
ju

st
ab

le
 i

n
 d

ec
iS

ec
o
n

d
s

0
5
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R
ev

er
se

 D
ec

el
er

at
io

n
 R

am
p
 T

im
e

0
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—
9
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 S
ec

2
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S
ec

o
n
d

s,
 a

d
ju

st
ab

le
 i

n
 d

ec
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o
n

d
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0
6
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M
ax
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ev

er
se

 S
p
ee

d
0
0

—
9

9
 %

5
0

in
 1

%
 i

n
cr

em
en

ts

0
7
.

T
h
ro

tt
le

 D
ea

d
 b

an
d

0
-1

0
 %

5
%

0
8
.

P
ar

k
in

g
 B

ra
k

e 
D

el
ay

0
.1

-9
.9

 S
ec

1
 s

ec

0
9
.

B
ra

k
e 

th
re

sh
o
ld

0
—

1
0

%
1
%

1
0
.

H
ig

h
 P

o
t 

L
o
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o
u
t
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—

9
9
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2
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1
1
.

R
ev

er
se
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ee

p
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Y
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o

Y
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1
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P
o
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d
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ec
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o
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 m
ax
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p
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o
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M
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p

o
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P
o
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ze
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0
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M
ea
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p

o
t

1
4
.

P
o
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d
ir
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p
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se
0
0

-9
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M
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p

o
t

P
G

A
cc

ep
t 

n
ew

 p
ro

g
ra

m
m

ed
 v

al
u

es

V
ie

w
 o

f 
b
o
a
rd

 f
ro

m
 c

o
m

p
o
n
e
n

t 
s
id

e

P
ro

g
ra

m
m

e
r

D
is

p
la

y

re
d

y
e
llo

w
b
lu

e

g
re

e
n

s
p
a
re

re
d

s
p

a
re

s
p

a
re

y
e

llo
w

b
lu

e

g
re

e
n

S
E

L
+

–

1

re
d

y
e
llo

w
b
lu

e

g
re

e
n

s
p
a
re

re
d

  
  

  
=

 S
E

L

s
p

a
re

s
p

a
re

b
lu

e
  

  
=

 +
 o

r 
In

h
ib

it
y
e

llo
w

 =
 -

 o
r 

S
lo

w
g

re
e

n
 =

 0
v

re
d

 =
 p

o
w

e
r 

(a
s
 b

a
tt
e

ry
)

b
lu

e
 =

 d
a

ta
y
e

llo
w

 =
 c

lo
c
k

g
re

e
n

 =
 0

v

re
d

y
e

llo
w

b
lu

e

g
re

e
n

1

7
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P
ro

g
ra

m
m

e
r 

a
n

d
 d

is
p

la
y

 c
o

n
n

e
c

ti
o

n

P
ag

e 
1
1

P
ro

-1
5
0

 c
o
n

tr
o
ll

er
 i

n
st

ru
ct

io
n
s

5
.4

A
u

x
il
ia

ry
 c

o
n

n
e

c
to

r

T
h
e 

A
u

x
il

ia
ry

/P
ro

g
ra

m
m

in
g

 
co

n
n

ec
to

r 
(A

),

in
si

d
e 

th
e 

co
n
tr

o
ll

er
, 

h
as

 
tw

o
 

fu
n
ct

io
n

s.
 

A
s

w
el

l 
as

 b
ei

n
g

 t
h
e 

p
ro

g
ra

m
m

er
 c

o
n

n
ec

to
r,

 i
t 

ca
n

b
e 

u
se

d
 

fo
r 

ad
d
it

io
n

al
 

co
n

tr
o
ls

 
w

h
en

 
th

e

p
ro

g
ra

m
m

er
 i

s 
n
o

t 
in

 u
se

. 
E

v
en

 i
f 

y
o
u

 a
re

 n
o
t

u
si

n
g
 t

h
is

 i
t 

is
 b

es
t 

to
 u

n
p
lu

g
 t

h
e 

p
ro

g
ra

m
m

er

le
ad

 f
ro

m
 t

h
e 

co
n
tr

o
ll

er
 u

n
le

ss
 y

o
u
 a

re
 a

ct
u
al

ly

u
si

n
g
 i

t.

C
o

n
n
ec

ti
o
n

s 
ar

e 
id

en
ti

fi
ed

 
in

 
th

e 
d
ia

g
ra

m

ri
g
h

t.

