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2.Introduction

The Encore Hybrid Power SystemHPS inverterrangeis ideal forcommercial operations
requiring stable andlower cost energy. The inverters operate both on and off gridnd offer
a seamless (<20ms) transition from on grid to off grid operation in the event of a grid outage.

The inverters combine multiple energy sources to providea managed energy flovthat is
adaptable to varying conditions

Each modelincorporates the option to include photo voltaic (PV) connections using optional
integrated Direct Current (DC) coupledolar chargecontrollers.

This inverter combinesvarious functions, including DC coupled Maximum Power Point
Trackers MPPT®) for solar panelintegration, bidirectional energy conversionfrom DC to
Alternating Current (AC), system isolation, and on/off-grid switching, to enhance local
power reliability.

The HPS has built-in busbar connection for batteries, the AC energy sourceconnection,
the load connection, andbuilt in racks or cabinets for addition of integrated MPPTSs for solar
panelintegration. The AC energy source inpusupports an external ATS integration for
switching between the grid and agenerator.

All models include abuilt-in transformer and static transfer switch as well as AC and DC
circuit breakers (including a maintenance bypass breaker)

The inverters can be connectedn parallel withup to four of one modelin parallel Theycan
be integrated with AC Coupled PV inverters through the inclusion of the Feelom Won EMS
(Energy Management System).

This manual applies to the=reedom Won EncoreHPSinverter product range, including
models with power ratings from 50kW to500kW where the model number in the name
represents the rated AC inverting power of the inverter

HP0kW

HPSLOKW
HPSL5KW
HPS50kW
HP00kW

= =4 48 -8 -1

The Freedom Won Encore HPS models are specifically prepared for superior compatibility
with the range of FreedomWon HV and HV+ batteries as applicable as well as the powerful
and versatile Freedom Won EMS. All Encore HPS plastsould include a Freedom Won EMS
for optimal control and monitoring.
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This manual providesFreedom Won Encoe HPSfeatures, installation, operation,
maintenance, and troubleshootinginformation for the trained installer and operator.

For safe and proper installation ofthe Freedom Won EncoreHPS installers andusers must

possess a comprehensive understanding of electrical theorand be familiar with electrical
equipment andwiring.
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3.Section 1: Product Description
3.1. Freedom Won EncoreHPSRange Details

The Encore 50 to 150models are selfcontained units with integrated MPPT moduleacks,
while the Encore 250 and Encore 500 models are split intotwo parts. The Encore 250 model
consists of one AC power conversion cabineaind onePV controllercabinet .The Encore
HP 300 model consists of one AC power conversion cabineand up totwo PV controller
cabinets.

Each PV controller cabinet includes racks for up to six MPPT modules.

Refer to the HPSrange detailsbelow, featuring a variety of sizes.For detailed information
and how to configurerefer to Section 2: HPSOperationsand Configuration.

Tablel HPS Range Details

About the HPS50 The Encore HPSO is a robust power conversion system
— T — with the following dimensions:
' 1 Width: 800mm
1 Depth: 800mm
1 Height: 1900mm
| | 1 Weight: 750kg
This system boasts an impressive efficiency of 8.5%
and delivers a maximum output o65kVA. It can
’ accommodate up totwo 60kW MPPT modules.
v
About HPSL00 The Encore HPS10 is a robust power conversion
— e, system with the following dimensions:
1 = T Width: 12200mm
1 Depth: 800mm
1 Height: 2050mm
1 Weight: 119kg
™ L]

This system boasts an impressive efficiency of 97.1%
and delivers a maximum output of 165kVA. It can
accommodate up tothree 60kW MPPT modules.
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About the HPSL50

About the HPS500

—

Freedom
WON

The Encore HP3&50is a robust power conversion
system with the following dimensions:

1  Width: 2200mm

1 Depth: 800mm

1 Height: 2050mm

1 Weight: 1310kg
This system boasts an impressive efficiency of 97%
and delivers a maximum output oft&@kVA. It can
accommodate up tofour 60kwW MPPT modules

The Encore HPS250 is a robust power conversion
system with the following dimensions:

Width: 1800mm

Depth: 800mm

Height: 2050mm

Weight: 1680kg

E R EE

This system boasts an impressive efficiency of 97.3%
and delivers a maximum output of 275kVA. It can
accommodate up tofive (extendable to six)60kW MPPT
modules.

The MPPT cabinet has the following dimensions:
I Width: 600mm
1 Depth: 720mm
T Height: 2050mm
1 Weight: 330kg

The maximum weight of the Encore HPS250 system is
1980kg.

The Encore HPS00 is a robust power conversion
system with the following dimensions:

Width: 1600mm x2

Depth: 109mm x2

Height: 2050mm x2

Weight: 2665kg

E E E

This system boasts an impressive efficiency of 95%
and delivers a maximum output o650kVA. It can
accommodate up toten (extendable to welve) 60kwW
MPPT modules.

The MPPT cabinet has the following dimensions:

1 Width: 600mm

T Depth: 720mm

1 Height: 2050mm

1 Weight: 660kg
The maximum weight of the Encore HPS00 system is
3265«g.
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3.2. HPSFeatures and Advantages

The HPS hybrid inverterhas innovative features that provide efficient and flexible power
solutions. Learn more aboutthe HPSbenefits:

Supports both off-grid and grid-connected PV modes

Modular design for easy expansion

Compatible with FWenergy management system (EMSpr monitoring and
control.

Scalable, supporting up tofour (4) parallel connections.

Integrated maintenance bypass switch.

Handles unbalanced threephase loads in offgrid mode.

Built-in isolation transformer for adaptability to different loads.

Seamless switching(<20ms)between on-grid and off-grid modes for
uninterrupted power supply to the load

= =4 -4

= =4 -8 -4 -4

3.2.1. Anti-export Function

The HPShasan anti-export feature that:

Prevents excess photovoltaic electricity from flowing back to the grid
Can be enabled or disabled according to user needs.

Allows users to sell electricity to the grid for profit in permitted areas
Allows users to export power back to the Grigvhen disabled

3.2.2. Overload Ability Feature

The HPSis designed to handle temporary overloadsallowing 110% of rated power for
several minutesand up to 120% foone minute.

= —a _a _a _a ]N)

3.2.3. Advance Interface Options and Easy Maintenance

The Encore HPS hybrid inverter offers multiple interface options and a useifriendly design,
making it easy to commission and maintaircomplex application scenarios.

The EncoreHPS designunlocks several benefits such as:

Multiple working modes: selfconsumption, battery priority, peak shaving,etc.

BMS system communicatiornthrough RS485 and CAN.

External EMSintegration support via RS48%r Modbus TCP

Expandable photovoltaic controllerpower for flexible configuration.

Strong three-phase unbalanced load capacity in offgrid mode.

Power frequency design with high impact resistance.

Dualchannel auxiliary power supply with redundant design for improved reliability.

= =4 =4 -4 4 -4 9
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3.3. Encore HPSBasic Functions

3.3.1. On-Grid Mode

In this mode, theEncore HPSsynchronizes its voltage and frequency with the grid, adjusting
its ACoutput accordingly.

The inverter is directly connected to the grid. It can access energy from PV and absorb
additional energy from the grid to charge thebattery, if necessary, as illustrated in the
example below.

Figure I OnGrid ModeScenario

3.3.2. Off-Grid Mode

In off-grid mode, theEncore HPStakes control of the microgrid by regulating both voltage
and frequency to ensure a stable and reliable power supply.

The energy storage converter operates independently to provide power in the absence of
the grid, as illustrated in the example below.
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Figure 2: Off-Grid ModeExample

3.3.3. On-Grid/Off-Grid Switch

The Encore HPSsupports seamless switching between ongrid and off-grid modes, with a
switching time of less than 20ms.lIt is equipped with automatic switching capability, which
enables theHPSto automatically switch from on-grid to off-grid mode when it detects
abnormal grid voltage or frequency. During the switching period, thélPScontinues to
supply power to the loads without interruption, refer to the illustrated example below.

Grid Abnormal
_—>

Switching
Time <20ms

Grid backto

normal
4—

Figure 3: On-Grid/Off-Grid SwitchExample

3.3.4. Parallel Connection

In large-scale applications, theEncore HPSinverter can be connected in parallel to improve
system redundancy, capacity, and reliability.

A maximum of four (4) units can be connectedin parallel.

15
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It is feasible to only pair units of the same mode(size).

Refer to theimage belowfor parallel connection example Note that each inverter requires
its own DC bus with the same model and capacity batteries on each. Also note that each
Encore HPS should be fitted withPV panel arrays that are similar in power potential and
layout such that throughout the day the PV power delivered to each inverter is similar.

Figure 4: Parallel ConnectionExample

warnine \When operating in parallel mode, it is essential to complete the parallel connection
setup process before applying the load to theHPS Failure to do so may result in system
failure.
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3.3.5. Equipped with MPPT

Maximum Power Point Tracking (MPPT) is a technique used in PV inverters or controllers to
optimise power generation from solar panels. This function ensures that the solar panels
operate at their maximum power point, generating power under varyingonditions. Refer to
the image belowfor the MPPTexample.

Figure 5: MPPT Module Example

The MPPT dynamically adjusts theperating voltage of PV modulestrings to deliver
maximum power to the inverter or batteries, increasing the overall efficiency of the PV
power system.

MPPT Operating Range:

1 The MPPT module operates within a voltage range of 256850V, applicable to all
models.

1 The MPPT module can operate at full power when the PV input voltage is between
450V-850V.

1 The maximum input current of a single MPPT module is 120A.

1 Note that the string operating voltage range also depends on the batter voltage and
the modeland notonly the range capability of the MPP&refer to specification
sheet for important string voltage range requirements .

Cabinet Design Example

1 TheEncore HPSG0 cabinet hastwo slots (racks), allowing up totwo MPPT modules to
be easily installedas shown in thefigure below.
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1 TheEncore HPS250 standalone cabinet hassix slots, allowing up tosix MPPT
modules to be easily installedas shown in the figure below(five MPPTS installed in
this example)

Figure 7: HPSZSOpIit Unit MPPT Slots Example

1 The design makes expanding and maintaining the system easy, wiht wiring.
1 The MPPT module uses a thretevel topology, which improves conversion efficiency.

3.3.6. Over-Temperature Derating Operation

The Encore HPSoperates within an ambient temperature range of-30°C to 55°C. If the
temperature exceeds the limit, the Encore HPSwill derate its performance.
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1 If the Insulated-gate Bipolar Transistor (GBTjtemperature reaches 112°C, thelPS
will stop inverting:

1 Whenthe IGBT temperature drops below 73°C, thePScan resume fullpower
operation.

1 The converter operates at the set power when the IGBT junction temperature is less
o than 105°C
1 When the IGBTunction temperature is higher than 105°C, the converter will be
derated according to the set power percentage

3.3.7. Equipped with Forced Air-Cooling System

The Encore HPShas multiple cooling fans, ensuring that if one fan fails, the others can
continue to operate, providing system redundancy.

The air-cooling system will automatically start when theHPSreaches a certaintemperature
or rated power threshold The following image displays the fan design.

24.5(4x)

Figure 8: Forced Air-Cooling System

3.3.8. Equipped with an EPCButton

The EPO (Emergency Power Off) button issed to turnthe inverter off only in a faultor
emergency scenario.

1 If the EPObutton is not correctly used, it can cause damage to theverter.

1 Pressing the emergency shutdown button while the load is on carause extra stress
to the inverter parts, which may cause them to fail.The button should therefore only
be used in an emergency.

The image belowdisplaysan example of the EPO button.
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Figure 9:EPO Button

3.3.9. Centralised Control Unit Communication

The communication scheme ofthe HPSsystem involves the interaction between the
Battery Management System (BMS), Energy Management System (EMS), and various data
exchange protocols.

