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About This Guide

Purpose

Scope

The purpose of this Guide isto provide explanations and
procedures for installing, operating, maintaining, and
troubleshooting the C-Series Multifunction DC Controller.

This Guide provides safety guidelines, detailed planning and
setup information, procedures for installing the inverter, as
well asinformation about operating and troubleshooting the
unit. It does not provide details about particular brands of
batteries. You need to consult individual battery
manufacturers for this information.

Audience

This Guide isintended for anyone who needsto install and
operate the C-Series Multifunction DC Controller. Installers
should be certified technicians or electricians.

Organization

This Guide is organized into four chapters and three
appendices.

Chapter 1 describes features and functions of the C-Series
Multifunction DC Controller.



About This Guide

Chapter 2 contains information and procedures to install
C-Series Multifunction DC Controller.

Chapter 3 contains information about the operation of a
C-Series Multifunction DC Controller.

Chapter 4, “ Troubleshooting” contains information about
identifying and resolving possible problems with systems
using a C-Series Multifunction DC Controller.

Appendix A, “Specifications’ provide the specifications for
the C-Series Multifunction DC Controller.

Appendix B, “Batteries’ describes types of batteries.

Appendix C, “Diversion Loads’ provides additional
information about Diversion Loads.

Conventions Used

The following conventions are used in this guide.

WARNING

Warningsidentify conditions that could result in personal injury or
loss of life.

CAUTION

Cautionsidentify conditions or practices that could result in
damage to the unit or to other equipment.

Important: These notes describe an important action item or
an item that you must pay attention to.
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About This Guide

Abbreviations and Acronyms

ASC Authorized Service Center
BTS Battery Temperature Sensor
CM C-Series Meter

CM/R C-Series Meter - Remote
DC Direct Current

LCD Liquid Crystal Display
LED Light Emitting Diode

LVD Low Voltage Disconnect
LVR Low Voltage Reconnect

RE Renewable Energy
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Important Safety Instructions

WARNING

This manual contains important safety instructions that should be
followed during theinstallation and maintenance of this product. Be
sure to read, understand, and save these safety instructions.

General Safety Instructions

« All electrical work must be done in accordance with
local, national, and/or international e ectrical codes.

» Beforeinstalling or using thisdevice, read al instructions
and cautionary markingslocated in (or on) this guide, the
controller, the batteries, PV array, and any other
equipment used.

e Thisproduct is designed for indoor mounting only. Do
not expose this unit to rain, snow or liquids of any type.
In outdoor installations, the C-Series controller must be
installed in arainproof enclosure to eliminate exposure to
rain or water-spray.

* To reducethe chance of short-circuits, use insulated tools
when installing or working with the inverter, the
controller, the batteries, or any DC source (e.g., PV,
hydro, or wind).

* Removeall jewelry. Thiswill greatly reduce the chance
of accidental exposureto live circuits.

e The controller contains more than one live circuit
(batteries and PV array, wind, or hydro). Power may be
present at more than one source.

« This product contains no user serviceable parts. Do not
attempt to repair this unit unless fully qualified.

975-0004-01-02 Rev D



Safety

Battery Safety Information

» Alwayswear eye protection, such as safety glasses, when
working with batteries.

* Remove all jewelry before working with batteries.

* Never work alone. Have someone assist you with the
installation or be close enough to come to your aid when
working with batteries.

e Always use proper lifting techniques when handling
batteries.

» Alwaysuseidentical types of batteries.

* Neverinstal old or untested batteries. Check each
battery’s date code or label to ensure age and type.

» Batteries should beinstalled in awell-vented area to
prevent the possible buildup of explosive gasses. If the
batteries are installed inside an enclosure, vent its highest
point to the outdoors.

e When ingtalling batteries, allow at least 1 inch of air
space between batteries to promote cooling and
ventilation.

 NEVER smoke in the vicinity of a battery or generator.

* Always connect the batteries first, then connect the
cables to the inverter or controller. Thiswill greatly
reduce the chance of spark in the vicinity of the batteries.

e Useinsulated tools when working with batteries.

»  When connecting batteries, always verify proper voltage
and polarity.

» Do not short-circuit battery cables. Fire or explosion can
occur.

* Inthe event of exposure to battery electrolyte, wash the
areawith soap and water. If acid enters the eyes, flood
them with running cold water for at least 15 minutes and
get immediate medical attention.

e Alwaysrecycle old batteries. Contact your local
recycling center for proper disposal information.

975-0004-01-02 Rev D



Battery Safety Information

CAUTION:

A battery can produce the following hazards to personal safety:

» electrical shock,

« burn from high-short-circuit current, and/or

« fireor explosion from vented gasses.

Observe proper precautions when working with or around batteries.

975-0004-01-02 Rev D
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Introduction

Chapter 1 describes features and functions of the
C-Series Multifunction DC Controller.

For information on: See:
“Features’ page 2
“Operating Modes” page 3
“Controller Functions’ page 7
“Optional Accessories’ page 12



Introduction

Features

The C35/C40/C60 (C-Series) controllers can be used with
12-volt, 24-voalt, or 48-volt DC systems (depending upon
model) as Charge Controller or aLoad Controller.

.............................
HEER IR sse aeseli b
.................

[~ o le @ ™ @

Cc35 c40 C60

Figure 1-1 C-Series Multifunction DC Charge Controllers

Numerous features are provided standard to maximize the
performance of the system:

Solid-state Pulse Width Modulated (PWM) charging
process with three-stage control, temperature
compensation, and manual or automatic equalization to
maximize system performance and increase battery life.

Multi color LED with easy to read mode/status label.

Electronic overload and short-circuit protection with
automatic and manual reset capability increases the
reliability of unattended systems by eliminating blown
fuses and tripped circuit breakers.

Adjustment of charge setpointsis provided by rotary
controls (potentiometers) with removable knobs.
Calibrated scales and test points allow precise
adjustments of settings.

Over-temperature protection for the electronic circuitry
when used in hot environments (over 113 °F/45 °C).
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Operating Modes

» Indoor-type, powder-coated enclosure, for wall
mounting.

» Conformal-coated circuit boards, plated terminals,
powder-coated metal components, and stainless steel
fasteners improves tolerance to hostile environments.

* MeetsNational Electrical Code (NEC) and other
international controller specifications.

 The C35, C40 and C60 models are UL listed to the
U.S. UL Standard 1741 (1st edition), and Canada
(CSA-C22.2 No. 107.1-95).

*  2-year limited warranty.

Operating Modes

The DC controller isacritical component in any solar, wind
or hydro power generation system and protects the batteries
from over-discharge and over-charge conditions. The
C-Series has two operating modes (Charge Control mode and
Load Control mode determined by the Operating mode
jumper (See Figure 2-5). These two different operating
modes allow the C-Seriesto be installed and function as three
different DC controllers.

e ChargeControl Mode
* PV Charge Controller - controls charging in PV
installations.

* Diversion Controller —used in PV, wind, or hydro
installations to divert any excess energy to adiversion
load and in the case of awind or hydro generator, helps
to prevent over-spin damage.

e« Load Control Mode

 Load Controller - prevents damage to the battery from
over-discharge during periods of poor charging or
excessive |oads.

975-0004-01-02 Rev D 3



Introduction

Important: The C-Series controller cannot operate in more
than one function at the same time. If several functions are
required in a system, a dedicated controller must be used for each
function.

Charge Control Mode

In the Charge Control mode, the C-Series controls how the
batteries are charged by the DC source (solar, wind, or
hydro). It uses a 3-stage charging protocol to maintain battery
voltage at bulk and/or float levels.

When charging, the C-Series controller monitors the batteries
and depending on how it iswired will regulate the PV current
(asaPV Charge Controller) or divert excess energy from PV,
hydro, or wind to a DC load (as a Diversion Controller) and
allows the battery to charge according to user-defined
settings based on the amount of DC power available.

When the C-Series operates in the Charge Control mode, it
provides:
» three-stage charging of battery voltage,

e automatic temperature compensation (if the BTSisused),
and

e automatic or manual equalization charging.

Three-Stage Battery Charging

The three-stage charging process results in faster charging
compared to on-off relay type or constant voltage solid-state
regulators. Faster recharging increases the performance of the
system by storing more of the PV array’s limited output. The
fina float voltage setting reduces battery gassing, minimizes
watering reguirements and ensures compl ete battery
recharging. The C-Series will use this protocol in either PV
Charge Control mode or in Diversion Control mode. It does
not charge the batteries when in Load Control mode. Battery
voltage and current vary during the three-stage charging
process as follows.

975-0004-01-02 Rev D



Bulk Stage

Operating Modes

During this stage, the batteries are charged at the bulk voltage
setting and maximum current output of the DC source. When
the battery voltage reaches the bulk voltage setting, the
controller activates the next stage (absorption).

Absorption Stage

During this stage, the voltage of the battery is held at the bulk
voltage setting until an internal timer has accumul ated one
hour. Current gradually declines as the battery capacity is
reached.

Float Stage

During this stage, the voltage of the battery isheld at the float
voltage setting. Full current can be provided to the loads
connected to the battery during the float stage from the PV
array. When battery voltage drops below the float setting for
acumulative period of one hour, anew bulk cycle will be

Bulk Stage Absorption Stage Float Stage
Charging Bulk Volts Setting
Started > -t >
Absorption Time Float Volts Setting
DC Voltage Increasing Voltage Constant Voltage Reduced Voltage
0 volts
Max Amps \
DC Current Constant Current Reducing Current Reduced Current
0 amps
Time »

Figure 1-2 3-stage Battery Charging Process
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Introduction

Battery Temperature Compensation

The optional Battery Temperature Sensor (BTS)
automatically adjusts the charging process of the C-Series
controller. With the BTS installed, the C-Series will increase
or decrease the battery charging voltage depending on the
temperature of the battery to optimize the charge to the
battery and maintain optimal performance of the battery.

If not using the BTS, the voltage settings for charging will
need to be adjusted based on the temperature of the
environment around the batteries and on the type of batteries
being used.

See " Temperature Compensation” on page 33 for information
on how to set the voltage.

Manual or Auto Equalization Charge

The C-Series controller can be used to manually or
automatically provide the battery bank with an equalize
charge. Factory default setting isfor MANUAL Equalization
charging. Be sure to be familiar with all the cautions and
warnings concerning egualization charging batteries or
damage to batteries can occur.

Load Control Mode

In the Load Control mode, the C-Series controls when to
remove aload or loads from the system when an
over-discharge or over-load situation occurs. The C-Series
controller uses the user-adjustable setpoints to determine
when to connect or reconnect loads depending on battery
voltage. A load controller prevents damage to the battery
from over-discharge during periods of poor weather or
excessive loads. The unit does not charge the batteries when
in this function.

6 975-0004-01-02 Rev D



Controller Functions

Controller Functions

The C-Series can be configured to function as three different
controllers:

e PV Charge Controller (Charge Control mode)
» Diversion Controller (Charge Control mode)
* Load Controller (Load Control mode)

Photovoltaic Charge Controller

The C-Series controller can operate as a Photovoltaic Charge
Controller, also caled a“seriesregulator”. Depending on the
model, the controller can regulate up to 60 amps of
continuous photovoltaic (PV) array current at 12 or 24 volts
(C60 or C35 models), or 12-, 24- or 48-volts DC (C40 model)
for charging batteries. Thisrating includes the NEC required

derating.
S
03 tH : S e ~
L | Cr oie B = =
) C-Series % | *—;___--’G L ,---""-
Multifunction —— L=

DC Controller S ’___’_.."

