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LS ULTRACAPACITOR

Fields of Application

Recuperation :
of braking & Amusement ride
Energy/Power

boost
Forklift Harvester Elevator EV/FCEV
- » , =
&N s D =)
- sl
Emergency UPS Actuator Emergency Ilght Car Jump starter Aircraft Windmill
Power ] i
Data syste Drillship
- H
Peak assist & : =
Medical Generator
Board net
stabilization
Motorbike
Short-term P WPy r—
Storage Solar LED tile Buoy Solar
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LS ULTRACAPACITOR
m Transportation Energy Others Emergency Power Peak assist Short-term ES

AGV(Automated Guided Vehicle) %

<System Example> <Power System> C-type & Lug type Cell

Detection System Rttt :
(Sensors) : DC/DC Converter : + LSUC 2.7V C-type 3000F
I
| Ultracapacitor [l - LSUC 2.8V Lug type 350F & 600F
' i
I I

Communication
Module

Main Controller

£ 4 Charge Controller Part. No Capacitance| Vgp,.q  ESR(DC)
I (R ey —~eypp——— =
1 | Power System Motor Driver T - 4‘- —— LSUC 002R8L 0350F | 350F 28V | 3.2mQ
I | (Batt round
 LBattery) ), 9 pree T ‘ LSUC 002R8L 0600F | 600F 28V | 32mQ
. Charging System | LSUC 002R7C 3000F 3000F 27V 10.23mQ
L J
Benefit of AGV powered by UC
Customer needs
* Productivity improvement by eliminating Module i
* Reduce battery replacements
! yrep ‘ . battery replacement * LSUM 380V 2F
- Reduce Man/hour input & time loss ) ) « LSUM 48V 166F
* Fast charging (seconds ~ minutes) . . .
caused by battery replacement. ' ' . - Customized Configuration
* Regenerative Braking (Energy Saving)

« Eliminate back-up AGV and continuous

. * Long life (without Maintenance Expense) .
operation Part. No Capacitance| Vg,..q | ESR(DC)
- Long life cycle(over 500k ~ 1M cycles
* Save battery costs ‘ 9 y_ ( ycles) LSUM 0380R8L 002F 2F 380.8V | 650mQ
* Wide operation temp. range (-40~65°C) LSUM 048R6C 0166F 166F 486V | 5mQ

* Environmentally Friendly

Technology Richardson C 800.348.5580 ® rellpower.com
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Transportation Energy Others Emergency Power Peak assist Short-term ES
Hybrid RTG(Rubber Tyred Gantry) Crane

<Example of System Diagram> Benefit of Hybrid RTG Crane

* Regenerative energy recovery and storage (for peak load demand)
« — Fuel Saving and Emission Reduction

« Stabilizing voltage fluctuation

* Reducing load onto the grid (minimize voltage drop)

iatics * Low Maintenance costs

« Fast charging, tolerance of huge currents (charging & discharging)
* Environmentally friendly

Diesel
Engine

Motor Hoist
Recommended Cell & Module I '
\V[iia Trolley « LSUC 2.7V 3000F/2.85V 3400F
Part. No Capacitance | Vpg,..q | ESR(DC) Dimension
LSUC 002R7C 3000F 3000F 2.7V 0.23mQ | ®60*L138mm

Motor Ea

LSUC 002R85C 3400F 3400F 2.85V 0.23mQ | ®60*L138mm

:

—Gantry
« LSUM 129.6V 62F

- System Configuration based customers’ needs

Part. No Capacitance| Vgaied ESR(DC) Dimension
LSUM 129R6C 0062F 62F 129.6V 13.2mQ |720*405*226mm

Technology Richardson

2 (. 800.348.5580 @ rellpower.com
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Industrial Transportation

Excavator

Energy Others

Hybrid Excavator System

<Outline of Hybrid System>

* Recover energy when
turning slows down

Swing motor to

turn the upper
structure

<Example of System Diagram>

Diesel Generator
Engine /Motor

Inverter

Ultracapacitor

Inverter

Ultracapacitor

Hydraulic
circuit

Inverter

Generator _ .
motor * Meeting low-carbon regulations

LS ULTRACAPACITOR

Emergency Power Peak assist Short-term ES

Features and Recommended UC Example

Benefit of Hybrid System

* Electric power . e
assistance * Reduce load onto engine by utilizing

during er)gine regenerative energy (30% fuel costs saving)
acceleration )
* Peak power assist