Overview of the communication scheme:

BMS andeEncore HPSCommunication

The BMS communicates with theHPS using standardsed communication protocols such as
Modbus or CAN (Controller Area Network). The BMS transmits datahe Encore HPS
regarding the battery'sstate of charge (SoC)temperature, and other critical parameters.
This information enables theHPS to optimise its operation and ensure safe and efficient
energy storage and release.

EMS and BMS Communication

The EMS sends control information to theinverter based on optimsation and scheduling,
enabling control of the entire HPS The EMS alsoeads data from the HPS which is used to
determine energy efficiency, power management, and overall system performance.

Data Exchange Protocols

The communication between theHPS, BMS, and EMS involves various data exchange
protocols, including:

i CAN/ RS485BMS coms)
1 Ethernet /RS485 (EMS communication)

These protocolsensure timely and effective communication between the components,
enabling the system to operate efficiently and safely.

Closed-Loop Communication

The closed loop communication between the BMS and thé&lPS is crucial for modern energy
storage systems. This communication enables the system to respond to changes in the
battery's state and adjust itsoperation, accordingly, ensuring optimal performance and
safety.

The following communication scheme illustrates the HPS system with BMS, EMS, and Data
Exchange Protocols

20
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Figure 10 Centralised Control Unit CommunicationScheme

3.3.10. About Loads

When connecting loads to theHPS ensure that the total power of resistive loads does not
exceed theHPS's rated power.For inductive or capacitive loads, ensure the steadystate
current does not exceed the HPS's rated current to prevent overloadlso ensure that the
following limitations are applied in relation to electric motors connected to the HPS load

output:

1 No direct online (DoL)connected motor may be connected that exceeds 7% of the
total rated inverter power. All such motors must be fitted with Variable Speed
Drivesw N p @et Blegtronic soft starters).
1 The total (combined) power of all DoL connected motormay not exceed20% of
the inverters total rated power. Should the combined power of alDoL motors
exceed this level, the largest ones must be selected from the motor list and fitted
F] Ul dhgh @at the total installed DoL mobr power is below the limit
f TheYoUét | nU0yYUeLLtDC FofFDO o6¢g étt NoUyodU on
inverters total rated power.

4. Section 2: HPSOperations andConfiguration

The tables below provide an overview of theEncore HPSRange of inverters,demonstrating
their key specifications and features. The range consists of five model$o suit various
power requirements:

1 HPS50kwW

1 HPS100kwW
1 HPS150kw
1 HPS250kw

The table highlights the maximum output power, rated power, voltage, current, and
frequency for both on-grid and off-grid AC connections.The tables also provide details on
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the photovoltaic input, battery voltage range, maximum charging power, and general data
such as dimensions, weight, operating temperature, and noise emission.
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4.1. AC OnGridTechnical Parameters

The following table outlines the key technical specifications for AC Oitsrid systems
Table2: AC ORGrid Technical Parameters

Maximum Rated Voltage Rated Rated Frequency THDi Power Factor AC Transformer
Output Voltage Rage Current Frequency Range Connection Ratio
Power (V) V) (A) (Hz) (Hz)
(kVA)
HP30 55 400 320- 72 50/60 45ab5/55 | <3% | 1 Laggingl 3W+N+PE | 200/400
460 - 65 Leading
(Configurable)
HPSLO00 | 110 400 320- 144 50/60 456b65/55 | <3%| 1 Laggingl 3W+N+PE | 270/400
460 - 65 Leading
(Configurable)
HPSL50 | 165 400 320- 216 50/60 45a665/55 | <3%| 1 Laggingl 3W+N+PE | 270/400
460 - 65 Leading
(Configurable)
HPS50 | 275 400 320- 361 50/60 45a6b65/55 | <3%| 1 Laggingl 3W+N+PE | 270/400
460 - 65 Leading
(Configurable)
HP$00 | 550 400 320- 722 50/60 45a665/55 | <3%| 1 Laggingl 3W+N+PE | 315/400
460 - 65 Leading
(Configurable)
23
Free dom Copyrights reserved by Freedom Won

Contact us: www.freedomwon.co.za
W O N


http://www.freedomwon.co.za/

4.2. ACOff-Grid TechnicalParameters
The following tabledetails the ACOff-grid parameters.

Table3: Ac OftGrid Technical Parameters

50

55

400

72 LEyYy |}
Nonlinear

¢

~

D & 50/60

110% of its rated
capacity for an
extended period
continuously

(long term).

120% of its rated
capacity for 1 minute

100

110

400

144 LEyYy |}
Nonlinear

~

D & 50/60

110% of its rated
capacity for an
extended period
continuously

(long term).

120% of its rated
capacity for 1 minute.

150

165

400

216 LEyYy | ]
Nonlinear

[m14

O & 50/60

110% of its rated
capacity for an
extended period
continuously

(long term).

120% of its rated
capacity for 1 minute

250

275

400

361 LEy | ]
Nonlinear

¢

D & 50/60

110% of its rated
capacity for an
extended period
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continuously

(long term).

120% of its rated
capacity for 1 minute

500 550 400 722 LEy | ] i Dgb50/60 110% of its rated
Nonlinear capacity for an
extended period
continuously

(long term).

120% of its rated
capacity for 1 minute

4.3. PV Input Technical Parameters

The following table guides you orthe requirements for the PV string voltages peHPSmodel. There are twocategories for string
voltage selection:

4.3.1. HPS50, HPS100, and HPS150 Models: Buck Conversion Configuration

1 The HP$0, HPR00 and HP$50 models are configured with a buck conversion between the Pifing voltage and the battery
voltage. This means that the PV string open circuit voltage (Voc) must always be configured 00V to 250V above the
maximum battery voltage.

4.3.2. HPS250 and HPS500 Models: Boost Conversion Configuration

1 The HP250 and HPS500 inverters are always configured for a boost conversion, meaning thaet PV string Voanust be
configured to a similar voltage to the minimum battery operating voltagemas high as possible without exceeding the
minimum battery operating voltage.
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Table4:

PV Input Technical Parameters

Model (kW) Maximum Maximum PV MPPT Module Recommended MPPT Voltage Range at Full
Allowed PV Input  Power (kW) Quantity * Input Voltage Load (V)
Voltage (Voc) Range(Voc) *

50 1000 60-120 12 600 - 880 450 - 850

100 1000 60-180 13 600 - 880 450 - 850

150 1000 60-240 14 600 - 880 450 - 850

250 750 60-360 16 450 - 650 450 - 850

500 750 60-720 112 450 - 650 450 - 850

oSomecabinets in stock may have 5 slots instead of 6jouble check what you hae ordered.

Actual voltage slected depends on battery voltagearefer to 4.3.1 and 4.3.2 above.

4.4. Battery Parameters

The following table guides you on how tgelect the correct battery voltage for the HPS models

Freedom

WON

Table5: Battery Parameters

Model (kW) Battery Voltage Range Battery Voltage Range without
with DC Coupled @ :O0OWFLDW q
q »rRU wNuy

50 320- 680 320-850

100 420 - 680 420-850

150 420 - 680 420-850

250 600 - 850 420-850

500 600 - 850 500-850
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4.4.1. Freedom Won H\Battery Compatibility

The Encore HPS0, 100 and 150 models must be thed with Freedom Won HV batteries. The HV+ batteries are not suitable for
these Encore models because the higher batteryoltage will disrupt the buck conversion from string voltage to battery voltageby
leavinginsufficient voltage gap between the battery andthe strings.

4.4.2. Freedom Won HV+ Battery Compatibility

The Encore HP250 and 500 models must be matched with the Freedom Won HV+ batteriéghe higher voltage of these batteries
allows greater battery discharge power at lowercurrents, which is more important for the larger models. Tre higher the battery
voltage the higher the string voltage can be, which allows more power per string.
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4.5. Encore HPSModes and Functions

The Encore HPS offers four distinct operating modes: Self-consumption, Battery Priority,
Mixed Mode, and Manual Mode. Users can select timest suitable mode based on their
needs. These modes are only applicable when the Freedom Won EMS is not used because
the EMS will control the required mode and logic wherit is installed. The EMS modes
operate similarly to the built-in modes but offers much more control and versatility.

Encore HPS inverters are sold without an EMS or data loggénonitoring platform), the EMS
must be ordered separately which includeslogging of data to the monitoring platform.

45.1. Self-UseMode

Self-ConsumptionModeOnGrid

This mode prioritises powering the load. If the PV is insufficient, the system supplements it
with energy from batteries or the grid.

In this mode, the grid is active, and the grid side of the Automatic Transfer Switch (ATS) is
closed. The system's primary objective is to power the load. There are three possible
scenarios:

1. When the PV generates sufficient electricity, it supplies power to the load and then
charges the batteries. If the batteries are fully charged and thé®V output exceeds
the load's demand, the excess PV energy is restrictegsillustrated in the image
below.

[ @ Ppy 2 ProaatPear ]

PV GRID PV GRID

HPS HPS

BAT Load BAT Load

I |

Figure 11 PV Fully Charge&cenario

2. In this scenario,the PVand batteries work together to supply power to theload, as
long as their combined output meets the load's demand. To prevent deep discharge,
the batteries will stop supplying power when their State of Charge (&) falls below
20% @djustable set point/threshold). At this point, the load will be powered solely by
the PV and the grid.
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Bat stop discharge when SOC <20% (Settable)

Figure 12 Control DGPower Through EMSScenario

3. Ifthe PV and batteries are unavailable, the grid will take over as the primary power
source, supplying power to the load to ensureontinuous operation.

Figure 13 PV and Batteries Unavailabl&cenario

Self-ConsumptionMode OftGrid

In the event of a power grid fault or outage, the ATS will automatically switch from the grid
side to the dieselgenerator based on gen start setpointside to ensure a seamless
transition. This mode has two possible scenarios:

1. When the P\generates sufficient electricity, the primary priority is to supply power
to the load. Only when the load's energy demands are fully met the excess enevgh
be usedto charge the batteries. Once the batteries are fully charged, if the PV
system continues to produce more electricity than the load requires, the solar output
will be limited.

== =
I |
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Figure 14 PV Limited

2. Whenthe battery reaches minimum genstart SOC, the generator will start and supply
power to the load and chargethe battery. If gen is not available, the inverter will stop
discharging onthe battery's low cutoff SOC which is 10% for Freedom Won battées.

Figure 15 DG Supply to Load

a. Forinstance, let's consider a scenariavith a 100kW diesel generator (DG) and
a 20kW load. Through the EMS, we can set the DG's output power to 80% of its
rated capacity, which is 80kW. In this case, the DG will supply 20kW to the load
and 60kW to the battery, resulting in a total output of 80kW, hich meets the
setpoint of 80% of its rated power.

4.5.2. Battery Priority Mode

On-Grid Operating Mode
Thegrid is operational, and the grid side of the ATS is closed. The system prior#es
charging the batteries in this mode, which can occur under the following fivecenarios:

1. When there is sufficient PV power, the system simultaneously charges the batteries
and supplies power to the load.
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Figure 16 System Charges Simultaneously

2. When PV power is limited, the system prioritizes charging the batteries and uses grid
power to supplement the remaining energy needed to power the load.

PLoad=Ppv-Pegat (C harginq) + Perig

Figure 17 PV Power Insufficient

3. When PV power is insufficient to fully charge the batteries, the system uses the
available PV power for charging, supplements the remaining energy needed from the
grid, and simultaneously powers thdoad from the grid.

Paat(charging) =Pset(ac) +Pry

Prin=Psetiac) + PLoad

Figure 18 PV Power Limited
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4. When the batteries are fully charged and PV power is limited, the system uses grid
power to supply energy to the load.