PV Array xasiren Charpom ot
®

®

Figure 1-3 PV Charge Controller

If the PV array’s output increases above the rated amp level
due to reflection or “edge of cloud effect,” the controller will
continue to operate until the heatsink reaches a maximum
safe operating temperature. Thiswill take several minutes to
occur, depending upon the ambient temperature involved.
When the heatsink reaches the maximum safe temperature,
the controller will reduce the current, cooling the transistors
and the heatsink.
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Introduction

If the current from the PV array reaches 85 amps, the
controller will turn off to protect the circuitry. In the event of
a shutdown, the controller automatically resets itself after

10 minutes (if overcurrent condition is no longer present).

See " Operating Mode Jumper” on page 20 for information on
configuring this function.

Automatic PV Array Night Disconnect

When using PV Charge Control mode, the PV array is
automatically disconnected from the battery at night to
prevent reverse leakage of power. This eliminates the need
for ablocking diode between the battery and the PV array. If
thin-film or amorphous solar modules are being used, diodes
may still be required to prevent damage from partial shading
conditions.

Check the documentation provided with the PV modules.

Diversion Controller

The C-Series controller can operate asaDiversion Controller,
also called ashunt regulator, to manage battery charging from
aternative energy sources such as PV, wind or hydroelectric
generators. A diversion controller monitors battery voltage
and, when the voltage exceeds the settings for your charge
stage (whether bulk or float), the power is diverted from the
source (solar, wind, or hydro generator) to a“dump” load
which will dissipate the excess power into heat.

When used for this purpose, the C-Series controller varies an
amount of battery voltageto a“dump load” in order to
redirect the excess power generated from over-charging the
batteries. This alows the charging source to remain under
constant load to prevent an over-speed condition which could
occur if the charging source is suddenly disconnected from
the battery—as series regulators do.

Consult your dealer for recommendations on diversion load
type and regulator size.

8 975-0004-01-02 Rev D



Controller Functions

Solar

I ’} Diversion
oo wee| | Load
C-Series —|

Multifunction
DC Controlier

Hydro

Figure 1-4 Diversion Controller
Diversion Loads

Diversion control requires a separate “dump” load to regulate
the battery. Thisload must be able to absorb more power than
the charging source is able to produce at its peak output, or
the DC voltage will become unregulated. The dump load
must be available for the diversion of power at all times.

Resistive-type heating elements are the best diversion loads.
Special direct-current water heating elements are available.
Light bulbs and motors are not recommended as diversion
loads because they are unreliable. A diversion load that draws
about 25% more current than the charging source’s maximum
output capability isusually suitable for use with the C-Series
controller.

See Appendix C, “Diversion Loads’ for additional
information on types of diversion loads.

See " Operating Mode Jumper” on page 20 for instructions on
enabling this mode.

975-0004-01-02 Rev D 9



Introduction

Important: If PV arrays are used with diversion control, it
may be necessary to install diodes to prevent night-time
back-feed. If in doubt, contact or consult with your local
renewable energy expert.

Important: If using multiple RE sources, use diodes/isolation
to prevent backfeed.

CAUTION: Damage to Batteries

Current draw of the diversion load is very important. Problems may
arise from operating with aload that istoo small or too large. A
diversion load that istoo small will not be able to absorb all the
excess power from the current source once the batteries are full
allowing batteries to overcharge.

Diversion loads in excess of the controller’s rating are capable of
absorbing more power than the C-Series controller is designed to
handle, resulting in an over-current shut down. During thistime, the
unit will not regulate electrical flow in the system and battery
damage may resullt.

Load Controller

10

The C-Series controller can operate as aLow Voltage
Disconnect (LVD) for DC loads to prevent over-discharge to
batteries during periods of poor charging or excessive loads.
The C-Series controller uses the user-adjustable setpoints to
determine when to disconnect or reconnect loads depending
on battery voltage.

When used as a DC load controller, the settings of the LVR
and LV D are controlled by two rotary potentiometers (also
called pots) on the circuit board.

The scale on the adjustment potentiometers differ from the
scale used for other functions. A decal with the appropriate
adjustment scale is included with the C-Series. To apply the
decal, gently pull off the knobs of the potentiometers and
place this decal on the circuit board. After the decal isin
place, replace the knobs. The EQ jumper determines manual
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Controller Functions

or automatic reconnect when the C-Seriesis used as aload
controller. Do not use this decal if using the C-Series
controller asaPV Charge Controller or Diversion Controller.

Low Voltage Disconnect

When configured as aload controller, the C-Series controller
will disconnect the load from the batterieswhen it reachesthe
LVD setting. There will be a 6-minute delay after the voltage
drops below the Low Voltage Disconnect (LVD) setting
before the controller actually disconnects the load.

Low Voltage Reconnect

It can also provide automatic reconnection of the loads at the
LVR (Low Voltage Reconnect) setting. Reconnection of the
load is allowed once the battery voltage has exceeded the
Low Voltage Reconnect (LVR) setting.

Loads are either automatically or manually reconnected when
battery voltage exceeds the Low Voltage Reconnect (LVR)
setting for 6 minutes.

See “Operating Mode Jumper” on page 20 for instructionson
enabling this mode.

- > — F-. | |
e, =] 3
| M‘T- - T“:;“"/ | } C-Series -1 DC Load
| \‘\Jf’/—"l 4 Multifunction |
g L S DC Controller
=1 ="

| == ey

@ ®

Figure 1-5 Load Controller

Important: When using the DC Load Control mode:
« Do not temperature-compensate these settings.
» Do not install the optional battery temperature
compensation sensor.
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Potentiometer knobs —

Attach decal over

potentiometers for

Load Control
Settings

Figure 1-6 Decal Displaying Load Control Voltage Settings

Optional Accessories

The follow accessories can be purchased for use with the
C-Series Multifunction DC Controller:

Display Meters. The CM faceplate or CM/R remote
display provide adigital display for monitoring the
C-Series controller's operation. The CM faceplate
attaches directly to the front of the C-Series controller.
The CM/R isintended for remote applications. These
meters provide a digital display of current, voltage,
amperage, and amp hours.

Battery Temperature Sensor (BTS): TheBTSis
installed on the side of the battery and attaches to the
circuit board inside the C-Series controller. It provides
accurate sensing of the battery temperature and uses this
reading to control charging. Using this accessory can
extend battery life and improve overall charging.

BTS

CM/R CM

Figure 1-7 Optional Accessories - CM/R, CM, and BTS

12
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Installation

Chapter 2 containsinformation and proceduresto install
C-Series Multifunction DC Controller.

For information on: See:

“Pre-Installation” page 14
“Mounting the Controller” page 16
“Configuring the C-Series Controller” page 18
“Adjusting the C-Series Voltage Settings’ page 22
“Grounding” page 37
“Wiring” page 38
“Installing Optional Accessories’ page 50
“Installing the Battery Temperature Sensor” page 51




Installation

Pre-Installation

The instructions that follow are applicable to the typical
installation. For special applications, consult a qualified
electrician or your Xantrex Certified Dealer. Installation
procedures will vary according to your specific application.

Important: Installations should meet all local codes and
standards. Installations of this equipment should only be
performed by skilled personnel such as qualified electricians and
Certified Renewable Energy (RE) System Installers.

Removing the Top Cover

Access the inside of the controller by removing the four
phillips screws (#10-32 x 3/8" SMS screws) on the front
cover of the unit.

Remove these
phillips screws (x4)
from the front cover
to access the inside
of the controller.

Figure 2-1 Removing the Front Cover
Removing Knockouts

Six dual-knockouts are provided to accommodate the
necessary wiring of the C-Series controller. Be sure to
remove any metal shavings created by removing the
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Pre-Installation

knockouts before making any wiring connections. It is also
recommended to use bushings or conduits to protect the
wiring from damage from rough edges in the knockout holes.

Heatsink not Keyhole Slots for
included on C35 mounting
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@ This distance varies per model:
C35 = 3/8"
C40, C60 = 5/8"

@ Ysand 1"

Dual-Knockouts (x4)
(1 on each side and 2 on the bottom of chassis)

Figure 2-2 C-Series Dimensions and Knockout Locations (Not to Scale)
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Installation

Mounting the Controller

16

The C-Series controller is designed for indoor mounting.
Care should be taken in selecting alocation and when
mounting the enclosure. Avoid mounting it in direct sunlight
to prevent heating of the enclosure. The enclosure should be
mounted vertically on awall.

In outdoor install ations, the C-Series controller must be
installed in arainproof enclosure to eliminate exposure to
rain, mist or water-spray.

CAUTION: Damage to C-Series Controller

Install the C-Series controller in adry, protected location away
from sources of high temperature, moisture, and vibration.
Exposure to saltwater is particularly destructive. Corrosion isnot
covered by the warranty.

To mount the C-Series controller:
1. Remove the faceplate on the controller.

2. Placethe controller on the desired mounting surface and
mark the location of the keyhole slots on the wall.

3. Movethe controller out of the way, and secure two
mounting screws in the locations marked. Leave the
screw heads backed out approximately %2 inch (6 mm)
or less.

4. Placethe controller onto the screws and pull it down into
the keyhole slots.

5. Then insert the two more screws in two of the four
additional mounting holes provided to secure the
enclosure onto the wall.

6. Provide either strain-relief clamps or conduit to prevent
damage to the circuit board and terminal block from
pulling on the wires.
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Pre-Installation

é WARNING: Explosion/Corrosion Hazard

Do not locate the C-Series controller in a sealed compartment with
the batteries. Batteries can vent hydrogen-sulfide gas, which is
corrosive to el ectronic equipment. Batteries also generate hydrogen
and oxygen gas that can explode when exposed to a spark.

If using “sealed” batteries, the controller can be mounted in
the same enclosure as long as it is adequately ventilated.

Place keyhole slots on the back of the
controller over the mounting screws.

Approximately

N\/M Yainch
V4
jﬁ ,

Mounting
Screws

A W?

Mounting Surface

Secure in place with
2 more screws.

Figure 2-3 Mounting the C-Series Multifunction DC Controller
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Installation

Configuring the C-Series Controller

Before making any wiring connections to the C-Series
controller, it must be configured for the desired mode of
operation. The following sections describe the how to
configure the unit for the desired application and function.

Jumper Settings

Three sets of jumpers are located on the right side of the
controller’s circuit board. These jumpers control
egualization, low voltage reconnect, battery voltage, and
operating modes. They must beinstalled correctly for the unit
to operate to its maximum potential.

To enable a selection, carefully dlide the jumper over the top
of both pins. Thisis called installing the jJumper.

To disable a selection, carefully slide the jumper over only
one of the pins. Thisis called removing the jJumper.

Jumper Removed
(Jumper is only on one pin)

Jumper

Jumper Installed
(Jumper is on both pins)

Figure 2-4 Jumper Positions

The factory default settings are shown in Table 2-1, “Factory
Default Settings for C-Series Controllers’ on page 19.

