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12K-2P-LL Installation QuickStart

Disclaimer

This QuickStart Guide offers a brief installation and commissioning overview for the
Sol-Ark 12K-2P-LL Hybrid Inverter. It is not intended to, and should not, replace the
12K-2P-LL Installation Manual or to address all matters referred to in the Manual.

This product may be dangerous if improperly configured, installed or operated. You
are urged to read and review the full Manual, including applicable data sheets, and
to visit the Sol-Ark Knowledge Hub at www.sol-ark.com to learn more fully about
this product.

The information included in this QuickStart Guide is subject to, and qualified by, the
information set forth in the Manual, including important disclaimers and warnings
that limit or exclude Sol-Ark’s liability.

See the Commissioning and Programming sections of this QuickStart Guide for
details, including advanced configurations, necessary to meet the requirements or
needs for system performance.

About this guide

This QuickStart guide provides the essential steps for installing a Sol-Ark
inverter. This guide is divided into two parts:

“ The 12K Installation QuickStart section starting on the next page lists the
basic steps you need, with a link to more detailed information in the
second part of the guide.

" The More Information section starting on page 28 provides additional
details that you might need.

For full information, see the 12K-2P-LL Installation Manual.

v
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12K-2P-LL Installation QuickStart

12K-2P-LL Overview

12K-2P-LL
120/240V, 120/208V

—>
-

TN
Modes: \
Gr?d ::u, Auto Off-Grid, ) . . -garts %@”C‘Afk

MeterZerD,Timeoste LIMITLESS POWER

& Peak Shaving K \

¢ Cloud & fleet monitoring

* VPP

¢ TLS Security w/ full
Authentication

* USA firmware, Software,

Engineers

@
@
RSD/Emergency Stop, EEmmmmEE
External CT Sensors, <E"> ‘\/D MPPT 1 :
Auto Gen Start, L ..., Sensors &
MODBUS, CANBus /O Ports
19.2kW DC Coupling
Battery Agnostic Battery MPPT 2 125-500Vdc @32A max
* 43-59Vdc @ 220A % _— A with PV disconnect
* Open or closed
loop comms INVERTER MPPT 3
e Supports many d\
battery chemistries | [ | Q
to reduce cost d\ (5\
< Smart Load Out

— Reduces battery ~30%
by prioritizing loads

Grid or Generator * 12kW On-Gri.d Up to 14kW
100A passthrough * 10kW Off-Grid L
w/ 5ms UPS transfer * 24kVA Peak Power 14kW AC Coupling
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12K-2P-LL Installation QuickStart

Before You Start

Step 1. Confirm all items are in the box.

8
C)
(=]
D
H
Component Description Quantity
A Sol-Ark Limitless 12K-2P-LL inverter 1
B Wall mounting bracket 1
C Filter rings 9
D CAT 5E communication cable 1
E 5 mm T-type hex key for AC terminals 1
F Temperature sensor 1
G Wi-Fi/ Ethernet antenna (dongle) 1
200A (20.94”) Current Transformers
H 2
(CT sensors)
I Stainless steel mounting screws M4*12 4
J Stainless steel anti-collision bolt M8x80 4
K LCD Sunshade 1

(for outdoor installations)

Other item you’ll need: Smartphone or Laptop

v
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Create a MySolArk Account (MSA) by downloading the app or visiting
www.mysolark.com to access the desktop version.

MySolArk in the App Store
12:12

Q. MySolArk

%’ MySolArk

-

MySolArk Desktop on the Sol-Ark Website

8 D " " [ Sot-Ark b hot (Y Systems SW o ok [ SobArkProjects [ 3 Kest D

Monitoring and Remote Management Tool DDownload  English v

ALL-IN-ONE

SOLAR BATTERY SYSTEM

The email address used will become the primary account for all created
plants

» See Step 19. Create the plant. for more information.
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12K-2P-LL Installation QuickStart

Step 3. Prepare the site.

Locate a suitable area to mount the inverter and follow these requirements:

" 6in. vertical clearance

" 2in. side clearance

" 61in. side clearance from another system

" Protect the LCD from direct exposure to UV light
" Operating temperature of —40 °F to 140 °F

26" [15 cm] 26" [15 cm]
[ Boress | I H
- )

22"min[5cm] ——

22"min [5 cm]

220" [50 cm]

26" [15cm] 26"[15¢cm]

“ Under certain conditions, the National Electrical Code® (NEC) requires
greater clearances. Use the clearances listed in NEC 2023, paragraph
110.26, and Canadian Electrical Code® CSA C22.1.

The Sol-Ark 12K-2P-LL is a NEMA 3R - IP65 enclosure rated for outdoor
installation, but it can also be installed indoors.

v
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12K-2P-LL Installation QuickStart

Step 4. Mount inverter to surface with proper hardware.
A. Use screws or anchors rated to support the inverter weight (65 Lb):

" For Concrete or Masonry Mounting: Use a minimum of (5) 3/8 in.
expanding anchors (not included)

" For Wood Frame Mounting: Use a minimum of (5) 3/8 in. lag screws
with flat washers, making sure to anchor into at least 2 framing
members (not included)

" For Metal Framing Mounting: Use a minimum of (5) % in. self-tapping
metal screws with flat washers (not included)

B. Secure inverter to the wall mounting bracket (3) with the M4x12 mm
socket head screws.

C. The inverter should be mounted in the upright position.
D. Remove the protective film from the LCD screen.

N

NOTE: Damage to the LCD screen due to direct sunlight will not be covered by
warranty.

» See Mounting the Sol-Ark (Step 4 Details) for additional information.

N .
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12K-2P-LL Installation QuickStart

Step 4b. Install the LCD Sunshade (outdoor installations only)

If the Sol-Ark is installed outdoors, attach the LCD Sunshade. This helps
prevent screen damage from UV damage.

A. Peel off the protective film from the
inverter’s display surface, if it’s not
already removed.

B. Make sure the surface is clean and dry
before installation.

C. Attach the base plate:

o Peelthe backing from the double-sided
adhesive tape.

o Align the base plate with the display
area. The adhesive is permanent, so
confirm the
alignment before applying pressure.

o Press firmly to secure the Sunshade.

D. Assemble the Sunshade flap:
o Insertthe flap’s hinge pins into the hinge slots on the base plate.
o Verify that the flap opens and closes smoothly.

NOTE: Damage to the inverter’s LCD Screen due to direct sunlight exposure will not
be covered by warranty.

