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Congratulations, on your purchase of
U.S. Battery Mfg. Co,, Lithium-lon batteries.

We are the manufacturer of the world’s most trusted deep-cycle
batteries. The batteries you purchased are designed by U.S. Bat-
tery to deliver superior energy, performance, durability, and reliabili-
ty for use in a broad range of demanding applications.

This Lithium-lon User’s Guide is created by US Battery Mfg. Co.’s
technical staff and contains essential information regarding prop-
er installation, charging, storing, and handling of your batteries.
Please completely read and understand this Guide. It will help you
understand safe practices and ways to maximize the longevity of
lithium-ion batteries.

If you have any questions or concerns contact us:
1-800-695-0945 (M-F 7 AM - 4PM PST)

REV. 3_24
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BEFORE YOU START

The following Safety and Equipment sections are provided to ensure
safe and successful battery installation and maintenance.

11 SAFETY

Batteries can deliver an enormous amount of power that can result in injury and/or
death, observing the following precautions is the difference between successful battery
maintenance/installation and a night in the emergency room:

Wear safety glasses and rubber gloves when working with batteries.
Use insulated tools with rubber or plastic handles.

Keep ignition sources and combustible material away from batteries.
Remove all metal jewelry or other objects when working with batteries.
Never place objects on top of batteries. A short circuit can occur.

Make sure all electrical connections are tight (see 4.1) and free of damage
Only use the built-in handles to move/install batteries.

Review the Safety Data Sheet prior to handling/storage of batteries

Risk of fire, explosion, and/or burns. ABC type fire extinguishers should be

f WARNING! Do not disassemble, heat above 140°F, or incinerate batteries!
kept near batteries in case of fire. Refer to SDS for more information.

WARNING! Replacing lead-acid batteries with lithium-ion batteries results

A in a reduction in weight that can impact vehicle/machine dynamics.
Counterweights may be required to reduce rollover risk. Consult the
machine manufacturer or an installation professional.

1.2 EQUIPMENT NEEDED

The following equipment is recommended to safely maintain/install your batteries:

Personal Protective Equipment
Insulated Wrench

Voltmeter

Torque Wrench

CAN bus Communication Cables
Lithium-lon Battery Compatible Charger

4 US.Battery Mfg. Co.



1.3 SAFETY DATA SHEETS (MSDS)

U.S. Battery has safety data sheets available for all product lines:

Lithium-lon Safety Data Sheet

REGISTER YOUR ESSENTIAL Li' PRODUCT(S)

Click Here To Register

ESSENTIAL

24\ & 48V Lithium-ion User Manual 5


https://www.usbattery.com/wp-content/uploads/2023/08/US-Battery-SDS-Lithium-Ion-Battery-081123.pdf
https://www.usbattery.com/warranty/#Li-registration

2 BATTERY SPECIFICATIONS

OVERVIEW

TABLE 1

US 48V GC2

US 24V GC2

US 48V 105

Description Specifications

Current

Cell Configuration 16S1P 8S1P 16S1P
Cell Type LFP Prismatic LFP Prismatic LFP Prismatic
Nominal Capacity* 30Ah 67Ah 105Ah
Nominal Voltage of Pack 51.2V 25.6V 51.2V
Rated Energy of Pack 1.5kWh 1.7kWh 5.38kWh
Maximum Charge Voltage of Pack 58.4V 29.2V 58.4V
Discharge Cut-off Voltage of Pack 40V or 2.5V/cell 20V or 2.5V/cell 40V or 2.5V/cell
Recommended Charging Current 15A (C/2) 30A 52.5A
Recommended Discharge Current 15A (C/2) 30A 52.5A
?:/Ijlﬁigr]]ltjm Continuous Charging 30A* (1C) 67A* (1C) 105A*
Maximum Continuous Discharge 90A* (3C) 100A* (1.5C) 150A*

Operating Charge 0-50°C/32-122°F 0-50°C/32-122°F 0-50°C/32-122°F
Temperature Discharge -10-60°C/-14-140°F | -10-60°C/-14-140°F |-10-60°C/-14-140°F
Operating Humidity <90%RH <90%RH <90%RH
Storage Temperature 10-35°C / 50-95°F 10-35°C / 50-95°F 10-35°C / 50-95°F
Storage Humidity 25-85%RH 25-85%RH 25-85%RH
Enclosure Material ABS + PC ABS + PC SECC Steel

Dimensions LXWxH (mm)

10.24” (260) x 7.09”
(180) x 11.04” (280)

10.24” (260) x 7.09”
(180) x 11.04” (280)

17.44” (443) x 12.60”
(320) x 10.32” (262)

Weight 14.6 kg/ 32.2 Ibs. 14.6 kg / 32.2 Ibs. 42 kg/ 92.6 Ibs.