Important: Use extreme caution when installing and removing
jumpers so as not to bend the pins.
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Configuring the C-Series Controller

Table 2-1 Factory Default Settings for C-Series Controllers

Setting €35, C40 and C60

Battery Voltage 12 voltsDC

Equalize/LVR Manual Equalization

Operating Mode Charge Control
NiCad Setting
Selection R46
Resistor
Load Control
Decal

-€—EQ/LVR

Jumper

-— Operating
Mode Jumper

-€— Reset Switch
Potentiometers
-¢— Voltage Jumper

— \
Battery

4 4 * * Temperature

Sensor Port
DC Terminal Connectors

—— CM or CM/R Port

Note: This photograph shows the Load Control Voltage decal installed on the
circuit board over the potentiometers.

Figure 2-5 Circuit Board Components
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Installation

Operating Mode Jumper
Thisjumper determines the operating mode. Place the jumper
over the pinsthat correspond to the desired mode.

e ChargeControl (PV Charge Controller or Diversion
Controller)

* Load Control (Load Controller)
Factory default setting is Charge Control mode.

Charge/Load
Control

Jumper /Charge Control Mode

94— | 0ad Control Mode

Figure 2-6 Mode of Operation Jumper
Voltage Jumper

The voltage jumper determines the voltage of the system that
the controller will be used with. To set the voltage, place the
jumper over the two pins adjacent to the legend for the

voltage of your system: 12, 24, 48. Factory setting is 12 volts
for the C35, C40, and C60.

C40 Models
-¢— 12 Volt Position
~d— 24 Volt Position
~&— 48 Volt Position

C35 and C60

Models

< 12 Volt POS.IFIOI’I
~€—24 Volt Position

Figure 2-7 Voltage Selection Jumper
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Configuring the C-Series Controller

Automatic/Manual Battery Equalization (EQ) and Low Voltage
Reconnect (LVR) Jumper

Depending on the mode of operation chosen, this jumper
enables:
* automatic or manual battery equalization
(Charge Control mode), or
* automatic or manual reconnect in the event of low
voltage event (Load Control mode).
When AuTo is enabled in the Charge Control mode, the unit
will perform an equalization charge every 30 days. This can
be done manually by using Reset Switch on the side of the
controller chassis.

When AuTo isenabled in Load Control mode, the unit will
reconnect automatically when voltage at the BATTERY
PosITIVE terminal exceedsthe LVR setting. Thiscan also be
done manually by using Reset Switch on the side of the
controller chassis.

The factory default setting is MANUAL EQUALIZATION
(Charge Control mode).

Place the jumper over the pins for the desired selection.

EQ/LVR Jumper

<€— MANUAL
-€— AUTO

Figure 2-8 EQ/LVR Jumper and Reset Switch

See “Error Mode Indication (Orange)” on page 59 for
instructions on how to use the Reset Switch inrelation to this
function.
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Installation

Adjusting the C-Series Voltage Settings

The charging voltage setpoints and voltage reconnect/
disconnect setting of the controller are adjustable using two
rotary potentiometer controls. The knobs are removable to
reduce the likelihood of accidental mis-adjustment if
bumped.

Calibrated scales, shown as scale marks, are provided to
allow setting of the control without requiring the use of a
digital voltmeter.

For more information regarding bulk and float charging
voltages, see “ Three-Stage Battery Charging” on page 4.

Setting indicator \
Scale Marks \

Potentiometers

Figure 2-9 Bulk and Float Charge Potentiometers (pots)
Setting Voltage Parameters for Charge Control Mode

To set the controller to a specific voltage, point the setting
indicator at the scale mark representing the desired voltage.

The potentiometer scale for BULK charge voltageis
calibrated as follows:
e 12-volt system: 13.0 to 15.0 volts

in increments of 0.2 volts,

e 24-volt system: 26.0 to 30.0 volts
in increments of 0.4 volts,

e 48-volt system: 52.0 to 60.0 volts
in increments of 0.8 volts.
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Adjusting the C-Series Voltage Settings

For FLOAT charge voltage, the potentiometer scaleis
calibrated follows:

e 12-volt system: 12.5to 14.5 volts
in increments of 0.2 valts,

*  24-volt system: 25.0 to 29.0 volts
in increments of 0.4 volts, and

e 48-valt system: 50.0 to 58.0 volts
in increments of 0.8 volts.

146148 15.0

14.4
14.2

14.0

13.8
13.6

13.4 132 130
141143 145
13.9

13.7

13.5

13.3

13.1
129 1,7 12.5

12-Volt System Settings

202 296 30.0

28.8
28.4
28.0

27.6

27.2
268 964 26.0

28226 99 0
27.8

BULK (CHG)

27.4
27.0
26.6

26.2
258 554 25.0

FLOAT (CHG)

BULK (CHG)

FLOAT (CHG)

24-Volt System Settings

s58.4 592 60.0
57.6
56.8

56.0
55.2
54.4

53.6 58 52.0
56.4 572 58 0
55.6

BULK (CHG)

54.8

54.0

53.2

52.4
516 508 50.0
48-Volt System Settings (C40 only)

FLOAT (CHG)

Figure 2-10 Bulk and Float Charge Settings for Charge/Diversion

Control Mode

975-0004-01-02 Rev
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Installation

Setting Voltage Parameters for Load Control Mode

To change the Low Voltage Disconnect (LVD) and Low
Voltage Reconnect (LVR) settings, use the same BULK and
FLOAT potentiometers. However, when the C-Series
controller isused for DC Load Control, the potentiometer’s
scale calibration is altered from what is printed on the circuit
board.

BULK Setting LVR Setting
Potentiometer
FLOAT Setting LVD Setting
Potentiometer

Figure 2-11 Potentiometers with Decal for LVR and LVD Settings

24

A decal is provided with the C-Series with the proper scale
calibrations for the Load Control mode. The BULK
potentiometer becomes the Low Voltage Reconnect (LVR),
and the FLOAT potentiometer becomes the Low Voltage
Disconnect (LVD).

Place the sticker provided over the potentiometers. The knobs
may have to be removed for sticker placement, then
reinstalled. The sticker is packed inside the C-Series
controller (bottom of unit). If the decal islost or unavailable,
you can recal cul ate the appropriate voltage settings as
follows:

The scale for the Low Voltage Reconnect setting is calibrated
asfollows:

e 12-volt system: 12.0 to 14.0 volts
in increments of 0.2 volts,

*  24-volt system: 24.0 to 28.0 volts
in increments of 0.4 volts,

»  48-volt system: 48.0 to 56.0 volts
in increments of 0.8 volts.
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Adjusting the C-Series Voltage Settings

The scale for the Low Voltage Disconnect setting is
calibrated asfollows:

e 12-volt system: 10.5to 12.5 volts
in increments of 0.2 valts,

* 24-volt system: 21.0 to 25.0 volts
in increments of 0.4 volts, and

e 48-valt system: 42.0 to 50.0 volts
in increments of 0.8 volts.

136138 14.0 272 276 28.0
13.4 26.8
132 L.V.R (LOAD) 26.4 L.V.R (LOAD)
13.0 Low VOLTAGE 26.0 Low VOLTAGE
128 RECONNECT 25.6 RECONNECT
12.6 25.2
124 125 12.0 248 224 24.0
12.3 5246
11.912»1 12.5 23_824 2 25.0
w L.V.D (LOAD) 24 L.V.D (LOAD)
11.5 Low VoLTAGe | |23-0 Low VOLTAGE
113 DISCONNECT 226 DISCONNECT
11.1 22.2
109 1907 105 218 214 210
12-Volt System Settings 24-Volt System Settings
54.4 552 56.0
525;‘6 L.V.R (LOAD)
52.0 Low VOLTAGE
512 RECONNECT
50.4
496 438 48.0
484492 50,0
47.6
4638 L.V.D (LOAD)
46.0 Low VOLTAGE
452 DISCONNECT
44.4
436 428 42.0
48-Volt System Settings (C40 only)

Figure 2-12 LVR and LVD Settings for Load Control Mode

975-0004-01-02 Rev
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Setting Voltage Parameters Diversion Control Mode

When the C-Series controller is configured for Diversion
Control mode, you can set the voltage at which the unit
begins diverting current to adiversion load (high voltage
diversion). Use the Charge Control scale for setting this
value.

See Figure 2-10 on page 23 for Charge Control scale settings.

The unit will continue diverting excess current to the
diversion load until the source voltage fallsto or below the
BULK setting. After one hour at the BULK setting, the unit
will reduce the battery charging voltage to the FLOAT
voltage setting. Thiswill usually result in more current being
diverted to the diversion load.

Setting Voltage Parameters for Alkaline Batteries

If using NiCad or NiFe batteries, the required charging
voltages may be higher than the designed settings of the
C-Series controller. Charging voltages can be augmented a
little, if required. This can be accomplished by clipping the
wire connecting the R46 Resistor to the circuit board. This
augmentation will raise the designed charge parameters by
2 voltsfor 12-volt systems, 4 volts for 24-volt systems and
8 volts for 48-volt systems.

See Figure 2-14 for the augmented voltage settings.

If using NiCad batteries,
clip this wire here. Do NOT
remove the R46 Resistor.

N /
R46 Resistor
-~¢— Circuit Board

Figure 2-13 R46 Resistor Location
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Adjusting the C-Series Voltage Settings

166168 17.0 332 336 34.0
16.4 32.8
16.2 32.4
16.0 BULK (CHG) 32.0 BULK (CHG)
15.8 816
'15 K 312
'15_4 15.2 150 308 304 300
32.6
161163 16,5 R 3.0
15175‘9 L
) FLOAT (CHG
155 FLOAT (CHG) 31.0 (CHe)
30.6
15.3 30.2
15.1 298 294 29.0
149 147 14.5
12-Volt System Settings 24-Volt System Settings

e6.4 672 68.0

65.6

64.8
64.0

63.2

BULK (CHG)

62.4
61.6 gog 60.0
64.4%52 56 0

63.6

62.8

62.0 FLOAT (CHG)

61.2

60.4
506 588 58.0

48-Volt System Settings (C40 only)

Figure 2-14 Voltage Settings with R46 Resistor Clipped

é CAUTION: Damage to Batteries
It is not recommended to allow an equalize charge to occur if the
R46 Resistor is clipped. Higher charging voltages may damage the
batteries. Make sure the EQ/LVR jumper is on the MANUAL
Setting.
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Installation

Using a Digital Voltmeter to Adjust Voltage Settings

A digital DC voltmeter (DVM) can be used to provide amore
accurate setting of voltage parameters. Test points are
provided at the mid-range on the scales for this purpose.

The potentiometers are equipped with removable knobs to
prevent accidental mis-adjustments. If the knobs are missing,
a5/64" hex-head driver can be used to adjust the settings.

Totest and adjust the voltage setting using a DVM:
1. Point the potentiometers to the mid-range position.

2. Connect adigital voltmeter from one of the common
negative terminals on the circuit board and the small test
point located to the left of each potentiometer at the
nine o’ clock position. See Figure 2-15.

The test point provides areading from 0 to 2 volts.
(Multiply thisvalue by “2" for 24-volt system and by
“4" for 48-volt system.)

3. Addthevaueobtained in step 2 aboveto the lower value
of the adjustment range/voltage scale being used.

For example for a 12-volt system:

To set the BULK voltageto 14.4 valts:

1. Point the BULK potentiometer to the mid-range position.

2. Adjust the potentiometer until the DVM displays
14 volts(13.0V + 1.4V =14.4V).

For example for a 24-volt system:
To set BULK voltageto 28.2 valts:
1. Point the BULK potentiometer to the mid-range position.