=l =

Figure 19 PV Power Limited

5. When PV power is not available, the systemsesthe grid to power the load and
charge the batteries.

The grid provides power to the load and charges the batteriesimultaneously when thePV

=l =

Figure 20: PV Unavailable

system is unavailable

Battery Priority OFF Grid
The ATS automatically switches to the diesel generato(based on generator start setpoints)

when there is a fault orgrid outage. The system relies on PV power and batteries to meet
power consumption needs. There are six possible scenarios:

1. When PV power is sufficient, the system prioritizes powering the load and uses any
excess energy to charge the batteries.

Figure 21 Charging State
32
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2. When PV power is insufficient to meet the load's demands, the system supplements
the power with energy from the batteries. If the battery $C drops to 20%, the diesel
generator is activated to support the load and recharge the battery.

Figure 22: PV Power Shortfall

3. When PV power is not enough to power the load and charge the battery, the system
prioritizes charging the battery using PV power. The remaining power needed ftine
load is supplied by the PV and DG working together.

PLoad=Ppv-Peaticharging) + Ppc

Figure 23: Battery Charging State

4. When PV power is not enough to charge the battery, the PV and diesel generators
work together to charge the battery, and the load igoowered entirely by the diesel

generator.
Pearicharging) = Ppc - PLoad + Ppv
Figure 24: PV and Diesel Charging Battery
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5. When PV power is unavailable, the diesel generator supplies power to the load and
charges the battery.

5|

Figure 25: PV Unavailable

6. When PV power is less than the load's needs, the PV and diesel generators work
together to supply power to the load.

Figure 26: PV and Diesel Supply Power

4.5.3. Mixed Mode

This mode enables the system to automatically switch between various operating modes at
predetermined times. For instance, users canchoose a specific period by setting a start and
end time, and then configure the system to either charge or discharge during that period.
They can set the desired power level for thaperiod, ensuring that the system automatically
switches to the predefined charging or discharging mode with the specified power output
when that scheduled time arrives.

The following two modes can be set in Mixed Mode

1. Economic Mode:
a) Peak: This mode enables "Sel€onsumption”, where the load is powered by the
battery.
b) Fair: This mode alscenables "Selfconsumption”, but the load is powered by the
grid.
c) Valley: This mode operates on "Battery priority”, where the grid charges the
battery and provides energy to the load.
2. Peak Shaving: Thisnode allows you to sethe maximum grid power level.
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0When the anticounter current function is turned on the system will not send power
back to the grid in the following modes:

T

T
T
)l

Self-generate and selfconsumption
Peak-load shifting

Optimalmode

Mixed mode

45.4. ManualMode

The "Manual Modehanualy controls battery charging and discharging. This mode is
applicable in the following scenarios:

1
1

Battery charge and discharge
EMS scheduling of theHPS.

When the user needs to manually control the system usinipe Freedom WonEMS, they can
select 'manual modeas illustrated in the scenario below.

Fr e

WON

Battery
System

Figure 27: Manual ModeScenario
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4.5.5. Optimal Mode

This mode ensures optimal use of photovoltaic energy, grid power, and battery backup to
provide power supply to the load.

4.6.

The system uses photovoltaic energy to charge the battery and power the load.

If the photovoltaic energy is insufficient, the grid provides additional power to
support the load.

The battery provides the remaining energy if the load requires more power than the
grid can supply.

In the absence of photovoltaic energy, the grid powers the load and charges the
battery if there is excess energy available.

PV GRID

HPS

BAT Load

Figure 28: Optimal ModeScenario

How to Use the HP3Jser Interface

TheHPShasa user-friendly LCD touchscreen interface on the front of theinverter cabinet door.
This interface enables users to:

il
il

T

Fr e

WON

Monitor the inverter status and operations inreal-time.

Viewand accessdata parameters of theinverter, including voltage, current, and
temperature.

Adjust inverter parameters to meet specific application requirements. The image below
illustrates the user interface's main menu
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1 Change R
Language

IPV power generation: OkWh l

Battery charging electricity: OkWh
Battery discharging electricity: OkWh

1 100kW - TS

I Load electricity consumption: OkWh I

Grid-purchased electricity: OkWh
Grid-sold electricity: OkWh

L Power meter OKW

17 18
M_01 Converter turn off Converter2 Turn off

Figure 29: Software User interface

The table below lists themain menu screen options and settings.

Table6: Software UserlInterface Settings

Option Settings

1. Machine Model View the machine model.

2. Alarm Status Click to view current alarms.

3. Time Click to set the time.

4. Photovoltaics (PV) Click to jump to the realtime data interface,
where you can view the reatime analogue
data for each module.

5. Displayed Values View the PV voltage, current,
and power value.

6. Load Click to access the realtime data interface
and view reattime analogue data of the load.

7. Displayed Values View the PV voltage, current,
and power value.

8. Converter Click to access the realtime data interface
and view reattime analogue data of the load.

9. PV View the PV daily power generation, battery
daily charge amount, and battery daily
discharge amount.

10. Daily Energy Consumption and View the load's daily power consumption, the

Grid Interaction Metrics grid's daily power purchase, and the grid's daily
power sale.

Freedom
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11.Battery

Click to access the realtime data interface
and view the summary of battery data
uploaded by the BMS.

12.Battery

Battery voltage value, battery current value,
state of charge (SOC) value uploaded
by BMS.

13.Grid

Click to access the realtime data interface
and view reattime analogue dataof the load.

14.Grid

Displays Grid phase voltage and current values

15. Power Meter

Displays power meter wattage.

16.Menu

Click to access the menu options.

17.Master Converter Button

Displays the DCAC inverter status.

18. Converter Button

Displays the DCDC converter status.

Freedom
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4.6.1. View the Menu Page

The interface haseight distinct buttons, each providing direct access to a specific option.Clicking
on each button will redirect you to the corresponding option
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System
(Login to view)

Figure 30: MenuPage

The table below lists themenu page and settings.

Table7: Menu Page Settings

Option Settings
1. Loai Click to access the login page, where you will be
. Login : : )
directed to a customized interface based on your
user role andpermissions.
2. Host Click to return to the homepage.
3 RLD Navigate to the realtime data page to view
. Rt.Data i ; .
analogue data for inverters, photovoltaics, the grid,
and loads. This includes the operational status of
various devices like circuitbreakers, contactors,
inverters, battery data uploaded by the BMS, and
device alarms.
4. Record This option Ietg you ecord data, Iog_s, and statistics
for PVs, batteries, loads, and the grid.
5. System The system option lets you tioose
the working mode andset the
necessary parameters
6. Hardware This option is not availableon the latest version.
Information
7. On/off Access the on/off button to control the operation
of the DCAC and DCDC converters independently.
8 S Use this option to viewthe monitoring, DCAC
. System ) .
Information converter, DCDC converter.versmng, serial number
(SN code)nd network port information.

Freedom
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4.6.2. Login to the User Interface

To log into the interface, do the following steps

oYou cannot access system settings or change work modewhen you are not logged in. The
system will automatically log out afterone (1) hour of inactivity.

8

Password:

Tip: Please check if account and password are correct.

? Login ¢ Cancel

Figure 31 Login Screen

1. Click on the Account dropdown arrow to slect your account The following options will be
available:
1 User
1 Maintenance
1 Super Permission

oThe default password for the "User" account is 123456. This mode allows you to modify only the
basic settings, advanced settings are viewonly.

2. Enter your passwordin the required field and clickthe "Login"button. You will be redirected
to the homepage after a successful login.

4.6.3. Setthe System Modes

Oncelogged in, you can view work modes, switch betweemodes, and adjust basic and advanced
settings.

1. Basic Settings include:
1 DC/AC parameters

1 DC/DC parameters

40
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1 Battery settings
1 Time segment settings

2. Advanced Settings include:
Function settings
System settings
Peripherals
DC/AC tuning
DC/DC tuning

= =4 4 -4 4

1 Port messaging

In the Mode Introduction, active buttons are displayed in blue, and inactive mode buttons are
displayed in light blue as illustrated in Figure32.

Change
Language

l Made Introduction l

100kW - TS 1 03-09-2024 16:07:55

Self-use

Battery Optimal
Priority mode

Advanced
Settings

M_01 Converter turn off Converter2 Turn off

Figure 32: System Options

The tablebelow displays the Mode Introductioroptions and settings.

Table8: Modelntroduction Settings

Options Settings
Click on the Moddntroduction button to view
1. Mode the operational logic of each work mode
Introduction P : gl w :
To configure the Self Consumption mode, click
2. Self- to access the basic settings interface, activate
Consumption 9 '

the Self-Consumption mode, and adjust
relevant parameters.

3. Battery Priority

To configure the Battery Priority mode, click to
access the basic settings interface, where you

Freedom
W O N
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can activate the Battery Priority mode and
adjust relevant parameters.

4. Optimal Mode

To configure the Optimal Mode, click to access
the basic settings interface, activate the
Optimal Mode, and adjust relevant parameters.

5. Hybrid Mode

To configure the Hybrid Mode, click to access
the basic settings interface, activate the
Hybrid Mode, and adjust relevant parameters.

To configure Manual Modeglick to access the

6. Manual : ) )
basic settings interface, where you can
activate the Manual Mode and adjust relevant
parameters.
7 Advanced Click to access advanced settings.
Settings

4.6.4.

Follow these steps tonavigate between modes and view details

Change
Language

Details

() Battery Area

Learn How to Navigate Between Modes

100kW - TS 1. 03-09-2024 16:08:09

Battery zoning:
Areas where ECP works:
(Saturated area)+(Equilibrium area)

Areas where FCP works:

(SOC empty area)+(Equilibrium area)
to the "Discharge SOC" cutoff.

Areas where EDP works:

(Saturated area)+(Equilibrium area)

Areas where FDP works:
(SOC empty area)+(Equilibrium area)

I

When SOC decays from high to low to "Charge SOC".

SOC is less than the "Charge SOC", increasing fram low to high,

When SOC decays from high to low to "Charge SOC".

SOC is less than the "Charge SOC", increasing from low to high, |

Saturated area —

Stop charging
area
Equilibrium area —

Start charging
area

SOC empty area =

3 Battery Area Self-use
| S | S

Menu d

Freedom
W O N

j—
Battery Priority
- d

S

M_01 Cenverter turn off

Optimal Mode Mixed Mode
—_— |

Converter2 Turn off

Figure 33: Mode Settings
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The table below illustrates mode details and settings.

Table9: Mode Settings

Battery Area

View theinformation of the currently selected
option.

Back Button

Click to return to the system page.

Battery Area
Button

Click to view the introduction of the battery
area division.

Self-use Button

Click to view the operation logic of the selfuse
mode.

Battery Priority
Button

Click to view the operation logic of battery
priority mode.

Optimal Mode
Button

Click to view the operation logic of theoptimal
mode.

. Mixed Mode Button

Click to view the operation logic of the mixed
mode.

Manual Button

See the manual mode logic.

Basic Setting

Userscan navigate through pages using the navigation arrow buttonjiew the current selected

mode, exit andreturn to the interface, and accessthese pages: DC/AC Parameters, DC/DC

Parameters, Battery Settings, and Period Settings.

0Greyedout parameters cannot be adjusted.