S
lo

w
 /
 F

a
s

t

A
 f

as
t 

/S
lo

w
 s

w
it

ch
 c

an
 b

e 
fi

tt
ed

 a
s 

sh
o
w

n
. 

W
h
en

th
is

 
is

 
cl

o
se

d
 

(p
in

 
A

 
co

n
n
ec

te
d
 

to
 

P
in

 
B

) 
th

e

co
n

tr
o
ll

er
's

 t
o

p
 s

p
ee

d
 w

il
l 

b
e 

re
d
u

ce
d
 t

o
 a

b
o

u
t 

h
al

f

fu
ll

 s
p

ee
d
.

In
h

ib
it

A
n
 i

n
h
ib

it
 s

w
it

ch
 m

ay
 b

e 
fi

tt
ed

 (
in

h
ib

it
ed

 w
h
en

 p
in

 C

is
 

sh
o
rt

ed
 

to
 

p
in

 
A

) 
: 

w
h

en
 

th
is

 
is

 
cl

o
se

d
, 

th
e

co
n

tr
o
ll

er
 

w
il

l 
n
o
t 

o
p
er

at
e.

 
T

ri
p
 

co
d
e 

1
1

 
w

il
l 

b
e

d
is

p
la

y
ed

. 
W

h
en

 
th

e 
in

h
ib

it
 

is
 

re
m

o
v

ed
, 

th
e

co
n

tr
o
ll

er
's

 
ig

n
it

io
n

 
m

u
st

 
b

e 
sw

it
ch

ed
 

o
ff

 
an

d
 

o
n

ag
ai

n
 t

o
 r

es
et

 i
t.

If
 I

n
h
ib

it
 i

s 
ac

ti
v
at

ed
 d

u
ri

n
g

 m
o
ti

o
n
, 

th
e 

co
n
tr

o
ll

er

w
il

l 
ra

m
p

 d
o
w

n
 t

o
 z

er
o
 s

p
ee

d
 a

n
d
 s

to
p
. 

It
 m

ay
 t

h
u

s

b
e 

u
se

d
 a

s 
an

 i
n
p

u
t 

fo
r 

a 
m

o
to

r 
o
v

er
h

ea
t 

se
n
so

r.

T
h
is

 i
n

p
u
t 

m
ay

 b
e 

u
se

d
 w

it
h

 a
 t

h
ir

d
 c

o
n

n
ec

to
r 

in
 t

h
e

ch
ar

g
er

 s
o

ck
et

 s
o
 t

h
at

 t
h
e 

co
n

tr
o
ll

er
 c

an
n

o
t 

st
ar

t 
u
p

w
h
en

 t
h
e 

ch
ar

g
er

 i
s 

p
lu

g
g
ed

 i
n
.

S
lo

w

F
a
s
t

In
h

ib
it

G
o

G
re

e
n

B
lu

eR
e
d

F E D C B A

F
  
S

p
a
re

E
  
S

p
a
re

D
  
S

p
a
re

  
 (

S
E

L
 p

ro
g
ra

m
m

e
r)

C
  
In

h
ib

it
  
(+

 p
ro

g
ra

m
m

e
r)

B
  
S

lo
w

  
  
(-

 p
ro

g
ra

m
m

e
r)

A
  
0

V
  
  
  

 (
In

te
rn

a
lly

 c
o

n
n
e
c
te

d
 t
o

 B
-)

5
.5

P
a
rk

in
g

 B
ra

k
e

S
o
m

e 
m

o
to

rs
 a

re
 f

it
te

d
 w

it
h
 a

n
 e

le
ct

ro
m

ag
n
et

ic
 b

ra
k

e

to
 l

o
ck

 t
h
e 

m
o
to

r 
sh

af
t 

o
n
ce

 i
t 

h
as

 s
to

p
p

ed
. 

T
h

is
 i

s

co
m

m
o
n
ly

 
u

se
d

 
o

n
 
m

o
b

il
it

y
 
v
eh

ic
le

s 
as

 
a 

p
ar

k
in

g

b
ra

k
e.

 
T

h
e 

b
ra

k
e 

is
 

re
le

as
ed

 
b

y
 

th
e 

co
n
tr

o
ll

er

ap
p

ly
in

g
 

th
e 

b
at

te
ry

 
v
o

lt
ag

e 
to

 
it

 
w

h
en

 
d
ri

v
e 

is

en
g

ag
ed

.

