FDK

FDK-CONFIDENTIAL

Technical Proposal
for Backup Equipment

January, 2025

N Technical Support Department
| Ni-MH Battery Division
FDK CORPORATION

OOOOOOOOOOOOOOOOOOO



| Reliable & Innovative Line-up FDK

Our Ni-MH batteries can be used in a wide range of applications.

Dry cell compatible Standard Long Life & High Reliability

-4 AC-UPS
Smart City

{ Saver
4 Data center ﬁ

- Handy
recorder Dictionary Shaver Terminal

|

Street light Base station

Powerful & Durable

Mu.a

Cleaner

> 0%

Secunty Emergency Golf cart

Elevator z

Robot

Medi Monitor Fire Alert

- - Battery performance and lifespan are greatly affected by usage and temperature conditions.- Test results vary depending on individual batteries.
© 2025 FDK CORPORATION FDK-CONFIDENTIAL - Specific values included in this material are intended to describe performance. They are not guaranteed. 2



FDK

' Required scene of backup applications

( Sudden blackout and disaster mmmp stop electrical supply
|\ If backup battery isn't installed, You are not able to use facilities.

BOutdoor facilities/Meters @h BWFacilities without emergency power system

. & (W
o — T Ieooo

Stop operation

4 Required item for backup battery N
(D Canitwork (%) Installation space
(2) Safety (5) Maintenance cost

\ (3) Reliability (6) Life cycle cost )

Secondary battery might need safety and reliability.
- We suggest FDK's high durability Ni-MH.

- -Battery performance and lifespan are greatly affected by usage and temperature conditions.- Test results vary depending on individual batteries.
© 2025 FDK CORPORATION FDK-CONFIDENTIAL - Specific values included in this material are intended to describe performance. They are not guaranteed. 3



' For Back Up usage(Replacement of Ni-Cd Battery etc F

Required Characteristics |--._ Recommend models

Need to backup waiting

Back -up power appllcatlon | . -
- Long life at continuous High Durability

charge condition 4“ || Low self-discharge Type

Emergency light High Durability
- Long life i
at continuous charge condition |

- High temperature charge

~~ -

© 2025 FDK CORPORATION FDK-CONFIDENTIAL . Batte_r}/ perform_ance and. I|fes_pan are_greatly affected by usage and temperature conditions. - Test results vary depending on individual batteries. 4
- Specific values included in this material are intended to describe performance. They are not guaranteed.



' High Durability Ni-MH Batteries FD

Suitable for backup usage applications!

. . For emergency lights, emergency exit lights, security equipment,
ngh Du rab“'ty communication base stations, medical equipment, ATMs,

POSs, traffic road studs and various backup power supplies.

Model No. Capacity(mAh) Dimensions(mm) >

Typ.! | Min.”® |Diameter| Height
HR-2/3AAAUTU 220 200 10.5 30.0
HR-AAAUTU 500 460 10.5 44.5
HR-AAULTU 780 700 14.2 49.0
HR-AAULT 1050 1000 14.2 49.0
HR-AATU 1280 1200 14.5 50.0
HR-AAUT 1580 1500 14.2 50.0

HR-4/5FAUPT 1650 1500 18.1** | 43.2*
HR-AUT 2200 2000 17.0 50.0
HR-5/4SCUT 3250 3000 23.0 50.0
HR-4/3FAUT 3700 3500 18.0 67.5

*1.Typical discharge capacity when a single cell is discharged at 0.2t after being charged at 0.1It for 16hours.
*2.Minimum discharge capacity when a single cell is discharged at 0.2It after being charged at 0.1It for 16hours.
*3.Including heat shrink tube. *4.Including paper tube / heat shrink tube.

© 2025 FDK CORPORATION FDK-CONFIDENTIAL . Batte_r}/ perform_ance and. I|fes_pan are_greatly affected by usage and temperature conditions. - Test results vary depending on individual batteries. 5
-Specific values included in this material are intended to describe performance. They are not guaranteed.



' Standard Ni-MH Batteries

FDK

Contributes to longer running time of devices!

Standard measuring instruments, elevator B/U, UPS, server backup systems,

vending machines and various backup power supplies.

For home appliances (shavers, electric toothbrushes),

Model No. Capacity(mAh) | Dimensions(mm)”
Typ.' | Min.? |Diameter| Height
HR-AAAUC Long Life type 700 650 10.5 44.5
HR-AAUC Long Life type 1200 1100 14.2 50.0
HR-AAUE 1400 1250 14.2 50.0
HR-AAU 1650 1500 14.2 50.0
HR-4/5AU 2150 1950 17.0 43.0
HR-AUE 2700 2450 17.0 50.0
HR-4/3AU 4000 3600 17.0 67.5
HR-4/3FAU 4500 4100 18.0 67.5

*1.Typical discharge capacity when a single cell is discharged at 0.2It after being charged at 0.11t for 16hours.
*2.Minimum discharge capacity when a single cell is discharged at 0.2It after being charged at 0.1It for 16hours.
*3.Including heat shrink tube. *4.Including paper tube / heat shrink tube.