Fre
WON

dom

Copyrights reserved by Freedom Won
Contact us: www.freedomwon.co.za

43


http://www.freedomwon.co.za/

Change a

DC/AC Parameters) ff] < Battery Priority 2 » B) Mode Enable Exit
Grdco ed ode ot 03 A
corverar Automatic DG ECP(kW) 20 Battery type Lithium
IConstant power(AC)(kW) 0 DG FCP(kW) 20 BMS Comm. type CAN
Grid expansion Enable Grid ECP(kW) 0 BMS manufacturers Auto
Grid capacity(kW) 30 Grid FCP(kW) 0 EMS Comm. type RS485
be °:i‘,"’:1’§(i"(‘3v')’°we’ 10 Grid EDP(KW) 100 Control mode Local
9 . EMS Comm. Fault
DG capacity(kW) 200 Grid FDP(kW) 100 Response Action Shut down
Start charging SOC(%) 20
Stop charging SOC(%) 50

Ly

Menu M_01 Converter turn off Converter2 Turn off

Figure 34: System Overview

The table below illustratessystem options and settings.

Table1Q System Settings

Option Settings
1. Page Title View the current page title.
2. Navigation Click to navigate to the previous
Arrow page.
3. Battery Priority View the current working mode
type.

4. Navigation Click to navigate to the next page.

Arrow

View the current page number and the total

5. Page Number
page number.

Button
6. ModeEnable Click to activate and apply the currently
Button selected mode.

Click to close the current page and return to
the system screen.

The table displays the current parameter
settings.

7. EXxit Button

8. Current Page
settings

4.6.5. Realtime data

The Realtime Data interface is divided into five options: Device Data, Device Status, Device Alarms,
Battery Data, and BMS Alarms.
44
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Theseoptions display the current reattime status and data forthe machine'svarious components.

The Device Data option allows you to view detailed redime data for the inverter, PV, grid, and load.
Users an click on the corresponding buttons on the right side. After clicking thg :n®erterrbutton,
the interface will display the detailed inverter data as shown in the diagrariigure 34.

View Device Data

This interface displays reattime operational data for the machine, covering:

il
il
T
)l

Inverter
PV
Grid
Load

Click onone of the buttons displayedon the right side of the interfaceto view detailed data for each
unit. For instance, selecting the Inverter button displays the following detailed information

p 0 03-09-2024 16
Device Data ||Device State| |Device Alarm| |Battery Datal] |BMS Alarm O
1 Value DC Value
INV Voltage (AB) ov PV voltage ov
INV Voltage(BC) ov PV current 0A -
INV Vaoltage{CA) ov PV power
INV Current(A) 0A Batlery voltage
INV Current{B}) 0A Battery current
INV Current(C) 0A Battery power
IGBT temp. 0°C Bus voltage
Env.temp. 0°C Bus current
Leakage current OmA

M_01 Converter turn off Converter2 Turn off

Figure 35: DeviceData
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The table below illustratesDevice Dataoptions and settings.

Table11 Device Data

1. Device Data Button Click this button to view detailed reattime analogue
data for the inverter, PV(photovoltaics), grid, and
load.

> Device State Cllgk this bu_tton to view th_e operatlonal status of
various devices such as circuit breakers, contactors,

Button .
and inverters.
3. Device Alarms Click this button to view current DCAC
Button and DCD@larms.
1 q
4. Battery Data View a summary of battery data uploaded by the BMS
Button

5 BMS Alarms ;:/Illcnk to \:T;eV;]ItBSMSt arlr?trrg:/l gploaded from the Battery
Button anagement System ( ).

6. Converter Click to view analogue data related to the inverter.
Button

2 PVButton Click to view analogue data related to PV.

8. Grid Button Click to view analogue data related to the grid.

9. Load Button Click to view analogue data related to the load.

10. Reat Time This data is displayed in the table on this interface.

Analogue Data
Display

View the PV Data

After clicking the PV button, the interface will switch to the PV data interface. The
data list on this interface includestwelve (12 buttons representing the number of modules.
Offline modules will be displayed in a dimmed state/iewthe figure below for more details on PV

Data.

Freedom
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100kW - TS 1 03-00-2024 16:22:45

Device Data Device State Device Alarm Battery Data BMS Alarm
Valtage_H v Bus_H_Vol(+) oV
Converter
Current_H 0A Bus_H_Wol(-) ov
Power_H OkwW Bus_L_Vol{+) oV
Voltage_L ov Bus_L_Vol{-) oV
Current_L 0A IGBT Temp. 0°C
Power_L OkW Negalivelnuslation 0kQ
Leakage current OmA Positivelnuslation 0kQ
&
M_01 Converter turn off Converter2 Turn off

Figure 36: PV Data

View the Grid Data
Click on theGrid button toview the grid data.

O 1 03-09-2024 16:22:53

Device Data |Device State Device Alarm Bat tery Data BMS Alarm

[ i ; | .

Grid Voltage(AB) ov Grid Active power OkW
Converter

Grid Voltage(BC) ov Grid Reactive power OKvar
Grid Voltage(CA) ov Grid Apparent power OkVA
Grid Current(A) 0A Grid Power factor 0
Grid Current(B) 0A Grid Frequency 0Hz
Grid Current(C) 0A

M_01 Converter turn off Converter2 Turn off

Figure 37: Grid Data

View the Loaded Data
Click on the Load button to view loaded data.
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100kW - TS 1 03-09-2024 16:23:03

Device State Device Alarm Battery Data BMS Alarm

Name | Value Name Value
Grid Voltage(AB) ov Grid Active power okw .
Converter
Grid Voltage(BC) ov Grid Reactive power OKvar
Grid Voltage{CA) oV Grid Apparent power OkVA
Grid Current{A) 0A Grid Power factor 0
Grid Current(B) 0A Grid Frequency 0OHz
Grid Current(C) 0A

M_01 Converter turn off Converter2 Turn off

Figure 38: Load Data

4.6.6. View the Device State

This interface shows the status ofHPS componentssuch ascircuit breakers, contactors, and
inverters. This helpsthe user to understand the system's operational status.

The data is organized into three columns:

M1 The first two columns show thereal-time status of the DGAC module.
M The third column shows the status of the DEDC module.

Offline modules aredisplayed inadimmed state. When you click on themodule numberthe system
will automatically update to reattime status.

48
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ang
Q0 03-09-2024 16 0

Device Data |Device Statey Device Alarm Battery Data BMS Alarm
me e B
DC input breaker CLOSE DCAC Converter available Enable DCDC Converter available 0
DC contactor CLOSE DC Soft starl Not starting Run mode 0
MEBP Breaker CLOSE Converter stalus OFF Soft start stalus boos! 0
Output breaker CLOSE Reactive power Regulation Disable Solt start status buck 0
Qutput contactor CLOSE LVRT LVRT Contactor status boost 0
Grid breaker CLOSE on Disable Contactor status buck 0
DCAC insulation detection Disable DI2 D'vsatge Converter status 0
Remote generalor conlrol Disable DI3 Disable DCDC insulation detection Disable
Start generator signal Disable Dia Disable
Doz Disable DIs Disable
D03 Disable DI Disable B
1 2 3 b 51 6 7 8 9 10 11 12

M_01 Converter turn off Converter2 Turn off

Figure 39: Device State

The following table displaysthe Device Stauses.

Table12 Device StateDetails

Option ‘ Settings

1. Display DCAC Status Displaysthe status of the DCAC module.

2. Display DCDC Displaysthe status of the DCDC module.

Status
3. Select Module Selectthe module numberto update the
Number corresponding module's PV status.

4.6.7. Device Alarm

This Device Alarm taballows the user to viewfaults and alarms that occur during the
operation of the machine, including descriptions of alarms related to DCAC and
DCDC components.

Users can view the total number of alarm pageandthe current page number. Users can select a
specific page by clicking on the page numbebox ornavigate through the pages using thévack and
forward ("<" and "buttons. When faults occur during machine operationthe alarmtab allows users
to understand the causes of these faults facilitating effective troubleshooting. The screen below is
for illustration only.
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8.1 Fault description - o x
Please enler search keywords Search |
DCAT Fault Description DCDC Module Fault Description Battery Protection Legic Explanation
Fault name Protection condition Protection acfion Recovery condition or fault handling | =
Overcurrent of DC converter Input or output current > 1404 DC converter output-side com;or opens and enters standby Troubleshoot and power upn;f:t:;sme fault is eliminated for 5
Ripple current limiting of DC converter Input or outpul current > 1.25 In Operale with limited drive duty cycle Troubleshoot and power on after the fault is eiminated
Fautt of DC converter Soft start imeout of input and output contactors DC convertar oufput-side °°,’['|'§5;°' opens and enters standby Troubleshoot and power on after the faut is eliminated n
Overtemperature of DC converter IGBT NTC detected temperature > 95°C DC converter oulput-side °°:1lg§:!°r opens and enters standby Troubleshoot and power on aftar the fault is eliminated
Output overioad DC converter power > 1.1 * Pn DC convertar oufpu-side contactor opens and enfers siandoy Detect the load size
Low voltage on the high side (Buck mode input DC converter high-voltage-side contactor opens and enters  Check the high-voltage side voltage and power on after the fault
terminal) Highanllage side vollage < 250V standby mode is eliminated
Unbalanced midpoint of the high-voltage side - DC converter high-voitage-side contactor opens and enters Troubleshoot and power on after the fault is eliminated for 5
busbar Half-voltage difference of the bus > 50V standby mode minuies
High-voltage side bus voltage > 1000V or DC positive bus voftage DC converter hi
igh-voltage-side contaclor opens and enters  Disconnect the input and output switches, eheck the high-vollage
Overvoltage fault of the high-voitage side busbar > 510V or DC negative bus voltage > 510V or half-vollage b i
difference of the bus > 150V standby mode side voltage, and power on after the fault is eliminated
Short circuit fault of the high- e side busbar High-voitage side bus vcrhg_]sid.‘:\:\'"&"& High-voitage side bus DC converter I‘ligh-voﬁa_?_[‘._—s‘\:‘le.f?ljt_anlﬂr opens and enters Disconnect the input ﬁf_’gﬂ_UTD_HE Swﬁ?hsiﬁ and check the high- -

Figure 40: Device Alarm

The table below displays Device Alarm settings.

Table 13 Device Alarm Settings

Option ‘ Settings

1. < Click this button to navigate to the first page.

< Click this button to navigate to the previous page.

2
3. > Click this button to navigate to thenext page.
4

>| Clicking this button on the alarm description
page will jump to the lastpage.

5. DCACAlarm Displays the current DCAC alarm that has been
description triggered.

6. DCDCAlarm Displays the current DCDC alarm that has been
description triggered.

4.6.8. Battery Data (Lithium Battery)
This tab displayslithium battery data uploadedfrom the BMS.
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6

Change
f Language

Device Data Device State

1

“Ii

w

i

B Cell voltage (max) 0

Bat voltage 0
0

SoC 0

SOH 0

Cell voltage (min) 0
Cell temp. (max) 0
Cell temp. (min) 0

Device Alarm

100kW - TS 1 03-09-2024 16:23:22

BMS Alarm

Battery Data

v | Charging current limit@ 0 A

A | Discharging current limit m 0 A

% 12 0 kw-

Alarm level: Normal
mV
mV i
Charging Normal
enable
T
Discharging Normal
enable
Switch to Lead—acid Battery Data Pagel
M_01 Converter turn off Converter2 Turn off

Figure 41 Lithium Battery Data

The table below displays uploadedithium battery data.

4.6.9.

Option ' Settings

Battery Data (Leadacid)
This tab displays uploaded leaehacid battery uploaded data.

