Charge Regulator
Fox-i90 LCD

with discharge protection

Instruction manual



1. Description of function

The Fox-i90 with minimum charge protection system
and LCD display is a universal charge regulator for 12
and 24 volt battery systems. The following sources
can be employed in charging the system:

- Solar modules
- Wind generators
- non-regulated battery chargers

One of the primary functions of the Fox-i90 is to
monitor battery voltage and prevent damaging battery
overloading. The display informs the consumer of
every operational condition during use along with the
actual battery voltage.

If battery voltage exceeds an upper limit of 14.1 or 28.2
volts respectively, the regulator automatically limits
the flow of energy to prohibit overloading and
subsequentdamage.

Every time when the system is in charging condition
the green (or yellow) LED lights up.

If the battery voltage goes below the lower limits of
10.5 V or 21.0 V respectively, the regulator will
automatically limit the energy flow to consumers and
the red LED will light up.

As soon as the voltage again climbs to 12 V, the
consumer limitation will be suspended. The consumer
energy will automatically be restarted and the red LED
willgoout.

The system user can also independantly restart the
consumer energy for short time periods by
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Appendix B
Parallel switches for wiring in order to use of several

Solar module

LS

Example:

3 Solar modules
SunWare 50/1
Capacity 50 watts
U getnes 16.7 volts
|defmed 30 A

NOTE:

When using parallel switches, either all positive
or all negative wires should be clamped toget-
her. Thereby, the voltage remains constant but
the energy levelincreases.

This is signified by the following formulas:

3x3.0A(ly) = 9.0 Atotal energy
3x3.0Ax16.7V (U, = 150 peak watts

- Appendix -

2. Installation Guide

The regulator should be placed in an upright position
where it can be easily visually monitored.

The operating condition of the system is continually
indicated through the application of the LCD indicator
and integrated red and green LED lamps.

Consideration must be taken to assure that adequate air
circulation exists between the wall and cooling body.
During periods of extensive charging, the cooling body
can become noticeably warm.

Internal the regulator is protected against abnormal
temperaturs and short circuit conditions. When
neccessary, the regulator can shut the charging process
down to prevent damage due to overheating.

2.1 Electrical Connections

The charge regulator can be installed at any point in the
wiring between the solar modules and battery.

When more than one module is to be connected to the
regulator, it is reccommended to use a distributor so-
cket. From that point on, one single connection can be
utilized.

correctly connecting cables with the

@ During installation great care must be taken in
corresponding polarity. The poles are color-

red or brown = positive (+)
blue = negative (-)
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Appendix A

Cable diameters specifications
Cable between Solar module, Regulator and Battery
(calculated energy loss < 1% at 12 volts)

cable length maximal module current

1A BA A 12 A 15 A 25A
-2m 03 |09 ] 1835 |44 |75
-4m 0,6 18 | 35 (70 [88 150

-6m 09 | 26 | 53 [106 182 220
-10m 16 | 44 | 88 |17,6 20 37,0
55,0

“15m__ |22 | 66 132 [265 B3,0
“25m |37 |11,0 [22,0 [44.0 |-
“50m |75 [220 [440 [~ |- &

Cable between regulator and user
(calculated energy loss < 3% at 12 volt)

cable length  max. user current

1A BA 6A 12A 15A 25A
-2m 01 03[ 0612 |15 |25
-4m 02 1061|1224 |29 [49
-6m 0,3 10 [ 18135 [ 44 |75
-10m 05 15130160 [75 {125
-16m 07 | 22| 44|88 |110 (183
-25m 12 | 37 | 75 [148 [183 B0,5 o SRR —— :
-50m 25 75 [148 805 | - |- Make note of cooling body, the 4 attachment holes

Cable diameters are given in mm?. When using a 24 volt and the clamping strip for electrical connections.

device, use cable with half the diameter as listed above.
Please consider these recommen-

FOX-i90

- Appendix A - -5- FOE D404

06!-XO4



FOX-i90

[D 6.Circuit board adjustment

Please refer to the basic plan for further information on
the positioning of the DIP-switch, potentiometer and
connecting socket. The endpoint charge voltage can be
adjusted with potentiometer 1 and the minimum charge
threshold can be adjusted with potentiometer 2.