Need to purchase an LCD Sunshade?

LCD Sunshades were included with Sol-Ark inverters starting on May 4, 2026.
If you have an outdoor installation and did not receive an LCD Sunshade, you
can purchase one by going to the Sol-Ark Online Store.

v
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12K-2P-LL Installation QuickStart

Battery Input

Inverter Wiring

Step 5. Connect inputs and outputs.

Locate the inputs in the user wiring area and connect all wiring to the
appropriate input/output terminals. if applicable.

Communication
and sensor board

e | e e

*Generator Terminal
**Grid Terminal

***Load Terminal

MPPT Inputs
(DC PV)

Notes

® The GEN port can also be used for AC Coupling or Smart load output

® The GRID port can also be used for a generator

" If your system came with Filter Rings, o o o @ O
see the 18K Installation Manual for o o
O

instructions.

» See Inverter General Description for more information on inverter wiring.

12K-2P-LL QuickStart Rev 2 | MA-00063 - SO|I-Ark 7
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In the inverter user wiring area, check these:

Connections have correct torque

Wire is sized appropriately for the terminal rating and NEC requirements

NOTE: Do NOT have inverter, PV, batteries, or grid/gen AC disconnect closed while
checking wires.

» Seethe 12K-2P-LL Installation Manual for correct torque specifications and
terminal wire size range (min-max).

8 Sol-Ark Copyright © 2026 Sol-Ark LLC
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12K-2P-LL Installation QuickStart

Step 7. Integrate batteries with Inverter.

A. Confirm battery wiring methodology: make sure battery inputs are being
used properly.
B. Verify the polarity of each battery in the battery bank.

C. For closed-loop operation, use a standard 8-pin Ethernet port, but refer to
the battery manufacturer for pin-out requirements if needed.

D. Connect cable to the BMS port for proper closed loop communications.
o Use only BMS 485/CAN port

» See the battery manufacturer documentation for proper communication
between multiple batteries.

» For more information on battery wire sizes, see Connection Requirements
(Step 6 Details)

» Forinformation on parallel systems, see Considerations for Parallel Systems.

@w )
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12K-2P-LL Installation QuickStart

Step 8. Check Polarity and Voltage.
A. Turn ON all batteries

“ Onthe battery, if it has an internal breaker and/or switch, make sure
that it’s closed

" See the battery manufacturer manual for proper battery startup
seguence

B. Check wiring polarity and DC voltage on each input

" Use a multimeter to check (+) and (-) voltage to confirm correct
polarity and operating voltage from the battery bank

Parallel Systems Considerations

“ AlLAC Inputs/Outputs (GRID, LOAD, GEN) and batteries must be
paralleled across all inverters.

" PV Strings are NOT paralleled across inverters.

10 50|—Ar|< Copyright © 2026 Sol-Ark LLC



12K-2P-LL Installation QuickStart

Step 9. Connect Battery Communication Cables

Connect the battery communication cable(s) to the BMS input(s) in the sensor
board area.

" Use BMS 485/CAN input.

The BMS 485/CAN portis highlighted above.

» For battery communication wiring: See the battery manufacturer's guide to
confirm methodology based on the battery module configuration.

» For closed-loop communication steps: See the Low Voltage 48V Residential
Battery Integration Guide on the Sol-Ark Knowledge Hub.

12K-2P-LL QuickStart Rev 2 | MA-00063 £ SO)|l—Ark: 11
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12K-2P-LL Installation QuickStart

Step 10. Turn the inverter ON.

Press the inverter ON button and wait for the Normal LED above the screen
to light up.

ON/OFF

" If you’re waiting more than 3 minutes, check battery voltage on terminals
to make sure it’s within operating voltage.

12 50|—Ar|< Copyright © 2026 Sol-Ark LLC



12K-2P-LL Installation QuickStart

Set Up Batteries

Step 11. Set up battery communications.

On the inverter screen, go to Settings > Battery Setup to program battery
communications.

A. Check BMS Lithium Batt 01(if applicable); note that the value will vary
from 00-09 depending on the battery

Check Activate Battery and Use Batt % or Use Batt V Charged
C. Tap OK

o

Batt Setup
Batt | Charge | Discharge | Smart Load

Batt Capacity 400Ah D Use BattV Charged
Max A Charge 220A Use Batt % Charged

Max A Discharge ‘ 220A D No Battery
TEMPCO  -omv/C/Cell |~/|BMS Lithium Batt |00
Activate Battery
‘ CANCEL ’ ‘ OK ’

" See your battery manufacturer to confirm that all battery settings are
programmed appropriately per the battery specifications.

“ Li-Batt info shows information sent by the BMS such as battery voltage,
charge/discharge current limits, temperature, etc.

» See Battery Setup screens (Step 11 Details) to confirm that all battery settings
are programmed appropriately according to the battery specifications.

g .
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12K-2P-LL Installation QuickStart

Step 12. Check battery communications.

On the Main screen, tap Li-Batt Info to confirm that communication is
established between the battery and the inverter.

Check these values to make sure they are correct:
" Voltage
" SOC

" Temperature

“ Charge/discharge current limit

System Setup 08/14/2025 03:05:27 PM Thurs.

Only with BMS Lithium Mode

- |D: #HHRREHAAAE
- COMM: #iHh#
- MCU: Ver#H#

000V  0.00A 0.0C 0% 0 Ah
0.0V 0.0V 0A 0A 0x00 0x00
Only w/ BMS Lithium Mode

1. 000V 0.00A 0.0C 00% 0.0V 0.0A ojojo
2. 000V 000A 0.0C 00% 0.ov 0.0A olojo
3. 000V 000A 00C 00% 0.ov 0.0A ojojo
4. 000V 000A 00C 00% 0.ov 0.0A ojojo
5. 000V 000A 00C 00% 0.ov 0.0A ojojo
6. 000V 000A 00C 0.0% 0.0V 0.0A ojojo
7. 000V 000A 00C 00% 0.0V 0.0A ojojo
8 000V 000A 00C 00% 0.0V 0.0A ojojo
9. 0.00V 000A 0.0C 0.0% 0.0v 0.0A ojojo
10. 0.00V  0.00A 00C 0.0% 0.0v 0.0A ojojo
11. 000V 000A 00C 0.0% 0.0V 0.0A olojo
12. 0.00Y 000A 00C 00% 0.0v 0.0A olojo
13. 0.00Y 000A 00C 00% 0.0v 0.0A olojo

4
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12K-2P-LL Installation QuickStart

Check Inverter Setup

Step 13. Check PV wiring polarity.
For each MPPT:

A. Check for correct PV wiring polarity input
E. Ensure expected open circuit voltage (Voc)
C. Turn ON PV disconnect

D. Confirm the DC LED is lit above the screen

—

S
NN
- qam 2
SRRERR. LA l{“- '."

