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Important Safety Instructions

General Safety

Audience

This book provides instructions for the physical installation and wiring of this product.

These instructions are for use by qualified personnel who meet all local and governmental code
requirements for licensing and training for the installation of electrical power systems with AC and
DC voltage up to 600 volts. This product is only serviceable by qualified personnel.

Symbols Used

C WARNING: Hazard to Human Life

This type of notation indicates that the hazard could be harmful to human life.

C CAUTION: Hazard to Equipment

This type of notation indicates that the hazard may cause damage to the equipment.

IMPORTANT:
@_5 This type of notation indicates that the information provided is important to the installation,

operation and/or maintenance of the equipment. Failure to follow the recommendations in
such a notation could result in voiding the equipment warranty.

/ NOTE:
This type of notation indicates useful information. This symbol is not always used.

MORE INFORMATION

When this symbol appears next to text, it means that more information is available in other manuals relating to the

subject. The most common reference is to the FLEXmax 100 Quick Start Guide. Another common reference is the
system display manual.

General Safety

f WARNING: Limitations on Use

This equipment is NOT intended for use with life support equipment or other medical
equipment or devices,

f WARNING: Reduced Protection

If this product is used in a manner not specified by FLEXmax 100 product literature, the
product’s internal safety protection may be impaired.

j CAUTION: Equipment Damage

Only use components or accessories recommended or sold by OutBack Power or its
authorized agents.

900-0253-01-00 Rev C 9
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Introduction

Welcome to OutBack Power

Thank you for purchasing a FLEXmax 100 Series Charge Controller. These charge controllers offer an
efficient, safe, multi-stage recharging process that prolongs battery life and assures peak performance from a
PV array of up to 300 open-circuit volts (Vo).

Audience

This manual provides instructions for installation, setup, and operation of the product. These instructions are
for use by qualified personnel who meet all local and governmental code requirements for licensing and
training for the installation of electrical power systems with AC and DC voltage up to 600 volts. Failure to
install or use this equipment as instructed in the literature can result in damage to the equipment that may not
be covered under the limited warranty. This product is only serviceable by qualified personnel.

IMPORTANT:
This manual provides safety guidelines and installation information for the FLEXmax 100

charge controller. It does not provide information about specific brands of PV modules and it
supplies limited information on batteries. Contact the supplier of the PV modules or batteries
for additional information.

Features

The FLEXmax 100 charge controller uses continuous Maximum Power Point Tracking (MPPT). This function
continuously seeks out the maximum power available from a PV array and harvests it. This power is used to
recharge the batteries. See page 74 for a description of MPPT.

The FLEXmax 100 has the following features:

Designed for operation as part of an OutBack Power Grid/Hybrid™ system
Supports 24, 36, and 48 Vdc battery voltages

Wide input voltage range allows the use of a PV array configuration up to 300 Voc
Controls an equalization cycle manually or automatically

Rain-proof enclosure

Logs up to 128 days of operational data

Field-upgradeable firmware

O O 0o o o o o o

Can be remotely monitored and configured (up to 300 feet or 100 meters away) using MATE3s system display
e  MATE3s must use firmware revision 001.002.000 or higher
e This product is not intended for use with the AXS Port or the previous MATE, MATEZ2, or MATE3 products
o  Supports the OPTICS RE™ online tool' for a cloud-based remote monitoring and control application

e Requires the MATE3s

e Visit www.outbackpower.com to download the software
Type 1 series arc fault circuit interruption

o

" Outback Power Technologies Intuitive Control System for Renewable Energy
900-0253-01-00 Rev C 11



Introduction

Components and Accessories

Table 1 Components Included

FLEXmax 100 Charge Controller MicroSD Card (already installed)
Mounting Bracket (x 2) Warning Label (to be applied to battery)
Silicone Grease Package Product Literature

Rainproof
enclosure

Status indicators
with universal symbols

Equalize
switch

Easily accessible
wiring
compartment

To remove the wiring compartment cover:

1. Using a Phillips screwdriver, remove the two screws
from the bottom of the compartment cover. See above.

2. Grasp the lower edge as shown. Swing the cover out
while pulling downward.

Cover screws

Figure 1 Features & Wiring Cover

12 900-0253-01-00 Rev C ©2019 EnerSys. All Rights Reserved.




Introduction

Battery Types

The default settings of the FLEXmax 100 charge controller are for lead-chemistry batteries intended
for deep discharge. These include all energy storage offered by OutBack Power as well as
batteries for marine, golf-cart, and forklift applications. They also include gel-cell batteries and
absorbed glass-mat (AGM) batteries. OutBack Power recommends the use of batteries designed
specifically for renewable energy applications.

Lithium-based batteries and other advanced battery technologies may require special charging
considerations. The OutBack Power website contains a list of supported lithium-ion battery models:

www.outbackpower.com/downloads/documents/productchangenotice/productchangenotice_li-ion.pdf

ii CAUTION: Battery Damage

<  OutBack Power does not approve custom applications, including installation of
lithium-ion batteries that have not been lab-tested and published as installable
with OutBack Power equipment. OutBack Power only supports batteries that
have been certified and published for use with this product. Consult the list above,
and also see below for more information. Supported batteries are assumed to be
new (not repurposed, purchased used, etc), covered under manufacturer’s
warranty for the intended application, and fully compliant to all local and national
regulatory requirements.

< Please note that OutBack Power does not claim responsibility for any damage done
by or to batteries that are deployed using the information found in this notice.

IMPORTANT: Supported Batteries
@3 < The list linked above includes batteries that have been reviewed and tested by

OutBack Power personnel and whose manufacturers have provided specific
guidance on equipment settings and limitations. Use of batteries not on this list —
including unlisted battery models from the same manufacturers — is at the risk of
the installer and host site and may result in the product warranty being void.

This remains the case regardless of any technical advice or assistance that may be
provided by OutBack Power, its personnel, or representatives.

«  Please refer to the application notes and any manufacturer recommendations
for recommended settings. Note that inclusion on this list does not constitute
an endorsement of these battery products and that not all combinations carry
the safety listings required by some permitting authorities.

% PLEASE NOTE THAT OUTBACK POWER DOES NOT CLAIM RESPONSIBILITY
FOR ANY DAMAGE DONE BY OR TO BATTERIES THAT ARE DEPLOYED
USING THE INFORMATION FOUND IN THIS NOTICE.

 |NoTE:

This product comes with an additional label (see Table 1 on page 12) which must be
applied to the batteries.

900-0253-01-00 Rev C 13
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Installation

Standards and Requirements

Installations must comply with all national and local electrical codes. Professional installation is
recommended. See page 11 for qualifications of installers.

A FLEXmax 100 charge controller operating in unventilated or in other conditions above an ambient
temperature of 25°C (77°F) will have a derated power output. See page 69 for more information.

If damaged or malfunctioning, the FLEXmax 100 should only be serviced by qualified personnel.
Please contact the local renewable energy dealer/installer for assistance.

Dimensions and Clearances

Width 8.8” (22.4 cm) Depth 6.0” (15.2 cm)

< >
"

A A
Height
Height 18.6”
with fan (47.2 cm)
23.0”
A (58.4 cm)
Wiring
compartment
height
4.4” (11.2 cm) \

Side Plugs: 3.27” (8.3 cm)
> Bottom Plugs: 3.3” (8.4 cm)

Wiring compartment opening width These openings are for 1” conduit
6.9” (17.6 cm) (1%” actual diameter)

pa
<

Figure 2 FLEXmax 100 Dimensions

Clearance requirements (minimum)

o Above the ground or floor surface: 36” (91.4 cm)
o Above and below the controller: 6“ (15.2 cm)
o Right and left sides: 1” (2.5 cm)
e This includes clearance for multiple controllers installed next to each other.

900-0253-01-00 Rev C 15



Installation

Installation
Mounting the Charge Controller

The FLEXmax 100 must be mounted upright on a wall or similar flat upright mounting surface. No other
mounting positions are allowed. Installation in shade is recommended.

Two mounting methods are available. The first method uses keyhole slots on the back of the controller for
hanging directly on a wall and flush with the surface. This method is useful for a standalone installation.

Keyhole Slot Mount

Keyhole slots To mount using keyhole slots (A):

A 1. Use two slotted #14 wood screws. The mounting surface must
be strong enough to support the weight of the charge controller.

NOTE: OutBack Power is not responsible for damage resulting
from inadequate mounting hardware or preparation.

N

Mark the screw insert locations on the surface as in B.
Space them according to the keyhole slot locations as in p.

NOTE: The brackets included with the controller have holes
with the same spacing which can be used as a marking template.

3. Using the appropriate tools, set the screws into the surface.
B The heads should protrude by %" (0.3 cm).

4. Hang the charge controller by placing
its back against the mounting surface

- A and aligning the keyhole slots with
1 ‘> > the screws. Settle the controller

so that the screws seat in the

narrow end of each slot.

Slot spacing
7.9” (20.1 cm)

-
-~
~aLy
-

N
>

5. Secure the base of the controller
to the surface. Insert two 4"
hex head lag screws into the
holes shown in g.

Distance 16.9”
(42.9 cm)

Hole spacing 3.4”
Securing holes (8.5 cm)

Mounting is complete. Proceed to charge controller wiring or other installation steps.

Figure 3 Mounting the Charge Controller (keyhole)

16 900-0253-01-00 Rev C ©2019 EnerSys. All Rights Reserved.




Installation

Bracket Mount

The second mounting method uses brackets on the top and bottom of the controller. This method mounts the
controller 0.83” (2.1 cm) from the wall. It is useful when mounting the controller next to an OutBack Power
inverter system, as the conduit openings will align. It is also useful for mounting without making advance
measurements. The FLEXmax 100 controller comes with two identical brackets.

To mount using brackets:

1. Using two 4" hex head lag screws, mount the lower
bracket with the tabs facing upward (1 and 2).

The mounting surface must be strong enough to
support the added weight of the charger controller.

NOTE: OutBack Power is not responsible for damage
resulting from inadequate mounting preparation.

2. Lower the charge controller onto the lower bracket slots
as shown to the left.

NOTE: The charge controller can rest on the lower
bracket for the rest of the procedure, although it will
need at least one hand to steady it.

3.

4. Using two %42” hex head lag screws, attach the upper
bracket to the mounting surface as shown to the left

(3 and 4).

Mounting is complete. Proceed to charge controller wiring
or other installation steps.

Insert the upper bracket into the upper slots

Vertical space between upper and lower
bracket holes: About 20" when mounted

Figure 4 Mounting the Charge Controller (brackets)

900-0253-01-00 Rev C 17



Installation

Wiring
This section provides instructions on installing PV array wiring into the charge controller. See
page 73 for more notes on PV array sizing. All wiring must comply with local and national codes.

Grounding

This product is intended to be installed as part of a permanently grounded electrical system. This grounding
is shown in the wiring diagrams in this book. Grounding methods must comply with local and national codes.

The FLEXmax 100 equipment ground is marked with this symbol: @

IMPORTANT:
%  The FLEXmax 100 includes internal ground-fault protection and meets the requirements of the

2017 National Electric Code, Article 690.41(A)(1) for two-wire PV arrays with one functional
grounded conductor.

< Bonding one of the battery conductors to ground is required for NEC compliance and is
strongly recommended in any case. The product comes with a functional bond established
from negative to ground. For positive-ground installation, see page 19.

v" The battery conductor (positive or negative) must be bonded to the grounding system at
only one point. An external bond should not be present elsewhere in the system unless
the bond in the FLEXmax 100 is intentionally removed. If present, another bond will
defeat the GFDI protection. See page 20.

< If required, external ground-fault protection can be used with this product, such as the OutBack
Power GFDI or PV system grounding in compliance with NEC 690.5(A). See page 20.

< Make certain to connect the FLEXmax grounding terminal bus bar to earth ground. See
|Figure 7 on page 22 for the location. Failure to do so may cause a ground fault error.

A CAUTION: Equipment Damage

% See page 19 for instructions when installing the FLEXmax 100 in a positive-ground system.
These include, but are not limited to:

v" Any GFDI protection must be external. The FLEXmax 100 internal GFDI must be
disabled prior to use in a positive-ground system.

v" The FLEXmax 100 cannot be networked in a positive-ground system with multiple
inverters. In a positive-ground system, it can only be used with one OutBack Power
inverter and one HUB communications manager.

v" For use of the FLEXnet DC Battery Monitor or other devices in these applications, see
page 78.

< Failure to follow these instructions can damage the controller and other devices.
This damage is not covered under warranty.

Negative-Ground Systems

A WARNING: Shock Hazard

Failure to bond one (and only one) battery conductor to the grounding system can present a risk of
electric shock.

A CAUTION: Equipment Damage

Failure to follow ground bonding instructions can damage the FLEXmax 100 and other devices.
This damage is not covered under warranty. Failure to follow these instructions may also result in
noncompliance with NEC or other codes.

The FLEXmax 100 uses a jumper wire to create a functional ground for one conductor. Connecting this wire
completes a mechanical connection (bond) between one battery conductor and the ground. The default
position creates a negative-to-ground bond, the most common configuration (item A in Figure 5).

The negative jumper position also completes a connection to the internal ground fault detection and
interruption (GFDI) circuit through the GFDI fuse. The jumper is removed if an external GFDI device is used.
See the GFDI section on page 19.
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Figure 5 Bonding Jumper

Positive-Ground Systems

The FLEXmax 100 has several critical requirements when used in a positive-ground system.
o The internal GFDI function cannot be used. However, make certain to leave the GFDI fuse in place.
o Ensure neither PV conductor is grounded. The battery conductor is the only item to be grounded.

Take these additional steps.
o Remove the bonding jumper wire (item A in Figure 5).

o Establish an external positive-to-ground bond. The controller does not provide this bond.

Several other requirements must be met to maintain NEC compliance.
o Install a dual-pole PV input circuit breaker to protect both the positive and negative conductors.
o Install external GFDI protection. See the GFDI section below.

Page 28 depicts a positive-ground system. See page 78 for requirements when networking other devices on
positive-grounded systems.

IMPORTANT:
@ Make certain the bonding jumper is removed from all controllers in a positive-ground system.

Leaving the jumper in place will cause the GFDI fuse to open. The controller will not operate
and will display the symptoms of a ground fault shutdown. If a ground fault is actually present
at power-up, this may also damage the ground fault detection circuit.

Ground Fault Detection and Interruption (GFDI)

If a ground-fault event occurs, the controller's GFDI fuse will open. The FLEXmax 100 GFDI circuit detects
continuity across the fuse. Lack of continuity will cause the charge controller to shut down. If the fuse is not
initially installed, the controller will be unable to operate. In either case the LED indicators and the system
display will show GFDI Fault. (See pages 36 and 44.) See Troubleshooting on page 64 if this occurs.

If multiple controllers are used on a common system, all but one fuse must be removed. The other controllers
will detect the continuity of the remaining fuse. All units will then respond equally to a ground fault. Figure 6
shows fuse removal or replacement. Note that the bonding jumpers are not removed.
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A WARNING: Shock Hazard

When a ground fault is indicated, normally grounded conductors may be ungrounded and
energized, and/or normally ungrounded conductors may be grounded.

IMPORTANT:

< Removing the fuse from all controllers (or failing to install it) will prevent the controllers
from functioning.

% Using multiple fuses will keep the FLEXmax 100 GFDI protection from working as
specified. It will also establish multiple ground bonds, potentially leading to other error
conditions. This will result in noncompliance with NEC or other codes.

< Removing the ground bonding wire from all controllers will defeat the GFDI function.
This is a requirement in positive-ground systems. See the Ground Bonding section.

< The array insulation resistance measurement is not provided. The GFDI is provided but
has not been completely evaluated to CSA C22.2 #107.1 (Ed. 4) requirements. If either
is required by Canadian local regulations, it will need to be provided by the installer.

To remove the fuse holder A, simply
grip it tightly by the top handle and pull
upward. The fuse and holder will
unsnap from the board.

To open the fuse holder, push on the two
halves of the top handle in opposite

directions as shown in B. The holder will
open on a hinge.

B it

The fuse € can be easily removed
and replaced as needed. Replace
with a fuse of the same type
(600 Vdc, 0.75 Adc, OutBack Power
V\ P/N SPARE-045).

Hinge

™

Replace the fuse holder by following these instructions in reverse. Hinge

Figure 6 GFDI Fuse

External GFDI

IMPORTANT:

An external ground fault device must also contain the means for PV disconnection.
This function is built into OutBack Power GFDI products.

If alternate PV system grounding configurations or GFDI methods are required, remove the ground bonding
jumper wire from all FLEXmax 100 controllers (see Figure 5 on page 19). Do not remove the GFDI fuses
from any controllers. Once the bonding wire has been removed, the external ground fault device can be
installed according to its own instructions.
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Wiring Size and Requirements

A CAUTION: Equipment Damage

Do not use a power driver or other power tools to tighten wire terminals. This can
damage them.