Table 14 Battery Data (Leadacid)

Level 1

1. Battery Voltage Displays the total battery voltage uploaded by the BMS.
2. Battery Current Display the totalbattery current uploaded by the BMS.
3. SOC (State of Charge) Percentage of the remaining charge in the battery pack
uploaded by the BMS.
4. SOH (State of Health) Displays the percentage of the battery pack's remaining usable capacity
after a full charge, compared to its original capacity, as reported by the
BMS.
5. Highest Single Cell Displays the highest voltage of a single cell, as reported by the BMS.
Voltage
6. Lowest Single Cell Displays the lowest voltage of a single cell as reported by the BMS.
Voltage
7. Highest Single Cell Displays the highest temperature of a single cell reported by the
Temperature BMS.
8. Lowest Single Cell Displays the lowest temperature of a single cell uploaded by the
Temperature BMS.
9. Charge Current Limit Displays themaximum charging current limit reported by the BMS.
10. Discharge Current Limit | Displays the minimum discharge current limit reported by the BMS.
11. Charging Power Displays allowed charging power reported by the BMS.
'F re e d om Copyrights reserved by Freedom Won
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12. Discharging Power Displays alloweddischarging power reported
by the BMS

13. Alarm Level Displays the alarm level reported by the BMS, with three levels:
1 Level 1: Yellow
1 Level 2: Orange
1 Level 3: Red
By default, the inverter ignores Level 1 and 2 alarms but shuts
down in response to Level 3 alarms.

14. Charge Enable Displays the battery charging status reported by the BMS,
indicating whether the battery is:

1 Enabled (can be charged)

9 Disabled(cannot be charged)

15. Discharge Enable Displays the battery's discharging status, as reported by the
BMS, with two possible states:

1 Enabled: Battery can be charged

9 Disabled: Battery cannot be charged

16. Alarm Level Colour Colourindication for the current alarm level.
17. Indication

100kW - TS 09-09-2024 13:50:50

Device Data Device State |Device Alarm| Battery Data BMS Alarm
Inverter Valuo [ | Value

G Fioat vottage | 572V GH Battery status | Not running
|—Unl[0rm charge vollage D 502 2V Batlory power kW
a Electric current I 0A ﬂ DC/DC Rated charging power kW

o IDC’AC Raled discharging power m - 100KW
6 Grid ON EOD 504V 13 0%
Grid OFF EOD 4536V
Charging Limit 0.25C
3 =

Switch to Lithium Battery Data Page\

Menu M_01 Converter tumn off Converter2 Tum off

Figure 42: Lead-acid Battery Data

The table below displays uploadedead-acid battery data.
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Table 15 Battery Data

1. Float Charge Voltage Calculated bymultiplying the set float charge voltage of a single
cell by the total number of cells.
o Calculated by multiplying the set equalization charge voltage of ¢
2. Equalization single cell by the total number of cells.
charge voltage
3. Current Displays theelectric current on the DC side of
the inverter.
4. Voltage Displays the wltage on the DC side of the
inverter.
5 Gridconnected tl?:zpl%s the at-off voltage for discharging when connected to
EOD (end of gna.
discharge)
6. Off-grid EOD (end D|splays_ the wt-off voltage for discharging when not connected
) to the grid.
of discharge)
7 ch ¢ Displays he maximum allowable current on the battery side to
’ ”m;etlrge curren prevent overcurrent during charging. (Upper limit of 0.25C)
8 Discharae current Displays he maximum allowable current on the battery side to
' Iirlnit ge cu prevent overcurrent during discharging. (Upper limit of 0.5C)
9. Battery status Monitors the operational state of the battery.
10. Battery power Displays the arrent power of the battery
during charging and discharging.
11, DC/DC rated 3ljsglays the ptal rated power of the DC/DC module on the DC
charging power '
Displays the ated power on the AC side for DC/AC, similar to the
12. DC/AC rated machine model.
charging power
Calculated based on the total voltage of the battery,
13. SOC (state of representing the percentage of remaining battery power.
charge)
4.6.10. BMS Alarm

This tab allows the user to view BMS alarm details and how to navigate between thages.

Fre
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Ch .~A.
' 100kW - TS 1 03-09-2024 16:23:34

Device Data Device State Device Alarm Battery Data BMS Alarm

Cell undervoltage Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm)

Cell overvoltage Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm)
Battery over temperature Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm)
Battery under temperature Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm)
e Total voltage overvoltage Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm)
Total voltage undervoltage Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm)

Charge overcurrent Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm)

Discharge overcurrent Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm)

Single cell voltage differential pressure large Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm) -

Battery high temperature difference Alarm level (including Level 1 alarm, Level 2 alarm, Level 3 alarm)

A

M_01 Converter turn off Converter2 Turn off

Figure 43: BMS Alarm

The table below displays the BMS alarm detaibnd navigation options

Table16 BMS Alarm Settings

Option  Settings

1. < Click this button on the alarm description pageto
navigate to the first page.

2. Click this button to navigate to the previous page.

3. > Click this button to navigate tothe next page.

4. > Click this button on the alarm description pageto
navigate to the last page.

5. BMS Alarm Description Displays the current BMS alarm that has been triggered.

4.6.11. Record

The record tab allows the user to view the following options

Data Reports
Export Data
Historical Records
1 Operation Logs

== =4 =

Userscan track charging and discharging amounts, record system operational history and logs, and
easily query and trace data for convenient analysis.
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4.6.12. DataReports
Thistab logs and displays charging and discharging data for:

1 PV

1 Load

1 Battery
1 Grid

The data is categorized by:

1 Daily

1 Monthly

1 Yearly

1 Total electricity amounts

Use the time query button on the right side to search for specific dataYou can:

91 Set the year by clicking "Year+" or "Yedrto increment or decrement by one year

1 Adjust the month and day using similar buttons to view reports for specific dates.

100kW - TS 1 03-09-2024 16:26:59
Data eporl Export Data  History Record ~ Operation Log sg 2
O W T |

PV power generation 0 o} 0 0 2024-09-03
Load electricity 0 o o 0
consumption
Battery charging e
electricity amount v o 0 Y
Battery discharging Y- Y +
electricity amount g 0 0 0
Grid-purchased
electricity amount 0 0 0 0
Grid-sold electricity 0 0 o 0 e e
amount
M - M+
D D+

M_01 Converter turn off Converter2 Turn off

Figure 44: Data Reports

The table below to view Dataeport options and settings.
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Table17 Data Reports Settings

Option  Settings

1. DataReports Displays the recorded charging and discharging
amounts for PV, load, battery, and the grid for the
currently selected date in a table format.

2. Data reports Shows the date of the data report currently being
viewed.

3. Yearf) View the data fromthe previous year.

4. Year (+) View the data from the next year.

5. Month ¢€) Displays the current BMS alarm that has been
triggered.

6. Month (+) View the data from the previous month.

7. Dayf) View the data from the previous day.

8. Day (+) View the datafrom the following day.

4.6.13. Export data

Thistab allows you toexport data to other applications. To use itfollow these steps.

1. Ensure the USB drive is formatted in FAT32.
2. Check the status bar to confirm the USB drive is inserted.
3. If the USB drive is detected, select the type of data to export.

100kW - TS 1 03-09-2024 16:27:09

Datareport | Export Data | History Record  Operation Log

Note:
& Out put file:

‘H Record.csv ILog.csz
| Report.csv

Data To Export e

status: U disk disconnect!

Operation Log

M_01 Converter turn off Converter2 Turn off

Figure 45: Export Data

4. Click the "Export Data" button to start the export process.
5. Once the export is complete, click the "Eject USBrive" button to finalise the process.

The table below displays the Export Data options and details.
Table 18 Export Data Settings
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Export history to USB

The filename for history records exported to a USB
drive is
"Record.csv".

The filename for operation logs exported to a USB

export button

2. Export .
. drive
operation log to i ,
USB is "Log.csv".
The filename for electricity statistics exported to the

3. Export USB drive is "Report.csv"

electricity port. '

statistics to

USB
4. USB status Checkthe connection status of the

display USB drive.
5. History records This button exports the history records to a USB

drive.
The file,"Record.csv", needs to be opened with Excel

Operation log
export button

Click here to export the operation log to a USB drive.

Electricity
statistics
export button

Click here to export the electricity statistics report
to a USB drive.

Eject USBdrive

This option safely removes the USB drive after the
export operations are complete.

Thistab displaysthe start and end times of status and fault records that occur during equipment

4.6.14. Historical Records
operation.
Freedom
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100kW - TS 03-09-2024 16:27:35
Data rep u ort Data  History Record ration Lo
Level time Tibe B
1 | 1 29-7-2023 14:59:56 Converter Standby.
2 1 29-7-2023 14:59:55 The grid contactor connected
3 1 29-7-2023 14:59:51 The grid breaker connected
4 1 29.7-2023 14:59:51 The output breaker connected
5 1 29-7-2023 14:59:50 Buck not softened
6 1 29.7-2023 14:57:50 Contactor off buck
i 1 29-7-2023 14:57:50 29-7-2023 16:42:24 The grid breaker disconnected
8
9

M_01 Converter turn off

=

Converter2 Turn off

Figure 46: Historical Records

The table below displaydHistorical data records and details.

Table 19 Historic Record Details

Option Settings

1. Level The log entries are colorcoded:
1 0: Alarm event (highlighted in red)
I 1: Status event

2. Start Time Viewthe event start time.

3. End Time Viewthe event'send time.

4. Describe Viewthe event description.

4.6.15. Operation Logs

Thistab records the changesmadeto the key system parameters.

Freedom
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Change 0

Datareport Export Data  History Record | Operation Log
Modification Time ] ecord Event

1 12-05-2023 11:32:45 Power control type: CV->CP_N&P

2 12-05-2023 11:32:33 Power contral type: CP_N&P->CC

q 11-05-2023 19:28:24 Grid frequency upper limit: 0.2->0.5

q 11-05-2023 12:29:21 Grid frequency upper limit: 0.5->1

q 11-05-2023 19:29:10 Vol pratection lower limit: -10->-15

q 11-05-2023 19:29:07 Vol pratection lower limit: -15->-20

1 11-05-2023 11:20:58 Operation mode: Manual->Optimal mode

q 11-05-2023 11:02:18 Grid connected mode of converter: Grid-off->automatic
q 11-05-2023 11:02:14 Grid connected mode of converter: automatic->Grid-on

Menu M_01 Converter turn off Converter2 Turn off

Figure 47: Operation Logs

The table below displays operation log details

Table20: Operation LogsDetails

Option Details

Modification time View the time when the system settings were
modified.

Record Events View anoperations log performed on the system
settings.

4.6.16. Turn On/Off

This button allows the userto turn the DCAC and DCDC converten and off.

100kW - TS 1 03-09-2024 16:20:14

DCDC converter DCDC converter
OFF

DCAC converter e DCAC converter
ON OFF

Menu M_01 Converter turn off Converter2 Turn off

Figure 48: On and Off Options
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1. Clickthe (DCDC Convertew r r  a t turg onrthe DCDC converter.
2. Clickthe (DCDC Converter OFbutton to turn off the DCDC converter.
3. ClickU T DCAE Converter Ofbutton to turn on the DCAGonverter.

4. ClickUTl @: ¢ : : 061 € Dattgrirditurmoif the DCAC converter.
4.6.17. System Information

This interface displays system informationfor the following:

Monitoring version
DGAC converter version

DGDC converter version

= =/ = =

Network port information

(e 100KW - TS ¢ 03-09-2024 16:29:38

n MPS Information e
Version: Network:
Monitoring software version 'V400B400D0011
Network port: eth0 Part: 502
DCAC Protocol version W002B017D000
DCAC Converter software version W500B407D000 OHCP o STATIC
DCAC CPLD software version V00180010000
DCDC Protocol version #1V001BOO1DO01 ip: 192.168.1.100
DCDC Converter software version #1\/105B407D000
netmask: 255.255.255.0
DCDC CPLD software version #1 VODOBOGODOOS
SN: 12200000007 gateway: 192 .168. 1 .1
[
Server ip: 192 . 168 .1 . 200
L
|Apply and Reatart system B ‘

M_01 Converter turn off Converter2 Turn off

Figure 49: System Information

dl

To manage system settings, follow these steps:
1. View the current system version information in the Version Information Field.
2. Check the current monitored network portinformation in the Network Monitoring Field.