" Make sure the external DC disconnect for PV is turned on.

“ Ifyou’re using a rapid shutdown device (RSD), see the 12K-2P-LL
Installation Manual for instructions.

» See Connecting PV Modules for more information.

12K-2P-LL QuickStart Rev 2 | MA-00063 - SO|I-Ark 15
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12K-2P-LL Installation QuickStart

Step 14. Confirm Grid AC Voltage.

A.
B.

Turn ON the Grid AC disconnect

Check grid phasing and AC voltage levels. Confirm the AC LED is lit above
the screen

. For off-grid setups with a generator, turn on the generator and follow the

same steps.

Voltage Check with Multimeter

You can use a multimeter and phase tool to validate grid levels coming into
terminals.

16

If off-grid configuration with no generator, ignore steps 15 and 16
starting on the next page.

If a generator is present, use the GRID or GEN terminal, depending on
which is being wired to, and perform the same steps.

Sol-Ark Copyright © 2026 Sol-Ark LLC



12K-2P-LL Installation QuickStart

Step 15. Check Grid Parameters.

On the inverter screen, go to Settings > Grid Param and make sure that
appropriate parameters are enabled.

Grid Param
Grid Selection |Connect| IP| F{W) | VIW)AV(Q) | B{Q)/P(F)

GldMods 38 qsmecomectrine

| UL174158 |

T Porm e

soHz /| eomz FoedQ
Q_Response 108
BRI Output V 1207240
S| 12072400 spit phase oupavs | o
| 1202080 3Phase | CANCEL | | oK |

See the 12K-2P-LL Installation Manualto make sure grid settings are correct and
changed according to AHJ requirements and applicable levels.

» See Check Grid Parameters (Step 15 Details) for more information on grid
settings.

N :
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12K-2P-LL Installation QuickStart

Step 16. Check Load AC voltage.

A. Measure AC voltage at LOAD terminals
B. Turn ON the breaker or disconnect feeding load panel

C. Check to make sure circuits on the load panel are energized

PR

. — A —

" Take phase-neutral and phase-phase measurements and make sure
voltage on LOAD terminals is present and matches grid levels, if
applicable.

“ Make sure voltage on LOAD terminals is present and matching grid levels,
if applicable.

18 Sol-FArk Copyright © 2026 Sol-Ark LLC



12K-2P-LL Installation QuickStart

Step 17. Test Island Mode.
A. Turn the grid AC disconnect to the OFF position. With batteries, the
inverter should seamlessly switch to battery backup to load output.

E. Onthe main screen of the inverter, click the battery icon to display the
detailed voltage screen.

( @ 'Solar Today=0.0 KWH Total=0.0 KWH] @

XY 100%
ﬁg ’-‘ -

Vv A XA

19.20 0.00 0.00 0.00
0 KW 0 Kw30 0 KW30 0 Kw30
_ < y

220W
60.0Hz 120V 71%

M1: OV oV 120V oW  52.94V

Ob% HM:0W  0.7A 120V 1:4.1A
M2OV  LDIOW oW oW 21.6C

Mosbgv HM:OW  0.6A '[% gw DC: 25.3C
OW  LD:OW ow 0.0Hz AC:26.0C

“ Under INV column, make sure L1 and L2 have correct voltage

" Under Batt column, make sure battery voltage is present

N .
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12K-2P-LL Installation QuickStart

Set Up Wi-Fi

Step 18. Connect the Dongle.
A. Connect the dongle into the DB-9 Wi-Fi port on the left side of the inverter.

B. Asolid red LED indicates power to the device.

20 Sol-FArk Copyright © 2026 Sol-Ark LLC



After downloading the MySolArk app in Step 2, you can now create a plant.

Open the app, scan the QR code, and fill out required fields.

Add Gateway

94

@ . @® Create Plant
AT ART Please input SN

30494 1405
Online Warning I
Please input Registration Key

Date Created :

B home

Updated a minute ago

- — .‘H Power Efficiency
|

E-Today E-Total

Configure the Wi-Fi network to the dongle using MySolArk. A green LED
will light on the dongle when the network is connected.

Wi-Fi configuration Config Device

+ Device power up

+ Network coverage

[#] check the above conditions

» For more information, see Create a Plant on MySolArk (Step 19 Details).

12K-2P-LL QuickStart Rev 2 | MA-00063 EOI—ArK



12K-2P-LL Installation QuickStart

Step 20. Check LED status of Dongle.

» If unsuccessful, try the steps in Alternate Method for Connecting to Wi-Fi
using IP _Address (Step 18 Details).

22 Sol-FArk Copyright © 2026 Sol-Ark LLC



12K-2P-LL Installation QuickStart

Step 21. Check network stability.

In MySolArk, review data to ensure the network is stable and power flow
data is showing correctly.

NOTE: MSA data is not real-time, as a data point will populate every 5
minutes. It’s recommended to compare the Sol-Ark power flow on the GUI
screen against what MSA reports for the created plant.

12K-2P-LL QuickStart Rev 2 | MA-00063 - SO|I-Ark 23



12K-2P-LL Installation QuickStart

Step 22. Check system performance.

If necessary, go through the rest of the settings to program the desired
system performance.

System Setup 08/14/2025 03:05:27 PM Thurs.

Only with BMS Lithium Mode

Information
provided by BMS
' - |D: ##HHHHRHHH
- COMM: ####

- MCU: Ver####

:

» Forinformation about the different system work modes, go to System Work
Modes (Step 22 Details)

» Forinformation about TOU settings, go to Time of Use (TOU)

» Forinformation about peak shaving, go to Advanced Setting — Grid Peak
Shaving

4
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12K-2P-LL Installation QuickStart

Software Updates

A. Onthe inverter screen, find the current software version by clicking the
gear icon and looking at the bottom right of the screen.

System Setup

- |D: H#iHHEHHHH
-COMM:

| - MCU: Ver## |

B. Find the latest software version for your inverter in either of these ways:
“ On MySolArk, go to the Equipment tab.

“ Onthe Sol-Ark website, go to the Software Updates page.