© 2025 FDK CORPORATION FDK-CONFIDENTIAL -Batte_r}/ perform_ance and. Ilfes_pan are_greatl}_/ affected by usage and temperature conditions. - Test results vary depending on individual batteries. 6
-Specific values included in this material are intended to describe performance. They are not guaranteed.



| Characteristics of High durability models FDK

Superior long cycle life performance!
Cycle Characteris cs of Ni-MH (AA size)

0 pe Long Life !
— 1 HR-AAULT
60 I . ......................................................

HR-AAU

40 | Cycle Condition: | , 7777777777777777777777777777777777777777777777
Charge : 1It mA (-AV=10mV) | s ‘ ‘
Rest : 20min

0 L  Discharge:fitmA(EV.AOV) [ Over 6000 cycles |

Discharge Capacity (%)

Rest : 10min
Ambient Temp. : 25deg.C

0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Number of Cycles
© 2025 FDK CORPORATION FDK-CONFIDENTIAL -Battery performance and lifespan are greatly affected by usage and temperature conditions.- Test results vary depending on individual batteries. 7
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| Characteristics of High durability models st

Superior long life performance!
Continuous Charge Characteristics of HR-AAULT
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>, 4 i ..
S Over 3 years under strict conditions (b
@
Il I \continuous charge at 40deg.C) [T
o !
()] Continuous Charge Condition :
O 400 k- Charge: 50mA (x 1month) —+ By
© i . .
i AbleRtTeme. R0 Long life battery can reduce
o | . :
B 500 |— [ ehimen 60RaAE ] maintenance frequency
REHIEERERL FORRE \(Save the running cost). y
O U 1 H H H
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- -Battery performance and lifespan are greatly affected by usage and temperature conditions.- Test results vary depending on individual batteries.
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' Characteristics of High durability models

FDK

Superior high temperature charge performance!

1.5

1.4

Test Condition:

N

Rest : 3h

Charge : T00mA x 16h
Ambient Temp. : 60 deg.C

Discharge : 1A (E.V.=1.0V)
Ambient Temp. : 25 deg.C

High performance
at high temperature

~~
> \\\ condition! o
)
5 |- - —
= 42 e~
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FDK
; Discharge Rate Characteristics of HR-4/3FAUHPC

Superior high rate discharge performance!!

1.6 ; ; ; ; 140
Possible to dischar

1.4 Byo-om-- g 120
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FDK
' Pulse trickle charge characteristic of HR-5/4SCUT

Ambient Temp. : 25°C,40°C

1000 }- Capacity Check Condition: e 9 H ig h rEI ia bi I itD ------------
Discharge : 3000mA (E.V.=0.8V) |

4000 !
2500 L. B e T 25deg.C |
S .0 |BERBHRARBHARBARSIRAAA e
2 2500 P e S |
[
o — L 40deg.C
M 2000 - ’ @ ' : j
(@) Pulse Charge Condition :
(4] Charge : 300mA x 1.2sec . .
% 1500 F + 0mA x 58.8sec _ | -
L
[®)
A
[

Ambient Temp. : 25°C

500 - n=3 , | s
0 i ; . i i . i
0 6 12 18 24 30 36 42 48 54 60
Number of Cycles (Month)
Pulse trickle charge is recommended to
protecting over charge.
© 2025 FDK CORPORATION FDK-CONFIDENTIAL -Battery performance and lifespan are greatly affected by usage and temperature conditions.- Test results vary depending on individual batteries. 'I 1
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' FDK recommended charging method FDI

Ni-MH batteries use constant current charging as a general charging method.

Depending on the charging current, it can be divided into fast charging and low rate charging.

(1) Basic quick charging procedure

Generally, charging is performed using a constant current of 0.5 It Ato 1 It A ().
Detects and controls changes in battery voltage and temperature when fully charged.

(2) Low-rate charging procedure

This method uses a constant current of around 0.1 It A, and is controlled mainly by the timer time.
Battery life may be shorter depending on battery type.

(3) About auxiliary charge

In order to maintain full charge, the decrease in self-discharge is continuously charged with
pulse current (equivalent to 1/500 It A on average).

™ 1lt : Current value to fully discharge a fully charged battery in one hour.

- +Battery performance and lifespan are greatly affected by usage and temperature conditions. - Test results vary depending on individual batteries.
© 2025 FDK CORPORATION FDK-CONFIDENTIAL +Specific values included in this material are intended to describe performance. They are not guaranteed. 12



: FDK

(1) Basic quick Charging procedure for Ni-MH Battery (An Example; 10 series)

T

16.0—

——

14.0
S AN
< Battery Voltage 2.0 —
® 12.0 —~
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Charge Current

o B | -

Maintenance charge

Pre-charge Main charge

(Trickle charge)

© 2025 FDK CORPORATION FDK-CONFIDENTIAL -Batte_r}/ perform_ance and. Ilfes_pan are_greatl}_/ affected by usage and temperature conditions. - Test results vary depending on individual batteries. 1 3
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|
(1) Basic quick charging procedure for Ni-MH Battery

FDK

Battery Temp.(T)Check

0=T=40deg.C NO Stand by

YES

\ 4

Preliminary Charge

\ 4

d
)l

Battery Voltage(E)Check

a*1=E NO

YES

Start Quick Chagging (0.5~1It) *

with max. 20min.