3. Click the Apply and Restart System Button to apply changes and restart the system.
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4.6.18. Time Settings

Follow these steps to set the time.

0V 0A

TimeSetting

PV power generation:() i 0kWh

Battery charging electricity:() ‘ 20:30:40 l Bd electricity: OkWh

Battery discharging electricity:0) | m_o [ Id electricity: OkWh

<< 4-19 Y >>
-0
Rl Rl
SOC: 0% i
I'mE | [/
- Power meter 0.000kW

- -

Menu Master-00 Converter turn off

Figure 50: Time Setting

1. Click on theTime field to set the time.
2. TheTime Setting pop-up will appear,displaying the current time on the window.
3. Use the dropdown arrow and adjustable buttons to set the time

'F re e d om Copyrights reserved by Freedom Won
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5.Section 3: Safety Precautions

This section highlightsusers' safety procedures to prevent damage to the HPS inverter during
installation.

5.1.

Operator Safety Requirements

To operate the HPS inverter safely and effectively, personnel must:

AN

warNiNe |mportant Safety Precautions

= =4 =4 =9

Be familiar with the energystorage system's structure and working principle.

Read and understand this user manual.

Be aware of relevant local standards and regulations.

The operators mustthoroughly understandwiring, electrical theory, and mechanical principles.
Failure to meet these requirements may result in serious injury, equipment damage, or system
malfunction.

warnine - Safe and Handling Precautions

To safely handle the HPS equipment, follow these precautions.

)l
1

When using a forklift to move the inverter box, it's important tcensure that the centre of gravity is
evenly balanced between the two forks. This ensures optimal stability and control.

When moving a larger size inverter ensure that your view is not obstructed. It is recommended to
arrange for assistant personnel.

N

DANGER Maintenance Safety Precautions

1

The maintenance cycle of the product depends on its installation environment. Factors like the
location and onsite conditions can affect the maintenance schedule. If the product is exposed to
harsh conditions like strong winds, sand, or heavy dust, mainteance should be done mordrequently.
Before performing maintenance, safely disconnect the equipment and wait 5 minutes to allow the
inverter to fully discharge.

Never perform maintenance or repairs on live equipment.

Fre
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T

oancer \Warning Signs andNameplates
To ensure safe operation, follow labelling guidelines.

Do not remove or damage warning signs as they contain critical safety information.
The nameplate inside the front door contains essential product parameters.

Do notremove or damage it.

Ensure the equipmentlabel always remains clear and readable. If thiabelis damaged or
blurred, replace it immediately.

= =4 -4 A

oaneer Electrical Safety Precautions

To ensure safe operation, avoid touching live components, inspect equipment beforase, and
observe electrostatic protection rules.

Do not touch terminals or conductors connected to power network circuits.

Pay attention to all safety instructions and warning signs when connecting to the power grid.
Inspect equipment for damage or hazards before operating.

Avoid contact with circuit boards and follow electrostatic protection rules.

Disconnect the inverter and battery pack before maintenance to avoid voltage risk between
battery pack electrodes.

N

DANGER Environmental and SpaceRequirements

= =4 48 -8 9

To ensure an efficient installation of the inverter, it is crucial to select an installation location that meets the
following requirements.

1 Select an installation location that is free from electromagnetic radiation, oil mist,corrosive or
flammable gases, metal powder, dust, oil, water, or other foreign objects that could interfere with the
inverter's operation.

i Ensure that the selected location does not have wood or other flammable materials near the inverter,
as they can pose a fire hazard.

9 Verify that the installation area is clear of radioactive or harmful gases and liquids that could
compromise the inverter's performance or pose a risk to human safety.

1 Avoid opening in rainy or wet weather.
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For best performance, install the inverter indoors in a wellventilated area.

Avoid keeping the inverter away from areas with high humidity, high temperatures, or exposure to
corrosive gases. These elements can negatively impact performance and lifespan.

direct sunlight, this can cause overheating.

Ensure that the grounding cable in the power distribution room is properly grounded. The

DU UyéenAD | n & Ciat DnejaonNDAyYy Ul owbC 4D tEC
9 The inverter mounting surface must have sufficient bearing capacity.

T

DANGER Personal Protective Equipment (PPE)

=A =

= =4

9 Failure to wear required PPE may result iserious injury or death wear protective gear (insulating

gloves, shoes, etc.).

DANGER Touch Screen Parameter Setting
9 Parameters on the touch screen critically impact energy storage inverter operation.
1 Incorrect settings can compromise inverter function and capabilities. Only authorized professionals
may modify parameters after thorough system analysis.

T

DANGER Product Scraping

When disposing of the energy storage inverter, do not treat it as regular waste. Return tereedom
Won (fees may apply) or contact a local authorized recycling agency.

T

DANGER Qther Considerations

Take necessary precautions when maintaining or repairing equipment:
1 Wear protective gear (earplugs, insulating shoes, scalgroof gloves).
Ensure emergency rescue facilities are available at remote installation sites.
Implement all necessary measures to ensure personnel and equipment safety.
Ensure energy storage inverter operations meet national/regional standards.
This manual is for standard configurations. For special needs, provide instructions when
ordering. Refer to actual products received.

1
1
T
T
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1 This manual does not cover all possible situations. For unclear situations, contact us.
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6.Section 4: Mechanical Installation

This section highlights the importance of thorough preparation to ensure a smooth and successful
HPSinstallation process.

Mechanical installation ofthe HPSrequires at least two qualified individuals working together and
must comply with local electrical installation standards

oBefore you start the installation, carefully inspect all equipment for any signs of damage.
Should any damage be identified, please promptly contadtreedom Wonand provide photographs
for assistance.

6.1. Pre-installation Preparations
6.1.1Site Preparations

For best performance, install the inverter indoors in a wetlventilated area.

Keep the inverter away from areas with high humidity, high temperatures, or exposure to
corrosive gases. These elements can negatively impact performance and lifespan.

1 Avoid direct sunlight, this can cause overheating.

1
1

6.1.2. Temperature and Environment Consideration

To achieve optimal performance of the inverter and ensure warranty validity, keep the internal
temperature within specified limits. Refer to Table 21, for detailed temperature requirements to
ensure an optimal installation environment for youHPSinverter.

Table21 Environmental Requirements

Required Temperature Measurements
Temperature -303 -553

Humidity 95% No condensation
Altitude < 3000m

To ensure an efficientHPSinstallation, ensure that the location meets the following requirements
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to minimise the risk of malfunctions, damage, orsafety hazards.

1. Select an installation location that is free from electromagnetic radiation, oil mist, corrosive
or flammable gases, metal powder, dust, oil, water, or other foreign objects that could
interfere with the inverter's operation.

2. Ensurethat the selected location does not have wood or other flammable materials near the
inverter, as they can pose a fire hazard.

3. Verify that the installation area is clear of radioactive or harmful gases and liquids that could
compromise the inverter's performance or pose a risk to human safety.

6.1.3. Proper Environment Ventilation

For proper cooling, theHPSrelies on good airflow. To ensure a ventilated environment, the
installation site must meet the following requirements:

1 Avoid installing the inverter in areas with poor ventilation and low air circulation.

1 Consider adding air conditioning measures like air supply grids or fans to ensure sufficient
airflow.

The air inlet must have enough space and volume for unrestricted air intake.

Maintaining clean air iscrucial. If the environment has a high concentration of sand and dust,
Jn0yetrt) nA é]d ¢g)rybaU o6n YT D aw] £C| nARU &

1
1

6.1.4. Product and Package Inspection

Before you start the installation, carefully inspect all equipment for any signs of damage. Should any
damage be identified, please promptly contact Freedom Won and provide photographs for
assistance.

Verify Package Contents

Refer to the HPSpackage checklist in Table22, to ensure all items are present beforenstallation.

Table22: HPSPackage Checklist

ltems Number
Inverter 1 Piece
Key 2 Pieces
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Certificate 1 Piece
Warranty Card 1 Piece
Product User Manual 1 Piece
Factory Inspection Report 1 Piece
6.1.5. Installation Tools andParts

Refer to the HPSparts checklist in Table23, to ensure all items are present before installation.

Table23: Tools and Parts List

Number
Forklift or Crane 1Vehicle
Wire Stripper 1 Piece
Crimping Pliers 1 Piece
Insulating Gloves 1 Pair
Socket Set 1 Piece
Multimeter 1 Piece
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Screwdriver 1 Piece

Screws, Nuts, Gaskets Various items

6.1.6. Equipment Handling Practices

This section highlights the importance of handling procedures to prevent damage to thelPS
inverter during installation.

1. When using a forklift to move the inverter box, it's important to ensure that the centre of
gravity is evenly balanced between théwo forks.

Figure 51 Packaged Handling

2. The enclosed bottom frame must be removed as illustrated in Figure 51 for safe anfficient
movement without packaging.
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Figure 52: Unpackaged Handling

3. When moving a larger size inverter your view may be obstructed. It is recommendéuat
assistant personnel be arranged
4. Forklift trucks cannot transport inverter equipment over long distances or on sloping roads.

7.Dimensions of Various Models

This section provides a clear overview of the physical size requirements for eadHPSmodel. Refer
to the table below to identify the specific dimensions of your model.

Table 24: Dimensions of Various Models

Dimensions of Various Models

HP0

800x800x1900 mm

HPSLO0

1200x800x2050 mm

Freedom
W O N
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HPSL50 1200x800%2050 mm Box

HP&50 600x720%x2050 x1+1200x800%x2050 mm

HP300 600x720%x2050 x2+1600x1050%x2050 mm

oThe HP250 is split-type which consists of onephoto-voltaic controller (600x720x2050) and
one energy storageinverter (1200x800x2050). HPBO is split-type which consists of two photo-
voltaic controllers (600x720x2050and one energy storage inverter (1600x1050x2050).

Figure 3 below illustrates the recommended clearance dimensions for the installation of thelPS
inverter.

7.1.1Base Mounting and Fixing

Securing the inverter to the base surface is essential for ensuring safe and stable operation. This
section details the process:

The bottom of the HPSseries inverter is equipped with designated fixing holes for secure
attachment. These holes allow for fastening the inverter either to a bottom support channel or
directly to the ground.

Refer to the Figure for dimension illustrations of the bottom section for each inverter model.

Floor mount
<— =1000mm —

Remove the baffle plate at the
outlet position

‘e
Cover |
:

Cable trench |
installation mode :

Embedded 10# Channel Steel '
Cabinet Base Fixed with i 4 °

Channel Steel AR H
B s

Figure 53: Base Mounting ad Fixing

(3

1 The inverter mounting surface must have sufficient bearing capacity.
1 The channel steel should be designed according to thpositioning holes at the bottom of the
inverter, which are equipped with a base. The dimensions of the bottom section of each
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model are shown in millimetres (mm).

1 Cooling air enters the unit from the front and bottom. Cables are connected through the
bottom of the inverter. Each HPSinverter features inlet and outlet holes at the front for DC
and AC power connectionsRefer to the example below.

PV4 port
Battery port

Grid port
Load port

694mm

4-@15X35 ») ,
Cabinet Fix Hole .- =

memm — —

Figure 54: Inlet and Outlet Holes Examples

7.1.2. Installation of Air Ducts

This section emphasises the importance of maintaining sufficient air intake for achieving optimal
performance and ensuring the longevity of the inverter.

Air ducts are necessary for the inverter to expel heat and draw in cool air. T#PSseries energy
storage inverters utilise a forced air-cooling system to dissipate heat efficiently.