C. If the software version is different than what the website shows, scroll
down and submit an Update Request Form.

D. About 30-40 minutes after the update was scheduled, repeat Step A to
confirm the latest software version.

@w )
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12K-2P-LL Installation QuickStart

Considerations for Parallel Systems

For multiple inverters, follow the steps mm:
for each unitin the System with these Display | Time | Advanced |Factory Reset| Parallel

additional considerations: " por 2:‘“‘” o | 2:::
“ AUAC Inputs/Outputs (GRID, LOAD, | juewrscia | |meters o O Phasec
GEN) should have paralleled Meter Select Meter Select
‘NoMeter ‘ ‘NoMeter |

connection across all inverters

[ CANCEL ] [ OK

" Step 8 - PV Strings are NOT paralleled
across inverters

" Step 9 - Batteries MUST be paralleled across inverters
" In Settings, specify the Parallel Settings on the Basic Setup screen.
o For all units, select the Parallel check box
o Onthe Master unit, select Master and set Modbus serial number to 01

o On all Slave units, select Slave and set the Modbus serial number
counting up from “02, 03, 04...” etc.

o Make all settings changes at the Master inverter, except for the Parallel
tab

v
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More Information

Mounting the Sol-Ark (Step 4 Details)

Mount the inverter in the optimal orientation as shown below.

4 X X X

ﬂlgéé R —

S o1

e || U-_

» Return to Step 4. Mount inverter to surface with proper hardware.

4
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More Information

Inverter General Description (Step 5 Details)

A

i c
o U Y -
[0 o \Eﬂl e T a, e
° o 4o ML oromolcmole
OH© OH©) ol
b0 D O Gl
. oo on |°
=] ) °
o
[+] (4]
\L S
G H I J K L

Component Name Component Name

A PV DC disconnect H Input pinouts for sensors and accessories
B LCD touch screen | 3x MPPT inputs

C ON / OFF Button J (60 A) GEN terminal

D Wi-Fi / Ethernet dongle K (100 A) GRID terminal

B BMS RJ45 ports (RS485 / CAN) L (100 A) LOAD terminal

B Parallel RJ45 ports M GROUND / NEUTRAL Busbars

G Battery terminals

@lyr .
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More Information

External CT Sensors (Step 5 Details Continued)

CONN Board CT Sensor Pins

1. Determine whether CT sensors are needed for your installation:

Use if system has non-backed loads upstream
Use if Peak Shaving will be enabled

Use for multi-inverter installation

Not necessary for whole system backup

Not necessary for off-grid unless peak shaving a backup generator into
grid port

Limit Sensor Overview

A pzizzzE iz
CN1 CN2 RSD¥put
1 i o \
A aEnE e e S L e e e e [ A e LS At
|\ - ) NI N &,,) \ ,_/;‘\ | N N \..,,_)]\,7/ A N N N \. 4‘( p) ) &,

"23456 78 "2345678 BB +-

» Seethe 12K-2P-LL Installation Manual for more on the CT sensors board.
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More Information

External CT Sensors (Step 5 Details Continued)

CONN Board

A. Confirm CTs are sized appropriately for amperage of service used

B. Determine the distance from CT placement to CONN sensor board input
in case an extension is needed

C. Install CTs between meter and line side tap

D. If using a generator, install CTs between the generator and Sol-Ark
inverter AC input

E. Verify correct A and B phase from the AC power source before clamping
the CTs

F. Make sure CTs are oriented correctly, with the arrow facing away from
Meter or Generator

G. Check HM values on detailed volt screen to ensure correct power

readings
Line-Side Tap 3
'
8 E oy ) CTs
™ _—
ol EE .
= Main Panel
™~ =

| ﬁ
48V

» Seethe 12K-2P-LL Installation Manual for more information on
external CTs.
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More Information

External CT Sensors (Step 5 Details Continued)

Wiring the CT Sensor

Be sure to use the correct pin out for external CT wiring on CN1. Confirm on
the detailed voltage screen that power flow is correct by reviewing the HM
values for each phase. Positive (+) values indicate power being imported,
and negative (-) values indicate power being exported.

A. Connect CT1 of line L1 to pins 3 (white) & 4 (black) of the pin board (CN1).
B. Connect CT2 of line L2 to pins 5 (white) & 6 (black) of the pin board (CN1).
C. Keep the wires twisted (white-black) throughout the connection.
D

. If the wires need to be extended, use a CAT 6 (shielded) cable to make an
extension.

4
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More Information

External CT Sensors (Step 5 Details Continued)

Generator Dry Contact

If applicable, use pins 1 and 2 on CN2 for generator auto-start:

“ Dry contact relay that is Normally Open (NO)

" Closes based on the Grid/Gen start battery SOC/V setpoint being
triggered in battery settings

" Optional battery setting Gen Force is recommended to test the
generator’s 2-wire start functionality

“ Do NOT induce power through these pins or non-warranty damage may
occur.

Emergency Stop

A. Rapid shutdown compliance requires using pins B+ and B- to initiate the
emergency stop of the system when

activated. Inverter pinouts,
“ Anopen circuit that closes when the —te2 3 4 56 7 8
push button is activated
[EEEEES
" Causes loss of voltage on LOAD
output, loss of 12 Vpc on pins 7 and 8,
and PV voltage .
B. Optional 12 Vpc supply energize rapid Tramsmitter
shutdown transmitters using pins +

7 and 8 l Emergency
Stop Button

" 100m A limit for sensor pins, so must
verify specifications of transmitter current

" If>100m Ais required, then energize the transmitter of a circuit on
LOAD output (may require 120 Vac to 12 Vpc power supply)
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More Information

Connection Requirements (Step 6 Details)

AC/DC Connection Requirements

All wire runs should be sized to be at or below a 2.5% voltage drop at full load.
Equipment wire sizing must comply with the NEC or local electrical code.