* Reduce CO, Emission

Recommended Cell & Module

» LSUC 2.7V C-type 3000F
» LSUC 2.85V C-type 3400F

Part. No Capacitance| Vp,.q | ESR(DC)
LSUC 002R7C 3000F 3000F 27V | 0.23mQ
LSUC 002R85C 3400F  3400F 2.85V | 0.23mQ

Boom
Cylinder

« LSUM 129.6V 62F
- System Configuration based on

customers’ needs

Bucket
Cylinder

Part. No Capacitance | Vg,q | ESR(DC)
LSUM 129R6C 0062F 62F 129.6V | 13.2mQ

Technology

Partner

Richardson
Electronic
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LS ULTRACAPACITOR

m Transportation Energy Others Emergency Power Peak assist Short-term ES
Conventional Elevator UC Regeneration System Elevator Recommend UC Example
<System Example> <System Example> Lug type Cell
—_—— — T — §
ain - Ll pectifier : Main L1 poctifier Braking I+ LSUC 2.8V 320F & 350F
Source ! = H Source J resistor 1
! Braking | ] ! .
I resistor i i DC/DC : Part. No Capacitance| Vgp,.q | ESR(DC)
i Inverter ' i Converter i LSUC 002R8L 0320F 320F 28V | 2mQ
H T E ! I LSUC 002R8L 0350F 350F 28V | 3.2mQ
------------------------- 1 1
1 1
wotor D L 5| Module
« LSUM 168V 5F
- Customized configuration
Customer needs Benefit of Regen Elevator
- Improve energy efficiency  Improve energy efficiency Part. No Cap::ntan Vi ESR(DC)
- Braking Resistor (waste)— regenerating - utilize the feature of huge currents operation T<UM 168ROL 0005 F 168V 200
energy — Improve Efficiency - Reduce peak loading
- eliminate over-heating caused by braking - Emergency power back up or emergency « LSUM 48V 166F ® .
resistor lighting
« Safety concerns (power off/shut down) Part. No Capacitance | Vg,ieq ESR(DC)
- Emergency power back up LSUM 048R6C 0166F DC 166F 48.6V | 5mQ
LSUM 048R6C 0166F YJ 166F 48.6V | 5mQ

Technology Elichards_on C 800.348.5580 ® rellpower.com

630.208.2200 rellpower@rell.com
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LS ULTRACAPACITOR
Industrial Transportation Energy Others Emergency Power Peak assist Short-term ES

Hybrid Bus E_E

Customer needs
* Environmentally friendly vehicle
- Low emission, low carbon, and fuel efficiency
eI Inverter - To cover a segment that is not fit for EV (electric vehicle)
(Charger) . . . .
| | - long charging hours and charging stations required

Engine Poyver Gear box Motor - Low maintenance costs
_Splitter J
Benefit of UC powered Hybrid bus

WG * Low emission, low carbon, and fuel efficiency
» Low ESR and fast charring (seconds to minutes)
* Long life cycles (one million cycles)

— Maintenance free 5
Ultracapacitor Wide operation temperature (-40°C~65°C) I &?’L‘
Ny, ,'7.

Ultracapacitor

Converter

<Series Parallel Hybrid>

Engine Generator [~ fg::g:ﬁ; Inverter Cell & Module
| « LSUC 2.7V C-type 3000F / LSUC 2.85V C-type 3400F
Motor « LSUM 129.6V 62F / LSUM 48V 166F
» Customization (400~750V )
Wheel Part. No Capacitance| Vg.ieq ESR(DC) Dimension
LSUC 002R7C 3000F 3000F 27V | 023mQ | ®60*L138mm
<Series Hybrid> LSUM 129R6C 0062F 62F 1296V | 13.2mQ | 720*405*226mm

( 800.348.5580 @ rellpower.com
630.208.2200 rellpower@rell.com

Richardson
El i

Technology
Partner



www.rellpower.com
mailto:rellpower@rell.com

LS ULTRACAPACITOR
Industrial Transportation Energy Others Emergency Power Peak assist Short-term ES