S
u
ch

 a
 b

ra
k

e 
ca

n
 b

e 
co

n
n

ec
te

d
 t

o
 t

h
e 

B
 c

o
n
n
ec

to
r 

as

sh
o
w

n
 i

n
 d

ia
g
ra

m
 b

el
o
w

 (
an

d
 o

n
 p

ag
e 

5
).

T
h
e 

b
ra

k
e 

m
u

st
 

n
o
t 

d
ra

w
 

m
o
re

 
th

an
 

1
A

, 
o
r 

th
e

co
n

tr
o
ll

er
 w

il
l 

sh
u
t 

d
o
w

n
. 

B
e 

p
ar

ti
cu

la
rl

y
 c

ar
ef

u
l 

to

ch
ec

k
 t

h
e 

b
ra

k
e 

w
ir

in
g
 -

 e
sp

ec
ia

ll
y
 a

t 
4
8

v
 s

in
ce

 a

sh
o
rt

ed
 b

ra
k
e 

co
il

 c
o

u
ld

 d
es

tr
o
y

 t
h
e 

co
n
tr

o
ll

er
. 

T
h
e 

co
n

tr
o
ll

er
 

d
o
es

 
n

o
t 

d
et

ec
t 

an
 

o
p

en
-c

ir
cu

it

p
ar

k
in

g
 b

ra
k

e 
so

 t
h
is

 m
ay

 b
e 

le
ft

 d
is

co
n
n

ec
te

d
 i

f 
a

b
ra

k
e 

is
 n

o
t 

fi
tt

ed
.

A
 3

rd
 p

in
 (

C
) 

is
 p

re
se

n
t:

 t
h
is

is
 

in
te

rn
al

ly
 

co
n

n
ec

te
d
 

to

b
at

te
ry

 -
v
e 

an
d

 m
ay

 b
e 

u
se

d

to
 w

ir
e 

a 
3
 p

o
si

ti
o
n
 s

w
it

ch
  

as

sh
o
w

 i
n
se

t.

B
-

M
-

B
+

M
+

A
A

B
B

C
C

ABC

T
o
 b

ra
k
e

R
e
le

a
s
e

B
ra

k
e

N
o
rm

a
l

1



P
ag

e 1
2

P
ro

-1
5
0

 co
n

tro
ller in

stru
ctio

n
s

6
O

p
e

ra
tio

n

S
w

itc
h

in
g

 O
n

W
h

en
 y

o
u
 tu

rn
 o

n
 th

e ig
n
itio

n
 to

 start th
e co

n
tro

ller

u
p

. it p
erfo

rm
s a n

u
m

b
er o

f  sy
stem

 safety
 ch

eck
s.

D
u
rin

g
 

th
is 

p
erio

d
 

y
o
u
 

m
ay

 
h
ear 

th
e 

th
ree 

relay
s

click
in

g
 an

d
 th

e d
isp

lay
 m

ay
 sh

o
w

 a seq
u

en
ce - su

ch

as C
0
, C

1
, C

2
, C

3
. C

4
, C

5
 - as it 

p
erfo

rm
s th

ese

ch
eck

s. 
H

o
w

ev
er, 

th
is 

ch
eck

in
g
 

is 
so

 
fast 

y
o
u

n
o

rm
ally

 w
o

n
't see it! If th

e d
isp

lay
 g

ets stu
ck

 o
n

 o
n

e

o
f th

ese, th
ere m

ay
 b

e a p
ro

b
lem

 an
d
 th

e d
isp

lay
 w

ill

ev
en

tu
ally

 sh
o
w

 a fau
lt n

u
m

b
er (see sectio

n
 8

.1
) an

d

th
e so

u
n
d

er w
ill b

eep
 a fau

lt co
d
e.

If all is w
ell, th

e d
isp

lay
 w

ill fin
ally

 sh
o
w

 a stead
y

n
u

m
b
er 

w
h
ich

 
is 

a 
m

easu
rem

en
t 

o
f 

th
e 

b
attery

v
o

ltag
e. T

h
e co

n
tro

ller is n
o

w
 read

y
 to

 w
o

rk
.

If th
ere is a p

ro
b
lem

 w
ith

 an
y

 o
f th

ese safety
 ch

eck
s,

th
e d

isp
lay

 w
ill flash

 a fau
lt n

u
m

b
er (o

r co
d
e), th

e

b
eep

er w
ill so

u
n
d

 a co
d

e  an
d

 th
e co

n
tro

ller w
ill n

o
t

o
p

erate.