Terminal Rating Terminal Wire Size Range (min-max)

GRID 100AAC 2-1AWG
LOAD 100AAC 2-1AWG
GEN 60A AC 4-1AWG
MPPT 60A ISC 10 AWG
Battery 300ADC 2/0-4/0 AWG

Sensors and Communications Requirements

Component Wire Size Range  Max Distance

0'-10'[3 m]: 23 AWG included
10'-150' [50 m]: CAT6 extendable
0'-100'[30 m]: 24 AWG
100'-400'[120 m]: 23 AWG

RJ45 Parallel 0'-7'[2.1 m]: Included

Communication CAT SE or better 7'-20'[6m]: Extendable

CT Sensor 18-23 AWG

Communications 24 -23 AWG

()

*1in

5/8in
_ vy [24.5mm] [16 mm]
v 1/4in
I_ﬁ [6.35 mm]
4/0 AWG max 1 AWG max 10 AWG max 10 AWG max
Batteries AC Conductors PV conductors Sensors
i
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More Information

Connection Requirements (Step 6 Details Continued)

Fastener Torque Table

NOTE: Do not use impact drivers to tighten any fasteners on the inverter.

Description Torque [in-lb] Torque [Nm]
Battery terminals 46 in-lb 5.2Nm

GEN terminal 26.5in-lb 3Nm

LOAD terminal 26.5in-lb 3Nm

GRID terminal 26.5in-lb 3Nm
Ground/Neutral Busbars 2g.5in-lb 3Nm

» Return to Step 7. Integrate batteries with Inverter.
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More Information

Battery Communications (Step 9 Details)

The Limitless 12K inverter can establish closed-loop battery communication
through an RJ-45 port labeled BMS 485/CAN. Communication with the

battery BMS will depend on the wiring of the battery bank and the wiring to
the Sol-Ark inverter.

» For more information, see the Sol-Ark Low Voltage Battery Integration Guide

4
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More Information

Turn Inverter On (Step 10 Details)

Power-ON Sequence

A. Turn ON the battery and external battery switch (if applicable)

B. Press the inverter power button and wait for the normal LED to light
C. Turn ON the PV Disconnect and wait for the DC LED to light
D.

Turn ON the external grid AC Disconnect or breaker feeding GRID input
and wait for the AC LED to light

Turn ON the external load AC Disconnect or breaker feeding backup load
panel

m

Power-OFF Sequence

A. Turn OFF the external load AC Disconnect or breaker feeding backup load
panel

Turn OFF the external grid AC Disconnect or breaker feeding GRID input
. Turn OFF the PV Disconnect
Press the inverter power button and wait for the normal LED to turn OFF

Turn OFF the Sol-Ark Battery Breaker and external battery switch (if
applicable)

moow

N .
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More Information

Battery Setup screens (Step 11 Details)

Batt | Charge | Discharge | Smart Load Batt | Charge | Discharge | Smart Load | Wind Turbine

Batt C. ity 400Ah harged FloatV 55.9V
att Capaci \— DUse Batt V Charge StartV [49.0v 490V AbsorptionV
MoAcharge {220 |/ Wse S chaed | fuen 0 coovi P

MaxADischarge 2204 | NoBattery A [10A 220A EqualizationV | 55.9V
Py BMS Lithium Batt |00
TEMPCO -OmV/C/Cell ithium Ba | Joncrome [ Jcnachace 30 Days | | 1.0hours
Activate Battery Generator Excercise Cycle Day &Times> Mon‘.OS | :00 ‘ |4 min ‘

e * lcenforce | 1440min S | canceL
Batt Setup Batt Setup
Batt Discharge | Smart Load | WindTurbine Batt | Charge | Discharge | Smart Load | WindTurbine

Shutdown - 20% i o 8mOhms D Use gen input as load output D For AC Coupled input to Gen
LowBatt [475V  [[35% | e (99.0% [ onGridatayson HohF (62000 |
Restart  [53.0V | Smart Load OFF Batt
BattEmptyV 47.0V | [ BMs_Emr_stop ﬁu [ accoumieon srase
[sov ]
Solar Power (W)
[ CANCEL ] | oK l ow | [ CANCEL ] [ oK ]
Batt

Batt Capacity: Specifies the capacity of the battery bank in Amp Hour (Ah).
“ Batteries in series — Voltage adds up (V).

“ Batteries in parallel — Capacity adds up (Ah).

Max A Charge: Sets the maximum charge current (A) rate to the batteries
when charged from solar power — 220A max allowed.

Max A Discharge: Sets the maximum discharge current (A) rate from the
batteries — 220A max allowed.
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More Information

Battery Setup (Step 11 Details Continued)

TEMPCO: Temperature coefficient used in conjunction with the battery
temperature sensor to adjust optimal voltages for lead-acid batteries.
NOTE: Lithium batteries do not require a TEMPCO setting (-0 m/V/C/Cell).
Use Batt V Charged: Displays battery charge in terms of voltage.

Use Batt % Charged: Displays battery charge in terms of %. The inverter

uses algorithms measuring power in and out to estimate a true value for
state-of-charge %. It compensates for aging batteries.

No Battery: This option MUST be selected if there is no battery. A power
cycle sequence is REQUIRED when selecting this option.

BMS Lithium Batt: Allows closed-loop communication with the tested
batteries included in Sol-Ark’s Battery Integration Guide. See
www.sol-ark.com/battery-partners for complete list of compatible batteries.

Activate Battery: This option MUST be selected if the system has batteries,
especially Lithium batteries.

Charge
Float V: Lower steady voltage at which the battery is maintained after being

fully charged. Set according to manufacturer specs.

Absorption V: Constant voltage used to charge the battery.
“ Absorption will stop at 98% of the capacity of the battery bank and then
drop to the Float setpoint.

" Example: A 400Ah battery will stop charge reaching 392Ah.
Equalization V: Voltage that the system uses to generate a calculated
overcharge, utilizing a higher voltage or equal to the absorption to remove
the generation of sulfates in batteries. Used to balance internal cells.

NOTE: Most Lithium batteries do not need to equalize.
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More Information

Battery Setup (Step 11 Details Continued)

Days: The period between equalization cycles.
Hours: The period taken to equalize batteries.

NOTE: If Hours is set to 0 hours, the system will not equalize batteries.
Gen Charge: Uses the GEN AC source to charge the battery bank.

“ Start V: Voltage at which the system will auto-start and allow a generator
or AC source to charge the battery.

“ Start %: SOC at which the system will auto-start and allow a generator or
AC source to charge the battery.

“ A: Maximum rate of charge to the batteries (per terminal) from the
generator or AC source (DC amps). Set value according to the generator
size.

Grid Charge: There are two scenarios in which this option is used:

® Grid connected to GRID input: The inverter will limit the charge rate to
the setvalue in “A” and the battery will charge to 100% SOC.

