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The Art and Science of Battery Sizing

— Battery Sizing is a Science

— Building the load profile is an Art.
— Different electro-chemistries vary greatly

— You have more control over your battery selection than
you think
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Introduction to Switchgear

What is Switchgear?

The combination of electrical disconnect switches,

relays, lighting, controls, fuses or circuit breakers used to
control, protect and isolate electrical equipment

Large Panels of electrical distribution circuit breakers
distribute power to a facility or grid

Why is Switchgear used?

To de-energize equipment to allow work to be done
and clear faults down stream

Fix power lines

Breakers are too big to flip by hand

Current (A)

Time (hh:mm:ss)
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Application Outline - Switchgear

— Three main types of switchgear applications
« MV (medium voltage)
o Ultility level protection
o Typically 8 hr. load profile
LV (low voltage)
o Building level protection
« Paralleling
o TwoO or more gensets
o Typically 2-8 hr. load profiles
— Switchgear protects against
« faults upstream and protects

¢ equipment downstream
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LV/MV Switchgear

480V to 38kV (typical)

DC bus = 125VvVdc (nhormal)
48Vdc is also popular
Load profile is mixed

o High peak currents (transient)
o Continuous loads (steady state)

o 2-8 hr. battery backup normal

Current (A)

Time (hh:mm:ss)

v
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Paralleling Switchgear

120V to 600V (typical)
e DC bus =24, 48 or 125Vdc

* Load profile is mixed
o High peak currents (transient)
o Continuous loads (steady state)

o 20 min. - 4 hr. battery backup normal
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The Battery’s Purpose

Batteries provide DC power to the switchgear equipment during an
outage.

Best practice is to have individual batteries for each load/application.

Duration of backup is dependent on the battery Ah capacity
Battery loads include:
o Trip Current

* Close Current
* Spring Motor Rewind/Charge Current
« Continuous Loads: Relays, Meters, Control Circuits, PLCs, Lighting, Etc.

A [ |

Current (A)

v

Time (hh:mm:ss)
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|EEE Standards

— |EEE 1115

« Recommended Practice for Sizing Nickel Cadmium Batteries

— |EEE 485

« Recommended Practice for Sizing Large Lead Acid Batteries

— |EEE 1189
« Recommended Practice for Selection of Valve Regulated Lead Acid Batteries

« For Sizing, it refers to IEEE 485 practices
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Building Load Profiles - Switchgear

— Switchgear load profiles normally comprise of four components

* Trip
o Can be simultaneous, sequential or mixed
o 1s (Ni-Cd) and 1min (Pb-acid)*

* Close
o Can be seqguential, simultaneous or mixed
o 1s (Ni-Cd) and 1min (Pb-acid)*

* Spring motor rewind/charge
o Usually sequential, but can be simultaneous
o 6s (NI-Cd) and 1min (Pb-acid)* minimum

« Continuous loads
o 20mins to 24hrs (8hr most common)

— *Lead-Acid has a minimum sizing duration of 1min. Why???
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Coup De Fouet
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Trip / Close / Spring Charge

— Simultaneous loads = (# breakers x current) for one device operation
time
* 1 second minimum duration for Ni-Cd
* 1 minute minimum duration for Pb-acid
— Seqguential loads = One device current for (# breakers x time)
¢ 1s minimum duration for Ni-Cd
* 1minute minimum duration for Pb-acid
— Mixed loads = # breakers x current + # breakers x time
- e.qg. 51 breakers
17 x trip current (simultaneous)

3 x time period (sequential)
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Load Sequencing

— Load sequencing defines the total number of operations and where they
occur during the outage / backup period

— The number of operations and where they occur during the backup
period can have a dramatic impact on battery capacity

— We will look at a load profile example and examine how sequencing
Impacts battery selection
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The Voltage Window

— Batteries Operate within a designed Voltage Window
* The upper limit should allow for battery equalize/boost charging

* The lower limit should allow for maximum usage during discharge.

a A

Narrow Voltage Window

g
»

Wide Voltage Window

\ 4

B The narrower the voltage window, the larger the battery capacity has to be.
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The Voltage Window (cont.)

— Lead Acid usually operates between 1.75vpc and 2.33vpc depending on
construction

— NiCad batteries typically operate between 1.00vpc and up to 1.65vpc
depending on load voltage tolerance.