2. Adjust the potentiometer until the DVM displays
11lvolts(1.1x 2[24 volt] =2.2+26.0=28.2).
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Adjusting the C-Series Voltage Settings

For example for a 48-volt system:
To set BULK voltageto 56.4 valts:
1. Point the BULK potentiometer to the mid-range position.

2. Adjust the potentiometer until the DVM displays
1.1volts (1.1 x 4 [48 volt] = 4.4 + 52.0 = 56.4).

TEST POINTS for DVM
(center legs of
potentiometer)

Battery Common Negative 4 4
Terminals

Figure 2-15 Test Points for Adjusting Voltage Using a DVM
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Installation

Equalization Charging

30

AN\

CAUTION: Damage to Batteries

Equalization should be done for standard el ectrolyte, vented
batteries only. Sealed, GEL cell, or NiCad batteries should not be
equalize-charged. Consult your battery supplier for details on
equalize-charging for the battery type in your system.

The C-Series offers either manual or automatic triggering of
the equalization charging process. Equalization charging is
the deliberate process of charging a battery (or battery bank)
at ahigh voltage for a set period of time to remix the
electrolyte and destratify the internal plates. Equalize
charging helpsto remove sulfate buildup on the battery plates
and balances the charge of individua cells.

Equalization charging holds the voltage above the BuLk
setting for 2 hours by 1 volt for 12-volt systems, 2 volts for
24-volt systems, and 4 volts for 48-volt systems.

The default setting for this feature is MANUAL. Automatic
equalization is enabled by moving the jumper located on the
right side of the circuit board above the reset switch to the
appropriate AUTO pin set. See Figure 2-18

Manual Equalize
- (Default Setting)
®———— Auto Equalize

Figure 2-16 Manual Equalization Settings

When automatic has been selected, an equalization charge
will occur every 30 days.

During the equalization process, the status LED indicates
egualization by alternately blinking green and red.

Important: The auto equalization period is reset when DC
power is removed from the controller.
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Equalization Charging

Manual Equalization

Manual equalization of the battery can be enabled by pressing
the Reset Switch on the right side of the C-Series until the
status LED indicator begins to aternate between red and
green. This could take about 10 seconds.

Front Panel LED
(flashes red/green
during equalization) Reset

Switch
Access

Figure 2-17 Front Panel LED and Reset Switch Location

The equalization processwill continue until the batteries have
been held at or above the bulk setting for two hours of
accumulated time. Once the battery voltage has been at or
above the bulk setting for a cumulative period of two hours,
the C-Series will return to the float stage of the charging
process.

During the equalization process, the status LED will alternate
between red and green and will not provide any other
mode/status indication. Large battery banks may need several
egualization cyclesto fully stir the electrolyte and charge the
cells. These cycles should follow one another until the battery
voltage reaches the upper limit for the full two hours.
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Installation

Automatic Equalization

The C-Series controller can automatically trigger an
egualization charge every 30 days. The status LED will
indicate that the equalization processis occurring.

The equalization process will continue until the voltage has
been held above the bulk setting for a cumulative period of
two hours. This might take several days on larger systems
with big batteries and small PV arrays. The battery voltage
only needs to exceed the bulk setting for the timer to start
counting-the voltage may not reach the equalization voltage
setting.

To enable automatic equalization, the jumper located on the
right side of the circuit board must be moved to the Auto
setting. The default setting of the C-Series controller isfor
manual equalization. To disable the automatic equalization
system, move the equalize jJumper to MANUAL.

Manual Equalize

\ Auto Equalize

Figure 2-18 Auto Equalization Settings

Once amanua equalization has been triggered, the 30-day
period to the next automatic equalization will be restarted. To
prevent automatic equalization, move the equalize jumper to
the manual position.

Important: Itisnot recommended to use the Equalization
feature if the R46 Resistor is clipped.
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Temperature Compensation
Terminating the Equalization Process

To stop the equalization process, press the reset switch onthe
right side of the unit until the status LED stops alternating
between red and green.

If the equalization process was shorter than one hour, the
controller will continue with abulk charge cycle and then
hold the battery at the bulk setting for one hour (the
absorption stage) before returning to the float setting.

Front Panel LED
(flashes red/green
during equalization)

-— Press Reset
Switch until LED
stops alternating
between red and
green

Figure 2-19 Terminating the Equalization Charge

Temperature Compensation

Important: If using the C-SeriesasaDC Load Controller:
e Do NOT compensate the settings.
« Do not install the Battery Temperature Sensor.

For optimal battery charging, the Bulk and Float charge rates
should be adjusted according to the temperature of the
battery. When battery charging voltages are compensated
based on temperature, the charge voltage will vary depending
on the temperature around the batteries.
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Installation

Temperature Compensation Based on Battery Type

The C-Series controller uses the battery type to determine the
temperature compensated voltage settings. The temperature
compensated charging voltage is hormally based on aLead —
Acid types of battery.

If using Alkaline-type batteries, the R46 resistor on the
circuit board inside the controller will have been clipped as
shown in “ Setting Voltage Parametersfor Alkaline Batteries’
on page 26. If the R46 resistor is cut, the temperature
compensation charging voltage will be based on
Alkaline-type batteries.

See the battery type below to determine the temperature
compensation value change per temperature or refer to the
temperature compensation calculations for a Lead-Acid type
battery as show in Table 2-2.

* Lead-Acid Type Batteries:
5mV per cell per degree Celsius

« Alkaline-Type Batteries (NiCad or NiFe):
2mV per cell per degree Celsius

Table 2-2 describes approximately how much the voltage
may vary depending on the temperature of the batteries.

Automatic Battery Temperature Compensation

Temperature compensation can be accomplished
automatically by using a Battery Temperature Sensor (BTS).
The sensor attaches directly to the side of one of the batteries
in the bank and provides precise battery temperature
information.

See “Installing the Battery Temperature Sensor” on page 51
for detailed instructions on how and whereto install the BTS.

If aBTSisinstalled, the charge controlling process will be
automatically adjusted for the battery temperature. When
using aBTS, set the Bulk and Float voltage for a battery at
normal room temperature for 77 °F (25 °C).
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Temperature Compensation

Table 2-2 Variances in Charging Voltage based on Battery Temperature

Temperature
(around the BTS) 12-volt units 24-volt units 48-volt units
Lead Lead Lead
Acid | NiCad | Acid | NiCad | Acid | NiCad
Celsius | Fahrenheit | (6 cells) | (10 cells) | (12 cells) | (20 cells) | (24 cells) | (40 cells)
60 140 -1.05 -0.70 -2.10 -1.40 -420 |-2.80
55 131 -0.90 -0.60 -1.80 -1.20 -3.60 |-240
50 122 -0.75 -0.50 -1.50 -1.00 -3.00 |-2.00
45 113 -0.60 -0.40 -1.20 -0.80 -240 |-1.60
40 104 -0.45 -0.30 -0.90 -0.60 -1.80 |-1.20
35 95 -0.30 -0.20 -0.60 -0.40 -1.20 |-0.80
30 86 -0.15 -0.10 -0.30 -0.20 -0.60 |-040
25 77 0.00 0.00 0.00 0.00 0.00 0.00
20 68 0.15 0.10 0.30 0.20 0.60 0.40
15 59 0.30 0.20 0.60 0.40 1.20 0.80
10 50 0.45 0.30 0.90 0.60 1.80 1.20
5 41 0.60 0.40 1.20 0.80 2.40 1.60
0 32 0.75 0.50 1.50 1.00 3.00 2.00
-5 23 0.90 0.60 1.80 1.20 3.60 240
-10 14 1.05 1.20 210 1.40 4.20 2.80
-15 5 1.20 0.80 240 1.60 4.80 3.20
-20 -4 1.35 1.40 2.70 1.80 5.40 3.60
-25 -13 1.50 1.00 3.00 2.00 6.00 4.00
-30 -22 1.65 1.10 3.30 2.20 6.60 4.40
-35 -31 1.80 1.20 3.60 2.40 7.20 4.80
-40 -40 1.95 1.30 3.90 2.60 7.80 5.20
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Installation

If using aBTS, when the battery temperature drops below
77°F (25 °C), the regulation voltage setting automatically
increases. When the temperature rises above 77°F (25 °C) the
regulation battery voltage setting automatically decreases.

Manual Battery Temperature Compensation

36

If no Battery Temperature Sensor (BTS) isinstalled and the
batterieswill be operating in very hot or very cold conditions,
adjust the bulk and float settings to allow for the battery
temperature.

The recommended adjustments can be made following Table
2-2. The setting should be lowered for ambient temperatures
above 86 °F (30 °C) and raised for ambient temperature
below 68 °F (20 °C).

If significant seasonal variations are common, you will have
to change the settings several times ayear to prevent battery
damage and ensure proper operation.

Important: If the wiring to the sensor is damaged and the
wires are shorted or cut, the system will return to the
non-temperature compensated settings.
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Grounding

Grounding

The C-Series controller is designed to work with both
negative ground and ungrounded electrical systems. The
metal chassis of this charge/load controller must be grounded
for either system by connecting it with a copper wireto a
grounding electrode such as a ground rod driven into the
earth.

If a negative ground system is desired, connect the negative
current carrying conductor to the grounding system at one
point in the system. Consult local and national electrical
codes for more information and any additional requirements.

Telecom applications often require a positive ground system.
The C-Series controller switches the PV+/LoAD+ terminal
with the BATTERY POSITIVE (+) terminal. These terminals
must be kept separate. You can ONLY ground the battery
positive lead in this case, if your local jurisdiction allowsit.

This symbol represents a
Safety (Earth) Ground.

-¢— Chassis Ground Lug

Figure 2-20 Grounding the C-Series Chassis

WARNING: Shock Hazard

Do not disconnect the chassis ground if loads are engaged.
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Installation

Wiring

Important: Installations should meet all local codes and
standards. Installations of this equipment should only be
performed by skilled personnel such as qualified electricians and
Certified Renewable Energy (RE) System Installers.

é WARNING: Shock Hazard

Disconnect battery and PV sources before wiring.

é CAUTION: Damage to Batteries

Ensure the voltage selection jumper is set properly before
energizing the system. Incorrect settings may result in damage to
the system as charging regulation will not occur.

DC Terminal Connector Locations

Terminal connectors for DC wiring are located on the lower
edge of the circuit board. See Figure 2-21.

Important: Regardless of the configuration, only the positive
conductor from a PV array OR a DC load may be connected to
the terminal marked “PV+/LOAD+".

The common negatives can be reversed or wired with an
appropriately sized single conductor to a more convenient
location such as a DC load center negative bus, if necessary.

The shunt used to measure the current flow in the C-Series
controller islocated in the positive conductor of the circuit
allowing greater flexibility in system grounding. The
negative terminals are all common to one another.
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Terminal Torque Requirements

Once the wires have been installed, torque the terminals as
follows. Be careful not to overtighten.

* 20inch-pounds for #14-10 AWG wire

e 25inch-pounds for #8 AWG wire

« 35inch-pounds for #6 AWG wire

b b

Battery PV+/Load+ Negatives Negatives
Positive (+)
Common to each other

Figure 2-21 DC Connection Terminals
Wire Size and Over-current Protection Requirements

The wiring, over-current protection devices (fuses and circuit
breakers), and installation methods used must conform to al
national and local electrical code requirements.

Wiring should be protected from physical damage with
conduit or astrain relief clamp. You should pull the
temperature sensor cable through the conduit first asthe
connector may not fit if other wires have been pulled first.