“ Generator connected to GRID input: It will be necessary to select

M GEN connect to Grid input. The system will use Start V, Start%, and
A conditions to charge the battery and stop charging at 95% SOC.
Adjustable upper limit if Time of Use is enabled.

Gen Exercise Cycle (Day & Time): Set a weekly generator exercise
schedule. (Day of the week/time/duration length).

Gen Force: Test function for generator auto-start. Enable and press OK to
close normally open relay (pins 1, 2 on CN2) and force the generator on.
Disable and press OK to disengage. The generator will not provide power
during this test if grid power is available.

NOTE: The gen must be in automatic mode if applicable and must have a two-wire
start (dry-contact, normally open) connected to the Sol-Ark. To disable the Gen
exercise, adjust the time duration to 0 min.
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More Information

Battery Setup (Step 11 Details Continued)

Discharge

Shutdown: Battery voltage or % at which the inverter will shut down to
protect the battery from an over discharge situation (battery symbol on the
home screen will turn red).

Low Batt: Low battery voltage or % (battery symbol on the home screen will
turn yellow). Stopping point for TOU.

Restart: Battery voltage or % at which AC output will resume after previously
reaching shutdown.

Batt Resistance: Internal resistance of mOhms from the battery bank. Used
in % SOC batt calculations.

Batt Charge Efficiency: Value provided by battery manufacturer. Used in
% SOC batt calculations.

Batt Empty V: Sets the empty voltage and associates this voltage to 0%
SOC. This value determines the lowest % SOC limit.

BMS_Err_Stop: Enables system stop when there is a loss of battery
communications.

IMPORTANT: Continuous GEN input/output of 60A. DO NOT EXCEED.

N .
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More Information

Battery Setup (Step 11 Details Continued)

Smart Load

A. This mode uses the GEN input as a load output that delivers power when
the battery exceeds a user programmable threshold or when the Sol-Ark
is connected to the grid.

B. When M Use gen input as load output is enabled, the GEN input turns
into an output to power high-power loads such as a water heater,
irrigation pump, AC unit, pool pump, or any other load.

C. When M On Grid always on is enabled, the GEN terminal will always

output power as long as the grid is connected, regardless of battery
charge.

" Smart Load OFF Batt: Battery voltage or % at which the GEN terminal
will stop outputting power.

® Smart Load ON Batt: Battery voltage or % at which the GEN terminal
will start outputting power.

" Solar Power (W): Amount of PV production needed before GEN
terminal starts outputting power.

v
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More Information

Battery Setup (Step 11 Details Continued)

AC Coupling Settings - (for AC Coupled Input)
A. Grid-tied systems with AC coupled solar arrays must have the M Grid
Sell check box enabled. Be sure you are allowed to sell back to the grid.

B. To use the GEN terminal as an AC coupling input for micro inverters or
string inverters, enable the check box M For AC Coupled Input to Gen.

C. In off-grid systems, the Sol-Ark will use frequency shifting to control the
AC coupled solution based on the battery SOC. The meaning of Smart
Load OFF Batt and Smart Load ON Batt will change in this mode.

“ Smart Load OFF Batt: The % SOC at which the AC coupled inverters
turn OFF. 90% recommended.

“ Smart Load ON Batt: The % SOC at which the AC coupled inverters
turn ON. 80% recommended.

» Return to Step 11. Set up battery communications.

N .
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More Information

Connecting PV Modules (Step 12 Details)

NOTE: The Sol-Ark 12K-2P-LL has 3 independent MPPTs that support up to 2 PV
strings each. MPPTs can handle a maximum VOC of 500V and an ISC of 60A but will
self-limit and operate at 32A max.

A. Max Usable PV Power = 19.2 kW (+ 5%) | Max input power per MPPT = 6.4 kW
| Max recommended input voltage per MPPT = 425 VOC | Max input current
per MPPT = 32A (self-limiting).

B. Design for an input current of 32A per MPPT. The inverter will self-limit
beyond 32A. If ISC exceeds 60A, damage will occur.

C. PV Source Circuit max voltage of 500 Vpc; damage can occur with PV
strings whose open-circuit voltage exceeds 500 Vpc

NOTE: Strings in parallel on the same MPPT must have the same designed open-
circuit voltage (Voc); the system will be limited to the lowest string voltage.

“ PV1 A/B must have the same Voc.

“ If the solar panels are oriented in different directions and connected in
the same MPPT, there will be a loss in PV efficiency.

NOTE: According to NEC Art 690.43, exposed non-current-carrying metal parts of
PV module frames, electrical equipment, and conductor enclosures of PV systems
shall be connected to an equipment grounding conductor. All grounding conductors
and grounding electrodes should be installed according to NEC Art 690.47 or as
required by the AHJ.

D. For ground-mounted arrays, Sol-Ark recommends installing an auxiliary
grounding electrode placed near the array to ensure optimal earth-to-
ground resistance of the grounding system. This auxiliary electrode would
need to follow the requirements of NEC Art 250.54.

v
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More Information

Connecting PV Modules (Step 12 Details Continued)

A. Connect the solar panel strings using either of the following
configurations:

“Y” connection Individual strings
y String PV1A y ~ StringPV1A
Connector Connector
String PV1B L

» Return to Step 13. Check PV wiring polarity.
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More Information

Check Grid Parameters (Step 15 Details)

Grid Param Grid Param
Grid Selection | Connect | IP| F(W) | V(W)/V(Q) | P(Q)/P(F) Grid Selection |Connect| IP| F(W) | VIW)/V(Q) | P(Q)/P(F)

Grid Mode 3
W i Grid Reconnect Time Reconnect Normal connect
UL174158 Grid Vol High 142,00 GridVolHigh [ 1aaov |
[ woms  JI o] [ o]
Grid Frequency Grid Vol Low 102.0V Grid Vol Low 100.0V
i
50Hz 60Hz Grid Hz High Grid Hz High 61.5Hz
Q_Response 108 Grid Hz Low 57.7Hz Grid Hz Low 57.5Hz
D Single Phase
Output V' 120/208V Reconnect Ramp rate Normal Ramp rate
D 120/240V Split Phase

[ cancer | |

CANCEL l [

Grid Param
Grid selection | Connect| IP| F(W) | V(W)/V(Q) | P(Q)/P(F)