Communication System CANBus CANBus CANBus

Ingress Protection Rating P67 P67 P67

UL2580 (cell), UL2271(UL2580 (cell), UL2271

Safety Certifications (cell (cell UL2580 (cell)
(battery) (battery)

Shipping Classification UN38.3 Class 9 UN38.3 Class 9 UN38.3 Class 9

Terminals Threaded Insert Threaded Insert Threaded Insert
(M8x1.25) (M8x1.25) (M8x1.25)

*REPEATED OPERATION AT OR NEAR MAXIMUM CONTINUOUS CHARGE OR DISCHARGE CURRENT WILL RESULT
IN HIGH TEMPERATURES AND REDUCED BATTERY LIFE

6 U.S.Battery Mfg. Co.



DIAGRAM 1. GC2 MODELS

A

Li

1ien| US 48V GC

“ | [51.2 V 30AH 153Kk

T[Tl

DO NOT OPEN e -
WARRANTY VOID IF OPENED

N MO VPETATE IO O SNOCR

A. Negative Terminal (M8 insert)

B. Aluminum Heat Sink

C. Battery Status Indicator LEDs
(SOC)

D. Lift Handle

E. Button LED

F. Wake/Status Button

G. Positive Terminal (M8 insert)
H. In/Out CANbus Ports

[. Lift Handle

J. Pressure relief valve

24\ & 48V Lithium-ion User Manual 7



DIAGRAM 2: 48V 105 MODEL

A B

Side View

Side View:

A. Negative Terminal (M8 insert)
B. In/Out CANbus Ports

C. Positive Terminal (M8 insert)
D. Remote Switch

Top View:

E. Battery Status Indicator LEDs
(SOC)

F. Button LED

G. Wake/Status Button

H. Lift Handles

8 U.S.Battery Mfg. Co.




3 BATTERY OPERATION

DIAGRAM 3

The Essential Lithium-lon 24V & 48V

batteries are equiped with an integrated button
and LEDs to assist with turning battery on/off,
SOC determination, fault/error handling, and
status reference. Below is a description of the
various button and LED functions.

Button LED

3.1 TURNING ON

To turn on battery, press and hold the button for 5 seconds. LEDs should light up indi-
cating the SOC of the battery. Voltage should be present at the terminals and the But-
ton LED should flash green every 5 seconds. Note that if multiple batteries are con-
nected in parallel, turn-ing on one battery will turn on all batteries in a string

3.2 TURNING OFF

To turn off, tap once and then tap and hold the button for at least 6 seconds. LEDs 2
and 3 will light up then 2 and 4 will light up indicating you can release the button to
power off. After releasing the button - The Button LED will briefly flash ON/OFF with
alternating current (red/Green). Once voltage is no longer be present at the terminals
and the Button LED should no longer be flashing. Note that if multiple batteries are
connected in parallel, with CAN cables installed, turning off one battery will turn off all
batteries.

3.3 ACTIVE MODE AND SOC DISPLAY

When the battery is on and there are no faults/errors, the battery is in “Active” mode.
This mode is identified by the green Button LED flashing every 5 seconds. In this
mode, the battery is ready to be used and voltage is present at the terminals. When a
current is being drawn from the battery the Button Led will flash rapidly based on the
current being drawn. While in “Active” mode, you can tap the button once to reveal
state of charge as indicated in “Table 2”. Note that this will state will display for 5
seconds:

24V & 48V Lithium-ion User Manual 9




TABLE 2

SOC LED1 LED2 | LED3 | LED4 | LEDS5

1%~9% Flash
10%~20% On
21%~45% On On
46%~70% On On On
71%~95% On On On On
96%~100%| On On On On On

3.4 DISPLAY WHILE CHARGING

TABLE 3

SOC LED1 LED2 LED3 LED4 LED5S
1%~20% Pulse

21%~40% On Pulse

41%~60% On On Pulse

61%~80% On On On Pulse

81%~99% On On On On Pulse
100% All off, button LED is solid green

NOTE: BATTERIES CAN BE CHARGED WHILE IN “ACTIVE"” MODE.
WHEN CHARGING THIS WAY THE LEDs WILL BEHAVE AS INDICATED IN “TABLE 3".