IMPORTANT:

Wire sizes must comply with all local and national codes. Input conductors and circuit
breakers must be rated at 1.56 times the short-circuit current of the PV array (per NEC).
OutBack Power’s 100% duty continuous circuit breakers only need to be rated at 1.25 times
the short-circuit current.

o Please refer to the NEC and other electrical codes for PV array cable sizing, cable length, and cable
ampacity.

o Use #4 AWG (25 mm?) wire (minimum) for the output between the FLEXmax 100 and the battery bus
bar conductors. Smaller conductors can reduce performance and possibly damage the unit.

o The output can accept conductors up to #2 AWG (35 mm?). Larger conductors will reduce losses and
ensure highest performance of the FLEXmax 100. Use 90°C copper wire.

o The maximum permitted conductor size for connection to the grounding wire terminal block is #6 AWG
(16 mm?). Use 90°C copper wire.

o Install properly sized overcurrent protection devices. The minimum AIC (amps interrupting capacity)
rating required is 1125 Adc.

o The largest PV array must have a rated short-circuit current of 64 amps or less under STC after
accounting for all thermal derating factors. The output current limit of the FLEXmax 100 is 100 amps.

o DC battery overcurrent protection must be used as part of the installation. OutBack Power offers both
circuit breakers and fuses for overcurrent protection.

Circuit Breaker Size and Requirements

The input (PV) and output protective devices must be sized according to the installation
requirements. OutBack Power offers a range of circuit breakers to meet these requirements.

Input Circuit Breakers

o PNL-40-300vVDC 40 amp single pole

o PNL-40D-300VDC 40 amp double pole

o PNL-60-300vVDC 60 amp single pole

o PNL-60D-300VDC 60 amp double pole

o PNL-80-300vDC 80 amp single pole

o PNL-80D-300VDC 80 amp double pole

Output Circuit Breakers

o PNL-100-300VDC 100 amp single pole with plastic shield
o PNL-125-300VDC 125 amp single pole with plastic shield

« |NoTE:

The plastic shield provided with PNL-100-300VDC and PNL-125-300VDC provides important
insulation between devices. Install this shield before installing multiple adjacent circuit
breakers. Do not throw this shield away.
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Physical Requirements and Conduit

IMPORTANT:
Conduit hubs must connect to the conduit before connecting to the FLEXmax 100.

. WARNING: Burn Hazard

The heat sink can become hot when the charge controller is operating. Use caution when
touching it during operation.

o  All wire lugs and ground terminals are to be tightened to a torque value of 4 Nm (35 in-Ib).
o Ifinstalling in a wet location, any conduit hubs must comply with the requirements of UL 514B.
o Run positive and negative cables side by side.
o Tie or twist cables together as much as possible to allow the inductive currents to cancel.
e Ensure paired cables pass through the same knockout and conduit fittings.

PV and Battery Terminals

. WARNING: Shock Hazard

When a PV array is exposed to light, it immediately generates a voltage. Make sure all DC
circuit breakers are OFF (open) BEFORE making any wiring connections. Open both the
battery disconnect devices and the array disconnect devices to ensure isolation of the
controller. Use a DVM to check for voltage on all wires.

CAUTION: Equipment Damage

% Each FLEXmax 100 requires its own PV array. DO NOT PARALLEL PV+ and PV-
TERMINALS OF MULTIPLE CONTROLLERS ON THE SAME ARRAY!
< Do not connect battery power to the PV terminals.

IMPORTANT:

Make certain to follow the PV wiring instructions in Figure 7. Failure to wire the PV circuit
correctly may result in lack of arc fault protection (when provided). See Figure 14 through
Figure 16 beginning on page 28 for examples of all wiring.

NOTE:

The negative () PV and negative (=) BATT terminals are connected internally.

>

>

<

DC
Terminals il | e

The FM100-300VDC-AFCI charge controller ships with a
sensing coil (A) and arc-fault detection card (B) attached inside
the compartment. Before establishing any PV connections,
take the following steps.

1.  Cut the zip-tie attaching the coil.
2. Position the coil in front of the PV terminals.

-
-
-
-

3. Insert the PV conductors through the coil. When installing the
PV positive and negative wires, pass them through the coil in
opposite directions (from sides € and D). See page 27 for more
information on this coil. Ground

4. Connect the PV wires to the PV+ and PV- terminals.

Figure 7 PV and Battery Terminals
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Accessory Terminals and Ports

Remote Temperature
Sensor (RTS) Port

Reset Button

MicroSD Card

HUB Port

Fan Connector

Accessory Terminal
Block

Figure 8 Accessory Terminals and Ports

Reset Button

This button is used for several functions, including updating the FLEXmax 100 firmware. See page 59.

/ NOTE:
This button does NOT reset the FLEXmax 100 to factory default settings. See page 34.

HUB Port

This is an RJ-45 port for a CAT5-style cable to connect OutBack Power system displays or the HUB
communications manager.

Device and LAN Ports

These ports are not currently active. These ports may be activated in the future using firmware updates.

Remote Temperature Sensor Port

An optional battery Remote Temperature Sensor (RTS) is recommended for accurate battery charging.

When the system includes an OutBack Power MATE3s system display, a HUB Communications Manager,
and multiple devices, then only one RTS is needed. If utilized, the RTS should be connected to the port on
the FLEXmax 100. The system display gives this port the highest priority and will communicate
compensation values to all other devices.

Specialized temperature compensation is available. See page 49 for more information.
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SD Card

The microSD card is used to update the FLEXmax 100 firmware. See page 59.

Fan Connector

This is the connection for the FLEXmax 100 cooling fan.

Accessory Terminal Block

This block of terminals has connections for the AUX output, for the Battery Sense function, and for the Rapid
Shutdown function. The terminals accept wire from #16 AWG to #24 AWG.

Press on the indented area A with a narrow tool to unlock each opening while inserting the wire in B.
The wire should be inserted at approximately a 45° angle (perpendicular to the opening).

Figure 9 Accessory Terminal Block

Rapid Shutdown Terminals

Terminals 1, 2, 3, and 4 are used for the Rapid Shutdown function. In an emergency, a responder may need
to quickly place the PV system in a de-energized state. These terminals can receive Rapid Shutdown
commands to quickly shut down the FLEXmax 100. Multiple controllers can be connected in parallel on a
single Rapid Shutdown circuit. See page 30 for more discussion of the Rapid Shutdown function, including
hookup diagrams.

IMPORTANT:
% A jumper, J5, is factory-installed on pins 2 and 3. It may need to be removed if another

device is installed.

<%  The FLEXmax 100 will not function unless jumper J5, the OutBack Power RSI, or a
similar normally-closed device is installed. Initial power-up will result in a Rapid
Shutdown signal. (See page 61.)

If an OutBack Power system display is present, the Rapid Shutdown function will deliver a Fault Input Active
error message (see page 44).
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AUX Terminals

The AUX (Auxiliary) output is a small power supply that provides a 12 Vdc output current to an isolated load.
The AUX output can respond to many criteria and control many functions. These include cooling fans, vent
fans, load diversion, fault alarms, and automatic generator control. The AUX can only control one function at
a time. Examples of AUX applications are shown in Figure 10 and Figure 11 below. See page 51 for a
complete description of AUX functions and programming.

AUX terminals 5 and 6 are the AUX output — and + terminals. These terminals are colored gray (—) and
orange (+) for easy reference. The terminals can supply up to 250 mA at 12 Vdc (3 W). This circuit contains
electronic overcurrent protection, which resets after being overloaded. No additional fuses are required for
AUX terminals.

The AUX indicator illuminates when the output becomes active. See page 36 for a description of the LED
indicators and their functions.

Examples of AUX wiring

In this example, the Aux output directly drives a 12-volt vent fan. The — and + wires on the fan are connected to Aux terminals
5 and 6, the Aux— and Aux+ terminals.

Figure 10 AUX Vent Fan

In this example, the AuX drives a relay that diverts wind power. The relay’s coil is connected to Aux terminals 5 and 6, the

Aux— and Aux+ terminals. When the AuX output closes the relay (based on battery voltage), the relay diverts excess power to
a water heating element.

Turbine

H?/

P

Relay

NOTE: Relays and elements shown are examples only and l
may vary depending on the installation. Element B ——

Figure 11 AUX Diversion Control

900-0253-01-00 Rev C 25



Installation

Battery Sense Terminals

The remote Battery Sense terminals are used for accurate voltage monitoring. These terminals connect
directly to the batteries. Using the controller's main battery cables for voltage sensing is less accurate.
This is due to voltage rise caused by charging currents on the battery conductors.

AUX terminals 7 and 8 are the — and + terminals for the Battery Sense function. These terminals are colored
black (—) and red (+) for easy reference. A twisted-pair cable is recommended. See page 24 for wire sizes.

IMPORTANT:

The MATES3s system display shows the overall system voltage as measured at the battery
terminals of various devices. (See Figure 27 on page 41.) This voltage is used for generator
starting and other functions.

< If no other devices are present, it will show the reading of the FLEXmax 100. Unless:

<  If OutBack Power inverters are present, the inverter voltage replaces the FLEXmax 100 as
the system voltage reading. Unless:

If the FLEXmax 100 Battery Sense terminals are in use, this reading replaces the inverter
or the regular charge controller readings as the system voltage. Unless:

The FLEXnet DC Battery Monitor is the highest priority and will replace the Battery Sense
reading as the system voltage.

The Battery Sense reading is still shown on the Charge Controller screen (see Figure 28 on
page 42). This reading is still used to adjust the FLEXmax 100 charging.

2o

*

K3
<

This function operates automatically when it detects a voltage within 2 volts of the battery voltage reading at
the charge controller’'s battery terminals. If the reading varies by more than 2 volts, the Battery Sense
function is disabled. The assumption is that the terminals are not connected. If the terminals are connected,

there may be a wiring problem.
The Battery Sense function has several advantages apart from accurate battery readings.

o The more accurate charging may increase battery life.
o Conflict between controllers due to differing readings is eliminated.

o The need for calibration is eliminated. If Battery Sense is not in use, the user can calibrate the battery
meter at the charge controller's main terminals. See page 56 and the system display literature for more
information. If Battery Sense is in use, calibration changes are not needed and will have no effect.

DC TERMINALS

(JC)C ()

BAT+

PV+ PV- BAT-

NOTE: Overcurrent protection
is not shown. Recommended
protection for sense conductors is:

Fast-acting device

80 Vdc or greater

1 A or smaller

Cold resistance 10 ohms or less

Figure 12 Battery Voltage Sensing
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Arc Fault Circuit Interruption (Option)

The FLEXmax 100 has a circuit card that provides arc fault detection. This device orders the controller to
shut down if arcing occurs in the PV circuit. The card operates automatically as long as the controller
receives battery power.

The circuit card can be removed if this function is not needed. It is available for purchase separately
(OutBack Power part number SPARE-047).

Arc Fault Card

N

Sensing Coil

Figure 13 Arc Fault Sensing Components

The AFCI function requires the PV wires to pass through the sensing coil. The AFCI function performs
optimally with positive and negative wires inserted in opposite directions through the coil. If only one wire fits,
it should be the non-grounded conductor.

When adequate PV power is available, the arc fault card will perform a self-test. A successful self-test will
result in the unit continuing PV production. A failure will result in an arc fault being indicated. This means that
a true arc fault and a self-test failure for other reasons will result in the same display.

Arc faults are displayed in several ways.

o The FM100 will display a flashing red FAULT indicator. See page 36.

o The MATESs system display will display Y (yes) next to the Arc Fault field on the Charge Controller
Error screen. See page 44. The red Event indicator will also illuminate.

o Ifthe system is in communication with the OPTICS RE website, OPTICS RE will also indicate an
arc fault.

See the Troubleshooting section on page 63 if this occurs.

« |NoTE:

<+ If neither wire passes through the coil, the system will not be able to detect
arc fault conditions.

2%
3

The arc fault card is not compatible with older charge controllers.
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Wiring Diagrams

NOTES: System-specific wiring is not shown.

Photovoltaic (PV) Array
é {E\) (?,) (\,,',\/ Charge Controller
i |pv PV PV
' omm—— S — Ground aeeecan., o
H - + - + - + Y
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. : A~ 1
I Shunt | . S @) O__._.'l |
1 B/ NI 3 B
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1 ® 1
: e 1
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! | 8 ) !
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Figure 14 Wiring Diagram - Single Charge Controller with PV Array

... Photovoltaic (PV) Array
E" (r') (.; (ID Charge Controller
i PV PV PV @
i o= - - ==={ Ground
! + - + - + - :
! : C J |\ J i PV+ _PV- BAT- BAT+
[l I T .
T - H : 1
i 1 ! 1 .
: N e ————— | S ) ! :
. —— —— - ———— H M 1 !
e Y ! i !
H H i H T M 1
i [ [ . DC 1 .
(DGround Bus Bar | Disconnect | i !
Battery Bank H : Panel 1 |
- |+ i J 1 !
e I m ' i !
5| |~ 1o — i
g ——— o i I ! .
- |+ I 2 . 7 I
| . 3 ~———0 O—| =" i
| : g i D S
! 3
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| ! 8 N
1 L (—O o—
1
|+ %
| NOTES: The PV circuit is shown protected with a dual-pole
circuit breaker. Positive-ground bond is shown external to the
\. controller. System-specific wiring and GFDI are not shown.

Figure 15 Wiring Diagram - Single Charge Controller (Positive-Ground)
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NOTE: System-specific wiring is not shown.

Figure 16 Wiring Diagram — System with Inverter
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Wiring the Rapid Shutdown Terminals

NEC 690.12 states "PV systems installed on or in buildings shall include a rapid shutdown function to reduce
shock hazard for emergency responders".

The Rapid Shutdown terminals can make connections to the RSI (Rapid Shutdown Initiator) product.

A similar rapid-shutdown device may also be used.

A single wire is run from one of the yellow terminals (1 or 2). A second single wire is run from one of

the purple terminals (3 or 4). Terminals 1 and 3 are the most commonly used. On the OutBack Power RSI
these wires are connected to the AUX RSI COMMAND /STATUS QUTPUT contacts. See the RS literature

for more information.

Note that for simplicity, Figure 17 and Figure 18 do not show terminals 5 through 8.

PV Array Charge Controller
5 HUB

,-==| Ground---.-. &
{ A Control Wiring

! H 2 Terminal Block

! i |PV+ PV- BAT- BAT+[i[3[a

\ 1 T T

il i ! J I i

1
i
i
]
\

NOTE: System-specific wiring
is not shown.

RSI
JJ

; DC
Ground Bus Bar Disconnect
T\

i
1
i
i
i
i
i
i
i
Panel 1
.
I
i
i
i
i
i
i

MATE3s

(Negative)

Terminal Bus Bar

—~~ -~~~ I
gm0 Ol et ———— — O s ——— s 5 T

Battery Bank'

Terminal Bus Bar
(Positive)

Figure 17 Charge Controller with Rapid Shutdown

In Figure 17, a wire has been run from terminal 1 to one of the RSI terminals. A wire has also been run from
terminal 3 to the other RSI terminal. Terminals 2 or 4 may substitute for 1 or 3 respectively.

The terminals detect electrical continuity, which is present while the RSI contacts remain closed. If a rapid
shutdown event occurs (the RSI switch is thrown and the PV is disconnected), these contacts will open and
the circuit will detect the loss of continuity. When the controller senses loss of PV input (less than 20 Vdc), it
will shut down. All LED indicators will flash twice and then turn off (see pages 36 and 61). If the system
display is present, it will deliver a Fault Input Active error message (see page 44).

Any initiator device with normally-closed contacts can work with this function. If more than one device is
used, all contacts must be wired in series so that any one device will shut down the controller.

If a rapid-shutdown device is not installed, this function should be disabled. This is performed by directly
shorting terminals 2 and 3 with a small wire. A jumper (J5) is installed at the factory for this purpose.

IMPORTANT:
< Jumper J5 is factory-installed. It may need to be removed if another device is installed

% The FLEXmax 100 will not function unless jumper J5, the OutBack Power RSI, or a
similar normally-closed device is installed. Initial power-up will result in a Rapid
Shutdown signal (see page 61).
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Control Wiring
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Figure 18 Two Charge Controllers with Rapid Shutdown

If multiple charge controllers are in use, they can be paralleled so that all controllers use a common
rapid-shutdown circuit. Terminals 2 and 4 are a parallel set of connections to terminals 1 and 3.

o In Figure 18, Charge Controller A terminal 1 is wired to one of the RSI terminals. Terminal 3 is wired to
the other RSI terminal.

o In Figure 18, Controller A also shows terminals 2 and 4 wired to Controller B terminals 1 and 3.

e This places the Rapid Shutdown circuits on both controllers in parallel. It allows Controller B to
sense the same conditions as Controller A so that it will react accordingly.

e If a third controller is present, its terminals 1 and 3 should have wires connecting to terminals 2 and
4 on Controller B, and so on.

e Additional controllers can be added as needed.