T
w

o
 

m
o
st 

lik
ely

 
fau

lt 
th

e 
co

n
tro

ller 
m

ay
 

d
etect

d
u

rin
g
 p

o
w

er-u
p

 is:

P
o

t (o
r p

o
t w

irin
g

) fa
u

lt

If th
e co

n
tro

ller d
etects a fau

lt h
ere, it w

ill d
isp

lay
 P

t

H
ig

h
 P

o
t L

o
c

k
 O

u
t (H

P
L

O
)

If y
o
u
 d

o
 n

o
t h

av
e th

e sp
eed

 p
o
t at zero

 sp
eed

 w
h
en

y
o

u
 sw

itch
 o

n
, th

e co
n
tro

ller w
ill n

o
t o

p
erate u

n
til

y
o

u
 tu

rn
 th

e sp
eed

 to
 zero

. 

If th
e co

n
tro

ller d
etects th

e p
o

t is n
o

t at zero
 sp

eed
, it

w
ill 

d
isp

lay
 

H
L

 
(an

d
 

th
e 

so
u
n

d
er 

w
ill 

so
u
n
d

 
a

co
n

tin
u
o
u

s to
n

e) u
n
til y

o
u

 tu
rn

 th
e sp

eed
 p

o
t to

 zero

an
d

 k
eep

 it at zero
 fo

r a sh
o
rt p

erio
d
.

T
h
en

 th
e co

n
tro

ller w
ill d

isp
lay

 th
e b

attery
 v

o
ltag

e.

F
la

s
h

in
g

 n
u

m
b

e
r

O
th

er fau
lts m

ay
 o

f co
u
rse o

ccu
r an

d
 b

e d
etected

. In

th
is case th

e n
u
m

b
er d

isp
lay

ed
 w

ill flash
 to

 in
d

icate a

fau
lt h

as b
een

 fo
u

n
d
.

M
o
re in

fo
rm

atio
n
 o

n
 th

ese can
 b

e fo
u

n
d
 in

 sectio
n

8
.1

.

O
p

e
ra

tio
n

In
itially

, 
y

o
u
 
w

ill 
p
ro

b
ab

ly
 
w

an
t 

to
 
ch

eck
 
o
u

t 
th

e

o
p

eratio
n
 w

ith
 th

e d
efau

lt 'm
o

d
e'.

O
n
ce su

ccessfu
l p

o
w

er-u
p

 h
as o

ccu
rred

, p
o
t lo

ck
o
u

t

h
as 

d
isen

g
ag

ed
, 

m
o

v
e 

th
e 

th
ro

ttle 
to

 
co

n
tro

l 
th

e

sp
eed

. T
h

e fu
rth

er th
e th

ro
ttle is m

o
v

ed
, th

e h
ig

h
er

th
e sp

eed
 w

ill b
e.

If 
a 

rev
ersin

g
 

sw
itch

 
is 

u
sed

, 
o
p
erate 

th
e 

rev
erse

sw
itch

 to
 ch

o
o
se th

e req
u
ired

 m
o
to

r d
irectio

n
. 

A
cceleratio

n
 

an
d
 

d
eceleratio

n
 

rates 
are 

co
n
tro

lled

g
iv

e a sm
o
o
th

 th
ro

ttle resp
o

n
se.

If th
e th

ro
ttle is m

o
v
ed

 q
u
ick

ly
, th

e sp
eed

 ch
an

g
es

sm
o
o
th

ly
 

at 
a 

rate 
d
ep

en
d
in

g
 

o
n

 
th

e 
ram

p
 

tim
e

settin
g

s. T
h
e d

efau
lt acceleratio

n
 is 4

 seco
n

d
s to

 fu
ll

fo
rw

ard
 sp

eed
, an

d
 2

 seco
n
d
s to

 d
ecelerate fro

m
 fu

ll

fo
rw

ard
 sp

eed
 to

 zero
.

D
ifferen

t ram
p
 rates ap

p
ly

 in
 rev

erse, an
d
 fu

ll rev
erse

sp
eed

 is n
o
rm

ally
 h

alf o
f fu

ll fo
rw

ard
 sp

eed
, Y

o
u

 can

easily
 alter an

y
 o

f th
ese rates an

d
 sp

eed
s, see sectio

n

7
.2

.