Current Rating

Each model of the C-Series controller is rated for amaximum
continuous current of 35, 40 or 60 amps. Snce PV outputs
can vary due to the array size or sunlight striking it, the safe
minimum wire size should be based on the maximum current
ratings.
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Minimum Recommended Wire Gauge

The minimum recommended wire gauge is:
* C35and C40 Models:

#3 AWG with a 75 °C (167 °F) insulation rating
« C60Modés:

#6 AWG, with a90 °C (194 °F) insulation rating

The terminals on the C-Series will accept up to #2 AWG
(33.6 mm2) copper or aluminum wire. However, UL
specifications only allow the use of up to #6 AWG

(133 mm2) maximum.

No crimp-on terminals or lugs are required.

oOOOOOOO

Size 14 12 10 8 6 4 3 2
Diameter .073 .072 .115 .146 .184 .235 .281 295
Size 1 1/0 2/0 3/0 4/0
Diameter .335 .380 420 A75 530

Figure 2-22 AWG Wire Gauge Reference Chart

Important: Figure 2-22 isfor reference only. Sizes shown are
for the conductor. Do not include any insulation when
determining your wire size. Due to printing anomalies, these
dimensions may not be to scale.

Surge Protection

Since PV arrays are often mounted on an elevated structure
and thus are more susceptible to lightning strikes, protection
from lightning-induced power surges and other transient
power disturbances between the PV array and the C-Series
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controller are strongly recommended. Put a surge protection
device on the input line of the C-Series controller between
the PV array and the controller.

If the battery, isover 15 feet away from the controller, or if it
is routed next to other wiring or sources of power, additional
surge protection devices are recommended. Put the surge
protection device for this scenario on the battery input line
between the battery and the controller.

Over-current Protection

The NEC requires conductors and over-current devices be
operated at no more than 80% of their rating. Refer to Table
2-3 for alisting of the minimum wire size and over-current
device ratings to be used for each model.

Asaminimum, a 60-amp DC-rated current-limiting fuse or
circuit breaker should be installed near the battery for
protection from short circuits. To meet NEC requirements,
use a60 amp circuit breaker listed for 100% duty for the C60.
To meet UL requirements, use #6 AWG copper wires rated
for 90 °C (194 °F) for the C60. Over-current protection for
the battery circuit isto be provided by others. Refer to

Table 2-3 for the correct ratings of the fuse and circuit
breaker.

Table 2-3 Minimum Wire Size
Controller | Minimum Wire Size Over-Current Device Rating
C35 #3 AWG 45 amps
C40 #3 AWG 50 amps
C602 #6 AWG (90 °C/194 °F wire) 60 amps (listed 100% duty)
C60 #4 AWGP (75 °C/167 °F wire) | 60 amps (listed 100% duty)

a.Tomeet UL requirements, use #6 AWG, (90 °C/194 °F) wire and a 60 amp Listed 100%
duty over-current device for the C60 controller.

b.Not approved by UL for direct connection into the controller. Use a splicer block and #6
AWG (90 °C/194 °F) wire to connect to the controller terminals.
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Long-distance wire runs

If thereisasignificant distance between the PV array and the
controller and/or the controller and the battery, larger wires
can be used to reduce the voltage drop and improve
performance. Refer to Table 2-4.

To use alarger size wire, use a splicer block (terminal block)
intended for this purpose. This alowsthe larger cable size
from the batteries to be “spliced” to the smaller wire size
connected to the controller. Split-bolt kerneys can also be
used for wire splices.

Follow manufactures recommendations for torque and
mounting (if required). Splicer blocks and split-bolt kerneys
are available from renewable energy suppliers.

Maximum One-way Distance and Wire Size

42

Important: NEC Article 690 and loca electrical codes should

be consulted for wire sizing and any additional installation

requirements.

« For aC60 use a60 amp, 100% Continuous Duty breaker and
#6 AWG, 90 °C wire.

« Larger wire sizes may be used to improve performance, but
are NOT approved by UL to beinstalled in the controller. Use
asplicer block as previously described.

Refer to Table 2-4 and find your maximum current in the left
column, and the one-way distance from your power source
(feet/meters) to the C-Series controller (or the distance from
the C-Series controller to your load) on the same line, then
read the wire size required at the top of the column.
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Table 2-4 One-Way Wire Distance and Wire Size

Maximum One-way Wire Distance for a < 3% Voltage drop
12 Vdc Application Shown
For 24 Vdc Systems, Multiply distance by 2
For 48 Vdc Systems, Multiply distance by 4

Wiring

Distance in Feet (meters)

Distance in Feet (Meters)®

Ambs 12 10 8 6 4 3 2 1 1/0 2/0
P AWG | AWG | AWG | AWG | AWG | AWG | AWG | AWG | AWG | AWG
10 8.8ft. 14 1t. 2221t 35.3ft. 56.1 ft. 70.9ft. 89.6 ft. 1125ft. | 141.7ft. | 225.8ft.
(268m) | (427m) | (6.77m) | (10.76m) | (17.10m) | (21.61m) | (27.31 m) | (34.29m) | (43.19 m) | (68.82 m)
12 7.3ft. 11.6ft. 18.5ft. 29.4ft. 46.7 ft. 59.1ft. 746 ft. 93.7 ft. 118.1ft. | 188.2ft.
(223m) | (354m) | (5.64m) | (8.96m) | (14.23m) | (18.01m) | (22.74 m) | (2856 m) | (36.00 m) | (57.36 m)
14 6.3ft. 10ft. 15.9ft. 2521t 40.1ft. 50.6 ft. 64.0 ft. 80.4 ft. 101.2ft. | 161.3ft.
(1.92m) | (3.05m) | (485m) |(7.68m) [ (12.22m) | (15.42m) | (19.51m) | (24.51m) | (30.85 m) | (49.16 m)
16 5.5ft. 8.7ft. 13.9ft. 2211t 35.0ft. 443 ft. 56.0 ft. 70.3ft. 88.6ft. 141.2 ft.
(1.68m) | (265m) | (4.24m) | (6.74m) | (10.67 m) | (13.50m) | (17.07 m) | (21.43m) | (27.01 m) | (43.04 m)
18 4.9ft. 8.8 ft. 12.4t. 19.6 ft. 3121t 39.4 ft. 49.8 ft. 62.5 ft. 78.7 ft. 125.5ft.
(149m) | (238m) | (3.78m) | (5.97m) |[(9.51m) | (12.01m) | (15.18 m) | (19.05m) | (23.99 m) | (38.25 m)
20 4.41t. 7ft. 111t 17.6ft. 28.0ft. 35.4ft. 44,8 ft. 56.2 ft. 70.9ft. 112.9ft.
(1.34m) | (213m) |(3.38m) | (5.36m) |[(853m) | (10.79m) | (13.66 m) | (17.13m) | (21.61m) | (34.41 m)
25 5.6 ft. 8.9 ft. 14.1ft. 2241t 28.3ft. 35.8ft. 45.0ft. 56.7 ft. 90.3 ft.
(L71m) | (271m) | (430m) |(6.83m) [ (8.63m) | (10.91m) | (13.72m) | (17.28m) | (27.52 m)
30 4.7 ft. 7.4ft 11.8ft. 18.7 ft. 236ft. 29.9ft. 37.5ft. 47.2ft. 75.3ft.
(143m) | (226m) [(3.60m) |(5.70m) [ (7.19m) |(9.11m) | (11.43m) | (14.39m) | (22.95m)
35 6.4 ft. 10.1 ft. 16.0 ft. 20.2 ft. 256 ft. 32.1ft. 40.5 ft. 64.5ft.
(1.95m) | (3.08m) |(4.88m) | (6.16m) | (7.80m) |9.78m) | (12.34m) | (19.66 m)
40 5.6 ft. 8.8ft. 14.0ft. 17.7 ft. 2241t 28.1ft. 35.4ft. 56.5 ft.
(L71m) |(268m) | (427m) |(539m) |(6.83m) |(856m) | (10.79m) | (17.22m)
45 7.8ft. 12,5ft. 15.7 ft. 19.9ft. 25.0ft. 3L5ft. 50.2 ft.
(238m) |(381m) | (479m) |(6.07m) |(7.62m) |(9.60m) | (15.30m)
50 7.1t 11.2 ft. 14.2 ft. 17.9ft. 22.5ft. 28.3ft. 45.2 ft.
(216m) | (341m) | (433m) |(5.46m) | (6.86m) | (8.63m) | (13.78m)
60 6.3 ft. 9.3ft. 11.8ft. 14.9ft. 18.7 ft. 236 ft. 37.6ft.
(1.92m) (283m) |[(360m) [ (454m) | (5.7m) (7.19m) | (11.5m)

aThesewiresizesare not approved by UL to beinstalled in the controller, but may be used
externally of the controller (using a splicer block) to reduce voltage drop and improve

performance.

975-0004-01-02 Rev D

43



Installation

PV Charge Control Mode Wiring
The procedure below isillustrated in Figure 2-23.

44

WARNING: Shock Hazard

PV arrays generate voltage whenever light strikes the surface of the
array. Before connecting the C-Series controller, cover or
disconnect the array to prevent any current from being generated.

To connect the C-Series controller asa charge controller:

1

10.

Connect the PV array’s positive (+) output to the PV
array disconnect.

Route another (+) cable from the other end of the RE
disconnect to the Pv GFP.

Route another (+) cable from the same switch in the PV
GFP to the terminal marked pv POS/LOAD in the C-Series
controller.

Connect the PV array’s negative (-) output to the
terminal marked COMMON NEGATIVES.

Connect another negative (-) cable from the other
ComMON NEGATIVES to the Negative busin the DC
disconnect.

Route a negative () wire from the PV GFP to the
Negative bus in the DC disconnect.

Connect a positive (+) cable from terminal marked BAT
POS to the battery disconnect in the DC disconnect.

Connect a second positive (+) cable to the other side of
the battery disconnect in the DC disconnect and connect
to the positive (+) battery terminal.

Connect the negative (-) battery cable to the negative bus
in the DC disconnect and tighten the lugs.

Tighten per torque regquirements outlined on page 39.
Allow alittle slack on the cables within the controller and
secure the wiring with strain reliefs.
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* 4 * Common

|
Battery PV+ Array Battery PV Array  Negatives
Positive (+) Positive (+) Negative (-)  Negative (-)

PV ARRAY

PV Array
Disconnect N
SHUNT &

NEGATIVE BUS
bc (B
DISCONNECT || _—— .

‘ 0' b b

L
Battery i
Disconnect | | s H

‘i Ground Rod

Ensure the proper grounding is in
place for the entire system.

BATTERY BANK

Figure 2-23 PV Charge Control Mode Wiring
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Diversion Control Mode Wiring

The procedure below isillustrated in Figure 2-24.

When using the C-Series unit asa Diversion or DC Load
Controller, the DC load needs to be connected to the
controller terminals marked as pv +/LOAD+ and COMMON
NEGATIVE.

To connect the C-Seriesas a diversion load controller:

1. Connect your DC current source (PV, wind, hydro, etc.)
directly to the RE disconnect.

2. Connect another cable from the other side of the RE
disconnect to the battery positive terminal.

3. Run anegative wire from the DC current source (PV,
wind, hydro, etc.) to the battery negative terminal.

4, Connect acable from controller terminal marked BAT
POS to the battery disconnect.

5. Connect a cable from the battery disconnect to the
positive terminal of the battery.

6. Connect acablefrom the negative battery terminal to one
of the termina's marked CoMMON NEGATIVES on the
controller’s circuit board.