The terminals detect electrical continuity, which is present while the RSI contacts remain closed. If a rapid
shutdown event occurs (the RSI switch is thrown and the PV is disconnected), these contacts will open and
the circuit will detect the loss of continuity. When the controller senses loss of PV input (less than 20 Vdc), it
will shut down. All LED indicators will flash twice and then turn off (see pages 36 and 61). If the system
display is present, it will deliver a Fault Input Active error message (see page 44).

NOTE: To reset the controller after a rapid shutdown, simply reset the shutdown device.
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Integration of FM100 and Third-Party Module-Level
Rapid Shutdown Products

Many rapid-shutdown devices are designed to disconnect a PV array at the level of individual modules.
This type of module-level rapid shutdown is used to meet the requirements of NEC 2017 690.12 (B) (2).
The FM100 can be integrated with these products.

Figure 19 shows the IMO FireRaptor FRS-01 installed with the FM100. An applications note discussing the
combination of these products (as well as others) is available at www.outbackpower.com.

.
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Figure 19 Third-Party Module-Level Rapid Shutdown
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Installation

Power Up

To power up the controller:
1. Connect battery power to the controller by closing the disconnect.
2. Connect PV power to the controller by closing the disconnect. See Initial Operation on page 34.

The FLEXmax 100 uses power from the battery bank to operate. The battery voltage must be at least
15 volts or higher to power up the charge controller.

When battery power is detected, the charge controller will flash all LED indicators in sequence as it performs
a self-test.

The blue CHARGING indicator will then flash to show the nominal system voltage that was detected. Beginning
with a 24-volt system, each flash indicates an increment of 12 volts. Two flashes = 24 Vdc, three flashes =
36 Vdc, and so on.

See page 35 for descriptions of all LED indicators.

IMPORTANT:
@ The PV array voltage is automatically detected upon connection. The PV array voltage must

never exceed 300 Voc.

/ NOTE:
< The charge controller automatically senses the nominal battery voltage upon
connection. Once set, it retains the nominal voltage setting. Following any type of

shutdown or disconnect, it will return to operation automatically.

<« The FLEXmax 100 should be restored to factory default settings (see page 56) and the
nominal voltage should be reset (see below) any time the system is substantially
revised or the controller is relocated.

Setting the Nominal Voltage

Upon initial power-up, the FLEXmax 100 will sense the battery voltage and use this reading to determine the
nominal system voltage — a battery bank that is nominally between 24 and 48 volts DC.

The batteries must be within the appropriate voltage range for the controller to take the correct reading.
A severely discharged 48-volt battery bank, for example, could read as a 36-volt bank and cause the
controller to charge inappropriately (or not at all).

The ranges of detection for each nominal battery voltage are:
o 24-volt system — above 15.7 Vdc to 31.4 Vdc
o 36-volt system — above 31.4 Vdc to 43.2 Vdc
o 48-volt system — above 43.2 Vdc to 62.8 Vdc

Normally the nominal system voltage is retained. If the FLEXmax 100 is disconnected from the batteries or
otherwise loses power, upon a new power-up it will continue using the nominal voltage and settings
determined previously.

If it is necessary to change the nominal voltage:

1. Reset the FLEXmax 100 to factory default settings as described in the next section.

2. Remove all sources of power (PV and battery) from the FLEXmax 100 and then reconnect
battery power.

The controller will sense the battery voltage and use this reading to determine the new nominal system
voltage. This will not occur until the power is turned off and then on again.
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Installation

Initial Operation

When the PV input circuit breaker is turned on, the FLEXmax 100 automatically detects the PV input voltage.
It then enters the “Wakeup” state (see page 40) and prepares to charge the batteries by tracking the
maximum power point of the PV array.

During the initial tracking, the input PV source is gradually loaded from the open-circuit voltage (Voc) to one
half of the Voc. Within this range, the FLEXmax 100 seeks the maximum power point. The amount of time
required before starting operation is dependent on the module type, ambient temperature, and the amount of
sunlight directly on the PV array. Normally, the FLEXmax 100 starts in the morning within a few minutes of
the PV array being exposed to sufficient direct sunlight.

Once the controller begins maximum power point tracking, it will enter a three-stage battery charging cycle.
This cycle can be observed with the controller’s LED indicators (see page 35). If a system display is
available, it is possible to observe the specific charging stage, mode messages, and readings of the
charge controller.

Resetting to Factory Defaults

To reset programmed items to the factory default settings:
1. Remove all sources of power (PV and battery) from the FLEXmax 100.
2. Press and hold the EQUALIZE switch (see page 12) while reconnecting battery power.

3. Continue holding the EQUALIZE switch. After approximately 10 seconds, the STATUS indicator will
blink green rapidly. Continue holding the switch until the STATUS indicator begins blinking amber
more slowly. When the resetting process is complete, the FAULT indicator (red) will illuminate.

4. Release the EQUALIZE switch and disconnect the batteries.

The system display can be used to reset the FLEXmax 100 to its factory default settings. See page 56
for more information.

. If a system display was present when resetting by the above method, disconnect and then reconnect the
system display. This will force all updates to become visible.
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Status and Information
LED Indicators

The FLEXmax 100 charge controller has no graphical display. It is equipped with four LED indicators.

Table 2 LED Indicators

Indicators Pattern Controller Status Voltage

Off = less than 10 W PV being harvested Battery rest
Bulk, Equalize, or GT Mode

CHARGING m—— = == Absorption
- - - = Float Float
— BUIK Or Absorption =1.91 Vpc
— [-|OQt
s — — = GT Mode
TATUS e Battery Discharge <1.91 Vpc
= = === Critical Battery Discharge <1.75Vpc
— — = Equalize <EQ
AUXILIARY ~——————— AUX Active Aux Active
FAULT —m Ground Fault Shutdown or other fault

Arc Fault Shutdown

All flash twice, then turn off (with PV power available) = Rapid Shutdown

IMPORTANT:

The LED indicators do not necessarily tell the amount the controller is actively charging.
The CHARGING indicator may still indicate Absorption and the STATUS indicator may
indicate rising battery voltage, even if another charging source is doing most of the work.

 |NoTE:

The LED indicators are intended as pointers rather than exact messages. See the next page
for a more specific description of each indicator. Consult the system display for more
information on controller status (see page 41).
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Status and Information

@ CHARGING (Blue):

llluminates when more than 10 watts of PV power is being actively harvested.

It is solid or flashing depending on the charging stage. The system display
represents these stages as operating modes in the STATUS menu. See page 42
for a list of modes. See page 75 for a description of charging stages.

Solid: Bulk or Equalization charging.
o Accompanied by Status indicator @ See below for colors.
Flashing: Absorption or Float charging.
o Accompanied by amber STATUS indicator @ in Absorption stage.
o Accompanied by green STATUS indicator in Float stage.

o  Will continue flashing in these modes even if less than 10 watts
is available.

o The STATUS indicator flashes during power-up to indicate nominal
voltage. See page 33. It may briefly illuminate at other times when
not charging. See Table 4 on page 40.

Off. Less than 10 watts of PV power is being harvested, even if available.

@ STATUS (Tri-color Red, Green, or Amber):
Indicates either battery voltage or charger status. See Table 2 on page 35.
NOTE: Amber is a mixture of the red and green colors.

Amber (solid): The battery voltage is equal or greater than 1.91 volts
per cell (Vpc).
o Usually indicates Bulk or Absorption stage.

o  Accompanied by solid blue CHARGING indicator @ in Bulk stage.

o Accompanied by flashing CHARGING indicator @ in Absorption stage.
Green (solid): The unit has entered Float stage.
o It will remain green regardless of voltage until it falls below 2.08 Vpc. This will trigger a new charge cycle.
o Accompanied by flashing blue CHARGING indicator @
Green (flashing): Indicates Grid-Tie mode. See page 50.
Amber/Green (alternating): Equalization mode.
o  Accompanied by solid blue CHARGING indicator @
o May also flash amber/red. See pages 39 and 76.
Red (solid): The batteries are less than 1.91 Vpc. This indicates that the batteries are severely discharged.
Red (flashing): The batteries are less than 1.75 Vpc. This indicates that the batteries are critically discharged.
o These states do not indicate the charging stage. It may still be shown by the blue CHARGING indicator.

@ AUX (Yellow):

o Solid: The AUX output is active.

@ FAULT (Red):
(0]

Solid: The GFDI circuit has shut down the charge controller. See page 19 for more information. If the
system display is present, it will deliver a GFDI Fault error message (see page 44). See Table 7 on page
63 for information on resetting this error. This could also indicate a failed firmware update.

o  Flashing: The AFCI circuit has shut down the charge controller. See page 27 for more information. If the
system display is present, it will deliver an Arc Fault error message (see page 44). See Table 7 on page
63 for information on troubleshooting and resetting this error.

o If both faults are active, this indicator will be solid. A GFDI fault overrides other indications.

NOTE: All indicators will flash twice to indicate a Rapid Shutdown. See page 24 and 30 for information.
Most of the indicators will then go out until the Rapid Shutdown is reset. See page 31. If the system display is
present, it will deliver a Fault Input Active error message (see page 44).

Figure 20 LED Indicators
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MATE3s Screens

Modes of Operation

The FLEXmax 100 goes through many states during its operation. Figure 21 shows an example of the
various stages of battery charging and several states when the controller is not charging. The graph in
Figure 21 shows a typical day of charging with a nominal 48-volt system. Charging is described in detail
on page 75.

A MATESs system display has five “mode” messages which represent all controller states of operation.
The following sections use the names displayed by the system display (see page 42). These sections
describe the controller operation and show the LED indicators illuminated in each mode.
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Bulk

This is a Maximum Power Point Tracking mode which harvests the maximum wattage available from the
PV array. The controller will drive the battery voltage towards the Absorb Voltage set point. Normally
the charge controller enters this mode at the beginning of the day or when a new charge cycle begins.
The controller may also enter this stage if there is not enough PV energy to maintain a different stage
such as Absorption. See page 38 for more information.

/@0‘:\ Blue (solid)
/Q:\Q Amber (solid)
\' The STATUS indicator will remain amber as long as the battery voltage remains
\ above 1.91 Vpc, even if no charging is occurring. The blue CHARGING indicator,
however, will not illuminate if less than 10 watts is harvested by the PV. This may
\ occur if charging is performed by another source.

Figure 22 LED Indicators (Bulk)
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Status and Information

Absorb

The system display shows this message for the Absorption stage of a three-stage cycle. In this stage,
the FLEXmax 100 regulates the battery voltage at the Absorb Voltage set point. This stage is
temperature-compensated. (See page 76.) Absorption is a constant-voltage, variable-current charging
stage. It usually involves a tapering current flow. However, it may deliver no current and still display
Absorb if another source maintains the batteries above the Absorb Voltage set point.

While the batteries are held at this voltage, the internal timer counts up from zero toward the Absorb time
setting. (See pages 42, 48, and 75.) The charger will exit this stage and enter the Float stage if the timer
reaches the time limit, or if the Absorb End Amps setting is reached. See page 48.

The absorption timer is internal to the FLEXmax 100 and is not displayed as a real-time reading.
However, the Absorb reading shown on page 42 will display the total time spent in Absorption that day.

Blue (flash on 2 seconds, off /> second)

/@T

Amber (solid)

Both indicators will remain in these states as long as the battery voltage remains
above 1.91 Vpc, even if no charging is occurring. This may occur if charging is
performed by another source.

Figure 23 LED Indicators (Absorb)

If the battery voltage drops below the Absorb Voltage set point before the Absorb time is reached (see
page 48), the FLEXmax 100 reverts back to the Bulk charge stage. The system display shows Bulk as
shown on page 42.

The internal timer may not always begin at zero if the last charge was interrupted or ended early. If the
batteries drop below the voltages noted on Table 3, the timer will begin counting down toward zero. This
adds to the duration of the next Absorption stage. If the timer reaches zero, it will last for the full duration
of the Absorb time setting.

Lower voltages will cause the timer to subtract minutes at a faster rate, as shown on Table 3. These
voltages indicate a significantly greater battery discharge, requiring a much longer charge cycle.

Table 3 Absorption Timer

Battery Voltage Timer Activity

>24.8V,37.2V,0r49.6 V, and less than
the Absorbing voltage

No change.

For every minute elapsed, 1 minute is

<248V,37.2V,0r49.6V subtracted from the timer

For every minute elapsed, 2 minutes is

<24.0V,36.0V,0r48.0V subtracted from the timer

For every minute elapsed, 4 minutes is

<23.2V,34.8V,0r466V subtracted from the timer.
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MATE3s Screens

Floating

The system display shows this message for the Float stage of a three-stage charging cycle. In this stage,
the FLEXmax 100 regulates the battery voltage at the Float Voltage set point. This stage is temperature-
compensated (see page 76). Float is a constant-voltage, variable-current charging stage. It usually
involves a minimal (maintenance) current flow. However, it may deliver no current and still display Float
if another source maintains the batteries above the Float Voltage.

If the battery voltage drops below the Float Voltage, the FLEXmax 100 will employ the MPPT function to
draw more power from the PV array. (This may occur if the batteries are powering loads.) If this occurs,
the operation may change to constant-current, variable-voltage. The mode will still show Float.

Blue (flash on "z second, off 2 seconds)

/Ak

Z \

Green (solid)

=

This indicator will remain green if the voltage rises or drops, unless
it decreases below 2.08 Vpc. This will trigger a new charge cycle.

B

Figure 24 LED Indicators (Float)

EQ

The system display shows this message if the charger is in a cycle of equalization. (See page 76 for an
explanation of equalization.)

Before equalizing, battery loads should be minimized and the battery should be charged so the charge

controller can quickly reach the Equalization Voltage set point (see page 50). Otherwise, the charge
controller may have difficulty reaching or maintaining the equalization process.

Equalization is not battery temperature compensated. The STATUS indicator (see page 36) will show
equalization only once the temperature-compensated absorption voltage is reached.

Blue (solid)

%
i

A

Amber/green (alternating once per second)

=

Z

This indicator will alternate amber and red if the batteries are below 1.75 Vpc
while equalizing. This is usually a temporary condition.

B

Figure 25 LED Indicators (Equalization)
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Status and Information

Silent

The system display shows the operating mode as Silent if the charge controller has stopped charging.
This message represents a variety of conditions, many of which are common. For example, Silent is
shown at night or any period of insufficient light. Table 4 lists the LED indicators and the PV open-circuit
voltage which show specific Silent conditions. In these cases, no LED indicators will be illuminated.

However, Silent may also appear in the event of an error shutdown. If the mode is Silent and the red
FAULT indicator is illuminated, a ground fault may have occurred. See pages 19 and 61.

Red (solid)

Figure 26 LED Indicators (Silent mode with Fault)

Table 4

Reasons for Silent Mode

CHARGE
LED

STATUS
LED

FAULT
LED

VOC

Other

No

Yes

Below battery

No PV energy or “Sleep” mode. If the Voc is less
than battery voltage, the controller is “sleeping”.
This is normal at night. The threshold for Sleep
mode is settable. See page 49.

No

Above battery

Low light or “Snooze” mode. Vo is greater than
battery voltage but not enough array current is
available for charging. This is normal in the
morning, evening, or in heavy clouds (low light).
The threshold for Snooze mode is settable. See
page 49. It may take up to 5 minutes for the
controller to leave Snooze mode.

Intermittent

Any

No

Above battery

“Wakeup” mode. The controller has detected more
than the required 10 watts, but has not yet begun
charging. This condition only lasts a short time.
The blue CHARGING indicator may turn on and off
briefly while the controller is performing initial power
tracking. This can also occur if PV conditions
change and the controller has to calculate a new
power point.

If continuous, this behavior may also indicate an
“unloaded output” condition where the batteries
have been disconnected from the controller.

40
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MATE3s Screens

MATE3s System Display

Battery Status Indicators

2
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%0.00 ki [428.5 V€[ 1.5 ki € (@115 v

CHARGER Indicator ———»-

Charge Controller Soft Key

Figure 27 Display and BATTERY STATUS Indicators (MATE3s)

The MATE3s System Display and Controller is a display which allows the user to read the operating
mode, measurements, and any status messages from the FLEXmax 100 charge controller. It can also
change the charge controller’s settings when the default settings are not enough.

Battery Status Indicators

Three LED indicators provide a visual reference to indicate the condition of the battery bank.

o A GREEN LED means the batteries have an adequate charge at that time. It does not always mean they are
full. If the FLEXnet DC battery monitor is installed, this means the batteries are > 80% State of Charge (SoC).

o A YELLOW LED means the batteries are somewhat discharged. If the FLEXnet DC is installed, this means the
batteries are > 60% and < 70%.

o A RED LED means the batteries are greatly discharged and may require attention. If the FLEXnet DC is
installed, this means the batteries are < 60%.