Tram S

Electric Tram System Recommended UC Example

Catenary Customer needs

* Energy saving and emission cutting
* No Catenary for aesthetic and safety concerns
* High power and energy density, fast charging

DC/DC

Transformer
Converter

Ultracapacitor

Auxiliary * Long life cycles

equipment
| |

1 Benefit of UC Tram
O Motor O O * No Catenary life is needed

* Regenerative braking is possible (energy efficiency)

— Inverter Rectifier

<Electric Tram System Example> ' _ _
* Reduce loading onto the city grid

Catenary operation Catenary free operation * Long life expectancy and maintenance free
* Extreme tolerance of the environment (-40°C~65°C
y, ; r - 9-\ ( )
atenary free
00 OO 00 00
Cell & Module
BI’?_.k_in_g__ Accelaration « LSUC 2.7V C-type 3000F / LSUC 2.85V C-type 3400F
: Ultracapacitor : Ultracapacitor « LSUM 129.6V 62F / LSUM 48V 166F
: \; v « Customer design (400~750V )
Motor Au?(iliaryt Motor Au?(iliaryt Part. No Capacitance| Vpg,ieq ESR(DC) Dimension
‘equipment equipmen LSUC 002R7C 3000F |  3000F 27V | 023mQ | ®60*L138mm
<Catenary (free) operation> LSUM 129R6C 0062F 62F 129.6V 13.2mQ | 720*405*226mm

Technology e 800.348.5580 rellpower.com
& Electroni (4 @
Lutlls 630.208.2200 rellpower@rell.com
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LS ULTRACAPACITOR

Industrial

Subway S5

Transportation

Energy

Others

Peak assist Short-term ES

Heat Dissipation

Power Supply

Resistor Chopper Inverter Energy storage
Braking Braking Braking Power
Eenrgy Energy Energy Suppl
—— —— —

Chopper Inverter Bi-directional Converter
g i —_-—
Back to Grid— ESS(Battery, UC)

Power Supply

* Energy Loss

* Power regeneration

» Power generation &
consumption have to occur
at the same time

» Regenerative energy for the
vehicle

« Stored energy for just in
time power supply

Regenerative System for Subway Recommended UC Example

Customer needs
* Energy Efficiency
* Reduce heat dissipation

Benefit of Regeneration System

* Energy Saving

* Energy Efficiency

- System Stability

- Prevent Voltage Drop, Reduce peak loading

Cell & Module
« LSUC 2.7V C-type 3000F

el

1 o

Bi-directional
Converter

Electrical Current FIOW | | B b oo e e e [

Regenerative Braking

<Energy storage>

Speeding up

 LSUC 2.85V C-type 3400F

» LSUM 48V 166F

» Customizaion (600V~ 1500V

1=

Part. No Capacitance| Vg,..q | ESR(DC)
LSUC 002R7C 3000F 3000F 27V 10.23mQ
LSUM 048R6C 0166F 166F 48.6V | 5mQ

Technology Eichards_on

troni

Partner

( 800.348.5580

®

rellpower.com

630.208.2200
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LS ULTRACAPACITOR

Fields of Application

I T S

L

Recuperation

of braking & AGV Amusement ride
Energy/Power -
boost
Forklift Harvester Elevator H-Truck EV/FCEV
Emergency UPS Actuator Emergency light Jump starter Aircraft Windmill
Power
Data system Drillship Robot
- H
Peak assist & : =
Medical Generator Start-stop
Board net

Motorbike DMU
Short-term . O
Energy -

Storage Solar LED tile Buoy

Technology Richardson 800.348.5580 rellpower.com

Partner Electronics 630.208.2200 rellpower@rell.com
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LS ULTRACAPACITOR
m Transportation Energy Others Regeneration [INEIGIENTGA LIV Peak assist  Short-term ES