7. Connect a cable from the controller’s other terminal
marked COMMON NEGATIVES to the negative terminal of
your DC diversion load.

8. Connect acable from the controller’s terminal marked
PV+/LOAD+ to the positive terminal of your DC
diversion load.

9. Tighten per torque requirements outlined on page 39.
Allow alittle slack on the cableswithin the controller and
secure the wiring with strain reliefs.

Important: Do not uselight bulbs for diversion loads. Use
only resistive loads such as air- or water-cooled heating elements
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Wiring

Common
Negatives

DIVERSION
LOAD

Battery Diversion Load Battery Diversion Load
Positive (+) Positive (+) Negative (-) Negative (-)
i '-—_ S
b= 3
iy S A
1 L
PV Array**OR** \\-\;;&:: :: A o
WIND
& oo
HYDRO o :
=) 1 :
=
Disconnect [
e i
DISCONNECT <> veaaavei 1
P | I s W T
L;LLW_,EEE ........ g
€ |
% Battery !
5 Disconnect :
D, .
L
- = e
. = -+ = —_
Ground
. . ® =
- &
|+ & t z
Ensure the proper grounding is in
BATTERY BANK Sl =

place for the entire system.

Figure 2-24 Diversion Control Mode Wiring
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DC Load Control Mode Wiring

The procedure below isillustrated in Figure 2-25.
To connect the C-Series controller asa DC load

48

controller:

1. Connect acable from the BAT POSITIVE terminal on the
controller to a battery disconnect.

2. Connect the positive battery cable to the battery
disconnect.

3. Connect the negative battery cable to the one of the
terminals marked COMMON NEGATIVES.

4. Connect a cable between the pv POS/LOAD terminal on
the controller and the positive terminal on the DC load.

5. Connect a cable between the controller’'s other COMMON
NEGATIVES terminal and to the negative terminal of the
load.

6. Tighten per torque requirements outlined on page 39.

Allow alittle dack on the cableswithin the controller and
secure the wiring with strain reliefs.
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Battery DC Load
Positive (+) Positive (+)

DC
DISCONNECT

NEGATIVE |
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1
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A

A

Wiring
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I*, -I I+ -I

BATTERY BANK

Figure 2-25 Load Control Mode Wiring
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Installing Optional Accessories

The following sections describe how to install the optional
accessories available for the C-Series Multifunction DC
Controller.

Installing a Digital Display

Follow the instructions in the C-Series Meter Displays
Installation Guide for preparing the CM or CM/R for
installation.

Thedisplay will connect to the controller at the RJ-15 port on
the lower left corner of the circuit board.

Important: Ensure the voltage jumpers on the back of the CM
or CM/R match the system voltage as configured inside the
controller unit. See the C-Series Meter Displays Installation
Guide for additional information.

Digital Meter Display Port

RJ-15 Port

C-Series Circuit Board

Serial Communication Cable —— &

Figure 2-26 Installing a Digital Display
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Installing the Battery Temperature Sensor

Toinstall theBTS:

1. Ingtall the BTS on the side of the battery below the
electrolyte level. It is best to place the sensor between
batteries and place the batteries in an insulated box to
reduce the influence of the ambient temperature outside
the battery enclosure.

2. Insert the RJ11 plug on the other end of the BTSinto the
BTS Port on the lower right corner of the circuit board
inside the C-Series controller.

Important: Ventilate the battery box at the highest point
to prevent hydrogen accumulation.

Battery Temperature Sensor Port

RJ-11 Port

C-Series Circuit Board

Figure 2-27 Installing the BTS
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Reinstalling the Faceplate

Toreinstall the faceplace on the C-Series controller:

1. Alignfaceplate with front of chassis so that screw holes
in the corners line up.

2. Insert the phillips screws into the screw holes and
tighten.

Align these screw holes.
Replace the phillips screws
to secure the faceplate.

Figure 2-28 Re-installing the CM Faceplate
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Operation

Chapter 3 contains information about the operation of a
C-Series Multifunction DC Controller.

For Information on: See:
“Basic Operation” page 54
“LED Status Indicator” page 55
“Charge Control or Diversion Control page 56
Indications (Green)”

“Load Control Indications (Red)” page 58
“Error Mode Indication (Orange)” page 59
“Reconnecting to Loads” page 60




Operation

Basic Operation

The C-Series controller (all models) has one multicolor LED
status indicator and one reset button.

Reset Switch

(on side of unit)
Multicolor LED \ /

indicator

Reset Switch

ST

Figure 3-1 C-Series Status LED and Reset Button Location
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LED Status Indicator

The multicolor LED on the base unit, or the optional CM
faceplate or CM/R remote, indicates the operating status of
the controller. A color-coded labdl isincluded on the cover of
the controller explaining the status LED’s indications.

*  When in Charge Control mode, the LED will be green.
«  Whenin Load Control mode, the LED will be red.

*  When an Error Condition exists or the load has
disconnected, the LED will be orange.

*  When battery equalization isin process, the LED
alternates between red and green.

Important: The green and red color of the LED only indicates
the particular operating mode and the battery voltage level. It
does not indicate whether the charging source is functioning
properly

Multicolor LED indicator

\
STATUS Green Blink Charge Control Mode
Green Solid Battery Charged
Red Blink Load Control Mode
Red Solid Battery Discharged
Orange Bink Sow Load Disconnected
Orange Blink Fast Overload/Overtemp

Red / Green Alternating - Equalization Enabled
3 STAGE PULSE WIDTH MODULATED CHARGE CONTROL

B Cc35 35 Amp Controller 12/24  VDC
B c40 40 Amp Controller 12/24/48 VDC
l C60 60 Amp Controller 12/24  vDC

Xantrex Charge / Load Controller

U 5916-195th STREET NE ARLINGTON WASHINGTON 98223 TELEPHONE(360)435-8826 FAX(360)435-2229 /

Figure 3-2 C-Series Front Panel Label
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Table 3-1 Battery Voltage LED Indicators

Green LED LED Red LED
(Charge/Diversion Mode) Status (Load Control Mode)
Battery at FLOAT Setting Always Battery at LVD Setting
ON (for 6 minutes = LVD)
Battery at BULK Setting 5blinks | >0.15 >0.03 >0.45
above above above
LvD LvD LvD
BULK Setting Minus (-) LVD Setting Plus (+)
0.25Vdc 0.50Vdc |1.00Vdc |4blinks |0.15Vdc |0.30Vdc |0.45Vdc
0.50 Vdc 1.00Vdc |2.00Vdc |3blinks |0.30Vdc |0.60Vdc | 0.90Vdc
0.75Vdc 1.50Vdc |3.00Vdc |2blinks |045Vdc |0.90Vdc |1.35Vdc
>0.75 > 1.50 > 3.00 1blink >0.45 >0.90 > 1.375
below Bulk | below Bulk| below Bulk| below Bulk| below Bulk| below Bulk
12 volts | 24 volts | 48volts | DC 12 volts | 24 volts | 48 volts
Voltage

Charge Control or Diversion Control Indications

(Green)

56

The flashing rate of the LED indicates the controller’s stage
of operation and approximate battery voltage.

* Oneto four flashes indicates the controller isin the Bulk
stage. Asthe flashing rate increases, the batteries are
progressively closer to the Bulk voltage. Table 3-1
indicates the approximate level the battery is below the
Bulk setting.

« Fiveflashesindicates the controller has reached Bulk
voltage and isin the Absorption stage.

* Solid green means the controller isin the Float stage and
isregulated at the Float voltage.
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LED Status Indicator

For example, if the system battery voltage is 24 volts and the
internal Bulk voltage setting is set for 28 volts, you can
estimate how much below the Bulk setting the batteries are
by subtracting the number in Table 3-1 (the internal Bulk
Setting).

With the LED indicating three blinks, the battery voltageis

approximately 27 volts (28 volts Bulk setting minus
1.00 voltsin the table).

With the LED indicating one blink, the battery voltageis
somewhere below 26.5 volts (28 volts Bulk setting minus
>1.50 voltsin the table).

Important: LED will light green only in Diversion and Charge
Control mode (unlessit is reinstalled backwards).

Blinking Green

The controller isin the Charge Control or Diversion Control
mode and the battery is not fully charged. Asthe battery
voltage approaches the BULK setting, the status LED will
blink green several times (up to five) and then pause,
indicating the battery voltage is approaching the bulk setting
and provides an indication of the battery condition. Refer to
Table 3-1 to determine the battery voltage.

Important: A single green flash indicates the battery is well
below the bulk voltage setting. It does NOT indicate the batteries
are charging or their state-of-charge.

Solid Green

The battery is being charged in the FLOAT stage. The status
LED remains ON solid unless the batteries drop below the
float voltage setting for an accumulative period of one hour.
This allows the user to confirm that the system reached the
float stage during the charging process when checked at the
end of the day. Reaching the float stage frequently is agood
indication of proper system operation and will maximize
battery life and performance.
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Equalization Mode Indication (Red/green)

Be sureto read al cautions and warning regarding
equalization charging batteries BEFORE allowing an
equalization charge to occur. Damage to batteries can occur.

Alternating Red and Green

The controller isin the EQUALIZE mode.

It will automatically stop the equalization process after
accumulating two hours of operation at a voltage above the
BULK setting.

The user can manually stop the equalization process at any
time by pressing the reset switch until the status LED stops
alternating red and green.

Load Control Indications (Red)

The flashing rate of the LED indicates the controller’s stage
of operation and approximate battery voltage.

Blinking Red

Solid Red

58

As battery voltage approaches the LV D setting, the LED will
blink red several times (up to five) and then pause providing
an indication of battery voltage. Refer to Table 3-1 to
determine the battery voltage.

The controller isin the Load Control mode and the battery
voltage has reached the Low Voltage Disconnect (LVD)
setting. After a 6-minute delay, DC loads will be
disconnected unless the user reduces the loads to a point that
the battery voltage exceeds the LV D setting.
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Error Mode Indication (Orange)

The C-Series Multifunction DC Controller error modes
include the following.

*  Over-temperature Condition - fast flash
e Over-current Condition - fast flash

» Low-Voltage Disconnect Condition (Load Control
Mode) - slow flash

Over-temperature Condition

Thetemperature of the controller’stransistorsis continuously
monitored. This protects the charge controller from damage
in high temperature environments. If excessive temperatures
are detected while operating in Charge or Diversion Control
mode, the controller’s transistors are rapidly turned off and
on to reduce the charge rate. Thiswill reduce the transistor
temperature.

In Load Control mode, the load is disconnected before the
transistors reach an excessive temperature. Once the
temperature has dropped, the loads are reconnected.

Over-Current Condition

During operation, the C-Series controller continuously
monitorsthe current flowing throughiit. If the current exceeds
85 amps, the transistor switches are opened, stopping the
flow of electricity. The detection circuitry is faster than
breakers or fuses, and they will not trip or blow when afault
OCCUrs.

The C-Series controller automatically resets the over-current
protection system every 6 minutes. If an overload or short
circuit is till present, the controller will shut off and wait
another 6 minutes. Thiswill occur continuously until the
problem is corrected.
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Fast Blinking Orange

When the over-current or over-temperature protection system
has caused the controller to shutdown, the status LED will be
orange and will blink fast (about once a second).