Table 5 Battery Status LED Indicators
Color 24 Vdc Unit 36 Vdc Unit 48 Vdc Unit Battery Status

GREEN 25.0 Vdc or higher 37.5 Vdc or higher 50.0 Vdc or higher Acceptable
YELLOW 23.0t0 24.9 Vdc 34.5t0 37.4 Vdc 46.0 to 49.9 Vdc Marginal
RED 22.9 Vdc or lower 34.4 Vdc or lower 45.9 Vdc or lower Low
NOTES:

o The BATTERY LED settings cannot be changed.

o Voltages higher than shown in the GREEN row usually indicate that the batteries are charging.

Charger Indicator

The system display is equipped with several LED indicators denoting status. The CHARGER indicator
(see Figure 27) will illuminate if the charge controller is delivering more than a minimal amount of
charging power to the batteries. It will flash if the charge controller is equalizing the batteries.

NOTE: The CHARGER indicator will illuminate for any device on the HUB Communications Manager

that is charging, including OutBack Power inverters. If a FLEXmax 100 charge controller is accompanied
by other devices, this indicator may indicate charging by any device, not just that controller.

900-0253-01-00 Rev C
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Status and Information

Charge Controller Soft Key

The system display is equipped with a series of “soft” keys with varying functions. From the Home

screen, the far left key is designated as the <Charge Controller> soft key any time a charge controller

is connected. (See page 41.) Pressing it will enter the Status menu for the charge controller.

Status Screen

42

Modes of Operation:

o Bulk

o Absorb
o Float
o EQ

o Silent

See page 37 for a description of modes.
See page 75 for a description of battery
charging.

Soft Keys:

<Next> brings up a series of screens
with current statistics, totals, and other
data. The internal temperatures and any
fault messages are also displayed here.
These screens are all shown beginning
on page 43.

<Graph> brings up a series of screens
that plot various charge controller
information over time. The graphs
include inverter and charger wattage,
power imported from an AC source,
battery voltage, and others. These
screens are all shown beginning on
page 46.

<Port> cycles through each device
connected to the network. If more than
one charge controller is installed in the
system, pressing the <Port> soft key
will cycle through each controller.

<Back> returns to the previous screen.

Bulk

In 34.5V
Out 27.7V
Operating
Max imum

Charge Controller Port 06
28.0 A voc 42.2 V
39.0 A 1.100 ki 3.3 kWh 126.9 Ah
3:00 Float 0:00 Absorb 0:00
46.0 A 1.200 kH 8:15 AUX Off

Back Next Graph Port

ST

Screen Items:

[¢]

Figure 28 Charge

The upper left corner of the screen shows the FLEXmax 100
charge controller’s current mode of operation. Bulk is shown
in this illustration.

In displays the present PV array operating voltage and the
current being harvested from the array.

VOC displays the open-circuit voltage available from the PV.

Out displays the present battery voltage and the current
being delivered from the present charge controller to charge
the battery bank. To the right, this line displays the number
of kilowatt-hours and amp-hours accumulated that day.
Operating displays the total hours the charger has operated
that day in any stage.

Float displays the amount of time the controller has been in
the Float stage.

Absorb displays the amount of time the controller has been
in the Absorbing stage. The maximum duration is the
Absorb time setting. See pages 38, 48, and 75.

Maximum displays the maximum amperage and wattage
harvested from the PV array that day, and the time both
were recorded.

The lower right corner shows the current status of the charge
controller’s Auxiliary (AUX) output. See page 51.

Controller Soft Key Screens

NOTE:

v

If the FLEXmax 100 shuts down due to a fault condition, the system display will display the
status as Silent. The Error screen (see page 38) will show the cause if it is one of the
defined errors on that screen. The system display will show an Event in the appropriate
menu. See the system display literature for more information.

See page 52 for additional information on troubleshooting Error conditions and faults.
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MATE3s Screens

Stats Screen

From the Charge Controller screen, the <Next> soft key proceeds to the Charge Controller Stats
screen. This screen shows data accumulated since the system went online or since the last reset.

Bulk Charge Controller Port 06 =

l: 34.5V 28.0 I-? voc 022.2 v screen Items'

gut 21:7V g‘)og A F}‘1200kzo3.3 I‘;gh 1‘2166908h

perating : oa : sor H H icti i

pperating 3:00 Flost 0:00 . oosors 090 The Maximum stgtlstlgs are not |n.cremental. They
Back Next Graph Port are updated only if a higher value is measured.

| | o VOC displays the highest measured Voc. See the
f ‘ ‘ { ‘ VOC reading on page 42 for the present Voc.

o Battery displays the highest measured battery
voltage. See the Out reading on page 42 for the

Charge Controller Stats Port 06 present battery voltage.
Maximum Total
Bottery  21.7 YDE Kih 6553 o Wattage displays the highest measured W_attage
Wattage 1200 W harvested from the PV. See the Out reading on
Back Next Reset  Port page 42 for the present wattage. See Maximum
| \ | ) | | X on page 42 for the highest wattage that day.
f J ’ ’ J J ’ J { J The items under Total are incremental. These items
Soft Keys: ) S S are updated daily with higher totals.

o kWh displays a historical accumulation of the
<Next> proceeds to the Error, Datalog, and kilowatt-hours harvested by the controller. (See

Temps screens (see pages 44 and 45). the Out reading on page 42 for the daily
<Reset> proceeds to the Reset screens for the accumulation.

items under Maximum and Total (see Figure 30). o kAh displays a historical accumulation of the
kiloamp-hours used to charge the batteries.

See the Out reading on page 42 for the daily
<Port> cycles through each device connected to amp-hour accumulation.

the network.

<Back> returns to the previous screen.

Figure 29 Stats Screen

Charge Controller Stats Port 06 Screen Items:
Reset

The Reset screens allow the items in the Stats screen to be
Back Maximums Totals  Port reset to zero (using the <Yes> soft key). The items under
[ | I Maximqm and Tot.al can be reset independently. Until then,.they
‘ ‘ ‘ * l ‘ l will continue to register higher numbers or greater accumulations.

Charge Controller Stats Port 06

R

Soft Keys:
o <Maximums> proceeds to the Reset screen for the

Reset Maximums Maximum statistics (see Figure 29).
o <Totals> proceeds to the Reset screen for the Total
No Yes statistics (see Figure 29.)
| - | ; | | ) o <Back> returns to the previous screen.
{ f l ‘ { l { ‘ ‘ o <Port> cycles through each device connected to the
network.
Charge Controller Stats Port 06 o <No> returns to the previous screen without resetting.

Reset Totals

0 <Yes> proceeds toa Charge Controller Stats Port 06
No Yes confirmation screen Totals Reset
T T T after resetting the item
' p » (see the example to

{ f ‘ { ‘ { ‘ ’ ‘ the right).
. S o i o <Continue> returns
to the Charge Controller
Stats screen.

Continue

I S —
& B

Figure 30 Stats Reset Screens
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Status and Information

Error Screen

From the Charge Controller Stats screen, the <Next> soft key proceeds to the Charge
Controller Error screen. This screen displays fault conditions for the FLEXmax 100. If an item
displays Y, the error is active. Some errors accompany a controller shutdown; others simply
report status. See the Troubleshooting guide on page 64 for more information on all items.

Charge Controller Error Port 06

Soft Keys:

VOC Too High N Fault Input Active N
Over Temperature N Reduced Performance N
Shorted RTS N Over Current Fault N
ool Fault N e N <Datal.og> proceeds to the Datalog screen (see page 45).

Back Datalog  Temps  Port <Temps> proceeds to the Temps screen (see Figure 32).
l { l { w <Back> returns to the previous screen.
f ‘ ‘ <Port> cycles through each device connected to the network.

Screen Items:

o VOC Too High: The controller has shut down because the array Voc exceeded its upper limit.
Upper limits: 24-volt system = 275 Vdc, 36-volt system = 283 Vdc, 48-volt system = 290 Vdc
This error can clear automatically.

o Over Temperature: The FLEXmax 100 is too hot to operate and has shut down. This error can clear
automatically. See the temperature readings in Figure 32.
Shorted RTS: The Remote Temperature Sensor (RTS) has malfunctioned. The controller will not shut
down, but it cannot compensate for temperature. It will default to the settings for 25°C.

o GFDI Fault (accompanied by the FAULT LED indicator): The GFDI circuit has shut down the charge
controller. See pages 19, 36, and 63 for more information.

o Fault Input Active: The Rapid Shutdown terminals have detected an open circuit and shut down the
controller. This is not a controller error but a deliberate action. See page 30 for more information.
This error requires a manual reset of the external Rapid Shutdown device as noted on page 31.

o Reduced Performance: The internal temperature sensor (see below) has failed. If a failure is detected,
the controller will operate with a maximum output of 20 Adc.

o Over Current Fault. The controller has shut down because more than 120 Adc was sensed flowing to
the batteries (or more than 80 Adc from the array). This requires a manual reset as described on page 64.

o Arc Fault (accompanied by the FAULT LED indicator): The AFCI circuit has shut down the controller.
See pages 27, 36, and 63 for more information.

Figure 31 Error Screen

Temps Screen

From the Charge Controller Error screen, the <Next> soft key proceeds to the Charge
Controller Temps screen. This screen shows the internal temperature. The measurement is
used for fan control, temperature derating, or to trigger a shutdown in extremely hot
temperatures. If any of these events occur, this screen can be used to check the temperatures.

Charge Controller Temps Port 06 Screen Items:

Qutput FETs 24 € o Output FETs The internal temperature as measured on the

charge controller’s Field Effect Transistor (FET) heatsink.

Back Port
I I I o The list below shows the readings at which the FLEXmax
( f ) \ ] [ ‘ { l 100 performs certain functions. See pages 61 and 69.
) Event Temperature (°C)
Soft Keys: Over Temperature error 90
Output derates 70

<Back> returns to the previous screen.
Fan turns on 58

<Port> cycles through each device Fan turns off 50

connected to the network.
Figure 32 Temps Screen
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DatalLog Screen

From the Charge Controller Error screen, the <DatalLog> soft key proceeds to the Charge Controller
Datalog screen. This screen shows accumulated daily amp-hour and watt-hour statistics, as well as
maximum current, wattage, and maximum and minimum voltage figures. These maintain a continuous
daily log, up to 128 days, which can be recalled. One day can be displayed at a time.

IMPORTANT:

If two or more charge controllers are used in the same system and are started or

cleared on different days, their numeric dates will not be the same. This can lead to some
misunderstandings when looking back and comparing data between the two or more units.
A user looking back at day 12 on both units would find very different results.

Charge Controller Error Port 06

VOC Too High N Fault Input Active N
Over Temperature N Reduced Performance N
Shorted RTS N

Back Datalog Temps Port

B 0D

(Charge Controller Datalog
Date = Today .
Max Output 49.6 A .
Absorb 0:00 Float 0:00 High vOoC 44.0 V

Screen Items:

The upper left corner shows the date of the
selected Datalog screen. (The preset
° Datalog screen reads Teday.) To the right,
"Back ibag T " Day | Port this line also displays the kilowatt-hours and
I [ I I amp-hours accumulated that day.

= B |

Port 06 o
126.9 Ah

Max Output displays the maximum current
and wattage recorded that day. See the
Maximum reading on page 42.

‘ ‘ )

o Absorb The amount of time the Absorbing
timer ran that day. See the Absorb timer on
page 42.

Soft Keys:

<+Day> advances the display forward by a single o  Float The amount of time the Float timer ran

day. If the display reads Teday, it does nothing.

<-Day> advances the display backward by a
single day and will display the selected date.
It extends back by 128 days before stopping.

<Back?> returns to the previous screen.

<Port> cycles through each device connected to
the network.

that day. See the Float timer on page 42.

o High VOC displays the highest open-circuit
voltage (Voc) recorded that day.

o  Min Batt displays the lowest battery voltage
recorded that day.

o Max Batt displays the highest battery voltage
recorded that day.

Figure 33 DatalLog Screen
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Graph Screens

The <Graph> soft key brings up the following screens which plot various types of data over time.
The first screen shows changes in PV wattage over time.

This axis shows date and time

in 6-hour increments. \

'.2 I.B 01|—ﬁ? 0? 1.2 1.3 Hr

This axis shows PV
wattage.

Figure 34 Output Graph

The <Next> soft key brings up a screen showing changes in battery voltage over time.

This axis shows date and time in

6-hour increments. \

B 27.7V ﬂl—liﬁ ﬁlﬁ '12 11":! 01—]03 ﬁlll’: Hr

This axis shows a 30 F

battery voltage. > T 28k
T [
E 26 |
R B
y Back

s

Figure 35 Battery Graph

The <Next> soft key brings up a screen showing changes in PV voltage over time.

This axis shows date and time

in 6-hour increments. \

p 34.5V 12 18 01-07 06 12 18  Hr

This axis shows
PV voltage.

Figure 36 PV Graph

Continuing to press the <Next> soft key will proceed through the same graphs again from the beginning.
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Programming the FLEXmax 100

Menu Structure in the MATE3s

Figure 37 shows the menu structure for adjusting the controller settings in a MATE3s system display.

The Main Menu shown below is accessed with the LOCK button and a password. Use the system
display control wheel to move up and down between menus (or options within a menu). Use the center
button on the control wheel to make a selection. See the system display literature for more information.

Some menus may not be accessible if the user access levels are restricted.

>

Charger
Port 6
Absorb Voltage 7ZZJE] VDC
Float Voltage 26.8 VDC
ReBulk Voltage 24.0 VDC

Tine 1.0

Current Limit 80 A Absorb End Amps 0
MPPT
Port 6
HPPT Hode U-Pick VOC 77 %

Wakeup VOC Change 6.0 VDC Time 5 Mins
Snooze Mode Amps 0

A4

Hain Menu
»
Configuration Wizard >
Device Data Logs >
Event Logs >
Firmiare Update >>
Settings Menu
Systen >
Inverter >
>
Battery Monitor >
MATE3 >
Charge Controller
Charger >
HPPT >
Tenperature Compensation >
Battery Equalize >
Grid Tie Mode >
Auxiliary Output >

Calibrate
Reset to Factory Defaults

900-0253-01-00 Rev C

Temperature Compensation
Port 6

Hode Hide Slope: S mV/C

Limited: Lower Battery Voltage 26.9 VDC

Limited: Upper Battery Voltage 28.3 VDC

Battery Equalize
Port 6
Equalization Voltage 31.0 VDC Hours 1

Automatic Battery Equalization 0 Days
(Auto Equalization off if days equal 0)

Grid-Tie Mode

Port 6

Enable Grid-Tie Mode N
Auxiliary Output
Status Manual Off Port 6
Aux Mode Float
of f Auto on
- )
Calibrate

Port 6

Battery Voltage  28.8 VDC 0.0

N
Reset Charge Controller to
Factory Defaults 7 Port 6

No Yes

-

Auxiliary Output

9 Aux Mode Diversion: Relay
Relative Voltage 0.0 Hysteresis
Hold 0.1 Seconds

of

Status Manual Off Port 6
a Aux Mode Float
Off Auto on
Auxiliary Output
Status Manual Off Port 6

Active Low

Delay 0 Seconds
Auto On

0.2 VDC

Auxiliary Output

Hold 0.1 Seconds
Off

Status Manual Off Port 6
,9 Aux Mode Diversion: Solid St Active Low
Relative Voltage 0.0 Hysteresis 0.2 VDC

Delay 0 Seconds
Auto on

Auxiliary Output
Status Manual Off
._) Aux Hode Low Batt Disconnect

Disconnect Delay 1 Seconds
Off

Disconnect < 27.2 Re-Connect > 28.8 VDC

Port 6

) Aux Mode Night Light
Threshold 20 VDC
Hysteresis Time ON

Auto on
Auxiliary Output
Status Manual Off Port 6
_9 Aux Hode Remote
Off Auto On
Auxiliary Output
Status Manual Off ort 6
'9 Aux Mode Vent Fan
Enable Voltage > 28.8 VDC
off Auto on
Auxiliary Output
Status Manual Off Port 6
9 Aux Hode PV Trigger
Enable Voltage > 140 VDC
Hold Time 0.0 Seconds
off Auto on
Auxiliary Output
Status Manual Off ort 6
'9 Aux Mode Error Output
Low Battery Voltage < 23.0 VDC
off Auto on
Auxiliary Output
Status Manual Off Port 6
Active Low

ON Time 4 Hours

Off Auto on
P N
Auxiliary Output
Status Manual Off Port 6
\, ) Aux Mode Rapid Shutdown
off Auto on

Charge Controller Restored to
Factory Defaults
Port 1

Continue

Figure 37 Menu Structure
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Charge Controller Settings

Charge Controller menu options include the following:

Charger > See below.

MPPT > See page 49.
Temperature Compensation > See page 49.
Battery Equalize > See page 50.
Grid-Tie Mode > See page 50.
Auxiliary Output > See page 51.
Calibrate > See page 56.

Reset Charge Controller to Factory Defaults----- > See page 56.

Charger

IMPORTANT:

< Battery charger settings need to be correct for a given battery type. Always follow battery manufacturer
recommendations. Making incorrect settings, or leaving them at factory default settings, may cause the
batteries to be undercharged or overcharged.