UPS =l
Lead-acid Battery UPS UC UPS Recommend UC Example

<System Example> <System Example> C-type & Snap-in type Cell
T ————— -
> > : i ® > °
=1 1 =5 . - B
il Utility H £ 2l Utility T3 LSUC 2.7V C-type 3000F
= £l Disconnect 15 9 i E; Disconnect £ 9 * LSUC 2.8V snap-in type 100F & 120F
! & a
1
i Coupling i Coupling Part. No Capacitance| Vg,..q | ESR(DC)
i Transformer Transformer LSUC 002R8S 0100F | 100F 2.8V | 9mQ
i Load acid H | LSUC 002R8S 0120F 120F 2.8V IMQ
i | ~€ad ad Inverter J i Inverter LSUC 002R7C 3000F | 3000F 27V_[0.23mQ
H Battery ! capacitor
= :
e o o o o o e e e e
Customer needs Benefit of UC UPS Module
« Short time backup * Fight sag/swell/dip * LSUM 513V 166F '
, * Instant response (m.s.)/bridging source - Customized Configuration
* Against voltage sag . . ,
_ . * High power density / compact size
« Instant response for power disruption « 10 years plus life cycle Part. No Capacitance | Vg, q | ESR(DC)
* Long life cycle and high reliability « Tolerance of the environment LSUM 051R3C 0166F 166F 513V 5mQ

* Maintenance free — suitable for highly power-sensitive
manufacturing

Technology Richardson (. 800.348.5580 @ rellpower.com
Electronics 630.208.2200 rellpower@rell.com

Partner
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Industrial Energy Others Regeneration JRENTIGENGALAVIEM Peak assist  Short-term ES
Jump Starter a

Battery Jump Starter UC Jump Starter Recommended UC Example

<System Example> <System Example> Lug type cell ”

"""""""""""""""" « 3V 380F~480F

Lead-acid Battery

Ultracapacitor

1
: :
1
i or Lithium Battery ! 12V system | 480F Sseries remark
] - i - Peak power 3 kw X Recharge time :
i Control unit i Control unit Voltage (Vmax) 15V 7.2V ~ Vmax,
|}

- charge at 50A
Recharge Time about 15 sec [y Weight : UC

Weight about 0.5 kg package only

Vehicle Battery
(12Vv/24V)

Vehicle Battery
(12v/24V)

Customer Needs Benefit of Ultracapacitor Jump Starter Cylindrical type cell
« Shortened life time of battery due to « Long life (over 500k ~ 1M cycles) & « 2.7V 1500F~3000F
frequent high power discharge during No maintenance needed * 2.85V 3400F
jump start « Full charge within a few seconds with 12V system | 1500F Sseries | 3000F 5series
— Needs long life battery high current toralence Peak power 27 kW 33 kw
* Long charging time (several hours) . . ) Voltage (Vmax) 135V 135V
_ Needs short charging time * Easy to carry with small & light weight | Rocharge Time | about 40 sec | about 75 sec
e N  Wide operating temperature(-40°C~65°C) Weight about 2 kg about 3 kg
« Difficult to carry & used as it's too . _
heavy * Environment friendly 24V system | 3000F lOseries | 3400F 10Oseries
: : ¥ Control units : prevent short, reverse Peak power 66 kW 73 kW
— Needs light weight products ‘ p. Voltage (Vmax) 27V 285V
polarity connection alarm, overcharge Recharge Time about 75 sec about 95 sec
protection, UC balancing circuit ... Weight about 6 kg about 6 kg

Technology Elicha’d““ C 800.348.5580 ® rellpower.com

tronics

630.208.2200 rellpower@rell.com

Partner


www.rellpower.com
mailto:rellpower@rell.com

Industrial Transportation Others Regeneration [INEIGENTGALIWIE Peak assist  Short-term ES
Windmill i
Battery pitch control UC pitch control Recommend UC Example

<System Example> <System Example> Lug type & C-type Cell
« LSUC 2.7V 3000F
Wil?d Generator Power Grid Wll)nd Generator PoweliI Grid « LSUC 2.8V 350F & 400F
turbine (PMSG) controll tur /l\ne (PMSG) contro « LSUC 3V 480F
_____’f _________ Rotor speed . Rotor speed
i v 1 e s—— g H .
i[ Pitch Pitch angle Batte i i Pitch Pitch angle i Part. No Capacitance| Vgated (ESR(DC)
i Actuator controller ry : i Actuator controller i LSUC 002R8L 0350F 350F 2.8V 3.2mQ
ittt il “ | LSUC 002R8L 0400F 400F 28V | 3mQ
LSUC 003ROL 0480F 480F 3.0V 3mQ
Customer needs LSUC 002R7C 3000F 3000F 27V 1023mQ