3.5 FAULT DISPLAY

When faults are active, the Button LED will flash red every 5 seconds. To determine the
specific fault(s) that is active tap the button once. The Button LED will stay solid red for
5 seconds and the LEDs will indicate the specific fault.

If multiple faults are active, tap the button to cycle through the faults. Once all faults
have been displayed, the SOC will be displayed, which is indicated by the Button LED
changing from red to green.

10 U.S.Battery Mfg. Co.



TABLE 4

Fault LED1 | LED2 | LED3 | LED4 | LED5S
Under Voltage On
Charge Over Current On
Discharge Over Current | On On
Short Circuit On
Charge Over Temp. On On
Charge Under Temp. On On On
Discharge Over Temp. On
Discharge Under Temp. | On On

3.5 FAULT TROUBLESHOOTING

UNDER VOLTAGE

Battery has been overdischarged. The batteries need to be charged immediately. If
the batteries are in a motive application, wait approximately 15 minutes to allow the
voltage to increase. If the fault is no longer active, turn on the vehicle and drive imme-
diately to the charging station. Fully recharge the battery pack.

OVER CHARGE CURRENT
Charge current is greater than the maximum allowed. Verify charger is designed for
Lithium lon and that the algorithm is also set for Lithium lon.

OVER DISCHARGE CURRENT OVER DISCHARGE CURRENT

Discharge load is greater than the maximum allowed. Verify that the battery pack is
sufficiently sized for the application. Installing an additional battery in parallel may be
required in order to decrease the discharge load across each battery below the maxi-
mum allowed.

SHORT CIRCUIT

Stop operation immediately. Short circuit protection is activated when when the dis-
charge current exceeds the short circuit limit in Table 6. This is a dangerous scenario
and should be handled with extreme caution. Verify that all connections are secure
and free of obstructions. Verify that batteries are clean of all debris. If fault occurs
again, have a professional evaluate the electrical system.

24V & 48V Lithium-ion User Manual 11



CHARGE OVER TEMP

Battery internal temperature has surpassed the maximum. The battery must be al-
lowed to cool. The wait time is dependent on the ambient temperature and battery
box design. Battery cables can come loose and cause a significant rise in tempera-
ture. Check that all battery cables are secure. If multiple batteries are in parallel,
make sure that there is at least a 1 inch gap surrounding the battery.

CHARGE UNDER TEMP

Battery Internal temperature has surpassed the minimum. Battery temperature must
be allowed to increase before usage. Do not heat the battery using external devices
such as heat guns, ovens, etc. To prevent future “under Temp” errors store the
batteries or vehicle inside a temperature controlled environment.

DISCHARGE OVER TEMP

Battery internal temperature has surpassed the maximum. The battery must be al-
lowed to cool. The wait time is dependent on the ambient temperature and battery
box design. Battery cables can come loose and cause a significant rise in tempera-
ture. Check that all battery cables are secure. If multiple batteries are in parallel,
make sure that there is at least a 1 inch gap surrounding the battery.

DISCHARGE UNDER TEMP

Battery Internal temperature has surpassed the minimum. Battery temperature must
be allowed to increase before usage. Do not heat the battery using external devices
such as heat guns, ovens, etc. To prevent future “under Temp” errors store the batter-
ies or vehicle inside a temperature controlled environment.

4 INSTALLATION

4.1 CABLE SIZE AND BOLT/NUT SPECIFICATION

Cable Size with Max Ampacity Table

Cable size has a direct influence on the voltage drop across the system. The following
are guidelines. A trained professional should verify that your system is correctly sized
and installed. Cables must be sized according to the expected load using “Table 5”.

12 U.S.Battery Mfg. Co.



TABLE 5

Table values are from NEC table 321.15(B)16 Cable/Wire Gauge Size | Ampacity

for copper cables rated at 167°F (75°C), op-

erating at an ambient temperature of no more (AG) (AS)
than 86°F (30°C). Lengths in excess of 6 feet 12 o5
(1829mm) may require heavier gauge wire to 10 20
avoid unacceptable voltage drop. In series/ 3 65
parallel banks, it is preferable for all series 6 95
cables to be the same length, and all parallel 4 125
cables to be the same length. Refer to the 2 170
national Electrical Code for correct wire sizing 1 195
which can be located at http://www.nfpa.org/. 10 230

2/0 265
4.2 TERMINAL PROTECTION 4/0 360
AND INSTALLATION

During installation and handling, ensure that terminals are covered with supplied ter-
minal protectors and only remove when ready to attach cables. It is recommended that
cables be installed while the battery is turned off. See “3 Battery Operation” for instruc-
tions on turning batteries on/off.