< An appropriate circuit breaker, or overcurrent device, must be used between the battery and the
charge controller.

<« If a battery remote temperature sensor (RTS) is used, set the Absorb and Float setting voltage based on
a 25°C / 77°F setting.

The charge controller uses a “three-stage” battery charging cycle which utilizes multiple settings. This
menu controls the voltages and timers for the battery charger. See page 75 for an explanation of the
three-stage cycle and a description of individual stages. See page 37 to see which indicators and
messages appear at each stage.

Set Points:

Charger
Port 6 ",
Absorb Voltage 29.4 VDC  Time 1.0 o Absorb Voltage — Target voltage for bulk stage. Utilizes
Float Voltage 26.8 VDC — i
ReBulk Voliage 24.0 VDC constant-current charging.
Current Limit 80 A fbsorb End mps 0) o (Absorb) Time — Amount of time held at Absorb voltage.

Utilizes constant-voltage charging.

o Float Voltage — Final stage after completion of charge.
Utilizes constant-voltage charging.

o  Rebulk Voltage — Low voltage trigger for new charge.
o Current Limit — Maximum DC amps from that controller.

o Absorb End Amps — Low current that indicates
completed charging. It triggers Float stage regardless of
Absorb time.

Figure 38 Charger

o Absorb Time is adjustable from 0 to 24 hours (consult the battery manufacturer's recommendations).

o When the Absorb Time is reached, the charge controller goes into Float stage and the system
display will show Float. When the battery voltage drops below the Float Voltage set point, the
charge controller will return to MPP operation to draw more PV energy to maintain this set point.
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MPPT

The charge controller uses a maximum power point tracking (MPPT) algorithm which manipulates the
output of the PV array to harvest maximum wattage. Although this function is automatic, this menu allows
the user to adjust many of its parameters for special applications. See page 74.

MPPT
Port 6
MPPT Mode U-Pick VOC 77 x
Wakeup VOC Change 6.0 VDC Time 5 Mins

Snooze Mode Amps 0.6

Set Points:

o MPPT Mode - Selects between Auto (which allows automatic MPPT) and U-Pick (which limits the maximum
power point tracking to a specific percentage of array voltage).

o U-Pick VOC% - The percentage of open-circuit voltage (Voc) used as the MPP tracking limit in U-Pick mode.

o Wakeup VOC Change VDC - The change in Voc which will bring the controller out of “Sleep” or “Snooze”
operation regardless of the Time setting. (See page 40.) The controller will begin locating the power point
(“sweeping”). The change in Voc is the indicator that power may be available.

o (Wakeup VOC Change) Time — The timer setting to leave "Sleep” or "Snooze” operation regardless of
Change VDC. The controller will enter MPPT. It may re-enter “Snooze” and restart the timer if no power
is available. Note that it may take up to 5 minutes for the controller to leave Snooze mode.

o Snooze Mode Amps — The output current limit below which the controller enters “Snooze” due to inactivity.

Figure 39 MPPT

The MPPT Modes perform the following functions:
o Auto Track (default) automatically measures the PV upon wakeup and then tracks the MPP. (See page 74.)
o0 U-Pick allows the user to manually adjust the MPP tracking limit as a percentage of the array's Voc.
The Wakeup VOC Change settings (VDC and Time) adjust the Vo conditions that cause the charge
controller to wake up during “Sleep” or “Snooze” operation (see Table 4 on page 40). Both settings may
help adjust for varying conditions. Since environmental conditions impact the open-circuit voltage of an
array, the Wakeup VOC Change VDC can be based on the last measured Vo value.
Before changing these values, monitor the system for a week or so using the factory defaults and then

gradually adjust the set points. If the set points are set too high, the charge controller might not wake up
soon enough or often enough, which means a loss of power production.

Temperature Compensation

The Temperature Compensation screen allows the user to control the Absorbing and Float voltage
limits during charging when using a Remote Temperature Sensor (RTS). The RTS adjusts charging
voltage depending on battery temperature. See page 76 for an explanation of compensation.

Set Points:

Temperature Compensation

. ) Port 6 o Mode - Selects between Limited (which uses the upper
Mode Wide Slope: 5 mV/C . . .
Limited: Lower Battery Voltage 26.9 VDC and lower voltage settings below) and Wide (which uses
Limited: Upper Battery Voltage 28.3 VDC the entire range of compensation).

o Slope — The amount of temperature compensation.
This is measured in millivolts per degree C per battery cell.

o Limited: Lower Battery Voltage — The lowest range for
temperature compensation in Limited mode.

o Limited: Upper Battery Voltage — The highest range for
temperature compensation in Limited mode.

Figure 40 Temperature Compensation
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J NOTE:

If the Slope setting is adjusted to any specialized value other than 5 mV, the system display will
communicate this value to other networked OutBack Power products. The other devices will use the
same value. This system-wide compensation only works if there is a single RTS on the system and
it is connected to the FLEXmax 100. In all cases, the batteries should be monitored to ensure they
are being charged according to the battery manufacturer’s recommendations.

Battery Equalize

CAUTION: Battery Damage
< Do not equalize any sealed battery types (VRLA, AGM, Gel, or other) unless approved by the
manufacturer. Some batteries may suffer severe damage from equalization.

<« Contact the battery manufacturer for recommendations on equalization voltage, duration,
schedule, and/or advisability. Always follow manufacturer recommendations for equalization.

Equalization is a controlled overcharge that is part of regular battery maintenance. See pages 39 and 76
for an explanation of equalization. The Battery Equalize screen allows the user to control the settings for
the equalization process.

Set Points:

Port 6 i i - H 0

Equalization Voltage 31.0 VOC Hours 1 o Equalization Voltage — Target voltage for equalization.

o g _ .

Automatic Battery Equalization 0 Days (Equa.hza.t’on) Hours — Amount of time held at

(Auto Equalization off if days equal 0) Equal|zat|0n V0|tage.

o Automatic Battery Equalization — The number of days
between equalization cycles.

Figure 41 Battery Equalize

Battery Equalize

Equalization can be triggered manually with the main switch (see page 12). Equalization can also be
triggered automatically on a schedule. The Days setting controls this schedule, setting a delay of the
appropriate number of days between the end of one cycle and the beginning of the next. If this item is set
to zero, the controller will not perform automatic equalization.

Grid-Tie Mode

IMPORTANT:
This mode requires an OutBack Power grid-interactive inverter (also known as grid-tie

enabled) with its selling mode enabled. Not all inverters are grid-interactive. If the system is
connected to an inverter that is not grid-tie enabled, Grid-Tie mode will not function.

This mode requires both the inverter and the charge controller to be connected to the HUB for
communication. It also requires a MATE3s system display. If an OutBack Power grid-tied
inverter is present but these devices are not on the HUB, Grid-Tie mode will not function.

2o

*

<

Grid-Tie mode allows the FLEXmax 100 to work more effectively with any grid-tied inverter installed on
the HUB. This mode automatically raises the controller’'s Float voltage to equal its Absorption voltage.
Since the inverter sells power to maintain its own Float, Absorption, or Sell settings (all of which should be
lower than the FLEXmax 100 settings), this mode makes maximum power available for the system to sell.

See page 79 for more information on this mode.

Grid-Tie Mode Set Points:

Port & o Two options are available in this menu; N and Y:
v" N (No) disables Grid-Tie Mode
v Y (Yes) enables Grid-Tie Mode

Figure 42 Grid-Tie Mode

Enable Grid-Tie Mode N
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Auxiliary Output

The AUX (Auxiliary) is a secondary control circuit — essentially, a small power supply that provides a

12 Vdc output current (up to 250 milliamps or 3 watts) to an isolated load. It can be ON with 12 VVdc
available at the output, or OFF with 0 Vdc at the output. It can also be set to AUTO, In this setting, the AUX
output turns on or off according to specific criteria such as high or low voltage. In some cases, such as
the PV Trigger, Night Light, or Diversion: Relay applications, the polarity of the output can be reversed
so that the behavior is reversed. These selections use the AUX POLARITY setting (HIGH or LOW).

The AUX output can control devices such as cooling fans, vent fans, load diversion, fault alarms, and
automatic generator control. See page 25 for examples of applications.

o Only one AUX MODE can be selected or operate at a time (even if other modes have criteria preset).
o  See Figure 44, page 55, for an auxiliary setup wiring diagram example.

NOTE: Diversion: Relay and Diversion: Solid St can be used for AC coupling applications.

Set Points:
Auxiliary Output . .
Status Manual Off Port 6 o Status — The Auxiliary Output status is controlled by the

fux Hode Float <Off>, <Auto>, and <On> soft keys.

OFF Auto on o Aux Mode - Selects one of ten options: Vent Fan,
PV Trigger, Error Output, Night Light, Rapid Shutdown,
Float, Diversion:Relay, Diversion:Solid St, Low Battery
Disconnect, and Remote.

Figure 43 Auxiliary Output

Auxiliary Mode Screens

The ten options appear in the following order when the wheel is drawn clockwise. The Vent Fan option
appears first if the charge controller is set at factory default values; otherwise, it will tend to display the
last option selected.

Table 6 AUX Mode Functions

Mode Name| Function/Purpose Set Points AUX Polarity
Vent Fan Auxiliary Dutput o Enable Not Available
Status Manual Off Port 6 Voltage

Aux Mode Vent Fan
Enable Voltage > 28.8

off Auto On

Function:

When the Enable Voltage set point is exceeded,
the AUX output will activate for at least 15 seconds.
If the set point continues to be exceeded, the output
will remain active until the voltage falls below the
set point.

Once the voltage decreases below the set point, the
AUX output will remain active for another 15 seconds.
It will then deactivate.

Purpose:

This mode is intended to operate a vent fan to
ventilate gas from a battery enclosure.
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Table 6 AUX Mode Functions

Mode Name| Function/Purpose Set Points AUX Polarity
PV Trigger P o Enable Aictive High:
99 Status "anualﬂgchlharg Output Port 6 Voltage Activates when the
e Vortoge T1i0 e o Mo o Hold Time | voltage exceeds
Hold Time 0.0 Seconds the set point.
off Auto On Active LO",'
Function: Activates when the
o voltage drops
When the Enable Voltage set point is exceeded, the below the set point;
AUX output will activate. deactivates when
Once the voltage decreases below the set point, the the vogagﬁ
output will remain active for the duration of the Hold exceeds the set
Time set by the user. point.
Purpose: A CAUTION:
Trs]lsnmpo\(/ie ol?erates an glarm ofr a Pl\/ cutoff relay Hazard to Equipment
whe voltage exceeds a sale value. Do not exceed 300 Vdc or the FLEXmax
100 could be damaged.
Error Output Auxiliary Output o Low Battery | Active Low only.
Status Manual OFF Port & Voltage Deactivates when
ux Mode Error Output
Lou Battery Voltage < 23.0 VDC the voltage drops
0ff Auto on below the set point
: for 10 minutes.
Function:
This mode responds to two emergency conditions:
low battery or failure to charge. Low battery is
defined by Low Battery Voltage. Failure to charge
means the PV has not exceeded the battery voltage
by 3 Vdc or more for 26 consecutive hours. Either
case may mean an array problem.
This mode is Active Low only. The AUX output is
normally active. When either condition is met, the
AUX will deactivate.
Purpose:
This mode is useful for monitoring remote sites. It
indicates when the controller has not charged the
batteries for 26 hours or more or if the voltage
remains too low for other reasons.
Deactivation is intended to operate a remote alarm.
It can send a signal through a modem to alert a
computer of the problem.
Night Light Auxiliary Output o Threshold ﬁctlive High:
Status Manual Off Port 6 voltage Activates for a set
Aux Mode Night Light Active Low ONTi time when the
Threshold 20 VDC ON Time 4 H
Hysteresis Time ON OFF 1 Minutes © fme voltage drops below
Off Auto On o Hysteresis the set point f0.r a
Function: Time set amount of time.
Active Lou;
When the PV voltage drops below the Threshold Activates for a set
voltage set point for the Hystere.SIS'Tlme, the Aux time when the
output ch?nges states and remains in that state for voltage exceeds the
the ON Time setting. set point for a set
Purpose: amount of time.
This mode is intended to illuminate a small Deactivates when
f X the voltage drops
(user-provided) light for as long as the controller below the set point
remains in Sleep mode or for the ON Time setting. point.
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Table 6 AUX Mode Functions

Mode Name

Function/Purpose

Set Points

AUX Polarity

Rapid
Shutdown

Auxiliary Output
Status Manual Off
Aux Mode Rapid Shutdoun

Port 6

off Auto On

Function:

The AUX remains deactivated as long as the Rapid
Shutdown terminals remain closed (see pages 24
and 30). When the controller senses an open circuit
on these terminals and the PV voltage is less than 20
Vdc, the AUuX will activate.

Purpose:
This mode is intended to activate a light or indicator
that announces a successful Rapid Shutdown.

None

Not Available

Float

Auxiliary Output
Status Manual Off
Aux Mode Float

Port 6

off Auto On

Function:

When the FLEXmax 100 is in the Float stage, the
output activates.

Purpose:

This mode is intended to operate a device such as a

“pbattery full” indicator when the FLEXmax 100 is in
the Float stage of battery charging.

None

Not Available

Diversion:
Relay

Auxiliary Output
Status Manual Off
Aux Mode Diversion: Relay Active Lou
Relative Voltage 0.0 Hysteresis 0.2 vDC
Hold 0.1 Seconds Delay 0 Seconds
off Auto On

Port 6

Function:

In Diversion mode, the AUX output changes state
depending on the charger’s present stage of
operation. The voltage must exceed the charger
setting (Absorb, Float, or EQ) by the value of the
Relative voltage. This must last for the Delay time for
the AUX to respond.

The AUX returns to its previous state when the voltage
drops below the Relative setting by an amount equal
to Hysteresis. This must last for the Hold time for
the AUX to respond.

For a wiring diagram illustrating how to connect this
function, see Figure 44 on page 55.

Purpose:

This mode is intended to divert power from the
batteries to prevent overcharging by operating a
diversion load at the appropriate time. The AUX
output operates a mechanical relay that controls
the diversion load. Often used with wind or
hydroelectric sources.

o Relative
voltage

o Hold time
o Delay time

o Hysteresis
voltage

Active High:
Activates when
battery voltage
exceeds the set
point. Usually
controls an auxiliary
load to divert power
away from the
batteries when
voltage is too high.

Active Loum:
Activates when
battery voltage
drops below the set
point; deactivates
when the voltage
exceeds the set
point.
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Table 6 AUX Mode Functions

Mode Name| Function/Purpose Set Points AUX Polarity
Diversion: Auxiliary Output o Relative Not Available
SOIId St iﬁit:zd:aggeérg\ESn: Solid St port © VOltage
Relative Voltage 0.0 Hysteresis 0.2 VDC .
Hold 0.1 Seconds Delay 0 Seconds o Holdtime
Off Auto on
Function: o Delaytime
When the battery voltage increases, the AUX output o Hysteresis
goes into pulse-width modulation at a rate of 200 Hz. voltage
The response is relative to the charger’s present
stage of operation. The voltage must exceed the
charger setting (Absorb, Float, or EQ) by the value of
the Relative voltage. This must last for the Delay A‘ﬂ IMPORTANT:
time for the AUX to respond. %  For Diversion: Solid St to work
The AUX returns to its previous state when the voltage correctly, the device on the AuX output
drops below the Relative setting by an amount equal must be 10 kQ resistance or less (or
to the Hysteresis voltage. This must last for the Hold consume at least 12 mA or 14.4 mW).
time for the AUX to respond. < Do not use Diversion: Solid St to
For a wiring diagram illustrating how to connect this control a mechanical relay. The
functi Fi 44 55 PWM action could cause irregular
unction, see Figure 44 on page 55. relay activity.
Purpose: < Do not use Diversion: Solid St to
This mode is intended to divert power from the operate a diversion load that has
batteries to prevent overcharging by operating a anything other than purely resistive
diversion load at the appropriate PWM level. The Aux e'e"k‘e”ts-l Th?ihPWMhaCt',O”ITaS(’j
output operates a solid-state relay for fast and precise work poorly with mechanical loads.
control of the diversion load. Often used with wind or
hydroelectric sources.
Low Battery Auxiliary Output o Disconnect | Not Available
Disconnect g:it:zd:afz:IBgi: Disconnect port © Re-C
Disconnect < 27.2 Re-Connect > 28.8 VDC o e- onneCt
Disconnect Delay 1 Seconds .
off Auto On o Disconnect
Function: Delay
When the battery voltage falls below the Disconnect
voltage for the Disconnect Delay time, the AuX
output activates. When the battery voltage rises
above the Re-Connect voltage, the AUX deactivates.
Purpose:
This mode is intended to turn off “extra” or noncritical
loads when the batteries are low. This will reduce
usage and save battery capacity.
These loads are usually separated from the main
battery loads. They are switched off with a relay
which is controlled by the AuX output. Loads not
controlled this way may continue using the batteries.
Remote Auxiliary Dutput None Not Available
Status Manual Off Port 6
Aux Mode Remote
A‘ IMPORTANT:
Off Auto On @
Function: The Remote option allows the system
. display to use the AUX output for Advanced
An OutBack Power system display can send external | Generator Start (AGS). AGS is intended for
commands to control the AUX output. systems with a HUB, inverter, and
Purpose: FLEXmax 100. If the system display
. . f . connects only to a FLEXmax 100, AGS will
This mode is intended to allow functions such as only work with DC generator programming.
AGS to control the AUX output. See the system The other AGS functions will not work
display literature for information on AGS. properly.
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Figure 44 Wiring Diagram for Diversion Load and AUX Wiring
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Calibrate

The Calibrate menu allows adjustment of the controller’s battery voltmeter. If a controller’s readings do
not match those of another device or a hand-held meter, calibration may improve consistency.