— Typical voltage windows for standard nominal voltages
¢ 24Vdc: 21Vvdc to 30vdc
* 48Vdc: 42Vdc to 58Vvdc
¢ 125Vdc: 105Vvdct to 140Vdc

*Should be based on equipment connected to the battery.
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Temperature Factor

— Battery capacities and discharge ratings are published based on a
certain temperature, usually between 68°F & 77°F.

— Battery performance decreases at lower temperatures and must be
accounted for with correction factors.

— Lead Acid - Temperature correction factor applied at the end of the
calculation.

— NiCad - Temperature correction factor applied at each step in the

calculation. _ _
Available Capacity

120%

110%]| sintered/PBE NiCd

100%
90%
80%
70%
60% | Pocket Plate NiCd

0
50/(-)40 -30 -20 -10 0 10 20 30 40 50 60

Temperature °C
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Other Factors to Consider

— Design Margin
* Used to allow for future load growth or unknowns in the load list.
 Typically 1.1 - 1.15

— Aging Factor

* Used when the requirement is for the battery to be able to perform the
same duty cycle at the end of its life as when it is new.

« Typically 1.25 based on the IEEE recommendation to replace a battery
after its capacity has fallen to 80%.

120

100 >§ X

—| cad =——Nicad

o]
o

% Capacity
» O
o O

N
o O

0 20 30 40 50 60 770 80 9 100 110
% Life
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125 Vdc MV Switchgear Example

— From Customer:

— 20 breakers:

« Breaker Trip/Close (T/C) = 7A for <1s
« Spring charge motor inrush (SI) = 16A for <1s
« Spring charge motor run (SR) = 4A for 6.0s

« Continuous loads = 5A for 8h

« Trip Sequence = Simultaneous @ t=0 and t=8hr

* Close Sequence = Simultaneous after trip

« Temperature = Temperature Controlled (room temp. 68°F)
 Normal Aging (AF) = 1.25 AF

* Design Margin (DM) =1.10 DM
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Written Load Profile

— Trip = (20 brkrs x 7A = 140A) + cont. load (5)= 145 Amps for .1s
— Close = (20 brkrs x 7A = 140A) + cont. load (5)= 145 Amps for .2s
— Spring SI = (20 brkrs x 16 A = 320A) + cont. load = 325 Amps for .25s
— Spring SR = (20 brkrs x 4A = 80A) + cont. load = 85 Amps for 6s

— Cont.load =5A for8h
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Load Profile — Graphical Form (NiCad)

400

300

Amps
P
o
=]

Cont. Load
5 Amps

O sec.

Hours
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Load Profile — Step Form (NiCad)

— Step 1 = 145A for 1sec (trip + cont.) followed by:
— Step 2 = 145A for 1sec (close + cont.)

— Step 3 = 325A for 1sec (Spring Charge Inrush + cont.)

— Step 4 = 85A for 6sec

— Step 5 = 5A for 7hr, 59min, 42 sec

— Repeat Steps 1 - 4:

— Step 6 = 145A for 1sec (trip + cont.)

— Step 7 = 145A for 1sec (close + cont.)

— Step 8 = 325A for 1sec (Spring Charge Inrush + cont.)

— Step 9 = 85A for 6sec
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Load Profile — Graphical Form (Lead Acid)

Spring Charge
Motor Inrush
A00 325 Amps, 1 Min.

300
W
3
< 200

Cont. Load
0 ]
Hours
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Load Profile — Step Form (Lead Acid)

— Step 1 = 325A for 1min (Spring Charge Inrush + cont.)
— Step 2 = 5A for 7hr, 58min

— Step 3 = 325A for 1min (Spring Charge Inrush + cont.)

Saft Battery s a F T
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Sizing The Old Way (Fan Curves)
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Sizing the “New” Way

These days we use custom software!!

— Drastically speeds up the battery selection process.
— Eliminates calculation errors.

— Ensures standards compliance by providing results in IEEE worksheet
format.