Adjustment diagram: Placement plan functional

12V 24V placement for 12 V version
8’I\1F’ 1 8II\JP 1 P

il il
Temperature control BP<
without with o

EN|P1 ?Nww —_— M
Shunt

‘ o
Time delay for

o
o

Discharge- protection M
o —

on
Reset

DIP 1 DIP 1 . ]
| wirebridge |

Paired DIP- switch must always be set as
follows: 1 = off 2=o0n

-14 -

1. Clamp B(+) to battery pole (+) connection

2. Clamp B(-) to battery pole (-) connection

3. Clamp S(+) to Solar module (+) connection

4. Clamp S(-) to Solar module (-) connection
both clamps S(-) are equal !

Solarmodules FOX-i90

VS

- + - +
[®]
%) @
3| @’@“@’@“‘ I
- + Rle sriss ]
Series connections
(see appendix B) <l — i
12V battery +12V battery
=24V battery system

Your dealer can convert the Fox-i90 from
12 to 24 volts or visa-versa.
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06!-XO4



Voltage
indicator

Reason/Remedy

less than 10,5 V - Battery completely empty, all

users must be switched off,
battery must be re-charged

10,5t0 11,5V - Battery very low, reduce

user-consumption

11,510 12,2 V - Normal condition for function of

12 volt device when users are
switched on

12,210 12,5V - Well-charged battery
12,5V to 12,8 V - Battery fully-charged, no user

connected

12,8 Vto 14,2 V - This condition reached by only

during the loading process

> 14,4V - Charging limitation defect! or

current
indicator

secondary charging source

Reason/Remedy

-0,1-0,1 A - no energy flow, possible cable

break? not enough sunlight?

0,1 -1 A - normal charging level under a

cloudy sky or while the module is
partially switched off

1-7?? A - charging energy during sunshine

is directly dependent on height
and Solar module size

2.5 Operational control

Overloading protection

When all cables are correctly wired and sufficient char-
ging current is being fed into the battery, the green LED
on the front panel should be lit up. Conversely, when no
charging current is flowing (e.g. at night), the green LED
should be out.

Discharge protection

After the device is plugged in, the red LED can inadver-
tently become lit. The LED should go out after the battery
voltage exceeds 12 volts. Ifthe red LED remains lit for lon-
gerthan 15 seconds, depress the reset button.

The LED should then go out. If the red LED lights up
again, the battery voltage must be lower than 10.5 V. As
soon as the battery is fully-recharged, the red LED
should go out. To recharge the battery quickly you can
also use an external charging system.

The regulator should be treated differently than as is sta-
ted above. Refer to the following section entitled "Trou-
bleshooting" for further instructions.

-9- FOE_D406
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FOX-i90 LCD charge regulator
with digital display
and discharge protection
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Please note the LCD indicator with toggle switch
(voltage/current) above, the green (or yellow) and red
LCD below it and the 4 attachment holes.

FOE_D408




FOX-i90

Digital display

After the overloading and minimum charge protection
systems have been checked, the digital indicators
should also be checked.

With the given display and alternating switch, the user
can chose to monitor either voltage or currentindicators.
The indicator uses minimal power and can therefore be
continually in use.

When the switch is turned to "voltage", the display will gi-
ve a reading in voltage from 10.0 (20.0) to 14.0 (28.0).
That reading is the actual voltage. The voltage also gives
you information about the charging condition of the bat-
tery. Please refer to the section "What do the indicators
tellus?" for further information.

When the switch is turned to "current', the display rea-
dings will be between -0.1 and 20.0 amperes. Negative
values can appear spurious.

Ideally, the value should never fall under -0.5 A. The indi-
cated value is the charging energy from the Solar modu-
le going into the battery.

The discharge energy between the battery and user can-
not be indicated.

When the actual charging current is multiplied by the ac-
tual battery voltage, the resulting value is the loading po-
wer. This power will only seldom reach the full capacity of
the module. This is completely normal for solar collec-
tions systems in connection with battery systems. Onthe
mostideally sunny day, the charging capacity may reach
approx. 70- 80% of full capacity.

-10 -

Problem Possible Reasons and/or Remedies

green LED not - insufficient daylight(e.g.cloudy
lit winter day) or assembly is indoors
or in workshop
- are all Fox-90 poles correctly
connected?
- is power supply from regulator cut
off?

- is power supply from regulator to
battery cut off?