Preliminary charge at.[t/50~1t/20

l v v
*1 The o is Varied with the charging current. | | Full Charge Battery Temp. Timer
Ex. charging current  avalue. Detection™s (Max.60deg.C) 130%
It/50 . 110V/ce|| ‘YES
1t/20 : 1.15V/cell <
*2 Maximum charge current for HR-4/3AU — _
and HR-4/3FAU is 3.0A End Quick Charging
*3 Method of full-charge detection E(If necessary)
®Peak Voltage cutoff | . v y
@4Temp./4time | Trickle i
4Temp.(Battery) — 4Temp.(Ambient) | Charge ]
© 2025 FDK CORPORATION FDK-CONFIDENTIAL - Battery performance and lifespan are greatly affected by usage and temperature conditions.- Test results vary depending on individual batteries. 14
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(2) Low-rate charging procedure for Ni-MH Battery

FDK

Battery Temp.(T)Check |*

|

0=T=40deg.C NO »] Stand by
YES
A
Start Charging (0.11t) *'
YES
A A 4
Timer Battery Temp.
110~120% (Max.60deg.C)
YES
A 4 N
End Charging 1 Max. 0.2It
© 2025 FDK CORPORATION FDK-CONFIDENTIAL - Battery performance and lifespan are greatly affected by usage and temperature conditions.- Test results vary depending on individual batteries. 1 5
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I FDK
(3) FDK Recommended charging system

(1) Up down charge Image
Ni-MH

i Recharge \(\ Z Voltage

e | Current
Charge according to the voltage drop ﬂ %

| 2 Temperature

Time

@ PU|Se tl‘iCkle Cha l‘ge Charge only the necessary amount,

Reduce unnecessary power and suppress heat generation.

Recharge ~ J\ Recharge\ N J‘ Voltage

| Current
Timer control
'C' i:: JTem perature|

Charge Timer control . Timer control
Stop Time
© 2025 FDK CORPORATION FDK-CONFIDENTIAL - Battery performance and lifespan are greatly affected by usage and temperature conditions.+Test results vary depending on individual batteries. 16
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(3) DUp down charge

FDK

MUp down charge

Proposal for charge method

[Example]

YES

Stand by

Battery Temp.(T)Check ]
0=T=40 deg.C R
| YES NO
Start Charging(0.05lt)
YES

}

Timer (100%) Battery Temp.

YES | (60 deg.C =T)
|

y

Stand by ) YES

Under 1.30V/cell
and

" Battery Temp.(T)Check

0=T=40 deg.C

| YES

Start Charging(0.05It x 10%)

© 2025 FDK CORPORATION

FDK-CONFIDENTIAL

- Battery performance and lifespan are greatly affected by usage and temperature conditions.- Test results vary depending on individual batteries.
-Specific values included in this material are intended to describe performance. They are not guaranteed.



| F DK
(3) @Pulse trickle charge

Proposal for charge method (Pulse trickle charge)

[Example) (2)Pulse trickle charge

Battery Temp.(T)Check |

NO .
0=T=40 deg.C *| Stand by
\YES
Start Charging(0.05C)
YES |
¢ ) Battery Temp.(T)Check LN o !
Battery Temp. ‘ Timer ‘ 0=T=40 deg.C Stand by
(o)
(60deg.C =T ) 100% T vES
YES Start Pulse trickle Charging
A
YES lYES
Pulse Charge Battery Temp.(T)Check J'NO |
| 0=T=40 deg.C ™ Stand by
© 2025 FDK CORPORATION FDK-CONFIDENTIAL -Battery performance and lifespan are greatly affected by usage and temperature conditions. - Test results vary depending on individual batteries.

-Specific values included in this material are intended to describe performance. They are not guaranteed.



|
(3) @Pulse trickle charge

FDK

Proposal for charge method (Pulse trickle charge)

Charge : High Charge : Low Pulse interval Charge amount
Current Time Current Time per day
Example of t/ 10 1.2 sec Olt 58.8 sec 60 sec 5% of rated capacity
pulse trickle It/ 20 2.4 sec 0It 57.6 sec 60 sec 5% of rated capacity
charge t/10 | 0.6sec Olt 29.4 sec 30 sec 5% of rated capacity
Charge : High >
I= it/ 10 B B
o
5
O
()
(@]
T
s
O
Charge : Low
0 It
«— 588 > < 58.8 > <
— sec —> Sec —
1.2 1.2
sec Sec
Charge Time
© 2025 FDK CORPORATION FDK-CONFIDENTIAL

- Battery performance and lifespan are greatly affected by usage and temperature conditions.- Test results vary depending on individual batteries.
-Specific values included in this material are intended to describe performance. They are not guaranteed.
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