D
u

a
l R

a
m

p
 re

v
e
rs

in
g

If 
th

e 
m

ach
in

e 
is 

o
p
eratin

g
 
at 

fu
ll 

sp
eed

 
an

d
 
y

o
u

ch
an

g
e 

d
irectio

n
 

(p
ro

b
ab

ly
 

b
y
 

u
sin

g
 

th
e 

d
irectio

n

sw
itch

) th
e co

n
tro

ller w
ill 

1
d
ecelerate 

to
 

zero
 

sp
eed

, 
(co

n
tro

lled
 

b
y
 

th
e

d
eceleratio

n
 ram

p
 rate)

2
p
au

se fo
r a fractio

n
 o

f a seco
n

d

3
A

ccelerate 
(u

n
d
er 

co
n
tro

l 
o

f 
th

e 
acceleratio

n

ram
p
 rate) to

 fu
ll sp

eed
 in

 th
e o

p
p

o
site d

irectio
n

T
h
is is th

erefo
re called

 'd
u

al ram
p

 rev
ersin

g
' an

d
 is

th
e m

o
st u

sefu
l p

erfo
rm

an
ce in

 m
o
st ap

p
licatio

n
s.

S
w

itc
h

in
g

 o
ff

T
u
rn

 
th

e 
ig

n
itio

n
 
sw

itch
 
o

ff 
to

 
sh

u
t 

th
e 

co
n
tro

ller

d
o

w
n
.

Y
o
u

 w
ill u

su
ally

 d
o
 th

is after th
e m

o
to

r h
as sto

p
p

ed
.

H
o
w

ev
er, if th

e ig
n
itio

n
 sw

itch
 is tu

rn
ed

 o
ff w

h
ile

th
e 

m
o
to

r 
is 

ru
n
n
in

g
, 

th
e 

d
isp

lay
 

flash
es 

an
d
 

th
e

co
n

tro
ller 

w
ill 

red
u
ce 

th
e 

m
o
to

r 
sp

eed
 

sm
o
o
th

ly

d
o

w
n
 to

 zero
 b

efo
re it sh

u
t itself d

o
w

n
.

P
ag

e 1
3

P
ro

-1
5
0

 co
n

tro
ller in

stru
ctio

n
s

7
A

lte
rin

g
 th

e
 P

e
rfo

rm
a
n

c
e

T
h
e 

P
ro

 
1
5

0
 

is 
o
p
erated

 
b
y
 

a 
b
u
ilt-in

'm
icro

-co
m

p
u

ter'. 
T

h
is 

M
icro

 
can

 
v
ery

 
easily

 
b
e

in
stru

cted
 to

 alter th
e p

erfo
rm

an
ce.

T
h
ere 

are 
tw

o
 

featu
res 

w
h
ich

 
th

e 
av

erag
e 

u
ser 

is

m
o
st lik

ely
 to

 w
ish

 alter.

M
o

d
e

. T
h
e m

icro
 h

as sev
eral d

ifferen
t 'm

o
d
es' b

u
ilt

in
, to

 g
iv

e p
erfo

rm
an

ce m
atch

ed
 to

, fo
r in

stan
ce, a

g
o

lf b
u
g
g

y
, o

r a m
in

iatu
re lo

co
.

It m
ay

 easily
 b

e sw
itch

ed
 fro

m
 o

n
e m

o
d
e to

 an
o

th
er.

In
p

u
t L

e
a
rn

: 

th
e stan

d
ard

 'd
efau

lt' p
erfo

rm
an

ce is o
p
tim

ised
 fo

r a

1
0

K
 p

o
t w

ith
 a sw

itch
 fo

r d
irectio

n
 (as sh

o
w

n
 in

 th
e

w
irin

g
 

o
n

 
p
ag

e 
7
). 

H
o
w

ev
er, 

if 
y

o
u
 

are 
u

sin
g
 

a

d
ifferen

t v
alu

e p
o

t, o
r w

ish
 to

 u
se a w

ig
-w

ay
 in

p
u
t,

o
r so

m
e o

th
er co

m
b

in
atio

n
, o

r w
ish

 to
 u

se a v
o

ltag
e

in
p
u

t 
- 

th
e 

co
n
tro

ller 
can

 
b
e 

easily
 

tau
g
h

t 
w

h
at

co
n

tro
l sy

stem
 y

o
u

 are u
sin

g
.