4.3 BATTERY ORIENTATION

Lithium-lon batteries can be oriented in any direction except upside down.

4.4 PARALLEL BATTERY CONNECTIONS

Lithium-lon batteries should never be installed in series connection. Only parallel
connections are recommended. You can increase the capacity by creating a parallel
connection as shown in “Diagram 3”.

Never install multiple batteries in parallel without first checking the SOC. The best way
to ensure batteries are matched is by fully charging each battery prior to installation in
parallel. Another way would be to ensure voltages are within 0.5V of one another prior
to installation. Always install the batteries in the “Off” state by following

“3 Battery Operation”.

24V & 48V Lithium-ion User Manual 13


http://www.nfpa.org/

DIAGRAM 4

PARALLEL CONNECTION

To increase capacity without
increasing voltage

Two US 48VGC2, rated at
30AH each connected in
parallel

Nominal System Voltage:
51.2Vv
System Capacity: 60AH

a|dwex]

PARALLEL CONNECTION

To increase capacity without
increasing voltage

Two US 48V105, rated at
105AH each connected in
parallel

Nominal System Voltage:
51.2V
System Capacity: 210AH

a|dwex3

* Do not connect more than two US 48V105 batteries in parallel

' When using multiple batteries in parallel, it is extremely

important that batteries are at the same state of charge (SOC)
B when installed.

4.5 ACCESSORIES

Never connect accessories directly to the batteries (except for the U.S. Battery compat-
ible remote display). 12V accessories should use a DC-DC power converter that is tied
into the key switch of the vehicle. Accessories should be installed in a way that they do
not drain the batteries while not in use. Please consult your U.S. Battery dealer when
installing accessories on vehicles using lithium-ion batteries.

14 U.S.Battery Mfg. Co.



4.6 BATTERY ENVIRONMENT

J Ventilation

Lithium-lon batteries do not need ventilation during charging. In rare and adverse
scenarios, a lithium-ion battery may vent momentarily to release pressure from a cell
release. If this occurs, please discontinue use (charging or discharging) of the battery
and contact U.S. Battery technical support.

J Environment

Batteries should always be installed or stored in a clean, cool, and dry place. Keep
water, oil, and dirt away from the batteries. If these materials are allowed to accumu-
late on the batteries, current leakage can occur resulting in self-discharge and possible
short-circuits. For the same reason, relative humidity should be kept below 90%.

e  Temperature

The recommended operating temperature range for US Battery lithium-ion batteries is
listed in “Table 1" on page 6. Temperature plays a major role in battery usage. Hot
batteries will deliver more capacity, but with diminished cycle life. Cold batteries deliver
less capacity and are harder to charge. Temperature variations between cells can also
have a negative effect on battery capacity and life. Temperature impact on performance
is demonstrated below:

CHART 1

Performance of Lithium Battery Pack @0.5C Discharge

55.0

== Temp.= 50°C
54.0 = Temp.= 25C

m— Temp.= -5C
52.0
|V

51.0

50.0

49.0

48.0

Pack Voltage (V)

47.0

46.0

45.0

440

43.0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 10%

Capacity (%)
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5 ELECTRICAL
SPECIFICATIONS

5.1 DISCHARGE SPECIFICATION

Lithium-lon batteries have a relatively “flat” discharge curve when compared to lead-ac-
id batteries. In other words, the voltage stays level for most of the discharge until the
very end. Therefore, estimating the state of charge (SOC) using voltage is unreliable.
Many electric vehicles designed for lead-acid batteries have SOC displays that rely

on voltage and as such these displays will no longer be accurate when used with lithi-
um-ion batteries. The only way to determine SOC is by viewing the LEDs on the
battery or with the U.S. Battery Remote SOC Display.