Benefit of UC pitch control

« Reliability in 10 years life cycle Module
« LSUM 16V 58F / LSUM 16V 500F

* Wind mill increases in size and number

(on/off-shore)— Low maintenance

C e — Reduce maintenance costs
costs(Reliability) « LSUM 168V 5F

* Lightening and downsizing the pitch : : :
- Battery needs to be replaced once in : : : P - customized cohf|gurat|on

) control module, space saving
two or three years. Costs incurred by

« Insensitive to environment temperature
(-40°C~65°C)

battery costs and man-hour inputs.

- Vibration resistance is required for pitch
Part. No Capacitance| V ESR(DC
control power module. ' e Rated (DS
D Zing th | dul LSUM 016R8L 0058F 58F 16.8V | 22mQ
own-sizing the power supply moadule. LSUM 016R2C 0500F |  500F | 16.2V | 1.7mQ
LSUM 168ROL 0O005F 5.8F 168V | 240mQ

Technology Elichardson ) 5o03855% rellpower.com
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LS ULTRACAPACITOR

Fields of Application

I A ™

Recuperation

of braking & Amusement ride
Energy/Power
boost
Forklift Harvester Elevator
. H v 5
e ﬂ?.
\
Emergency UPS Actuator Emergency Ilght Car Jump starter Aircraft Windmill
Power ] i
Data syste Drillship
Peak assist & E! “ O é“‘
Medical Generator Start-stop Stabilizer
Board net

stabilization

Short-term .
Energy —

Storage Solar LED tile Buoy

Motorbike DMU

Technology Richardson 800.348.5580 rellpower.com
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LS ULTRACAPACITOR

Energy

Others

Generator H

<System Example>

Charger
(12/24V)
I

Lead-acid Battery
(12/24V)

Starter
(12V/24V)

Control
ENE

[ Diesel Engine ]

Customer Needs

* Acid Battery : periodical replacement is
needed, sensitive to temperature

— Reduce replacement and maintenance

costs.

— Reliable engine cranking in all seasons

<System Example>

Charger
(12/24V)

Ultracapacitor
(12/24V)

Starter
(12V/24V)

[ Diesel Engine ]

Benefit of UC Generator Starting

* Long life (over 500k ~ 1M cycles)
and Maintenance free

« Instant high power output

« Suitable for all sizes (15kW~2MW)

* Reliable cranking in all environments
(-40°C~65°C)

* No pollutants inside (eco-friendly)

Control
Panel

Regeneration Emergency Power Short-term ES

Cylindrical type cell

+ 2.7V 3000F
* 2.85V 3400F

Conventional System UC Generator Starting System Recommended UC Example

Part. No Capacitance| Vpg,..q [ESR(DC)
LSUC 002R7C 3000F 3000F 2.7V 10.23mQ
LSUC 02R85C 3400F 3400F 2.85V 10.23mQ

Module

Module sizing based on engine size

v

12V system 3000F 5series | 3400F 5series
Peak power 33 kW 36.5 kw
Voltage (Vmax) 135V 1425V
Recharge Time about 75 sec about 95 sec
Weight about 3 kg about 3 kg

24V system | 3000F 10series | 3400F 1Oseries
Peak power 66 kW 73 kW
Voltage (Vmax) 27V 285V
Recharge Time about 75 sec about 95 sec
Weight about 6 kg about 6 kg

Technology

Richardson
Electroni

(. 800.348.5580

@ rellpower.com

Partner

630.208.2200

rellpower@rell.com
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LS ULTRACAPACITOR
Regeneration Emergency Power Short-term ES