Set Points:

o Battery Voltage — Calibrates the Vdc measurement

Battery Voltage s .
N 9 made at the controller’s battery terminals

Calibration
Offset

Figure 45 Calibrate

/ NOTES:

<  Calibration does not change the charge controller’s actual voltage, only the reading.

<% Measurements in places other than the charge controller’s terminals may differ
regardless of calibration. For example, it is possible to get a different reading at the
controller's DC terminals than on the batteries. Connection problems, corrosion, and
the effects of induction and resistance may all result in voltage differences. If this
occurs, it is an issue with the system, not the FM100. Calibration cannot correct for it.
This function does not affect system display voltages from other sources such as the
FLEXnet DC Battery Monitor or an inverter.

Calibration does not affect Battery Sense terminal voltages (see page 26), as calibration
is unnecessary when Battery Sense is used. The Calibrate screen will have no effect.

X3

S

X3

o

Reset Charge Controller to Factory Defaults

This menu allows the user to erase all settings from the selected charge controller and start over with the
values programmed at the factory. These values are listed beginning on page 70. This procedure is
recommended any time the controller is relocated or the system is substantially revised.

This procedure is a requirement for resetting the nominal battery voltage of the system (see page 33).

'd ™
To access the Reseft to Factory Defaults menu: Main Menu
[Settings ] >>
1. Access the main menu as shown on page 47 Configuration Wizard 22
. pag . Device bata Logs >>
Event Logs >>
2. Select the Settings screen. (This option may be L Firmuare Update >>
highlighted by default.) - Settings Meru ~
. . . Systen
3. Select Charge Controller in the device Settings menu. Inverter >
>>
4. Select the Reset to Factory Defaults screen. L pattery Honitor <y
Use the soft keys to select No or Yes. ( Charge Controller )
Grid Tie Mode >>
o If <Ne> is selected, the screen returns to the H fuxiliary Output 2
Charge Controller menu. No changes will be made || [ oo Deraui ] 2
. A
to any settings. r iy
o If <Yes> is selected, the controller’s settings will “ESEFaEL‘SISeDE?;‘:E’s‘ ler t":,urt .
immediately change to the original factory values.
The screen will display the message Charge No Yes
Controller Restored to Factory Defaults. ~ g
. . . 'd ™
A <Continue> soft key will appear. Pressing this Charge Controller Restored to
. Factory Defaults
key will return the screen to Charge Controller. Port 6
6. After resetting the charge controller to factory default [ continue
parameters, turn all power to the controller (PV and I

battery) off and then on again. Press <Continue> to return to the Charge

Controller menu (if the MATES3s is still active).

Figure 46 Restoring the Charge Controller to Factory Default Settings
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Firmware Revision

To access the FLEXmax 100 firmware revision: ( Main Menu )
. >>
1. Access the Main Menu as shown on page 47. Configuration Wizard >
Device Data Logs >>
2. Select the Settings menu. This option may be E‘i’ﬁ::akggﬁp date 23
highlighted by default. ~ -
( . N\
3. Select System in the device Settings menu. Settings Menu
Y 9 >
A i Inverter >>
4. Select the Firmware Versions menu. Charge Controller 3
. . Battery Monitor >>
5. The current firmware revision of the FLEXmax 100 L MATE3 Y >

will be displayed along with that of the system display
and other devices.

System Configuration

System Information >>

Save / Store Information >>

. . . [Firmuare Version] >>

See page 59 for instructions on updating the controller’s Eg;eoéndlﬁme ;;
firmware revision. N 15P7ay )
( )

Firmuare Versions
MATE3 002.006.014
GS  001.000.001

1:
2: GS 001.000.001
3: FNDC 001.001.000
L 4: CC 001.000.000 )

Figure 47 Reading the Firmware Revision

Device Data Logs

Users of a MATE3-class system display can create Device Data Logs for the FLEXmax 100 charge
controller. The Data Logs can then be uploaded and saved to an SD card.

Saving Data Logs for the FLEXmax 100

e " A
To create a data log for the FLEXmax 100: setts Main Henu
ettings >
. Confi ti Wi d
1. Access the Main Menu as shown on page 47. |DZCi;2”52t;°qu;za" I ::
Event Logs >>
2. Select the Device Data Logs menu. L Firmuare Update > )
3. Select FLEXmax Charge Controller menu. , DEVICE DATA LDGS )
4. Select Upload and Save Data Log on the FM Charge [FLEXmax Charge Controller] >>
Controller Data Log menu. FLEXnet Battery Monitor >
5. Select one of the two options. . J
4 '
o Press <New> to give the new data log a unique FM Charge Controller Data Log
name. Or [Upload and Save Data Log | >>
o Press <Save> to save the data log over the name
. . . . L. vy
that is highlighted on the list.
-
6. After saving the data log is complete, press <Continue> Fe Controller Data Log
to return to the Upload and Save Data Log screen. 11022609 2/28/11  10:00
11022810 272811 11:00
11022811 272811 12:00
L New Save )

Figure 48 Uploading and Saving a Data Log for the FLEXmax 100
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Saving Data Logs (continued)

To save a new data log over the name
highlighted on the list:

FM Charge Controller Data Log

FM80.CSV Saving to SD Card
1. Use the control wheel to scroll through the list.

2. When the name to be replaced is highlighted,
press <Save>.

FM Charge Controller Data Log

3. Wait for the message confirming that the profile has

FMB80.CSV Saved to SD Card
been saved to the SD card.

Continue

4. Press <Continue> to return to the Upload and Save
Data Log screen. ¥
Returns to the Upload and
Save Data Log screen.

To create a new name for the data log [ FM Charge Controller Data Log |

(up to 8 characters maximum): New Data Log File B o °

1. Use the control wheel to scroll through the available | Delete € > Save |
characters.

2. Use <> and <€> to move to the next character location. FH Charge Controller Data Log

3. Press <Delete> to erase the character that is highlighted. B.CSV Saving to SD Card

4. Press <Save> to save the new data log on the SD card. - /

5. Press <Continue> to return to the Upload and Save [ FM Charge Controller Data Log )

Data Log screen.
B.CSV Saved to SD Card

Continue

A 4
Returns to the Upload and
Save Data Log screen.

Figure 49 Uploading and Saving a Data Log (continued)

Data Log File Format

Information generated by this function will be saved on the SD card in a generic .csv file format,
which can be read by most spreadsheet programs.

Data Logging example:

——NOTE: This header line is NOT included in the download.

Max Max Absorb | Float | Min Max MAX
»| Date AH Kwh | Amps | Watts | Time Time | Battery V Battery V. [ Vo
5/13/22 | O 0 1.2 29 0:00 0:00 | 24.1 29.1 122
5/12/22 | 38 0.9 5.5 143 0:00 0:00 | 24.1 29 122
5/11/22 | 32 0.8 5.6 144 0:00 0:00 | 24.1 28.7 120
5/10/22 | 9 0.2 3.5 89 0:00 0:00 | 24.1 28.9 120
5/09/22 | 31 0.7 6.8 173 0:00 0:00 | 24.1 28.8 119

Figure 50 Data Log Example for the Charge Controller
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Updating Firmware

Updating the Firmware

The FLEXmax 100 and other OutBack Power products can be updated to the latest revision by installing
the latest firmware. Firmware can be downloaded from the website, www.outbackpower.com,

to one of several types of SD memory card (see below). The firmware is available for download on

the FLEXmax 100 product page or the Firmware page. Make certain the SD card uses FAT32 format.

IMPORTANT:
@_‘3 Make certain to extract (unzip) the files to the root directory of the SD card. Do not extract to

a folder. Do not save the original file directly in its original compressed form. If the files are
downloaded in compressed form, they will be unusable.

Using MATE3s

To update the firmware revision with the MATE3s system display, refer to the MATE3s literature. Download
and extract the latest firmware revision as noted above. Transfer the files to a standard SD memory card.
Instructions for the specific process are provided in the MATE3s literature.

Once the update procedure is started, it will take over ten minutes for the files to be transferred to the
FLEXmax 100. While this is occurring the MATE3s will show the percentage completed. The charge
controller will show normal LED activity and will continue charging as normal.

At the end of the file transfer the FLEXmax 100 STATUS LED indicator will flash green rapidly. It will change to
flashing red slowly, then flash red more quickly. See Figure 52 (on the next page).

When the update process is complete, all LED indicators will flash in sequence as in a standard power-up
routine. The internal fan will run briefly. The MATE3s will return to its home screen.

Without MATE3s

To update the firmware revision directly:

1. Turn off battery and PV disconnect devices. Ensure the FLEXmax 100 has no power from any source.

2. If present, remove the microSD card from the FLEXmax 100. (See Figure 51.) The card can be ejected
by pressing on the exposed end. It should depress slightly and then protrude with a click. Afterward it
can be easily removed.

Figure 51 Location of MicroSD Card
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Updating Firmware

3. Access the microSD card and delete any existing files named FM100-00.bin or FM100-10.bin.
Download the latest firmware revision as noted on page 59.

Transfer both the new FM100-00.bin and FM100-10.bin files to the microSD card root directory.
Do not place them in a separate folder.

6. Before removing the card from the computer it is recommended to eject it using the computer’s
onscreen Eject command (usually titled Safely Remove Hardware, Eject Media, etc.).

7. Insert the microSD card back into the FLEXmax 100. Ensure the card clicks into position similarly to
the way it was previously removed. The FM100 will select the appropriate .bin file based on its
hardware configuration.

NOTE: The following steps require access to the controller and battery disconnect at the same time.
Two people may be needed.

8. Press and hold the RESET button with a nonconductive narrow tool. (See Figure 51. The button is
recessed inside the hole by several millimeters.)
9. While still pressing the RESET button, turn the battery disconnect to the ON position.

10. Still pressing the RESET button, watch the LED indicators on the FLEXmax 100. (See Figure 52.)
When the STATUS LED indicator flashes green rapidly, the programming process has started. It is
safe to release the button.

Figure 52 Status Indicator

11. Within a few seconds the STATUS indicator will begin flashing red instead of green. After approximately
10 seconds it will flash red more quickly.

12. When the update process is complete, all LED indicators will flash in sequence, as in a standard
power-up routine. The internal fan will run briefly.

The firmware update process is complete.
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Troubleshooting

IMPORTANT:

Check the OutBack Power customer and user forum at www.outbackpower.com/forum/
for more FLEXmax 100 information.

General Troubleshooting

A MATE3s system display may be required for certain troubleshooting steps in Table 7.

Table 7 Troubleshooting

Symptom

Remedy

Unit does not power up
upon initial connection
(no LED indicators or
system display
operation).

Check the battery connection and polarity. Reverse polarity or an improper
connection will cause power-up issues.

Check the battery circuit breaker or device. Ensure all items are sized appropriately.

Check the battery voltage at the FLEXmax 100 terminals. A battery voltage below
15 Vdc may not power up the charge controller. A poor connection may not allow
sufficient voltage to reach the charge controller.

Rapid shutdown condition. The system display Fault Input Active message
will show Y (see page 44). This is not a controller error but a deliberate action.
See pages 24, and 30, and 64 for more information. Resetting this condition
requires resetting the external rapid shutdown device.

Upper limits: 24-volt system = 275 Vdc, 36-volt system = 283 Vdc,
48-volt system = 290 Vdc. See page 74 for more information.

IMPORTANT:

The FLEXmax 100 will not function unless jumper J5, the OutBack Power RSI, or a
similar normally-closed device is installed on the rapid shutdown terminals. Initial
power-up will result in a rapid shutdown signal. See page 30.

Unit powers up but
does not operate.

PV voltage is present
but drops to a few
volts when connected.

Check PV wiring. This will occur if the PV array wiring polarity is reversed.
The heatsink may grow warm after a short time due to internal current flow.

Unit not operating;
unit had worked
normally before.

This behavior is normal in cases of low light. Unit may be in “Sleep”, “Snooze”,
or “Wakeup” modes. Confirm conditions and behavior using Table 4 on page 40.
It may take up to 5 minutes for the controller to leave Snooze mode.

Battery temperature fault. Check temperature (see system display literature).
If the RTS reads in excess of 50°C, it indicates a battery too hot to safely operate.

Rapid shutdown condition. The system display Fault Input Active message
will show Y (see page 44). This is not a controller error but a deliberate action.
See pages 24, and 30, and 64 for more information. Resetting this condition
requires resetting the external rapid shutdown device.

Module-level electronics may be interfering with the system (see page 32).
Consult the literature or manufacturer of any third-party products.
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Table 7 Troubleshooting

Symptom

Remedy

Unit not operating;
unit had worked
normally before;
normal light
conditions.

o Check the charging stage. Check other controllers (if present). If the batteries

are nearly charged, one controller may taper off (in the Absorption or Float stage)
while the other(s) complete the charge.

High temperature fault. Check the controller temperature. The FLEXmax 100
will stop functioning at an Output FETs reading of 90°C. The system display
Over Temperature error will indicate Y. See page 44 to check all items.

High Voc fault. Check PV array voltage. If the open-circuit voltage (Voc) is too
high, the controller cannot safely operate. The system display VOC Too High
error will indicate Y (see page 44). The FLEXmax 100 will automatically restart
operation once the Voc decreases to a safe level.

Upper limits: 24-volt system = 275 Vdc, 36-volt system = 283 Vdc,
48-volt system = 290 Vdc. See page 74 for more information.
CAUTION: Hazard to Equipment

Voltages in excess of 300 Vdc are likely to damage the FLEXmax 100.
The PV array should be designed to avoid ever reaching these voltages.

o Module-level electronics may be interfering with the system (see page 32).

Consult the literature or manufacturer of any third-party products.

Unit not producing
expected power.

Check PV and battery voltages. If they are varying widely, the controller may be
in the process of an MPPT sweep. It should settle on a stable power point and
produce normally again after a short time.

Check PV conditions. Clouds, shading, or dirty modules cause poor performance.

Check battery conditions and charging stage. If the batteries are charged
(if the controller is in the Absorbing or Float stage), the controller will produce only
enough power to regulate the voltage at those set points. Less power is required.

Determine the specified short-circuit current of the PV array. The MPP current is
related to this number. Measure to determine if the short-circuit current is in the
expected range. Array or wiring problems may restrict the available power.

Check the PV array temperature. At high temperatures, the maximum power point
voltage may be near or lower than the battery voltage.

Check FLEXmax 100 external temperature. The output is derated above ambient
temperatures of 25°C (77°F). Also check FLEXmax 100 internal temperature
using the system display. See page 44.

If a temperature reading is greater than 142°C or less than —40°C, a sensor
may have failed. The Reduced Performance error will show Y (see page 44).

NOTE: If the temperature is high, ensure that the fan is running. Check the
heatsink. This may require dismounting the controller. If the heatsink is blocked
with mud, organic material, etc., the controller will not receive normal ventilation.
Clean it by removing the fan housing, cleaning between the fins, and replacing the
fan housing. Spraying is not recommended. If the fan has failed, a replacement is
available (OutBack Power part number SPARE-046).

Module-level electronics may be interfering with the system (see page 32).
Consult the literature or manufacturer of any third-party products.

Charging is not

The FLEXmax 100 is performing equalization (see pages 50 and 76). This function
is not temperature-compensated. It is not a controller error but a deliberate action.

The Remote Temperature Sensor (RTS) is damaged (either shorted or open). Ifitis

temperature;j shorted, the system display Shorted RTS message will indicate Y (see page 44).
compensated. To test, remove or replace the RTS.

Limited mode is enabled to prevent temperature compensation (see page 49).
62 900-0253-01-00 Rev C ©2019 EnerSys. All Rights Reserved.




Troubleshooting

Table 7 Troubleshooting

Symptom

Remedy

Battery Calibration
setting does not
respond.

The system display will not report this setting if remote battery sensing is connected.
To test this function, temporarily disconnect remote battery sensing. See pages 26
and 56.