Low-voltage Disconnect Condition

If voltage remains below the LV D setting, the unit will
disconnect after a 6-minute “delay” (or “grace”) period. To
reset and reconnect for another “grace” period
(approximately 6 minutes), press and release the reset switch.

The user can press the reset switch for amaximum 10-minute
“grace” period, or can wait until the voltage rises above the
L ow Voltage Reconnect (LVR) setting to allow an automatic
reset to occur if the EQ/LVR (Auto) jumper is set to
“AUTO".

Slow Blinking Orange

When the disconnect/reconnect system has been activated,
the LED will lowly blink orange. The controller isinthe DC
Load Control mode and has disconnected the oads due to
reaching the LVD setting.

Reconnecting to Loads

To reconnect the loads, press the reset button on theright side
of the unit. If the voltage is below the LVR level, the DC load
can be reconnected for approximately 6 minutes.

A delay up to five seconds may occur before the controller
attempts to restart after pressing the reset switch.

Multiple reconnects are allowed, but the “on” time duration
will vary with battery voltage. The EQUALIZE jumper
allowsthe controller to be set for AUTO reconnect of the DC
load when the voltage exceeds the LVR setting.
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Reset Switch

Important: The LED will light red only in Load Control
mode; never in Charge or Diversion mode (unlessit is reversed
upon reinstallation).

Reset Switch

Use the Reset Switch on the side of the chassis for the
following conditions.

« Tomanudly initiate battery equalization in Charge
Control mode, press and hold the Reset Switch until the
red and green LED start to flash.

« To manually suspend battery equalization in Charge
Control mode, press and hold the Reset Switch until the
red and green LED stop flashing.

« Toreset following an error condition, press and release
the Reset Switch.

« Toreset following a low-voltage disconnect, press and
release the Reset Switch.

See “Reconnecting to Loads’ for additional information
about reconnecting to loads.

Reset Switch

T

Figure 3-3 Reset Switch
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Troubleshooting

Chapter 4, “Troubleshooting” contains information
about identifying and resolving possible problems with
systems using a C-Series Multifunction DC Controller.

For Information on: See:

“PV Charge Control Troubleshooting” page 64
“Diversion Control Troubleshooting” page 66

“Load Control Troubleshooting” page 68



Troubleshooting

PV Charge Control Troubleshooting

The following table lists possible problems that may arise
when using the C-Series Multifunction DC Controller as a
PV Charge Controller.

Table 4-1 PV Charge Control Problems

Problem Possible Cause Solution

Controller is PV positive and Verify the voltage on PV

overcharging battery Battery positivewires | terminal and Battery

(verified by measured have been swapped. terminal are from the

current through the correct sources.

controller).

Controller islocking up. | PV positive and Verify the voltage on PV
Battery positivewires | terminal and Battery
have been swapped. terminal are from the

correct sources.

Status LED Blinks PV wires are Verify PV polarity relative

Orange after switching
on array breaker.

connected in reverse
polarity.

to battery negative.

Status LED Blinks
Orange at times during
the solar day.
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A. Controller is
overheating.

B. Array is supplying
more current than the
controller israted for.
(Press reset button and
measure current).

A. Check ambient air
temperature around
controller.

B. Divide array with
another controller or use
larger controller.
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PV Charge Control Troubleshooting

Table 4-1 PV Charge Control Problems

Problem

Possible Cause

Solution

Current uneven between
multiple controllers.

A. Solar arrays are
supplying different
amounts of current to
each charge controller.
B. Charging set points
arenot all set thesame.
C. Excessvoltage drop
in wiring causing
controllers to measure
the battery voltage
differently and regulate
accordingly.

D. Accuracy of the
controllers may vary
between controllers,
dueto tolerancesin
meter design.

A. Check array output.
B. Set controllersto the
same settings.

C. Check wiring.

D. Try adifferent
controller if metering is
unacceptable.

Status LED blinks red
while mode jumper isin
“charge control” but still
regulates normally.

LED may have been
reinstalled backwards.

Remove LED and install
correctly. “Flat side” of
LED should be on left
side.

Battery voltageis
exceeding Bulk and
Float settingsin cold
weather and not
reaching settings in hot
weather.
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BTS is compensating
charging voltages
based on battery
temperature.

Nothing - Intended
operation. See
“Temperature
Compensation” on

page 33.
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Troubleshooting

Diversion Control Troubleshooting

The following table lists possible problems that may arise
when using the C-Series Multifunction DC Controller asa
Diversion Controller.

Table 4-2 Diversion Control Problems

Problem

Possible Cause

Solution

Status LED Blinks
Orange after switching
on diversion load

Diversion load draws
too much current
(above controller

Measure the current the
diversion load drawswhen
battery voltageis applied

breaker or when rating). acrossit.
diversion begins (Bulk Note: A diversion load
or Float settings with an acceptable “ hot”
reached). current may have an
excessively highinrush
current that can cause the
controller to overcurrent.
Caution: Do not test
without acircuit breaker in
circuit.
Battery voltageis A.BTSis A. Nothing - Intended
exceeding Bulk or Float | compensating charging | operation. See
Settings. voltages based on “Temperature
battery temperature. Compensation” on
B. Diversionload is page 33.
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too small for output of
charging source(s).

B. Measure the current the
diversion load drawswhen
battery voltage is applied
acrossit. Caution: Do not
test without a circuit
breaker in circuit.

A larger diversion load or
additional controller each
with their own diversion
loads may be necessary.
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Diversion Control Troubleshooting
Table 4-2 Diversion Control Problems

Problem Possible Cause Solution

Diversion load operates | Bulk Voltagesettingon | A. Bulk voltage on
while agenerator (fuel | diversion controller is | controller needs to be set

powered) is running. set too close to other higher than other charging
charger settings. sources or use a

switch/relay to disable the
diversion load while using
agenerator.

Diversion load operates | Mode jumper is set for | Change jJumper setting.

immediately at full “Load Control” instead

power when load of “Charge Control”.

breaker isturned on.
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Troubleshooting

Load Control Troubleshooting

The following table lists possible problems that may arise
when using the C-Series Multifunction DC Controller asa
Load Controller.

Table 4-3 Load Control Problems

Problem

Possible Cause

Solution

Load disconnects at
different point than set
for.

A. Load Control decal
isnot in place.

B. BTS has been
installed.

A. Install the decal or
follow procedurein
manual. See “ Setting
Voltage Parameters for
Load Control Mode” on
page 24.

B. Battery Temperature
Sensors should not be used
inload control
applications.

Status LED Blinks
Orange after switching
on the load breaker.
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Startup or Inrush
current exceeds
controller rating.

Use larger controller or
“buffer” the controller by
using arelay/contactor
where the controller
operates only the coil of
the relay/contactor and not
directly to the DC load.
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Specifications

Appendix A, “ Specifications” provide the specifications
for the C-Series Multifunction DC Controller.

For information on: See:

“Electrical Specifications’ page 70
“Features and Options Specifications’ page 71

“Environmental Specifications’ page 72



Specifications

Electrical Specifications

The following lists the electrical specifications for the
C-Series controllers Models C35, C40, and C60.

Table A-1 Electrical Specifications

Model 35 C40 C60
Voltage 12Vdc 24Vdc 12Vdc | 24Vdc | 48Vdc | 12Vdc 24Vdc
Configuration

Maximum PV 55Vdc 55 Vdc 125Vdc| 125 Vdd 125 Vdc| 55 Vdc 55 Vdc
Array Open

Circuit Voltage

Charging Load 35ampsDC 40 amps DC continuous 60 amps DC
Current continuous continuous
Recommended 60 amps DC 60 amps DC 60 amps DC
Breaker Sizewith | #6 AWG #6 AWG (100% continuous
recommended duty cycle),

Wire Sizein #6 AWG

Conduit (90 ° Crated)
Maximum Short 85 amps 85 amps intermittently 85 amps

Circuit Current intermittently intermittently

Maximum Voltage
Drop

0.30 volts - charge control mode

Total Current
Consumption

While operating - 15 mA (typical), at idle - 3 mA (tare)

Charger Regulation
Method

Solid state, 3-stage (bulk, absorption and float) Pulse Width Modulation

(PWM)

Charging Control Settings:

Lead Acid Battery | 12 Volt System: 24 \olt System: 48 Volt System:
Float 12.5- 14.5Vdc | Float 25.0- 29.0 Vdc Float 50.0 - 58.0 Vdc
Bulk 13.0- 15.0 Vdc | Bulk 26.0 - 30.0 Vdc Bulk 52.0 - 60.0 Vdc
EQ =+1aboveBulk | EQ =+2 above Bulk EQ = +4 above Bulk
NiCad battery 12 Volt System: 24 \Volt System: 48 Volt System:

70

Float 14.5- 16.5Vdc
Bulk 15.0- 17.0 Vdc
EQ = not
recommended

Float 29.0 - 33.0 Vdc
Bulk 30.0 - 34.0 Vdc
EQ = not recommended

Float 58.0 - 66.0 Vdc
Bulk 60.0 - 68.0 Vdc
EQ = not
recommended

975-0004-01-02 Rev D



Features and Options Specifications

Table A-1 Electrical Specifications

Model c35 C40 C60
Load Control Settings:
System Voltage: 12 Volt System: 24 \olt System: 48 Volt System:
Low Voltage
Reconnect | LVR12.0t014.0Vdc | | VR 24.0t0 28.0 Vdc LVR 48.0 to 56.0 Vdc
Low Voltage
Disconnect | LVD 10.5t012.5Vdc | LvD 21.0t0 25.0 Vdc LVD 42.0t050.0 Vdc

Features and Options Specifications

Thefollowing lists the features and options specifications for
the C-Series controllers Models C35, C40, and C60.

Table A-2 Features and Options Specifications

Model

35 Cc40 C60

Sandard Features

Status Indicator

Multi color LED indicates the operating/battery voltage status.

Low Voltage Disconnect
Load Control Mode

User selectable manual or automatic reconnection - includes warning
flash before disconnect and 6 minutes “grace” period.

Equalization Charge
Charge Control Mode

User selectable manual or automatic equalization (every 30 days).

Short Circuit Protection

Fully electronically protected with auto-reset.

Adjustable Control Two user-adjustabl e, voltage setpoints for control of loads or charging
Setpoints (test points sources (settings retained if battery is disconnected.)

provided for high

accuracy

Options

LCD Meter Panel
(CM, CM/R-50,
CM/R-100)

Back-lit, 32-character, alpha-numeric liquid crystal display panel for
remote (CM/R) or front mounting (CM) on the C-Series controller.

Externa Battery
Temperature Sensor
(BTS15, BTS/35)

Provides automatic adjustment of the charge control set point to the
battery temperature (may be extended)
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Specifications

Environmental Specifications

The following lists the environmental specifications for the
C-Series controllers Models C35, C40, and C60.

Table A-3 Environmental Specifications

Model C35 Cc40 C60
Enclosure Type Indoor, ventilated, powder-coated steel with 3/4" and 1" knockouts.
Operating 3210 104 °F (O to +40 °C)

Temperature Range | Specifications at 25°C

Non-operating -67t0 284 °F (-55t0 +75 °C)

Temperature Specifications at 25°C

Altitude Limit 15,000 feet (5,000 meters)

(operéting)

Altitude Limit 50,000 feet (16,000meters)

(non-operating)

Dimensions 8'x5"x 25" 10" x 5" x 2.5"

(HxW x D) (20.3cmx 12.7cm x 6.35cm)| (25.4cm x 1.7 cm x 6.35 cm)
Mounting Vertical Wall Mount

Weight (Controller
only)

Weight (Shipping)

2.51bs (1.2 kg)

3.0lbs (1.4 kg)

3.01bs (1.4 kg) 3.01bs (1.4 kg)

351bs (1.6 g) 3.51bs (1.6 kg)

* Specifications at 25°C

Specifications subject to change without notice
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Batteries

Appendix B, “Batteries’ describes types of batteries.