- battery is being charged by
secondary charger

- Fox-90 12 volt is installed as 24 volt

- module or regulator defect

- panels delivering no energy (panel
energy drain voltage lower than

green LED - Solar modul include blocking diode
continually lit - Solar module is lit up by external

green LED lit - shaky contact to supply source
only - battery periodically charged by

red LED never - Battery discharged

off - battery cable not appropriately
connected
red LED - high consumption-user is

blinking frequently turned on and off
- battery defect

- load for battery to big

11 - FOE_D409
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FOX-i90

g

2.4. Consumer connections at 12/24 V

1. Clamp B(+) to battery (+) connection

2. Clamp B(-) to battery (-) connection

3. Clamp load(+) to Consumer (+) connection
4. Clamp load(-) to Consumer (-) connection

both S(-) clamp are equal

consumer

FOX-i90
12V/24V
[ J 12 volt Fusebox or
distributor cap
EZi ‘@’@“ @’@" @33
‘V v v v
S[B BL|S S Lasl.U

I+

Battery system
12V/24V -

Ground or
Bodywork

The Consumer connection should be plugged into
either the load (+) connection The Consumers (-) can

connect into the common ground.

-8-

Laderegler

System voltage: 12V /24 V per DIP-Schalter
max. charge current: 12 A
max. modul power:

bei 12 Volt 200 Watt
bei 24 Volt 400 Watt
discharge protection
consumers off 10,5V, red LED on

consumers on agai 12,0V, red LED off
max. consumer
current 16 amperes continue

power consumption: < 3,5 mA
voltage lost 0to 0,6 V depends on current
working condition -25 Cto 50 C,
(excluding dew)
saftey precautio
from the charge depolarization protection
regulator overheating protection
overloading protection
regulator automatically shuts
itelf on again until appropriate
operational conditions
type of regulation:  series regulator
constant voltage
pulse wide modulation

Display
range - 8- 50 volts

- +20 amps (charging)
max. continue current

-13 - FOE D410
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FOX-i90

2.2. Solar module connections at 12 V

1. Clamp B(+) to battery pole (4) connection
2. Clamp B(-) to battery pole (-) connection

3. Clamp S(+) to Solar module (+) connection
4. Clamp S(-) to Solar module (-) connection

both clamp S(-) are equivalent !
Solar module

/ FOX-i90
12 Volt

@J||@3|ad| |@BT
vilv|vw vy

S‘B BL|S S Lsjillu
H+ - - - -+

Parallel switches
(see appendix A)

Battery

Your dealer can convert the Fox-90 from
12 to 24 volt or visa-versa.

_6-

The relays for the minimum charge protection system
are implemented as single-pole switches. When the red
LED is out, contact exists between the middle clamp and
load (+).

Conversely, when the red LED is lit, contact exists
between the middle clamp and "U".

When the wire bridge is disconnected from the middle
contact to B (+), the relays can also be used as potential
free switches. In using the minimum charge threshold
monitor, many other varied uses are made possible.

The Hysterese for the minimum charge protection
system s continuously setat 1.5 volts.

The IC connector CON 1 which offers 8 connecting
ports can be used to expand capacity as

well as to guide an external digital indicator capable of
monitoring charging energy and

battery voltage. An external temperature control
mechanism for monitoring

Socket covers for CON 1

1=B(+)

2=B()

3 =shuntB ()

4 =s()

5 = open

6 = C sensor

7 = external MOS-FET's

-15- FOE D411
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FOX-i90

Making the correct choice when chosing cable diameter
depends upon the cable length neccessary and the level
of charging current employed.

Please take special care when referring to the tables in
appendix A from this guide. Make sure that all wires are
well laid out. They must be smooth and even- without
and bumps or kinks! Cable laid near moveable parts e.g.
the motor compartment, should be given special
attention.

Those cables should be permanently fastened down.
Ducttapeis not appropriate!

The wiring from the regulator to the battery should be
clamped down directly onto the battery pole, when
possible!

The charge regulator is not in any way hindered by either
user-energy consumption or any other devices (e.g. the
alternator) connectedtoiit.

Please take into consideration that all energy consuming
devices monitored by the minimum charge protection
system should also be plugged into the Fox-i90.

This is very important for users that have the tendency to
forget to switch the system off when itis not in use. Such

consumers such as, capstans or starters that the
charge regulator should never be connected to

[D Take caution when using high demand energy
theregulator.

-4 -

Appendix B

Series connectors for wiring in order to use several 12
volt devices or for use in a 24 volt system.

Solar modules used as an example

@ @

o | @
e o

(%) © Cable to the

—_—

@ The modules must alwys be connected in pairsin

arow inthe following order:
The "+"from the first connected with the "-" of the
second modul. Voltage is thereby doubled while
the current level remains constant. This is signi-
fied by the following formulas:
2pairx3.0A (l) =6.0Atotal current
2x(3.0A(2x16.7V)) = 200 peak watts

- Anhang B - FOE D412
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