CHART 2

Performance of Lithium Battery Pack @25°C

55.0

54.0
53.0
T —

52.0 — e —

51.0

50.0 ]

S a0 E—

(0]

o

8 480

(o]

S

> a0

(3]

O

o 460
45.0
44.0

43.0

42.0 === 1.0C Discharge

=== (.5C Discharge

41.0
=== (.2C Discharge

40.0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110%

Capacity (%)

16 U.S.Battery Mfg. Co.



5.2 BMS PROTECTION CRITERIA

The battery management system is designed to disconnect the battery cells from the
terminals to protect the battery from damage in adverse conditions. Note that

this may cause vehicles to lose power, resulting in loss of control. Do not operate
batteries outside of the specifications listed below. Below is a list of the conditions
under which the BMS will disconnect:

TABLE 6
US 48V GC2 US 24V GC2 US 48V 105

Charge Over Voltage Protection (Cell) 3.65V

Charge Over Voltage Protection Release

(Ce”)g 9 3.40 V

Charge Over Voltage Protection (Pack) 576V 28.8V 57.6V
Discharge Over Voltage Protection (Cell) 250V

Discharge Over Voltage Protection 290V

Release (Cell)

Charging Over Current Protection

35A for 5 Sec

35A for 5 Sec

105A for 5 Sec.

Discharge Over Current Protection 1

105A for 30 Sec

105A for 30 Sec

160A for 120 Sec.

Discharge Over Current Protection 2

150A for 20 Sec

150A for 20 Sec

200A for 60 Sec.

Discharge Over Current Protection 3

175A for 10 Sec

175A for 10 Sec

250A for 30 Sec.

Discharge Over Current Protection 4

200A for 5 Sec

200A for 5 Sec

300A for 10 Sec.

Discharge Over Current Protection 5

440A for 30 mS.

440A for 30 mS.

500A for 30 mS.

Short Circuit Current Protection

560A ~Instant

560A ~Instant

1000A ~Instant

Charge Over Temp

> 131°F (65°C)
(Release: 122°F
(50°C)

> 131°F (65°C)
(Release: 122°F
(50°C)

> 149°F (65°C)
(Release: 140°F
(60°C)

Charge Under Temp

< 32°F (0°C) (Release: 41°F (5°C)

Discharge Over Temp

> 140°F (60°C)
(Release: 131°F

> 140°F (60°C)
(Release: 131°F

> 149°F (65°C)
(Release: 140°F

(55°C) (55°C) (60°C)
Discharge Under Temp > -22°F (-30°C) (Release: -13°F (-25°C)
Overcurrent Release Time (Charging) 30 Sec
Over Current Protection 1-4 Release
T . . 30 Sec
ime (Discharging)
30 Sec

Over Current Protection 5 and Short
Circuit \Release Time (Discharging)

*4 consecutive conditions will lock battery and require

button press to release

24V & 48V Lithium-ion User Manual 17
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6.1 BEFORE CHARGING

Proper charging is critical to maximize battery performance and life. Both under- and
over-charging batteries can significantly reduce the life of the battery and cause a safe-
ty hazard. For proper charging, refer to the instructions that came with your equipment.
Most chargers are automatic and pre-programmed. Some chargers allow the user to
set the voltage and current values.

6.2 CHARGING PROFILES

When charging lithium-ion batteries, it is important to select the correct charge pro-
file/setting to ensure safety and performance. Using incorrect charging profiles or
methodologies can reduce performance and life and may result in battery fault
conditions. When in doubt, contact U.S. Battery.

Lithium-ion batteries most commonly are charged using a two-stage profile often called
IU or CC-CV profiles. The two stages consist of a constant current (CC) charge step
(charge current is fixed while voltage rises) followed by constant voltage (CV) charge
step (voltage is held constant while current falls).

Below are the charging setpoints compatible with the 24 volt and 48 volt lithium
batteries:

-Max Output Current (CC) of 0.5C of pack capacity in Amps
o For example, a 60Ah pack has a recommended current
is 30 Amps or less

-Max Voltage (CV) at 3.45 - 3.55 volts per cell
o For example, a 48V application (16 cells) should be
charged at 55.2 - 56.8 Volts. For 24V application (8
cells), voltage range of 27.6 - 28.4 Volts

18 U.S.Battery Mfg. Co.



Below is a generic lithium iron phosphate cell charging curve:

CHART 3
4 0.6 =
X
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Voltage Current

U.S. Battery has worked with major charger manufacturers to develop more advanced
charging profiles to enhance performance and life of the batteries. When possible, se-
lect the U.S. Battery lithium-ion charge profiles available from the charger manufactur-
er. The following is an example of these profiles:

U.S. Battery’s Recommended Charge Profile (multi-stage)
3.80
—V -100%DOD

3.70 —V - 35%DOD

3.60
__ 350
2
g)l /
8 340 - =
=
8 330

3.20

310

3.00

5% 15% 25% 35% 45% 55% 65% 75% 85% 95% 105%

State of Charge (%)
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6.3 CELL BALANCING

Lithium-lon battery packs contain multiple cells in series and/or parallel arrangements.
Due to inherent variations in cell manufacturing processes, no two cells are identical.
As a result, during charging and discharging, cells become “unbalanced” meaning they
are not at equivalent states of charge. If not properly managed, this can cause prema-
ture failure of the battery pack. To address this the battery management system (BMS)
“‘balances” cells by discharging the cells that are at a higher state of charge. This
brings these cells in closer alignment with other cells in the pack.