Refer to Table 9 for a specific inverter model and its minimum air intake requirements.
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Table25: Forced Air-Cooling System

Inverter Model Minimum Area Air m?)
HP0 0.543858

HPSL00/150 0.8068668

HPS250 0.9715392

HP300 1.6123272

7.1.3. Air Duct Setup

The HPSdoes not come equipped with air ducts. As a result, it is the user's responsibility to install
the correct air ducting system.

The HPSinverter utilises a welldesigned air duct for different models and site environments for
efficient heat dissipation.

Figure 55: Internal Vent Hose

1. Fresh air enters the inverter through vents at the bottom and dustproof mesh on the front
door to ensure a clean and cool air supply for internal cooling.
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2. Hot air generated by theinverter's operation is expelled through exhaust vents at the top of
the unit to maintain optimal internal temperatures for reliable performance.

7.1.4. Maintaining Airflow

Due to the inverter's walmounted design, it is essential to install external air ducts to ensure
adequate airflow. Proper air ducting is critical for maintaining optimal performance, as it facilitates
the removal of hot air from the inverter. Effective cooling helps prevent overheating, thereby
enhancing the longevity and efficiency of the inverter system. Ensuring a welentilated
environment is crucial for the reliable operation of the inverter and the overall safety of the
installation.

Specific requirements for adding external air ducts to inverters are as follows.

Figure 56: Internal andExternal Duct of Converter

1. Theair duct must not restrict the overall ventilation volume of theHPSinverter cabinet.

2. The connection point between the air duct and inverter cabinet must be well sealed to prevent
air leaks and to ensure efficient airflow through the intended part.

3. Theoutlet of the air duct must be angled downwards to prevent rainwater from entering the
inverter.

4. Consider adding elements like barbed wire on the air duct outlet to deter rodents, birds, or other
animals from entering the inverter.

7.1.5. Equipment Transportation

1. Incorrect equipment transportation can result in damage to youHPSinverter and increased

costs.
2. Use packaged transportation whenever possible to keep your inverter in a better protective
state.
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3. Ensure forklifts or cranes have sufficient carrying capacity and reasonable support or lifting
points when transporting the inverter.

4. Follow the detailed product parameters and transport requirements marked on the packaging
labels.

5. Refer to Table 26 for adescription of inverter packaging labelsfor regulatory compliance, and
effective product handling.

Table26: Description of PackingLabels

Model Inverter Model

Size Outer packing dimensions
NW Net weight of inverter

GW Gross Weight

Refer to Table 27for adescription of inverter graphical packing signsto ensure properproduct
handling.

Table27: GraphicalPacking Signs

Handle with care:
Do not transport the inverter upside down, ora

side, or at an angle to prevent damage.

' Fragile:
Protect the inverter from impact and friction
I during transportation to prevent damage.
_‘
AL Keep the inverter dry:

Avoid exposure to rain and moisture tgqrevent
water damage.
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8. Section 5: Electrical Installation
8.1. Pre-Wiring Safety and Cable Considerations

&Always ensure thatthe grid and battery input switches are disconnected
before starting the wiring installation. Use warning signs to communicate that the
switches should not be operated while wiring is in progress.

&Route all power cables through trenches or metal wiringhannels. This
protects them from mechanical damage and minimises Radio Frequency (RF)
interference with nearby devices.

oThe provided cable dimensionn Table30is for reference only.
The final cable selection should consider:

1 Working environment temperature
1 Cable laying method (e.g., underground, overhead)
1 Heat dissipation conditions

oThe HPS inverter model does not include prénstalled external cables. Users are
responsible for providing their own cables according to their specific needs.

&AII external cables must be routed through the designated bottom entry and
exit holes to connect with their corresponding terminals.

The necessary terminals and fixing screws for power cable wiring are prastalled on
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the respective wiring terminals upon delivery of the inverter.

8.1.1. Cable Selection Considerations

Below are considerations for the selecting correct cables for youHPS

1 When selecting cables, consider the environmental conditions where they will be installed
such as temperature, etc.

1 Ensure allcables connected on the same side of the system are of the same size and type.

Different cable suppliers have different ratings.

1 The installer must ensure that cables meet specifications, refer tocable selectionin Table 30
This table is forreference only.

1 Itis recommended that the current through a 1 mmz2 conductor does not exceed 3A. When
connecting on the same side, use conductors of the same size and type.

=

Table28: Power Cable Specifications (Reference only)

Capacity AC Output (Each Zero Line Ground Positive and Photovoltaic
Wire Negative DC
Input (Per Pole)
50 kW y OGN ¥ OGNy E&NN)| Input70mmn? 50mm?z/group
100kw |y O @8N ¥ O&Ny e GNN)| Input95mn? 50mm2group
150kW |y OG8N ¥ O&N| x50mm? Input 95mn? 50mm2group

250kW |y Ee%NN [y Eeza sy O0&NN)| 2Inputchannel 50mm2/group
120mnt¥/channel

500kW |y Eo0X®NN [y Eo620 3y OGNN 4 Input channel 50mm2group
120mnt/channel

8.1.2. Power Cable Terminals

This section provides detailed instructions on installing terminals and fixing screws for power cable
connections on the HPSinverter.
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For cable recommendations, refer to Figure56 and Table29 below as a reference guide.

MmMOomMmI>mmgO

Figure 57: Connected Terminal

Table29: Wiring Terminals

Label Parameter

A Copper Bar

B Connection Terminal

C Screw

D Spring Washer

E Large Pad

F Nut
Freedom Copyrights reserved by Freedom Won
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8.1.3. Wiring Specification

This section emphasises the importance of proper cable separation during installation. Maintaining
the recommended spacing between cables minimizes electrical interference and ensures safe
operation.

1. Communication lines, power lines, and control cables should be laid separately to avoid
interference.

2. DC and AC circuits must be separated with a minimum distance of 300 mm between them.
When a control cable needs to cross a power cable, the angle between the two should be

close to 90 degrees.
3. The recommended minimum distance between parallel shielded data lines and power cables

varies depending on the specific field or application.

Refer to Table30 below, for a specification of communication and power lines.

Table 30: Distance Between SignaLines and Power Cables

Parallel Line Length (m) Minimum Spatial Distance (m)
200m 0.3m
300m 0.5m
500m 1.2m
8.1.4. Installation and CableProtection

Cable Installation

The screw dimension and torque values listed ifable 33 are specifically designed to secure the
circuit breaker and earth points' terminal input and output connections The specified torque values
are essential to achieve uniform compression and clamping force across the joint, ensuring a
reliable connection between the cables and terminals. The installer must avoid ovetightening the
screws to prevent damage.

Refer to the table below for screw dimensions and required torque values.

Table321 Screw Dimensions and Required Torque Values

Screw M4 M5 M6 M8 M10 | M12 M14 | M16

Dimensions
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|
Torques (N-M) B 32 |7 16 |34 |46 56 | 68

Cable Protection

The protection of cables includes communication cables and power cables. Therotective methods
are as follows:

1 Communication cables are thin and susceptible to damage during installation. To minimise

the risk of breakage, it is recommended that you start with connecting the power circuit first,
followed by other connections.

1 When connecting cables, the cable must be laid in a conduit or steel cable tray. In the
absence of a conduit or steel cable tray, secure the cable using cable ties to prevent strains.

1 During installation and connection avoid actions that could scratch or damage the insulation
layer of the power cable. This helps prevent potential short circuits.

9 Ensure all power cables are securely fixed to prevent strain or movement.

8.1.5. Removethe Switch Panel and Lower Brackets
Remove Baffle

The baffle must be removed to access the connections of the HPS series invertertJpon removing
the baffle, the power terminal becomes visible.

olnternal wiring terminals and input/output terminals vary across different models.

Follow these steps to remove the baffle to access théreakers and install wiring.

1. Open the front door as shown irfrigure 57.
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: 1R - | g -
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m wa s R ol o 2 e 11111111111
[ | :
. F S N 1TTTTTTTTTTR
Switch baffle i [ L I
f.imim:|n|m|mn|||~um|||mumueefmulm e "".'!'.'.'.'.'!'.'.'.'.'!'.'.'.'.'!'.'.' ..... UG
-+ it 1. | P
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Figure 58: Switch Baffle
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2. Use a screwdriver to loosen the four screws of the lower baffle of the switch.
3. Remove the screw and the lower baffle of the switch and continue with the operation.

8.1.6. Lower Brackets Installation

The HPS inverters have separate lower brackets for the bottom front, back, left, and right. These
brackets are typically placed at the bottom of the inverter to prevent dusand any foreign objects.

LS

Front Lower Bracket Left Lower Bracket

Screws

Figure 59: Lower Bracket

1. Before installation, remove all lower fencing boards from the packaging box and set them
aside.

2. Once you have chosen thenstallation location, carefully position the inverter and secure it
using the recommended mounting method.

3. After the inverter is secured and the screws are locked, take each lower coaming and install
it on the corresponding side.

4. Ensure that dustproof cotton is installed in the lower fencing board, which cannot be lost
during installation.

8.1.7. Dimensions of Various Models

This section provides a clear overview of the physical size requirements for each HPS inverter
model. Refer to the table below to identify the specific dimensions of your model.

Table32: Dimensions of Various Models

Inverter Model Dimensions of Various Models
HPS50 800x800x1900 mm
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HPS100 1200x800%2050 mm

HPS150 1200x800x2050 mm Box
HPS250 600%x720%x2050 x1+1200x800%x2050 mm
HPS500 600x720%x2050 x2+1600x1050%x2050 mm

eThe HP250 is split-type which consists of one photcvoltaic controller (600x720x2050) and
one energy storage inverter (1200x800x2050). HB® is split-type which consists of two photo-
voltaic controllers (600x720x2050) and one energy storage inverter (1600x1050%2050).

Refer to the following examples for the dimensions of the HPS0/250 example, including front, left,
and top views.

HP 30 Dimensions Example

006T

WT = =
800 800 800
FRONT LEFT TOP

Figure 60: HPS50Dimension Example
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HP 350 Dimension Example

2800 1050
FRONT LEFT

2800
TOP

Figure 61 HPS250Dimension Example

8.1.8. Install DCSide Wiring for Single Unit

To install the DC side wirindgor a singleunit, follow the steps below.

& Always prioritise safety when working on the wiring of youHPS inverter system to
minimise the risk of personal injury orequipment damage

1. Ensure all power is OFF before starting any wiring tasks. Verify this using a multimeter to
confirm there is no voltage present on the DC wiring terminals.
2. Double-check that the DC disconnect switch is in the OFF position.

& The HPS inverter has a maximum DC input voltage limit of 850V. Exceeding
this limit can damage the unit and void your warranty.

3. Use the preinstalled terminals and fixing screws provided for DC cable connections.

4. If copper and aluminium wires are connected, use special coppealuminium connectors to
prevent corrosion. Never directly connect copper and aluminium wires.

5. Accurately identify the negative and positive poles of each DC cable. Mark these poles to avoid
confusion during the connection.
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oFor parallel systems, eachinverter must have its own battery.

6. Connect the positive pole of the battery pack cable to the "BAT+" terminal on the inverter.
Similarly, connect the negative pole of the battery pack cable to the "BATterminal.

7. Repeatthis process for the PV system, connecting the positive and negative poles of the PV to
the "PV+" and "RVterminals on the inverter.

8. Ensure all connections are secure and tightened to the recommended torque specification.

9. Visually confirm that the positive and negative polarities are correctly matched between the
cables and inverter terminals.

PMDE 1 to inverter:

10.Connect the positive and negative terminals of your photovoltaic (PV) input cables to the
corresponding "PV+" and "RVterminals on the PMDE cabinet.