OK l

@ 120/208V 3 Phase

Grid Param
Grid selection | Connect| IP| F(W) | V(W)/V(Q) | P(Q)/P(F)

oKk |

OverVoltage U>(10 min. running mean) Over frequency Droop F 40%P/Hz |:|
(%) [ Startfreq F | 50.20Hz Stop freq F | 51.50Hz FW)
2| 1aa0v | —-[asos || [He2[ e150Hz |--[ owss | Startdelay | 0.00s Stopdelay | 0.00s
Hvi| 1aaov | —-[asos || |WF1[ e150Hz || o.8s |
wi| woov |--[250s || [iF1[ s7s0rz |--| ooss | Under frequency Droop F> | 40%PE/Hz
wa[ woov |--[2s0s || [ir2[ s7somz |-~ aoss | StartfreqF> | 49.80Hz | Stop freqF>| 49.80Hz
w3 LF3 Startdelay F>| 0.00s | Stopdelay F> 0.00s

L

Grid Param
Grid selection | Connect| IP| F(W) | V(W)/V(Q) | P(Q)/P(F)
|:| V(W) D ViQ

CANCEL

Grid Param
Grid selection | Connect| IP| F(W) | V(W)/V(Q) | P(Q)/P(F)
|:| PQ) D FF)

[viosow | [ proose ||| visaow | | aiamm | [ Prosss | [ auowm || |[ viesse | | Frooo |
[varioow | [ pa2ow || |[ vasron | [ oczo% | [raessn | [ ozow || |[ vasessw | [ rzooe0 |
[varriom | [ pzams || [[ vaosow | [ osown | [ passsw | [ amow || |[ vassswe | [ Faoooo |
[vatizon | [ pa2ow || |[ varosow | | asasn | [paessw | [ amow || |[ vasssw | | Fa0o00 |

canceL canceL

Grid Selection

Grid Mode: Tap and use navigation arrows to cycle through different grid
modes:

General Standard: Applies general grid interconnection standards. Enables
grid frequency and voltage adjustments. (Useful for off-grid applications with
backup generators).

UL1741 & IEEE1547: Applies UL 1741 and IEEE 1547 grid interconnection
requirements and standards.

:Sol-Ark
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More Information

Check Grid Parameters (Step 15 Details Continued)

SRD-UL-1741: Applies UL 1741SB grid interconnection requirements and
standards.

Grid Frequency: Frequency of the AC sine wave.

Grid Reconnect Time: The amount of time in seconds the inverter will wait
before reconnecting to the grid.

Fixed PF: Allows for power factor correction, +0.8t0 1.0

Fixed Q: Allows for power factor correction based on desired reactive power
percentage.

Grid Level: Tap and use navigation arrows to cycle through different nominal
grid voltage levels.

NOTE: Grid level must be selected according to nominal grid voltage.

These are the most common Grid levels:

“ LN:120 VAC LL:240 VAC
“ LN:120 Vac LL:208 Vac

@w )
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More Information

Check Grid Parameters (Step 15 Details Continued)

Connect

Reconnect: Parameters used to determine an allowable range of frequency
and voltages to dictate a reconnection to the grid after initial grid loss.
Frequency and voltages must be within these margins during Grid
Reconnect Time to allow grid reconnection.

NOTE: Parameters will be set automatically based on selected grid mode
compliance, unless General Standard is selected.

Normal connect: Parameters used to determine an allowable range of
frequency and voltages to retain connection to the grid following a reconnect
and normal operation.

NOTE: Parameters will be set automatically based on selected grid mode
compliance, unless General Standard is selected.

“ Reconnect Ramp Rate: Reconnection power ramp time in seconds.

" Normal Ramp Rate: Startup power ramp time in seconds.

IP

HV1/HV2/HV3: Overvoltage protection point.

LV1/LV2/LV3: Undervoltage protection point.

HF1/HF2/HF3: Over frequency protection point.

LF1/LF2/LF3: Under frequency protection point.

F(W)

F(W): Enables the use of Frequency-Watt. The Sol-Ark regulates its power

output to the grid as a function of the frequency to support grid stabilization
during over and under-frequency conditions.

v
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More Information

Check Grid Parameters (Step 15 Details Continued)
Droop F: Percentage of inverter’s nominal power increase / decrease per

Hertz (Hz).

Start freq F: Frequency at which the inverter will start decreasing active
power by the programmed Droop F percentage.

Stop freq F: Frequency at which the inverter will stop decreasing active
power by the programmed Droop F percentage.

V(W) /V(Q)

V(W): Enables the use of Volt-Watt. The Sol-Ark regulates active power
output to the grid as a function of voltage to support stabilization during over
and under-voltage conditions.

V(Q): Enables the use of Volt-VAr. The Sol-Ark regulates reactive power
output to the grid as a function of the voltage to support stabilization during
over and under-voltage conditions.

V, P & Q: Percentage of nominal grid voltage (V) to which the Sol-Ark will

reduce its active power (P) or reactive power (Q).

P(Q) / P(F)

P(Q): Enables the use of Watt-VAr to regulate reactive power output
according to programable active power parameters.

P(F): Enables PF regulation according to programmable active power
parameters.

NOTE: Follow electrical grid code before changing grid settings.

» Return to Step 15. Check Grid Parameters.
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More Information

Test Island Mode (Step 17 Details)

The graphic shows the detailed voltage screen when performing island test.

ow ow ow ow

60.0Hz 120V

M1: 0V
0.0A
ow

M2: 0V
0.0A
ow

M3: 0V
0.0A
ow

oV 120V ow
HM: OW 0.7A 120V
LD: OW ow ow

HM: oW 0.6A L1: 0W
L2: OW
LD: OW ow 0.0Hz

220W
71%
52.94V
:4.1A
21.6C

DC:25.3C
AC: 26.0C

Details screen

» Return to Step 17. Test Island Mode.
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You can configure a Wi-Fi network through an IP address.

1. On a Smartphone or Computer, connect to the EAP-
##### network. Go to: Settings > Wi-Fi > EAP-#####
network.

2. Typein the password, which depends on the product
you received:

If you see “KEY” printed on the dongle, the 16-digit
password is printed there

If there is no “KEY” printed on the dongle, the password is
12345678

The EAP-##### network contains the last 5 digits of the Dongle serial
number. You can find this number on the label.

3. Amessage such as “Connected without internet” appears when the
device is connected to the EAP-#####.

E4AOQ #### #iHH#

EAP-70162

SolArk

EJH + Wi-Fi Stick o

BIN: EESE-D200-00 It Ly

S/N: EAAQ #### #### TN
A

KEY: #### #i### #i #H#H E PRk =

TP-LINK_735€

DIRECT-1d-HP M477 LaserJ..