For this to occur properly, it is very important proper charging procedures are followed.
Cell balancing occurs at the end of charge and as a result this is the most critical
charging period.

6.4 CHARGING FAQS

The following is a list of common questions and concerns regarding system setup,
battery charging procedures. Please refer to these as general guidelines. For further
assistance with your specific system setup, please contact your Installer.

CAN | USE MY EXISTING LEAD-ACID CHARGER?

» This answer depends on the specific charger as some chargers contain multiple
settings. If the charger can be re-programmed or the settings can be changed
to accommodate “lithium iron phosphate” cells, then yes. However, lead-acid
charging profiles or settings are not compatible. Contact the charger manufacturer
or authorized U.S. Battery distributor for information on how to determine if your
charger can be re-programmed.

HOW LONG DOES A CHARGE CYCLE TAKE?

« There are several factors that impact charge time: charger output power (wattage),
number of parallel batteries in pack, and state of charge of pack when charging
starts. But as a general idea, a 20A charger can charge a 48V 60Ah battery pack-
from 0 to 100% in about 3.5 hours.

20 U.S.Battery Mfg. Co.



CAN | OPPORTUNITY CHARGE?

Yes, this is a great feature of lithium-ion batteries. They can be charged during a
break in usage and can quickly regain capacity. A good example would be plug-
ging in for an hour while on lunch to get extra runtime. While this does not harm
the batteries, it is important that full charge cycles are completed periodically for
cell balancing as mentioned in “6.3 Cell Balancing”.

DO THE BATTERIES GAS OR NEED VENTILATION?

 Lithium-ion batteries under normal operating conditions do not “gas”. The only ven-
tilation required would be for cooling the batteries if charging in high temperature
climates.

WHAT TEMPERATURES CAN | SAFELY CHARGE AT?

» The charging temperature range of the cells is 0-55°C (32 -131°F)

CAN YOU “EQUALIZE"” LITHIUM-ION BATTERIES?

* No, equalization charging is specific to lead-acid batteries and may result in battery
fault conditions.

_\\

CAN (Controller Area DIAGRAM 4
Network) is a com-
munication interface
that allows multiple
batteries and related
components (chargers,
motor controllers, re-
mote displays, etc.)

to communicate on a
single bus. Batteries
communicate details
like state of charge,
battery faults, voltage,
etc. Each 24V & 48V
battery is supplied with
a CAN jumper cable
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that should be installed between parallel batteries to allow for communication. This
jumper should connect from the “OUT” CAN port of one battery to the “IN” CAN port of
the next battery. The last battery in the string should also use a CAN termination plug
in the final “OUT” CAN port for applications not using a remote display. See “Diagram
4”. For more detailed CAN information please contact U.S. Battery technical support.

8 RECOMMENDED
BATTERY PACK SIZES

Below are recommended GC2 pack sizes for 48-volt standard golf cars, LSVs, utility
vehicles, and heavy-duty small electric vehicles. These recommendations are based
on generalized vehicle applications and serve only as a rough guide for users. Vehi-
cles with upgraded motor controllers, multiple passengers, heavy payloads, towing
setups, or any customization that would impact power requirements should consult
their U.S. Battery distributor for pack sizing.

TABLE 7

RECOMMENDED BATTERY PACK SIZES

Vehicle Usage Frequency

Normal High
: Two 48V batteries, Three 48V
Typical Golf Car 60Ah batteries, 90Ah
High Performance Golf Car | Three 48V batteries, | Four 48V batteries,
or Low Speed Vehicle (LSV) 90Ah 120Ah

Utility, Heavy Duty, or

Offroad Vehicles

Four 48V batteries,
120Ah

Five 48V batteries,
150Ah
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For long term storage (more than a month) batteries should be stored, fully charged,
and turned off. You can turn the batteries off by following the directions in “3 Battery
operation”. This will ensure low self-discharge rate and allow storage of up to one year.

Batteries will automatically enter a “sleep” mode after 72 hours of inactivity. Once sleep
mode is entered, a button press is required to “wake” the batteries. This can be done
on the U.S. Battery Remote SOC Display.