P
ro

g
ra

m
m

in
g

 m
e
th

o
d

.

T
h
is is a b

rief in
tro

d
u
ctio

n
: fu

ll in
stru

ctio
n
s are g

iv
en

in
 sectio

n
 7

.4

P
ro

g
ram

m
in

g
 is d

o
n
e v

ia th
e 3

 b
u
tto

n
 p

ro
g

ram
m

er

w
h
ich

 is su
p
p

lies attach
ed

 to
 th

e d
isp

lay
.

P
ro

g
ram

m
in

g
 
is 

started
 
b
y
 
tu

rn
in

g
 
o
n
 
th

e 
ig

n
itio

n

w
ith

 th
e S

E
L

 b
u

tto
n
 d

ep
ressed

.

T
h
e 

d
isp

lay
 

w
ill 

in
d

icate 
0

0
. 

to
 

sh
o
w

 
it 

is 
in

p
ro

g
ram

m
in

g
 m

o
d
e.

T
h
e 

n
u
m

b
er 

d
isp

lay
ed

 
n
o
w

 
is 

th
e 

n
u
m

b
er 

o
f 

th
e

p
aram

eter y
o

u
 w

ish
 to

 alter. Y
o
u

 can
 in

crease an
d

d
ecrease it w

ith
 +

 an
d

 - b
u

tto
n
s. 

B
e aw

are o
f th

e d
ifferen

ce b
etw

een
 th

e n
u

m
b
er o

f

th
e p

aram
eter y

o
u

 are ab
o
u

t to
 alter an

d
 th

e actu
al

v
alu

e o
f th

at p
aram

eter. W
h
en

 ch
o

o
sin

g
 a p

aram
eter

n
u

m
b
er, th

e R
H

 d
ecim

al p
o
in

t w
ill flash

 v
ery

 slo
w

ly

in
d
icatin

g
 th

at y
o
u
 are n

o
t ch

an
g
in

g
 an

y
th

in
g

 y
et, b

u
t

are sim
p

ly
 ch

o
o

sin
g
 w

h
at to

 ch
an

g
e.

W
h

eth
er ch

o
o

sin
g

 a p
aram

eter to
 alter, o

r ch
an

g
in

g

th
e v

alu
e o

f th
at p

aram
eter, th

e +
 an

d
 - b

u
tto

n
s w

ill

in
crem

en
t th

e n
u
m

b
er d

isp
lay

ed
.

P
a
ra

m
e
te

r n
u

m
b

e
r

W
h

en
 th

e rig
h

t d
ecim

al p
o

in
t is flash

in
g

, th
e +

 an
d
 -

b
u

tto
n
s w

ill alter th
e d

isp
lay

 to
 sh

o
w

 th
e p

aram
eter

n
u

m
b
ers. 

T
h
ere 

are 
1
5
 

u
ser-ad

ju
stab

le 
p
aram

eters,

0
0

-1
4

.

If th
e d

isp
lay

 is in
crem

en
ted

 ab
o
v
e 1

5
 it sh

o
w

s P
G

.

P
ressin

g
 

S
E

L
 

w
h
en

 
P

G
 

is 
sh

o
w

in
g

 
cau

ses 
th

e

m
icro

co
m

p
u
ter to

 rem
em

b
er th

e n
ew

 v
alu

es.
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u

 reach
 th

e n
u
m

b
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u
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E
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  an

d
 th

e d
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lay
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t v
alu
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h

e
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u
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n
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e d
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ew
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alu
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n
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sh
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ew

 
v
alu
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u

 
w

an
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e an
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o
u
 w
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e
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e
te
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u
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b
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o
d
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th
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p
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p
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u

 
th

e

cu
rren

t v
alu
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f th

at p
aram
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o
u
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 th
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n
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ff d
u
rin

g
 p

ro
g
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g

,

all 
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u
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an

g
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b
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fo
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o
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h

an
d
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o
u
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o
u
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n
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 th

o
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 d
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an
g
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u
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h
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 b
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est to

ch
o
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 th
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in
e u
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o
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v
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eck
 
y

o
u
 
d
id

 
ex

actly

w
h
at y

o
u

 w
an
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eith

er th
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 b
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 d
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o
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ro

p
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n
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erstan
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 w
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at y

o
u

 are d
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d
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u
 are u

sin
g

m
o
d
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(lo
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m
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eed
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t 
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th

e
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eed
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th

er m
o
d
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