DIRECT-76-HP M477 Laser)

EAP-40006

Locating the Dongle Network Name
NOTE: The Wi-Fi dongle does NOT provide internet access. It needs an external

internet provider to connect to. The dongle is compatible with Wi-Fi signal
broadcasted at 2.4 GHz (it is not compatible with 5 GHz networks).
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More Information

Alternate Method for Connecting to Wi-Fi using IP Address
(Step 18 Details Continued)

4. Afteryou’re connected, open an internet browser on the same device,
such as Safari, Chrome, Firefox, Edge, or any other browser.

5. Onthe address bar (http://......... ), type the IP address: 10.10.10.1 as
shown in the figure below. If you cannot access the configuration page, try
again on a different device.

6. Scroll down to the "Wlan Connection" section and tap the Scan button to
scan for local Wi-Fi networks.

7. Nearby Wi-Fi networks will appear. Select the local network you want to
connectto, input your credentials, and tap Connect.

8. Once connected, a “Connection Successful” message will appear. Tap
the Save button next to Scan to save settings.

9. Wait about 5 minutes. The dongle will connect to the Wi-Fi network and
will then have access to MySolArk.

NOTE: DO NOT connect to the EAP-##### network as that is the Wi-Fi dongle itself.
The device does not provide internet access.

Serlal Number: £47011970018
Register Key:  WSMQCERXVXLRYHHS
Hardware AEW2-0001-02
Version:
Software A4710119826R
Version
...... y
PE———— ]
Connection  Connect Fall Example 1 :
e Example 2 *
e ——— =] Example 3 ?
SIS Example 4 =
Cnoose File: file chosen <
I _ | Example 5 *
‘ Example 6 =
| ——_ = _____]
Wian Connection Wi v | Example 7 <
WI-Fi SSID: wifi_test | Example 8 *
Connection  Connect Fail Example 9 =
a. Internet Browser IP Address b. Wi-Fi Network Scan

» Return to Step 18. Connect the Dongle.

v
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1. Download and install the MySolArk app for Android or Apple
smartphones. QR codes are provided below.

Google Play Store MySolArk Apple App Store

2. Create a MySolArk account and log in.

Signup E-mail & Verification Code
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More Information

Create a Plant on MySolArk (Step 19 Details Continued)

1. Create the Plant.
For Installers:

A. Create the plant and configure the system before sharing it with the
owner.

B. After creating and configuring the plant, the installer can share and grant
manager permissions to the owner by navigating to My Plants > ... >
Share > Add Account.

The homeowner must create their own MySolArk account first.

Create Plant Scan QR Code or Plant Information Configure Network
Type Manually

DISTRIBUTION NETWORK

» Return to Step 19. Create the plant.
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More Information

System Work Modes (Step 22 Details)

To access different work modes, go to System Setup - Limiter tab (3).

System Setup 08/14/2025 03:05:27 PM Thurs.

(M

Information
by the BMS
(3, 4) _" - ID: ettt
! -COMM: ##H#
- MCU: Ver##HHt

Limiter Param
Limiter| Other
Time |Power(W) Batt | ar
BGrid Sell| 12000
01:00AM|| 2000 || 50%
1

||D Limited Power to Home || 05:00AM|| 2000 || 50%
1 09:00AM|| 2000 || 100%

|| Limited Power to Load 01:00PM|| 2000 || 100%
| 05:00PM|| 2000 || 50%
D Time of Use

09:00PM|| 2000 || 50%

(o]
=7
Q

OO e

| | [

cAnceL| | ok |

Grid sell mode
Allows excess produced PV to back-feed GRID input to the utility

" Will not export power with loss of grid
" Will not export if inverter detects generator

" Maximum amount of power is determined by programmed wattage

@_w )
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More Information

System Work Modes (Step 22 Details Continued)

Limited Power to Home

Allows inverter to track total backup and non-backed up loads using
external CTs

" If grid sellis NOT enabled with LPH, inverter will back-feed GRID input
with excess PV to zero non-backed loads

“ If grid sellis enabled with LPH, inverter will back-feed all excess PV
through GRID input and system will correct report export amount

Limited Power to Load

Allows inverter to track backup load power from only the LOAD terminals

" If grid sellis NOT enabled with LPL, inverter will limit PV to cover only
backup loads

" If grid sellis enabled with LPL, inverter will back-feed GRID input with
excess PV to the grid sell power amount

v
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More Information

System Work Modes (Step 22 Details Continued)

Time of Use (TOU)

The main purpose of TOU mode is for batteries to assist with load demand.
Found in the Limiter tab, Time of Use mode is used in conjunction with
Limited Power to Home or Limited Power to Load and optionally Grid Sell

if excess PV power is allowed to backfeed the grid. The main purpose of TOU
mode is for batteries to assist with load demand.

TOU mode has six different time slots over a 24-hour period to control the
batteries charge/discharge behavior during operation:

Power(W) column is the max amount of power batteries will send.

" Corresponding Sell box will force the continuous amount of power from
batteries

“ Corresponding Charge box will allow that amount of power to charge
batteries from grid/generator (grid or gen charge)

Batt (%/V) column is the upper/lower limit for batteries to discharge/charge.

“ With NO Charge or Sell box enabled, the batteries will discharge to cover
loads down to this %/V

" When Charge is enabled, batteries will charge to the programmed %/V if
below that value

" When Sell is enabled, batteries will discharge down to the programmed
%/V
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More Information

System Work Modes (Step 22 Details Continued)

Advanced Setting — Grid Peak Shaving

Allows system to limit the amount of power imported through the GRID
input. The batteries will be used as the primary source to keep peak shaving
value from being exceeded.

“ Can be used for a generator wired in GRID input to avoid overload
scenarios

" Forces TOU settings to be enabled, so must program time slots
accordingly

" lt’srecommended to use external CTs with this feature and enable
Limited to Home on the Limiter tab

Display | Time |Advanced |Factory Reset| Parallel

ARC parameters
D Solar Arc Fault ON Clear Arc_Fault 030000
045000
000800
D Gen peak-shaving 000050
000530
045000
000100

238094
D Grid peak-shaving | 8000W

D Auto detect Home Limit Sensors CT ratio | 2000
CANCEL ] ‘ oK ] UPSTime

Return to Step 22. Check system performance.

v
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