Beware of and isolate any electronics that may consume power even with the key
switch off such as DC-DC converters, stereos, lights etc.

_\\

When shipping lithium-ion batteries, it is important to comply with all applicable inter-
national, federal, state, and local laws. The following information is a basic overview.
Below is a link to the U.S. Department of Transportation website for more in-depth
information on transporting lithium batteries:

https://www.phmsa.dot.gov/lithiumbatteries

10.1 REGULATORY INFORMATION

« UN ID Number: UN3480

» Proper Shipping Name: “Lithium ion batteries®

» Hazard Class Label: Class 9 Miscellaneous

» Air shipments require “Cargo Aircraft Only” label (§ 172.448) *

« DOT Hazmat Employee Training — All employees involved in the shipment, including
preparation for shipment are subject to the hazmat employee training requirements
of § 172.704.

» Hazardous Materials Shipping Paper — Shippers must prepare and offer a hazard-
ous materials shipping paper prepared in accordance with subpart C of part 172 of
the HMR (§§ 172.200-205).

« Emergency Response Information and Emergency Response Telephone Num-
ber — Shippers must provide the appropriate emergency response information and
emergency response telephone number per subpart G of part 172 of the HMR (§§
172.600-606).
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« *Damaged lithium ion batteries are forbidden from air transport. Shipments are for-
bidden to be transported as cargo on passenger aircraft (column 9 of the HMT - §
172.101). When shipping by air, batteries must be at 30% SOC or below.

10.2 PACKAGING

Batteries are provided with packaging that meets UN38.3 requirements. A Class 9 lith-
ium battery label is required on outside packaging. When possible, ship batteries with

the provided original packaging. From the U.S. DOT’s Lithium Battery Guide for
Shippers:

DIAGRAM 5
PACKAGING AND HAZARD COMMUNICATION DIAGRAM
The inner packaging must completely Protection against short circuiting/terminal
enclose the cells or batteries in the L ‘ protection is an important aspect of

package. The inner packaging may also packaging. Any method is acceptable,
be used to meet protection against short w provided this important performance
circuiting/terminal protection requirements. requirement is met.

See § 173.185(b)(3)(i).

CARGO AIRCRAFT ONLY Label § 172.448

(if being shipped for air transport) Class 9 Lithium Battery Label
§ 172.447
Consignor (shipper) or
Consignee (recipient)
Name and Address - ™~ 6%%88/080/1 o/
§ 172.301

Sample UN Specification Package Marking

For UN Specification packaging, always
follow the packaging manufacturer’s
packaging and closure instructions

UN ID Number and
Proper Shipping Name -
§ 172.301

Authorized Specification Outer Packaging Types*:

Boxes: Metal (4A, 4B, 4N), wooden (4C1, 4C2, 4D, 4F), fiberboard (4G), or solid plastic (4H1, 4H2)
Drums: Metal (1A2, 1B2, 1N2), plywood (1D), fiber (1G), or plastic (1H2)

Jerricans: Metal (3A2, 3B2) or plastic (3H2)
See § 173.185(b)(3)(ii).

*Must be rated to the Packing Group |l Performance Level
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11 ADDITIONAL
INFORMATION

11.1 TERMINOLOGY

THE FOLLOWING TERMS AND ABBREVIATIONS ARE USED IN THIS
DOCUMENT AS WELL AS THE BATTERY INDUSTRY:

AMP — Amperes, measure of current

Ah — Ampere-Hours, a measure of battery capacity

BMS - Battery Management System, electronics inside of battery
designed to monitor, control, and report status of battery pack

CCA - Cold Cranking Amps, a measure of a battery’s starting
capability

DC - Deep Cycle, a type of battery used for cycling

DOD - Depth of Discharge, the amount a battery is discharged in % of
capacity

OCYV - Open Circuit Voltage, voltage of resting battery

SOC - State Of Charge, percentage of capacity remaining

T — Temperature

V — Volt, a measure of electromotive force

VPC — Volts per Cell, number of volts for each cell

11.2 CHARGER OPTIMIZATION/DIAGNOSIS

Improper charging is one of the most common reasons for reduced operating time and
overall poor performance of golf cars and other types of electric vehicles that use lith-

ium-ion batteries. While many golf car operators blame the batteries, the problem can

also result from a poorly performing charging system. Keep in mind that battery char-

gers have various settings that can significantly alter the functionality of the charger. It
is important to ensure that the settings match the recommendations listed in section 6
of this manual otherwise battery faults can occur.