Unit is in equalization
cycle but is not
achieving the
expected results.

o Check equalization settings using the system display (see pages 50 and 76). The
default settings are not sufficient for many batteries and may need to be adjusted.

o The cycle will begin when the Equalization Voltage set point has been reached.
A small array or cloudy weather will delay the equalization cycle. Running too many
battery loads will also delay the cycle. Loads should be removed or minimized.

o Check the PV array temperature. At high temperatures, the maximum power point
voltage may be near or lower than the battery voltage. This can delay the cycle.

Equalization was
manually started but
the STATUS indicator
does not show
equalization

The STATUS indicator will show equalization only once the temperature-compensated
absorption voltage is reached. See pages 36 and 39.

Unit not operating;
red FAULT LED
indicator.

o Solid: Ground fault. Remove all sources of power from the system. The detection
circuit has sensed an open connection on the GFDI fuse (see page 19). The system
display GFDI Fault will show Y (see page 44). Check the fuse and the bonding
jumper (see page 12). Make certain each is installed according to the instructions.
Make certain the terminal bus bar is connected to earth ground (see pages 18 and
22). Inspect the rest of the system for grounding problems or shorted connections.

o Flashing: Arc fault. See below.

Arc fault shutdown

(see pages 27 and 64).

Perform the following steps to locate the source of the problem.

1. Verify that the sensing coil is connected to the arc fault board. (See item B on
page 22 for more information.)

2. Disconnect all power (PV and battery) for a minimum of 5 minutes.
e Reconnect battery power and wait a minimum of 10 seconds.
e Reconnect PV power for 5 seconds and disconnect again.
e  Wait for 1 minute.

e Ifan arc fault is indicated with PV power disconnected, the controller may
require service or replacement.

3. If no fault is indicated, remove the PV negative () conductor from the sensing coil.
e Reconnect PV power and wait to see if an arc fault is indicated again.

e If no fault occurs, the system can be left to operate in this state. A system in
this state is still UL1699B-compliant.

e If afault occurs, proceed to step 4.
4. |If afault is indicated, remove the PV positive (+) conductor from the sensing coil.
o Reconnect PV power and wait to see if an arc fault is indicated again.

e If no fault occurs, it is likely the previous fault was from a true PV arc event.
The AFCI circuit is working correctly. Check the PV array for problems.

e If the charge controller senses a PV arc fault with both PV conductors
disconnected, the controller may require service or replacement.
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Troubleshooting Error Messages

Error messages are caused by known faults. These are defined by a list of messages in the Charge
Controller Error screen of the system display. See page 44. See the system display literature for
instructions on navigating to this screen.

Table 8 shows the messages available in the system display. One or more messages will display Y to
indicate an error. If a message says N, it is not the cause of the error.

See Table 7 to troubleshoot symptoms not necessarily represented by error messages.

v

NOTE:

Most errors shown in Table 8 are not regularly accompanied by the red FAULT LED
indicator. The exceptions are GFDI Fault and Arc Fault.

Table 8 Error Messages

Message

Symptom

Problem

VOC Too High

24-volt system = 275 Voc
36-volt system = 283 Vo
48-volt system =290 Voc

If the open-circuit voltage (Vo) is too high, the unit
cannot safely operate. It will automatically restart
operation once the Voc decreases to a safe level.

Over Temperature

Controller is hot to the touch.

High temperature fault. Check controller temperature
(see page 44). The FLEXmax 100 will stop
functioning at an Output FETs reading of 90°C.

Charging is not temperature-

Remote Temperature Sensor (RTS) damaged.

Shorted RTS compensated. To test, remove or replace the RTS.
Ground fault. The detection circuit has sensed an
open connection on the GFDI fuse. Check the fuse
GFDI Fault Red (FAULT) LED indicator and bonding jumper (see pages 18, 19 and 63).
au illuminated (see page 36). Make certain it is installed according to the
instructions. Inspect the rest of the system for
grounding problems or shorted connections.
LED indicator(s) illuminated on Rapid shutdown condition. This is not a controller
Fault Inout Acti rapid shutdown device; red error but a deliberate action. See pages 24 and 30
auft input Active (FAULT) LED indicator (page 36) | for more information. Resetting this condition
will flash twice before this occurs. | requires resetting the external rapid shutdown device.
Reduced Temperature reading is greater Internal temperature sensor failed. If a failure is
Performance than 142°C or less than —40°C. detected, the controller will operate with a maximum

output of 20 Adc.

Over Current Fault

Controller has shut down.

This occurs if more than 120 Adc flows from the
controller to the batteries (or more than 80 Adc flows
from the array to the controller).

o To restart the FLEXmax 100, remove all power from the
controller and then reconnect the batteries.

o If the problem recurs, contacts may be loose or shorted.
o The PV array may also be oversized.

Red (FAULT) LED indicator

Arc fault. See page 63 for troubleshooting.

Arc Fault C If the message is Arc Fault but the FAULT indicator is
blinking (see page 36). solid, a GFDI fault is present at the same time.
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Troubleshooting Firmware Updates

Certain problems may occur when updating the controller’s firmware revision. See page 59.

Table 9 Firmware Update Issues

Symptom

Possible Cause

Possible Remedy

MATES3s displays No SD Card
Installed on FM100

MicroSD card not installed or
completely seated

Insert microSD card. Make certain it
is completely seated. See pages 59
and 60.

No LED indicators illuminate
when pressing RESET button
while connecting battery

STATUS (green) LED indicator
does not flash rapidly when
pressing RESET button while
connecting battery

Problem with file on microSD
card

o Disconnect the battery. Try
connecting three or four more times.

o If problem persists, remove the card
from the slot. Delete all files, reload,
and try again.

STATUS LED indicator flashes
rapid green, followed by erratic red
flash (followed by steady red flash
and then power-up sequence)

Previous update attempt was
interrupted by power disconnect,
loss of communication, or a
similar problem

No solution required; current update has
succeeded

STATUS LED indicator flashes
rapid green, but does not flash
slowly within a few seconds

Problem microSD card or with
file on microSD card

o Disconnect the battery. Try
connecting up to six more times.

o If problem persists, remove the card
from the slot. Delete all files, reload,
and try again.

STATUS LED indicator does
not flash, but startup LED
indicator sequence runs when
pressing RESET button while
connecting battery

Button not fully pressed when
powering up

Ensure button is fully pressed when
powering up.

MicroSD card not installed or
completely seated

Insert the microSD card. Make certain it
is completely seated. See pages 59
and 60.

FN100-00.bin and/or
FM100-10.bin file is not in
correct location on microSD card

Ensure files are located in the root
directory of the microSD card

900-0253-01-00 Rev C

65



Troubleshooting

NOTES:
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Specifications

Table 10 Electrical and Mechanical Specifications
Specification Value
Maximum Continuous Output Current 100 Adc
Maximum Input Current (short-circuit) 64 Adc

Nominal Battery System Voltage

24, 36, or 48 Vdc (automatically adjusted)

PV Open-Circuit Voltage

300 Vdc (highest open-circuit voltage before equipment damage)

. Low | 15 Vdc (lowest battery voltage for functionality)
Operating Voltage Range - - -
High | 290 Vdc temperature corrected Vo (operational maximum)
Standby Power Consumption ~25W
Charge Cycle Three-stage
Minimum Battery Bank Size 100 Ahr
Charging (Output) Range 20 to 68 Vdc
Temperature Compensation Adjustable from 2 mV/cell/°C to 6 mV/cell/°C
Remote Interface RJ45 modular connector (CAT 5-style 8-wire twisted-pair cable)
Conduit Openings Sides, bottom (plugs inserted); 13" diameter openings for 1” conduit size
Dimensions (H x W x D) 23.0" x 8.8” % 6.0” (58.4 cm x 22.4 cm x 15.2 cm)
Shipping Dimensions (D x W x L) 10.0” x 12.0” x 25.5” (25.4 cm x 30.5 cm x 64.8 cm)
Weight 16.0 Ib (7.3 kg)
Shipping Weight 19.75 Ib (8.9.kg)
Table 11 Environmental /| Safety Specifications

Specification

Value

Operating Temperature Range

Ambient —25°C to 60°C (-13°F to 140°F)

Output Power Temperature Derating

Ambient 25°C to 60°C (77°F to 140°F); controller begins derating at 25°C

Environmental Category

Qutdoor

Suitable for Wet Locations Yes
Ingress Protection Rating IP54
Relative Humidity Rating 4% to 100% Condensing
Enclosure Type Type 3R
Maximum Altitude Rating 10,000 ft
Overvoltage Category PV: OV Catll
Batt: OV Cat Il

Regulatory Specifications

Listings

This product carries a listing report by ETL. It is listed to the following standards:

e UL1741 — Inverters, Converters, Controllers and Interconnection System Equipment for Use With
Distributed Energy Resources — Issue: 2010/1/28 Ed: 2

e (CSA C22.2 No. 107.1-16 — Power Conversion Equipment — Issue: 2016/06/01 Ed:4
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Directives

This product meets the following directives.

e RoHS: Directive 2011/65/EU — “The restriction of the use of certain substances in electrical and
electronic equipment”

e Low Voltage Directive: 2006/95/EC — “On electrical equipment designed for use within certain
voltage limits”

e Electromagnetic Compatibility Directive: 2004/108/EC — “On electromagnetic compatibility”

Certifications

This product is certified to the following standards:
e |EC 62109-1:2010 — Safety of Power Converters for use in Photovoltaic Systems (2010)

Compliance

This product complies with the following standards:

e |EC 61000-6-1 (EMC Standard: Immunity for Residential,
Commercial, and Light-Industrial Environments)

e |EC 61000-6-3: 2007; also CISPR 22: 2008 Class A;
also EN 55022 (EMC Standard: Emissions for Residential,
Commercial, and Light-Industrial Environments)

e FCC Part 15.109(G): 2012 Class A

FCC Information to the User

This equipment has been tested and found to comply with the limits for a Class A digital device when
powered by a DC source, pursuant to part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This equipment generates
uses and can radiate radio frequency energy and, if not installed and used in accordance with the
instructions, may cause harmful interference to radio communications. However, there is no guarantee that
interference will not occur in a particular installation. If this equipment does cause harmful interference to
radio or television reception, which can be determined by turning the equipment off and on, the user is
encouraged to try to correct the interference by one or more of the following measures:

o Reorient or relocate the receiving antenna.
o Increase the separation between the equipment and the receiver.

o Consult the dealer or an experienced radio/TV technician for help.

Firmware Revision

This manual applies to FLEXmax 100 charge controllers with a firmware revision of 002.001.000 or higher.
To check the current revision using the system display, see page 57.

For instructions on updating the firmware revision, see page 59.
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Temperature Range and Derating

In standard installations, the FLEXmax 100 can operate at its full 100-amp capacity at ambient temperatures
up to 25°C (77°F). Above this temperature, its output is derated as described below.

The values depicted in Figure 53 are examples for a system with a PV input of 220 Vdc. Lower input voltage
will improve the controller’'s thermal performance.
o For a nominal 24-volt battery system:

At 60°C (140°F), the output is derated to a maximum of 46 Adc. The controller is not rated for operation above
this temperature.

o For a nominal 48-volt battery system:

At 60°C (140°F), the output is derated to a maximum of 50 Adc. The controller is not rated for operation above
this temperature.
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24 Vdc = oemom oo 48 Vde

Figure 53 Temperature Derating

/ NOTE:

The temperatures shown here are the external ambient temperatures that usually
accompany derating conditions. For the actual internal temperature readings that result in
derating, see page 44.
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Default Settings and Ranges

The settings in this table are as shown in the system display.

Table 12  FLEXmax Settings
Settin
Mode Menu Item 9
Value 24-volt 36-volt 48-volt
Default 28.8 Vdc 43.2Vdc 57.6 Vdc
Absorb Vollt.
sorb Vollage Range Float setting to 68.0 Vdc
Default 01.0 hours
‘Absorb) Ti
(Absorb) Time Range 00.0 to 24 hours
Default 27.6Vdc | 414Vvdc | 552Vdc
Float -
Charger Range 20.0 Vdc to Absorb setting
Default 240Vdc | 36.0Vdc | 48.0Vdc
Rebulk Vol
eouilvoltage Range 10.0 Vdc to Float setting
Current Limit Default 100 Adc
Range 5to 100 Adc
Default 00 Adc
Absorb End A
sorb Ena Amps Range 00 to 55 Adc
Default <Auto >
MPPT Mode
Range <Auto> or U-Pick>
Default 77% Voc
U-Pick vOC
e Range 40 to 90% Voc
Default 3.0 Vdc 4.5 Vdc 6.0 Vdc
MPPT Wakeup VOC Ch
akeup ange Range 1.5109.5Vdc
Default 05 minutes
Wak VOC) Ti
(Wakeup ) Time Range 05 to 15 minutes
Default 0.6 Adc
S Mode A
nooze Wode Amps Range 0.2 to 1.0 Adc
Default <Wide >
Mode
Range <Wide> or <Limited>
Slope Default 5mV
Temperature P Range 2to6mV
Compensation Default 26.4 Vdc 39.6 Vdc | 52.8 Vdc
Lower Battery Voltage -
Range 10 Vdc to Upper Battery Voltage setting
Uoper Batterv Voltage Default 28.2 Vdc 42.3 Vdc | 56.4 Vdc
PP Y g Range Lower Voltage setting to 68.0 Vdc
Eaualization Voltage Default 28.8Vdc | 432Vdc | 57.6Vdc
9 g Range Absorb Voltage setting to 68.0 Vdc
Default 01h
Batter_y (Equalization) Hours oan il
Equalize Range 1 to 7 hours
Automatic Battery Default 0 days
Equalization Range 0 to 250 days
A I Default N
Grid-Tie Mode | Enable Grid-Tie Mode
Range Yor N
Default <Off>
Vent Fan
Range <O0n, Auto, Off>
Enable Default 28.8 Vdc 43.2 Vdc 57.6 Vdc
Auxili Voltage Range 20.0 to 68.0 Vdc
uxiliary
Default <Off>
Output PV Trigger
Range <O0n, Auto, Off>
Active Default : A.ctlve ngh.
Range Active High or Active Low
PV Trigger Enable Default 24.0 Vdc
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Table 12 FLEXmax Settings
Setting
Mode Menu Item
Value | 24-volt | 36-volt | 48-volt
Voltage Range 20 to 250 Vdc
Default 0 Vdc
Hold Tii
old fime Range 0 to 25 seconds
Default <Off>
Error Output
Range <0n, Auto, Off>
Low Battery|  Default 23.0Vdc | 345vdc | 46.0Vdc
Voltage Range 20.0 to 68.0 Vdc
, . Default <Off>
Night Light
Range <0n, Auto, Off>
Active Default Active High
Range Active High or Active Low
Default 10 Vdc
Threshold |0 e 5 to 250 Vdc
" Default 4 hours
ON Time Range 00 to 23 hours
Hysteresis Default 1 minute
Time Range 1 to 255 minutes
. Default <Off>
Rapid Shutdown
Range <O0n, Auto, Off>
Default <Off>
Float
Range <0n, Auto, Off>
, . Default <Off>
Diversion: Relay
Range <0n, Auto, Off>
Active Default Active High
Range Active High or Active Low
Relative Default 0 Vdc
Voltage Range 0.0 t0 5.0 Vdc
Auxiliary Hvsteresis Default 0.2 Vdc
Output y Range 0.0 to 12.0 Vdc
Default 0.1 second
Hold Range 0.0 to 25 seconds
Default 0.0 seconds
Delay
Range 0.0 to 24 seconds
i 3 i Default <Off>
Diversion: Solid St
Range <O0n, Auto, Off>
Relative Default 0.0 Vdc
Voltage Range 0.0 t0 5.0 Vdc
Hysteresis Default 0.2 Vdc
4 Range 0.0t0 12.0 Vdc
Default 0.1 second
Hold Range 0.0 to 25 seconds
Default 0.0 seconds
Delay
Range 0.0 to 24 seconds
i Default <Off>
Low Batt Disconnect
Range <0On, Auto, Off>
Disconnect | 2efautt 272Vdc | 408Vvdc | 54.4Vdc
Range 20.0 to 68.0 Vdc
Reconnect |—2efult 288Vvdc | 432Vdc | 57.6Vdc
Range 20.0 to 68.0 Vdc
Disconnect Default 01 second
Delay Range 0 to 250 seconds
Default <Off>
Remote
Range <O0n, Auto, Off>
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NOTES:
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Applications
Array Design

Sizing Guidelines
Below is a list of maximum array wattages for the FLEXmax 100 for various nominal voltage batteries. This

should be used for sizing an array. Note that every PV module is different. The specifications for every
model should be consulted before designing or assembling a PV array.

Table 13 Maximum Input Wattage Per Charge Controller

Nominal Battery Voltage Maximum Array Size (Standard Test Conditions)
24V 3500 W
36V 5250 W
48V 7000 W

Maximum-Power Voltage (V)

Maximum-power voltage (Vmp) is the operating voltage for the PV array at which the array generates the most
wattage. To perform battery charging, the Vimp must always be higher than the battery voltage. When
designing the PV array, use the following rule: For optimum charging performance, the Vi, should be at least
6 to 10 volts higher than the highest charging voltage for that battery model.