PMDE 2 to HPS:

11.Locate the "DC+OUT" and "BQ@UT" terminals on the PMDE cabinet.

12.Connect the "DC+OUT" terminal from the PMDE cabinet to the "PV+" terminal on the HPS inverte
Then, connect the "DEOUT" terminal from the PMDE cabinet to the "BATterminal on the HPS
inverter. Refer to the image below for the connections.
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Load breaker
Grid breaker

Maintenance
bypass breaker

Battery switch

Battery copper bar

PV copper bar

Grid copper bar
Neutral wire copper bar

Load copper bar
Ground copper bar

S TR
O LTI
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PV switch_ - |

¢ MAINTENANCE :

8.1.9.

Figure 62: Terminal Connection

Install AC Side Wiring

Before commencing any AC wiring tasks, use a multimeter to verify that all terminals on the inverter
are fully deactivated and free of any voltageRefer to the wiring schematic diagram below for more

details on AC side wiring.

DC BREAKER

DC SWITCH

FUT+ Qe DC EMC MPPT
Vi o FILTER MODULE |
o e
E’PE
DC BREAKER
Pt O— pcemc [ meeT [
% FILTER | | mopuLe ||

",

FUSE CONTACTOR

INV BRIDGE TRANSFORMER
CONTACTOR LOAD BREAKER LOAD
| = ] ] o' o——F—"%—1——0 =
DC AC
EMC | I Emc | — e 6B
FILTER FILTER
1/~ [ — —o” < oc
[ O N
g t,
NN
GRID BREAKER GRID
» O A
ON-OFF
GRID oe
SWITCH
/- 0 c
AC SPD
PE

Figure 63: AC Side Wiring Schematic Diagram

Refer to Table33for wiring, and detailed instructions on connecting the three phases (A, B, C) of
your AC cables to the grid. These sections include tables specifying the correct connection points
for each phase based on your specific HPS inverter model.

Freedom
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Table33: Grid

Load Different Phase/Lines

A Phase A connected to the grid
B Phase B connected to the grid
C Phase C connected to the grid

8.1.10. Install AC Side Line

Before commencing any AC wiring tasksise a multimeterto verify that all terminals on the inverter
are fully deactivated and free of any voltage.

Accurately determine the phase sequence (order of the live wires) of your AC cables. Clearly label
each cable with its corresponding phase (A, B, C, N) using colooded insulating bushings for easy
identification during connection.

1. Confirm the phase sequence of the cables and mark them well. Thrgghase AC output
cables A, B, C, and N should be added with insulating bushing to distinguish the phase
sequence.

2. Connect three phases A, B, and C to the grid according to the three phases A, B, and C
connected to the load correctly according to the table.

Table34: Load

Grid Different Phase/Lines

A Phase A or U connected to the AC out
B Phase B or V connected to the AC out
C Phase C or W connected to the AC out
N Phase N connecting to the AC out
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8.2. Connect Communication Cable

8.2.1. External Wiring of Communication

This section guidesyou on how toconnect anexternal communication cable to your HPS inverter.

The cable enables the inverter to communicate with external systems for monitoring and control

purposes.

The communication cable connection port is situated at the bottom of the HPS inverter. Refer to

Figure 62 and Table35for the exact location and silkscreen labels of the port.

Communication Interfaces
':, Communication Board

VCC 8]
WVCC o]
WVCC D2
VCC D14
WVCC )5}

VCC Dl6

GND___|GND
COM1 |NO1

COM1 |NC1

COM2 | NO2

COM3 [NO3

CAN/H| CANZ,L
485/3A | 485,38
485/4h | 485/48
485,50 | 485/58

4856 | 485,68

Ethernet

CN14 connects to the monitoring screen
and communicates with CN7

o 0000000000000

[EIIINIE

Communication board TF&=CN7 split machine

communication port

[

Terminal Item

Figure 64: External Communication Wiring

Table 35: External Point for Communication Cables

Function

DIl

EPO default

Shutdown
Switch

ATS Signal
Water Logging

Fire protection

Freedom
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DI2

EPO

Shutdown (default
Switch

ATS Signal

Water Logging

Fire Protection

DI3

EPO

Shutdown
Switch (default
ATS Signal
Water Logging
Fire Protection

0%active power

Dl4

EPO

Shutdown

Switch

ATS Signal (default
Water Logging

Fire Protection

30% Active Power

DI5

EPO
Shutdown
Switch

ATS Signal
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Water Logging (default
Fire Protection
60% Active Power
DI6 EPO
Shutdown
Switch
ATS Signal
Water Logging
Fire Protection (default
100% Active Power
GND /
NC1 Generator
COM1
NO1
NO2 Warning Signal
COM2
NO3 Operation Signal
COM3
485/3A Battery BMS Communication ( default
485/3B
485/4A /
485/4B

Freedom
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485/5A Electricity Meter
485/5B

485/6A HPS to EMS Communication
485/6B

8.3. Parallel Communication Connection

The communication cable for theHPSis used to facilitate data exchange and controkignals
between the inverter and external systems, such as monitoring devices or control panels.

You may need to adjust the communication settings for the cable, depending on your system's
technical protocols and the type of cable used.

This section details the process for establishing parallel communication between the HPZ0 and
HP 300 split-machine models.

To facilitate communication between these two units, connect the power cord and network cable in
parallel between the HPS inverter and the DCDC multiodule cabinet.

1 The HPS inverter is equipped with a TF6 communication interface board located on the top
of the unit. The DCDC mukmodule cabinet also has a TF1 communication board installed on
the top.

For a detailed illustration of theconnection points and configuration, refer to Figure 64.

Figure 65: External Communication Wiring

The HPS serieenergy storage inverters provide a flexible solution for largescale energy storage.
The following section details how to connect multiple HPS inverter units in parallel to increase
capacity.

The diagram belowillustrates the parallel connection configuration for the HPSdemonstrating the
multiple simultaneous connections.
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oThe images below are for illustrations only.
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Figure 66: ParallelConnection Example
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1 You can connect up tdour HPS inverters in parallel, and significantly expand the overall
energy storage capacity of your system.

1 Al HPS inverter models are equipped for parallel use. A TF6 communication board is located
on the top of each unit to facilitate communication between parallelconnected inverters.

1 When using multiple HPS inverters in parallel, connect them using network cables. These
cables should be plugged into the designated parallel ports on each inverter.

1 When connecting an HPS converter to a DCDC muftiodule cabinet (splitmachine system),
use network port CN7 on the HPS converter for communication.

1 Parallel Connection of Multiple Devices: If you're using multiple HPS in parallel, utilise
network ports CN1 to CN3 for communication between the units.

CN5 CNé

TF6-CN3 parallel operation port

TF6-CN2 parallel operation port

TF6-CN1 parallel operation port

Communication board

- *| TF6-CN7 split machine
5 =] communication port
"\
(=] o

Figure 67: Split Machine Communication Wiring

8.4. Grounding Requirements

Safe and reliable grounding is crucial for thedPSseries inverter. Adhering to these guidelines
ensurescorrect grounding for your HPSseries converter'ssecure and reliable operation

1 Theinverter is equipped with grounding copper bars preconnected to the outer shell
within the cabinet.

f »T D HUGOWRC])AiH AeatD aDU)JUyYenAD NwUY abD &

1 The grounding cable diameter must be akeast 16 mm2,

8.4.1. External Grounding Connection

1 These grounding baramust be securely connected to the equipotential connection point
of your installation site or electrical control room using grounding cables.

d m 92
'F r e o Copyrights reserved by Freedom Won

W O N Contact us: www.freedomwon.co.za



http://www.freedomwon.co.za/

8.4.2. Individual grounding

The ground terminal of the PMDE should be connected to the ground copper bar of the power
distribution cabinet, not to the ground copper bar of the HPS.

8.5. Installation complete

After completing all mechanical and electrical installations, reinstall the removed switch baffles
(panel) and lower fences on the converter. Poweon operation ispermitted only after confirming
the correct installation.

9.Commissioning Steps for HPS Inverter

Pre-checks:

1 Before commencing commissioning, ensure that all cable connections are correct.
1 Checkgrid, battery, and PV voltage to be within acceptableange of theinverter.

9.1. Power ON Procedure

warnine: Personal Protective Equipment (PPE)

Failure to wear required PPE may result in serious injury or death, wear protective gear (insulating
gloves, shoes, etc.).

Battery Bank Section

1. Press the battery ONoutton to switch on the BMS. If you have more than one battery, ensure
that all of them are switched ON.

2. Close the battery breaker. There are three options on the battery breaker: ON, Trip and OFF
position. Ensure that the batterycircuit breakeris inthe ON position.

oTo close the battery breaker, utilise your palm to handle the breaker, applying gentle yet firm
pressure while ensuring you are in a comfortable and stable position.

'F m e d o m Copyrights reserved by Freedom Won

MPPT CabineBection (For Encore HPS250 and HPS500):

1. Confirmthat the screenonthe MPPTCabinetstarts up.
2. Turnthe EPQpushbutton clockwiseto releaseit.
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Inverter Section:

Turnthe EPQpushbutton clockwiseto releaseit.

Closethe battery breaker.

Closethe MCBKB1KB2andKB3ontheinverter.

Confirmthat the LCDscreenis ONandthat the samplingdatais normalandconsistent with

actual values.Ensurethat the SOConthe screen matches the battery.

hoNPE

olf incorrect battery data is displayedon the HMI screen check the following:
1 Check that thecorrect battery manufacturer is selected on the inverter sttings.
1 Check that the CANbus cable configurationis correct (CANH Pin @and CANL Pin 8 on
battery side).
1 Ensure that the battery profile loaded on the BMS is for encore HPS invertdf.issues
persist after verifying 1, 2and 3 contact Freedom Won Tech Support for assistance.

Navigateto the HMiscreen. o
Clickonthe[ g D Bu#ton to accessther p + ULgdInN D 11 ésshgwninthe screenbelow.

Pl 100kW - TS 03-09-2024 16:05:04

o o

PV power generation: 0kWh «.\ Load electricity consumption: OkWh
I |}
Battery charging electricity: OkWh V Grid-purchased electricity: 0kWh
Battery discharging electricity: OkWh Grid-sold electricity: OkWh
oV N A oV 0A
- 2
. 1 ] 4]
4] A
0A | N ov 0A
o n
soc: 0% || R oov 0A
- P> 55555 LELEL

Power meter OkW

M_01 Converter turn off Converter2 Turn off

2

Figure 68: MenuScreen

Ther r lodged] @areenmenuwillappear,selectther r lodged] mutton, asshownin the in the
screen below.
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(Login to view)

Figure 69: Login Screen

7. Theloginscreenwill appear,selectther ! A A @mpidgwnmenu(lpndselectther Né ] A Y é
option.
Enterthe password[f 0 0 0 @)m the requiredfield to gainaccessto inverter setting menu.

Password: ==+

Tip: Please check if account and password are correct.

¢ Login Cancel ‘

Figure 70: PasswordScreen

8. L] AL on UI D I6HA] A awyUuyom nudu NG omeér € Jareyyd
9. Use the parameter tables provided to configure your Encore HPS inverter settings.

Configure DC/AC Parameters
Use Table36to configure the DC/AC parametersn Figure 71
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Figure 71 DC/ACScreen

Table36: DC/AC Parameters

Grid Connected Mode
of Converter

Automatic

= =

There are three modes available:
Automatic-The grid connection

mode, when is selected, the Grid will
automatically switch from On-grid to
off -grid.

On-grid- when Ongrid is selected,
the inverter will only function On
grid, when Grid is abnormal, the
converter will shut down.

Off-Grid- when off grid is selected,
the converter will Run in offgrid
mode only
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