Most charger manufacturers provide programmable chargers with selectable charge
algorithms designed for each battery manufacturer’s products. Using the battery manu-
facturer’s recommended charging procedure will optimize battery performance and life
of your battery pack. Several cycles of charging and discharging with the new charger
may be required to return the battery pack to peak performance.

IT IS VERY IMPORTANT THAT CHARGERS BE PROGRAMMED FOR LITHIUM
A IRON PHOSPHATE CHEMISTRY. A
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11.3 DISCHARGE TESTING

. Start with a fully charged battery

. Ensure that all charging sources and loads are disconnected from the battery.

. Connect and start the discharger at the desired discharge rate.

. Record the runtime when the discharger is finished.

. The runtime must be corrected for temperature since the ratings that will be used

for comparison were determined at 80F. Temperatures above and below 80F will
affect the overall runtime.

. Temperature Compensation

. If the corrected discharge time is greater than 70% of the rated capacity at that

rate then the pack is still usable.

11.4 C-RATES

C-rate is a measure of the rate at which a battery is charged or discharged relative to
its capacity. For example, a 1C discharge or charge rate on a 100 Ampere hour battery
would be a 100 Amps. For the same battery a 0.5C rate would be 50 Amps.

Unlike lead-acid batteries, lithium-ion battery capacity does not significantly depend
upon discharge rate or “C-rate”. With lead-acid batteries, the higher the current draw,
the lower the available capacity. With lithium-ion batteries, the capacity (Ah) is constant
across multiple discharge rates.

CHART 5
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11.5 PRODUCT SPECIFICATION SHEETS

48 VOLT GC2 48 VOLT 105

US 48V GC2 US 24V GC2 US 48V 105

oooooooooooooooooooooooooooooooooooooooooooo

11.6 DATE CODES

Each battery contains a barcode label on the side of the plastic enclosure. This infor-
mation is needed for warranty and product registration purposes.

11.7 WARRANTY

U.S. Battery offers a limited liability, 8 year warranty for Essential Lithium-lon Batteries.
Please visit this link to review the warranty specifics:

Essential Li® Warranty Statement

REGISTER YOUR ESSENTIAL Li' PRODUCT(S)

Click Here To Register

11.8 BATTERY DEALERS NEAR YOU

US Battery authorized distributors and dealers are found throughout the United States
and around the world. Visit our distributor locator page to find one near you:

e United States and Canada

e The World
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https://www.usbattery.com/wp-content/uploads/2023/07/US_48V_GC2_7_23.pdf
https://www.usbattery.com/wp-content/uploads/2023/07/US_24V_GC2_7_23.pdf
https://www.usbattery.com/wp-content/uploads/2023/11/US_48V_105_11_23.2.pdf
https://www.usbattery.com/wp-content/uploads/2023/10/USBattery_Lithium_Warranty_10.4.23.pdf
https://www.usbatterydealers.com/
https://www.usbattery.com/world-dealers/
https://www.usbattery.com/warranty/#Li-registration

12 BATTERY
RECYCLING

Lithium-ion batteries should NOT go in household garbage or recycling bins. Addition-
ally, they should NOT be combined with lead-acid batteries destined for recycling. Lith-
ium batteries entering a lead-acid recycling facility can be catastrophic causing signifi-
cant damage and injuries.

Lithium-ion batteries SHOULD be taken to separate recycling or household hazardous
waste collection points.

Two resources recommended by the EPA for locating recycling locations near you:

https://search.earth911.com/?what=Lithium-ion+Batteries

https://www.call2recycle.org/locator/
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Data references within this publication are nominal and should not be considered or
construed as maximum or minimum values for specifications or for final design. Data for
these product types and models may vary from what is shown in this publication, and
U.S. Battery Mfg,, Co. makes No warranties, expressed or implied based on the data within
this publication.

© 2024 U.S Battery Mfg. Co. All rights reserved. U.S. Battery Mfg.Co. is not liable for
direct, indirect, special, exemplary, incidental or consequential doamages that may re-
sult from any information provided in or omitted from this manual, under any circum-
stances. U.S. Battery Mfg. Co. reserves the right to make adjustments to this manual
at any time, without notice or obligation

1675 Sampson Ave. | 1895 Tobacco Road | 717 North Belair Rd.
Corona, CA 92879 | Augusta, GA 30906 Evans, GA 30809
(800) 695-0945 (800) 522-0945 (706) 868-0533
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