For information on: See:

“Battery Types’ page 74
“Battery Sizing” page 76
“Equalization Charging” page 77



Batteries

Battery Types

Batteries come in different sizes, types, amp-hour capacity,
voltages and chemistries. Here are afew guidelines that will
help in battery selection, and ensure that the batteries are
properly maintained. The best source of the most appropriate
settings for the C-Series will be from the manufacturer or
supplier of the batteries.

AN\

WARNING: Explosion/Corrosion Hazard

Batteries can vent hydrogen-sulfide gas, which is corrosive to
€electronic equipment. Batteries also generate hydrogen and oxygen
gas that can explode when exposed to a spark. Be sure to read the
safety precautions on page viii regarding batteries.

Automotive Batteries

Automotive and truck batteries are designed for high
cranking power — not deep-cycling. Do not use them unless
no other battery typeis available. They simply will not last
long in acycling application.

Maintenance-Free Batteries

Thistype of battery is often sold asa RV or marine battery,
but is rarely appropriate for use with aPV system. They
typically have an additional reserve of electrolyte, but are
vented. Thisis not the same as a sealed battery.

Deep-Cycle Batteries

74

Best suited for use with PV systems, thistype of battery is
designed to be more deeply discharged before being
recharged. Deep-cycle batteries are available in many sizes
and types. The most common is the vented liquid electrolyte
battery.
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Battery Types

Vented batteries usually have battery caps. The caps may
appear to be sealed, but are not. The caps should be removed
periodically to check the level of electrolyte. When acell is
low, distilled water should be added after the battery isfully
charged. If the level is extremely low, add only enough
distilled water to cover the plates before recharging. The
electrolyte volume increases during the charging process and
the battery will overflow if itisfilled all of the way up before
recharging. Use only distilled water because impurities will
reduce battery performance.

A popular and inexpensive deep-cycle battery isthe “golf
cart” battery. It isa6-volt design, typically rated at

220 amp hours. RV and marine deep-cycle batteries are also
popular for small systems. They are usually referred to as
Group 24 or Group 27 batteries and are rated at 80 to 100
amp-hours at 12 volts. Many larger systems use L16
batteries, which are usually rated at 350 amp-hours at 6-volts
each. They are 17 inches high and weigh about 130 pounds.
8D batteries are available with either cranking or deep-cycle
construction. Purchase only the deep-cycleversion. The8D is
typically rated at 220 amp hours at 12 volts.

Sealed Batteries

Another type of battery construction isthe sealed gel cell.
They do not use battery caps. The electrolyteisin the form of
agel rather than aliquid, which allows the batteries to be
mounted in any position. The advantages are no maintenance,
long life (800 cycles claimed) and low self-discharge.
Absorbed glass mat (AGM) electrolyte batteries are also
acceptable. Their electrolyteis contained in mats between the
battery plates.

Seal ed batteries reduce the maintenance requirements for the
system and are good for remote applications. They are much
more sensitive to the charging process and can beruined in as
little as a day of overcharging.
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Batteries

NiCad and NiFe Batteries

The Xantrex C-Seriesis compatible with NiCad
(nickel-cadmium) NiFe (nickel-iron) and alkaline-type
batteries, which must be charged to a higher voltage level to
achieve afull charge.

To use the C-Series with NiCad batteries, clip the wire on the
resistor labeled “R46" in the middle of the C-Series circuit
board by cutting it. See “ Setting Voltage Parameters for
Alkaline Batteries’ on page 26 for instructions on how to clip
thiswire.

Avoid damage to neighboring components.

Important: Inall applications the BULK voltage setting
should be adjusted to alevel below the maximum operating
voltage of the DC loads. This may be as low as 15 volts for some
types of electronic loads. Undercharging may occur in this
instance, but DC equipment will be protected. Check with the
manufacturers of the DC equipment being powered for its
maximum DC input voltage tolerance. If equalization is expected
to occur, then the DC equipment being used must tolerate the
voltages which will occur during the equalization process.

Battery Sizing

76

Batteries are the fuel tank of the system. The larger the
batteries, the longer the system can operate before recharging
is necessary. An undersized battery bank resultsin short
battery life and disappointing system performance.

To determine the proper battery bank size, compute the
number of amp-hours that will be used between charging
cycles. Once the required amp hours are known, size the
batteries at approximately twice this amount. Doubling the
expected amp-hour usage ensures that the batteries will not
be overly discharged and will extend battery life.
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Equalization Charging

Equalization Charging

Approximately every month, some batteries may need to be
“equalized.” Since the individual cells of the battery are not
identical, some cells may not be fully charged when the
charging process is completed. If the batteries have been |eft
in a discharged condition for long periods of time, the plates
will have sulfates on them from the electrolyte. If the sulfate
remains on the plates for an extended period of time, it will
harden and seal off a percentage of the plate area, reducing
the capacity of the battery. By equalizing the batteries before
the sulfate hardens, the sulfate is removed from the plates.

Batteries with liquid electrolyte may become stratified.
Stratification concentrates the sulfuric acid into the bottom of
the cell while the top becomes diluted. This corrodes the
lower portion of the plates, reducing battery life. Mixing of
the electrolyte by the formation of gas bubbles during the
equalization process reduces stratification.

Two methods can be used to determine if a battery needs to
be equalized. If possible, measure the voltage of each
individual cell while the battery is at rest (not being charged
or discharged). A variation of 0.05 volts between cells
indicates an imbalance exists. If the battery construction
prevents measurement of the individual cell voltages, use a
hydrometer. A variation of 0.020 in the specific gravity
between cellsis considered significant. Both conditions can
be corrected by an equalization charge.

A proper equalization charge will not damage avented, liquid
electrolyte type battery. It may, however, cause significant
electrolyte usage and require that the battery be refilled with
distilled water to the correct level. Thismay be a problem
with unattended systemsin remote areas which do not receive
regular maintenance. Consult the battery manufacturer for
their recommendations.
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Batteries

78

AN\

CAUTION: Damage to Batteries

Equalization should be done only on vented (not sealed or
maintenance-free) lead-acid, liquid-electrolyte batteries. The
battery manufacturer should be consulted before attempting to
equalize any other battery type. Add clean, distilled water to the
battery following the equalization process.

CAUTION: Damage to Loads

DC loads may need to be disconnected by turning off circuit
breakers or removing fuses before equalization to prevent damage
by the required higher voltages used in the equalization process.

CAUTION

If the batteries are equipped with hydro caps (catalytic gas
recombiner caps), they should be removed during the equalization
process. If hydro caps are used, you should disable automatic
equalization to prevent possible damage.
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Equalization Charging

Equalization Setpoints (Non-Sealed Batteries Only)

Table B-1 Typical Bulk and Float Setpoints for Batteries

Equalizing

Battery Type Bulk Volts Float Volts Charge

Default Settings (knobs | 14.0 Vdc 13.5Vdc Disabled

at nine o' clock position) (manual
jumper)

Sealed Gel Lead Acid 14.1Vdc 13.6 Vdc Non

Battery recommended.
Consult Battery
manufacturer.

AGM Lead Acid 14.4Vdc 13.4Vdc Charge to

Battery 15.5 Vdc or per
manufacturer.

M aintenance-Free 14.4Vdc 13.4Vdc Limited

RV/Marine appropriateness
- if water level
can be checked.

Deep-Cycle, Liquid 14.6 Vdc 13.4Vdc Charge to

Electrolyte Lead 15.5 Vdc or per

Antimony Battery battery
manufacturer.

NiCad or NiFe Alkaline | 16.0 Vdc 14.5Vdc Not

Battery? recommended.
Consult battery
manufacturer.

Values shown are for 12-volt systems. For 24-volt Systems, multiply this
setting shown by 2. For 48-volt systems, multiply the settings shown by 4.

Important: The following settings (Table B-1) are guidelines only. Refer to
your battery vendor for specific settings and battery maintenance guidelines.

a.For NiCad and NiFe batteries, you must clip the R46 resistor and add 2 voltsto the values
for BULK AND FLOAT shown on the circuit board. For example, set the BULK for
16.0 V adjust the BULK knob to 14.0 V after clipping R46. Values above are for batteries
at room temperature. For applications with significant temperature variations or systems
with sealed batteries, install a battery temperature sensor.
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Diversion Loads

Appendix C, “Diversion Loads’ provides additional
information about Diversion Loads.

For information on: ‘ See:

“Diversion Load Types’ ‘ page 82



Diversion Loads

Diversion Load Types

Several different types of diversion loads are available to the
aternative energy market. These loads are designed to
operate with the power output levels common to most
diversion load controllers. The following are several
available diversion loads which may be used successfully for
heating water or air.

A 120 Vac, 2000-watt water heater element, available at most
hardware stores, may be used with a 12-, 24-, or 48-volt DC
system; however do not expect a 2000-watt power
dissipation. The power draw is determined by the heater
element’s DC resistance, the output voltage of the controller,
aswell asthe output current capability of the charging
source(s).

These heater elements were designed to operate at

120 volts AC. A 48-volt, 40-amp charge controller will
operate just fine with this type of a system providing about
500 waitts of power dissipation.

A 12- or 24-volt diversion load controller will work but
doesn’'t put out enough power to effectively heat water with
only one element. The remedy to thistype of problemisto
parallel several of these heater elementsto increase the power
output.

Table C-1 below shows power dissipation of a 120 Vac,
2000-watt heater element operated at different voltages. Note
that the voltages given are roughly the bulk charge stage
voltages for a given system.

Table C-1 Power Dissipation
System Voltage Power Amperage
60 Vdc (48 Vdc system) | 500 W 8.3 amps
30Vdc (24 Vdc system) | 125 W 4.2 amps
15Vdc (12 Vdc system) | 31 W 2.1 amps
120 Vac 2000 W 16.7 amps
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Diversion Load Types

Regardless of the type of diversion load you decideto utilize,
make sure that the diversion load can handle all the power the
charging system is capable of putting out. Paralleling heater
elements (whether open air or water heater) will allow more
power dissipation.

A good rule of thumb isto not have a combined charging
source greater than 80% of the diversion load controller’s
current handling ability.

For example, if a Xantrex C-Series, 40-amp diversion load
controller is being used, do not place a combination of
charging sources which are capable of putting out more than
32 amps (80% of 40 amps) on the load controller’s circuit.

Sizing a diversion system thisway allows a safety margin for
unusua conditions (high winds, high water flow, etc.).

It is not recommended that light bulbs be used as diversion
loads for a couple of reasons.

1. Anincandescent light bulb has a substantially lower cold
filament resistance than when it ison. Thismeans it
draws more power (up to five times) to start the light
when it is cold than once the filament has warmed up.
Even a 40-watt light bulb may have an in-rush amperage
at turn-on of 200 amps. This could cause the load
controller to shut down.

2. Intheevent alight bulb load burns out, a
smaller-than-necessary |oad will be present, and the
excess energy will have nowhere to go.

Learn more about marine electronics and navigation on our website.
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