Energy Others

Industrial Transportation

Recommended UC Example
Radial type & Lug type Cell

Vehicle Electric System

« LSUC 3V 380F, 430F, 480F
 LSUC 2.7V 650F, 1200F

Part. No Capacitance| Vpg,..q [ESR(DC)
LSUC 003ROL 0380F 380F 3.0V | 32mQ
LSUC 003ROL 0430F 430F 3.0V | 3mQ
LSUC 003ROL 0480F 480F 3.0V | 3mQ
LSUC 002R7C 0650F 650F 2.7V 10.57mQ
LSUC 002R7C 1200F 1200F 2.7V 10.33mQ

Module

+ Customized configuration as per vehicle

* Low ESR type for high power demand

* — 2.7V 650F 6S
+ 3.0V 480F 5~10S

4 Provide power & stable
loads for electric system

Generator DC/DC
(Regen)

Vehicle
Converter Load

. - # Increase reliability of 12V system 480F 5series 650F 6series
Ultracapacito Lead acid t Capacitance 80F 108F
A SELHET] . sysdem & d lif Voltage (Vmax) 15V 168 V
. Reduce size & extend life : ~40~65°C ~40~65°C
<UC based Voltage Stabilizer> Operating Temp.
of battery Weight about 0.5kg about 1.2kg

Technology Elichardgon

800.348.5580 rellpower.com

Partner e r 630.208.2200 @ rellpower@rell.com
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LS ULTRACAPACITOR
Industrial Transportation Energy Others Regeneration Emergency Power Short-term ES

start-Stop (DM
Conventional System UC Starting System Recommend UC Example

<System Example> <System Example> Cylindrical type Cell
Vericl « LSUC 3.0V 380F/430F/480F
ehicle
Load DC/DC Vehicle LSUC 2.7V C-type 1200F
Converter Load LSUC 2.7V C-type 1500F i
Gene- | | Lead acid Ultra- Gene-
Starter Starter . Battery
rator EETTEE0 capacitor JWCLtl Part. No Capacitance| Vp,..q ESR(DC)
LSUC 003ROL 0380F 380F 3.0V | 3.2mQ
LSUC 003ROL 0430F 430F 3.0V 3mQ
' . . LSUC 003ROL 0480F 480F 3.0V 3mQ
Customer needs Benefit of UC Starting Vehicle LSUC 002R7L 1200F 1200F 27V 1 033m0
* Frequent Engine Start and Restart at low » Meeting frequent engine restart LSUC 002R7L 1500F 1500F 2.7V _|0.28mf)
« Instant start and restart (high power
temperature 3 . (hig F’o )o Module
« Stable voltage even with Start/Stop System = °Insensitive t? environment (-40 C”65_ Q) « LSUC 2.7V 1200F~1500F
« Fuel saving and low emission * Reduce loading onto battery, protecting - 12V : 5~6S
battery - 24V :10S
« Eliminate engine idle running (5~15% fuel * LSUM 16.2V 250F AG @

, - Customized configuration
saving)

Part. No Capacitance |Vg,;.qESR(DC)

LSUM 016R2C 0250F AG 250F 16.2V| 2mQ

Richardson C 800.348.5580 ® rellpower.com
Electronic 630.208.2200 rellpower@rell.com

Technology

Partner
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Industrial Energy Others Regeneration Emergency Power Short-term ES
Motorbike S
Conventional System Hybrid battery(battery + UC) Recommended UC Example

< > <System Example> .
System Example y P Radial type cell
W - 28v 100
Gene- Lead-acid Gene- Cont.rol UItr?- Part. No Capacitance| Vg,.q [ESR(DC)
rator Battery(12V) rator Unit capacitor
LSUC 002R8S 0100F 100F 2.8V 9ImQ
Starter % Control Unit Starter
: Starter switch/Relay
Module
Customer needs Benefit of Hybrid battery * Configuration as per power demand
. . * Acid = compact acid+ UC module
« Extend life for battery * High power output/reduce battery loading
, : 12V system 100F 6series
- reduce battery's wear and tear * Reduce battery size (costs) n
. . Capacitance 16.6F
* High power output * Long life cycle (over 500k ) Voltage (Vmax) 15V
* Reliable engine starting at all temperature * Wide operation temp. (-40°C~65°C) Operating Temp. -40~65°C
» Compatibles with Acid battery (in parallel or = Weight about 140 g

series connection)

Technology 'E‘i""a“’““ O 503855 @) reivovercom

tronics
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