‘ IMPORTANT:
@—‘S Check the PV array voltage before connecting it to the FLEXmax 100.

Open Circuit Voltage (V,.)

Open-circuit voltage (Voc) is the unloaded voltage generated by the PV array. The FLEXmax 100 controller
can withstand Vo of up to 300 Vdc. However, if the Voc exceeds the following voltages, the controller will
suspend operation to protect the system components. (See pages 44 and 64.)

0  24-volt system 2 275 Voc

o 36-volt system = 283 Voc

o  48-volt system =290 Voc

ii CAUTION: Equipment Damage

Although the FLEXmax 100 shuts down at high DC voltages, this will not prevent the array
from generating voltage. Anything higher than 300 Vdc will damage the controller, whether it
has shut down or not. The array should be designed so that voltage never exceeds the
voltages listed here in order to prevent equipment damage.
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Temperature Conditions

PV voltages are specified at room temperature but change inversely with ambient temperature changes.
Higher temperatures result in lower Voc and Vimp. Lower temperatures result in higher Voc and Vip.

Excessively cold weather can cause the V. to rise above the array’s rated limit. A poorly-sized array can
exceed 300 Vo and damage the controller. To avoid exceeding the maximum voltage in very cold
temperatures, make certain to calculate the maximum V. using the module temperature correction factor.

If the specific voltage temperature correction factor is not known for a particular module, allow for ambient
temperature correction using the following information:

25° to 10°C (77° to 50°F) multiply Voc by 1.06
9° to 0°C (49° to 32°F) multiply Voo by 1.10
~1° to —10°C (31° to 14°F) multiply Voc by 1.13
—11° t0 —20°C (13° to —4°F) multiply Voc by 1.17
—21° t0 —40°C (-5° to —40°F) multiply Voo by 1.25

Maximum Power Point Tracking

Maximum Power Point Tracking (MPPT) is the technology used by FLEXmax charge controllers to optimize
the harvest of power from PV arrays.

PV modules do not have a defined operating voltage. Their voltage is defined strictly by the load connected
to them. With no load (disconnected), a module displays “open-circuit” voltage (Voc), and delivers no current.
At full load (shorted), a module has no voltage, although it delivers the maximum “short-circuit” current (Isc).
In neither case does it produce usable wattage.

When partially loaded, a PV module delivers partial current and voltage. These numbers can be multiplied to
see the available wattage. However, the delivery of wattage is not linear. The current and voltage delivered
at a given load will change with the load, along a curve such as that shown in the drawing to the left in Figure
54. This is known as the |-V curve. The wattage is different at every point along the curve. (The |-V curve
also varies with module type and manufacturer.) Only one point on the |-V curve represents the delivery of
the module’s maximum (rated) wattage. This is known as the maximum power point, or MPP. The current at
this point, Imp, is the highest that can be drawn while still maintaining the highest voltage, Vmp.

The FLEXmax 100 controller places a variable load on the PV array and tracks the result to determine the
maximum power point. This process, MPPT, is maintained so that the controller can deliver the maximum PV
power regardless of any change in conditions. The drawing to the right in Figure 54 shows the MPP and
compares the |-V curve against the available wattage.

_— :
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VOLTAGE Voc VOLTAGE Vmp Voc
I -V curve I  Available wattaae

CURRENT
CURRENT

Figure 54 Maximum Power Point Tracking
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Three-Stage Battery Charging

The FLEXmax 100 charge controller is a sophisticated, multi-stage battery charger that uses several
regulation stages to allow fast recharging of the battery system while ensuring a long battery life. This
process can be used with both sealed and non-sealed batteries. The FLEXmax 100 is a “buck” converter
which turns higher PV voltages into the lower charging voltages used by batteries (with correspondingly
higher currents). The chart in Figure 55 shows the voltage levels achieved by the PV array throughout a
typical day, and the battery voltages (by stage) during the same times.

The FLEXmax 100 has preset recharging voltage set points (Absorbing and Float voltages); however,
OutBack Power always recommends using the battery manufacturer’'s recommended charging voltages.
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Figure 55 FLEXmax 100 Three-stage Battery Charging

A new charge cycle is started any time the battery voltage decreases below the Rebulk set point for 90
seconds or more. (See page 48.) This usually occurs each night unless the batteries were maintained by
another means. (If so, they may not need to be recharged).

Bulk

This is the first stage in the three-stage charge cycle. It is a constant-current stage which drives the battery
voltage up. The DC current is the maximum current the charger can deliver. This stage typically leaves the
batteries at 75% to 90% of their capacity, depending on conditions.

In Bulk, the controller will charge the batteries to the Absorbing voltage setting (see page 48). This stage is
not timed. It will charge as long as necessary, regardless of any timer set points. If little PV energy is
available, it may take a long time for Bulk to complete. If the FLEXmax 100 is in a different charging stage
and little PV energy is available, it may return to Bulk. (See page 37.) This stage of the charge cycle is
temperature-compensated. (See page 76.)

Absorption

This is the second stage of charging. It is a constant-voltage stage. Current varies as needed to maintain the
Absorbing voltage setting, but will typically decrease to a very low number over time. This “tops off the tank”,
leaving the batteries at essentially 100% of capacity.
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The duration of the Absorption stage is the user-defined Absorb Time Limit. Once in Absorbing, the internal
counter will count until it reaches this limit. (See page 38.) The controller will then exit Absorbing and enter
the Float stage. The charger will also also exit Absorbing if the Absorb End Amps setting is reached,
regardless of the timer. This resets the timer to zero. (See page 48.) This stage is temperature
compensated. (See below.)

Float

This is the third stage of charging. It is a constant-voltage stage. The batteries are maintained at the Float
set point. This stage is not timed. The FLEXmax 100 will continue to maintain Float as long as PV energy is
available. Current varies as needed to maintain the voltage, but typically drops to a low number.

If the PV cannot supply enough power to maintain the Float set point, the FLEXmax 100 will not immediately
initiate a new charge cycle. It will attempt to draw more PV energy and recharge the battery until the Float
voltage set point is reached. This stage is temperature compensated. (See below.)

A new charge cycle can be initiated if the voltage falls below the ReBulk set point for 90 seconds or more
(see page 48).

Equalize

Equalization is a controlled overcharge that is part of regular battery maintenance. Equalization follows the
same pattern as standard three-stage charging. However, it brings the batteries to a much higher voltage and
maintains this voltage for a period of time. This has the result of removing inert compounds from the battery
plates and reducing stratification in the electrolyte.

The set points for equalization are adjustable with the system display. See page 50.

CAUTION: Battery Damage
Do not equalize any sealed battery types (VRLA, AGM, Gel, or other) unless approved by the
manufacturer. Some batteries may suffer severe damage from equalization.

Contact the battery manufacturer for recommendations on equalization voltage, duration, schedule,
and/or advisability. Always follow manufacturer recommendations for equalization.

Equalization is normally performed only on flooded lead-acid batteries. The schedule for equalization varies
with battery use and type, but it is usually performed every few months. If performed correctly, this process
can extend battery life by a considerable amount.

Equalization can be triggered manually. To trigger equalization, press the EQ button located on the front of
the charge controller. (See page 12.) Hold the button for 5 to 10 seconds, then release. The controller must
reach the Absorbing voltage setting (compensated for temperature) if it has not already. Once triggered and
at the proper voltage, the STATUS indicator will begin alternating amber and green once per second. If the
batteries are below 1.75 Vpc, the indicator will alternate amber and red. (See page 36.)

Equalization can also be triggered on an automatic schedule. The settings for this schedule are adjustable
with the system display. See page 50.

Note that in a system integrated with an OutBack Power inverter and a HUB Communications Manager, any
system-wide equalization command will give priority to charging from the inverter’'s AC source. This is true
even if the charge controller has enough PV power to perform equalization.

Battery Temperature Compensation

Battery performance changes when the temperature varies above or below room temperature (77°F or 25°C).
Temperature compensation is a process that adjusts charging to correct for these changes.

When a battery is cooler than room temperature, its internal resistance goes up and the battery voltage
changes more quickly. This makes it easier for the charger to reach its voltage set points. However, while
accomplishing this process, the charger will not deliver all the current that the battery requires. As a result,
the battery will tend to be undercharged.

76 900-0253-01-00 Rev C ©2019 EnerSys. All Rights Reserved.



Applications

Conversely, when a battery is warmer than room temperature, its internal resistance goes down and the
voltage changes more slowly. This makes it harder for the charger to reach its voltage set points. It will
continue to deliver energy as time passes until the charging set points are reached. However, this tends to be
far more than the battery requires, meaning it will tend to be overcharged.

The FLEXmax 100 controller, when equipped with the Remote Temperature Sensor (RTS), will compensate
for temperature. The RTS is attached to a single battery near the center of the bank. When charging, the
RTS will increase or decrease the charge voltage by 5 mV per degree Celsius per battery cell. This setting
affects the Absorbing and Float set points. Equalization is not compensated in the FLEXmax 100.

There can be side effects to temperature compensation. During cold weather, a battery often requires a
higher charging voltage. Some inverters might not accommodate these higher voltages and can shut down
during charging, cutting off power to their loads. In addition, some battery manufacturers specify not to
exceed a certain voltage due to the risk of battery damage.

To accommodate these problems, the FLEXmax 100 has adjustable compensation limits. It also has an
adjustable rate of compensation (“slope”) to meet the requirements of certain batteries. The default slope
value is 5 mV per degree C.

When the system includes a HUB Communications Manager and a system display, only one RTS is needed
for multiple inverters and charge controllers.

See page 49 for more information on these items.

Table 14 Examples of Compensation

Cells (volts) Slope Value | Temp | 25° £ | Calculation Total Compensation
12 (24 Vdc) 3mV 36°C +11 12 x 0.003 x 11 -0.4 Vdc
18 (36 Vdc) 5mV 26°C +1 18 x 0.005 x 1 -0.1 Vdc
24 (48 Vdc) 6 mV 0°C -25 24 x 0.006 x 25 +3.6 Vdc

FLEXnet DC Battery Monitor (FN-DC)

The FLEXnet DC will work normally if it is networked with the FLEXmax 100 and OutBack Power inverters.
This requires a HUB Communications Manager.

If the FN-DC is networked exclusively with FLEXmax 100 charge controllers and a HUB product, jumper
J4 must be in the left-hand position as shown in item A below. This position connects pins AGND and
ISO-GND. The FN-DC will not function until this is done.

Any devices connected to the AUX+ and AUX— terminals should be electrically isolated. (Examples include,
but are not limited to, coil relays, optical isolators, or fans.)

j CAUTION: Equipment Damage

Using non-isolated devices in this application can damage the controller and other devices.
This damage is not covered under warranty.

Figure 56 Position of J4 for the FN-DC
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Positive-Ground Applications

The FLEXmax 100 can be used in a positive-ground system. However, due to internal grounding paths
between the controller and other devices, positive grounding allows only certain combinations of devices in
the configuration. These combinations are dependent upon whether or not the system is networked together
or the devices stand alone.

See page 19 for instructions and initial restrictions on positive grounding.

A system requiring positive grounding should only use the configurations specified in this section.
Connecting the FLEXmax 100 in other positive-ground configurations can damage the controller and
other devices. This damage is not covered under warranty.

C CAUTION: Equipment Damage

Positive-Ground Networked Devices

A networked system includes the HUB Communications Manager and a MATE3s system display in the
configuration. The following conditions apply for all positive-ground devices communicating within the
system. They do not apply to non-communicating devices. (See below.)

o  Multiple FLEXmax 100 controllers can be networked on the HUB product.

o One OutBack Power inverter can be networked with one or more FLEXmax 100 controllers on the HUB product
under the following conditions:

e The FLEXnet DC Battery Monitor (FN-DC) is not present on the network
e No devices are connected to the CAT5 port on the system display
This configuration is depicted on page 28.

o Instead of an inverter, one previous-model OutBack Power controller (FLEXmax or MX Series) can be networked
with the FLEXmax 100 under the same conditions as above.

o NOTE: Multiple OutBack Power inverters cannot be networked with this charge controller.

o The FN-DC can be networked with one or more FLEXmax 100 controllers under the following conditions:
e No OutBack Power inverters are on the network
e No previous-model OutBack Power charge controllers are on the network
e No devices are connected to the CAT5 port on the system display

o The CAT5 port on the system display can be used if the network is limited to one or more FLEXmax 100
controllers. No other OutBack Power devices can be present.

o Any devices connected to the Aux+ and Aux— terminals should be electrically isolated. (Examples include, but are
not limited to, coil relays, optical isolators, or fans.) This can be ignored if no devices are connected to the
HUB/DISPLAY port.

Positive-Ground Non-Networked Devices

Non-networked devices provide information individually instead of using a HUB communications manager or
a single system display. This definition also applies to devices which work in common with a networked
system but do not communicate with it.

The restrictions under “Positive-Ground Networked Devices” do not apply when using the FLEXmax 100 in a
positive-ground system with non-networked devices. For example:

o The system display CAT5 port can be used with both the FLEXmax 100 and an inverter if the system display is
plugged directly into the FLEXmax 100.

o Multiple inverters (for independent loads, not stacked) can be used if they are not connected to the HUB
communications manager.

NOTE: Other devices, not made by OutBack Power may have their own restrictions.
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Grid-Interactive Settings

When using an OutBack Power grid-interactive inverter, FLEXmax 100, HUB Communications Manager, and
system display, set the Grid-Tie Mode menu to Y in the system display. This mode allows the inverter to
manage the charge controller’s Float setting. It ensures the controller always keeps the battery above the sell
voltage of the inverter. (See page 50.)

When using a FLEXmax 100 charge controller with an inverter without the use of a HUB product, the GT
mode will not work because the charge controller cannot communicate with the inverter. In this situation,
when selling electricity back to the grid, keep the inverter’s “sell” voltage setting below the charge controller's
Float setting. In a 24-volt battery system, the difference should be at least 0.5 Vdc. In a 48-volt system, the
difference should be at least 1.0 Vdc.

Definitions

The following is a list of initials, terms, and definitions used with this product.

Table 15 Terms and Definitions
Term Definition

AC Alternating Current; refers to voltage produced by the inverter, utility grid, or generator

AFCI Arc Fault Circuit Interruption; shuts down the system if a PV arc occurs

AGS Advanced Generator Start

AUX Charge controller’s 12-volt auxiliary output

CE Conformit.é Eurqpéenne; French for “European Qonform_ity"; a marking on OutBack Power
products indicating that they meet European Union requirements

DC Direct Current; refers to voltage produced by the batteries or renewable source

Derate Automatic reduction of the FLEXmax 100 rated output of 100 Adc; usually performed for
temperature reasons

DVM Digital Voltmeter

EMI Electromagnetic Interference; a detrimental condition that affects electronic circuits

FET Field Effect Transistor; a reference to a temperature reading by the FLEXmax 100

FN-DC FLEXnet DC; the OutBack Power Battery Monitor

GFDI Ground Fault Detector/Interruptor; shuts down the system if a ground fault event occurs

Grid-interactive, Utility grid power is available for use and the system is capable of returning (selling)

grid-tie electricity back to the utility grid

Ground Fault An ur'!safe condition of current flow to ground, resulting from accidental contact between an
electrical source and ground

Imp Maximum-power current; the current harvested by MPPT when operating at the Vimp

Isc Short-circuit current; the fully-loaded current displayed by a PV module or array

LED Light-Emitting Diode; refers to indicators used by the FLEXmax 100 and the system display

MPP, MPPT Maximum Power Point, Maximum Power Point Tracking
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Table 15 Terms and Definitions

Term

Definition

Negative-Ground

A wiring system that bonds the negative conductor to ground for safety

Network

A set of OutBack Power devices which communicate on a bus established by the HUB
Communications Manager

Positive-Ground

A wiring system that bonds the positive conductor to ground for safety

PWM

Pulse-Width Modulation

PV

Photovoltaic

Rapid Shutdown

A function allowing emergency responders to quickly place the PV system in a de-energized
state; required by NEC 690.12

RTS

Remote Temperature Sensor; accessory that measures battery temperature for charging

SD card

Secure Digital card; a non-volatile memory card for data storage

“Sleep” mode

No PV energy; normal at night

Slope

A selectable rate of battery temperature compensation

“Snooze” mode

Low light conditions; not enough PV energy for operation

Soft key

A key with functions that vary with screen

Sweep

Part of the MPPT process; the controller is attempting to locate the Vimp

System display

Remote interface (such as the MATE3s or OPTICS RE), used for monitoring, programming
and communicating with the inverter or charge controller

Vmp Maximum-power voltage; the voltage sought by MPPT where maximum power is harvested
Voc Open-circuit voltage; the unloaded voltage displayed by a PV module or array
Vpc Volts per (battery) cell

“Wakeup” mode

Controller has detected a voltage change and has left "snooze" mode but has not yet begun
charging; a new sweep is being performed

80
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