— Many offer additional features:
- Battery rack selection
« Gassing/ventilation calculations

« Product data sheets
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IEEE 485 sizing worksheet from custom software

SIZING LEAD-ACID BATTERIES FOR STATIONARY APPLICATIONS

IEEE
Std 485-1997

Project: Battery Tag: Date: 3272018
Lowest Expecied Minimum
Electrolyte Temp: Tr°F Cell Voltage: 1.75 Cell Type: LSe Sized By: David Hood
(1) i2) (3) (4) (5) (6) (7)
Capacity at Required Section Size
T Min Rate (3} = (6A) = Positive
Change in Dwuration Time to End (6A) Amps/Pos (Rt) Plates
Load Load of Period of Section or or
(3) x (6B) = Rated Amp
Hrs
Period (amperes) {amperes) (minutes) (minutes) (6B) K Factor (Kf) values
Section 1 - If A2 is greater than A1, go to Section 2
1 A1=6T .41 Al-0=67.41 Mi=1 T=M1=1 0.5586 37.656
Section 1 Total 37 656
Section 2 - If A3 is greater than A2, go to Section 3
Section 2 - If A4 is greater than A3, go to Section 4
1 A1=6T .41 Al-0=67.41 Mi=1 T=M1+M2+M3= 480 8.004 53555
2 AZ2=562 |A2-A1=-61.79 M2=478 T=M2+M3=4T9 7.992 -493.82
3 AJ=6T 41 | A3-AZ2=61.79 M3=1 T=M3=1 0.5586 3516
Section 3 Total 80.246

Maximum Section Size: 80.246 + Random Section Size: 0 = Uncorrected Size (US): 80.246

(US): 80.246 x Temp Corr: 1.00 x Design Marg: 1.10 x Aging Factor: 1.25 = 110.3

When the cell size is greater than a standard cell size, the next larger cell is required.
Required cell size: 110.3 Amp Hours. Therefore cell part number LSe150 is required.

29
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BaSICS Sizing Software (NiCad)

— Step 1. Input General Information:
* Voltage Window: 105 - 140 for 125Vdc
 Temperature: 20°C
* Aging Factor: 1.25
* Select Product ranges you are interested in: UP1M, SPH, SBM (typical for Swqgr)

System : SYS00001 - IEEE/UPS sizing
Step 2 : Profile

£
Minimum system voltage (%) 105 ‘ W Minimum temperature (%) ‘ 20 ] C Range
Maximum system voltage (%) 140 ‘ W Nominal temperature (%) ‘20 ] °C SBM

j SCL
Nominal system voltage ‘ v Maximum temperature (%) ‘20 ‘ C SCM

SLI
Min. system voltage (%) % Design margin (%) ‘ 1.1 ‘ gpy
_ SPI_ ...................................

Max. system voltage (%) % Aging factor (%) ‘ 1.25 ‘ SpL+

Expected battery system life ) ‘ years Automatic

Fine tuning
Temperature compensation ]

Charge method (%) ) () Single level @ Dual rate () Dual rate max

(%) The field is required

30 Saft Battery s a F T

Sizing




BaSICS (Cont.)

— Step 2: Input Load Profile:
* Input Current and Time, click Validate. Move to next step

— Step 3: CLICK: Size it
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Monday, March 19, 20158

SafFT

Stationary Ni-Cd battery sizing

Mew Folder 1
P_18Mar18_David_a
SY5_00001 - IEEEUPS
5Y5_0000

Folder name

Folder reference
Systemn name
System reference
Customer
Customer reference

SafFT

Stationary Ni-Cd battery sizing

Battery calculation worksheet IEEE 1115-2014

monday, March 159, 2013

Batiery proposal

Proposed battery 1x 96 x5PH 130

Electrical data Rated capacity 130 Ah
Fast charge voliage 1382V
F lzating charge voltage 1344V
Final voltage/cell 1.084 v
Shert-circuit current 4597 A
Topping-up interval 13.1 years

Physical data Battery weight 1481516

Technical specifications

Sizing method IEEE |

. Minimum system voltage 108.00 W
Voltage window Maximum system voltage 140.00

Charge method Dual rate

Load profile

Range SPH
MNo. of cells 5]
Final voltage/cell 1.084V
Neminal temperature 20°C
Minimum temperature 20°C
Maximum temperature 20°C
- 3 @ 5 © | o | Resored
Eh] =) ' ea | PpT— = - b sl
() Load hanges in | Duratien of b £ e ction| T 2% Derating [Bection Size)
Peried | | . Load Period . \ " ot
{ Amperes) iAmoeres) | iminutes) {minutes) e Factor [{3)x{B)x{7)
VAMpSISSH | dminutes) - =Rated &h
Section 1 - First 1 Periods Only - If AZ»A1, goto Section 2-Yes
Section 2 - First 2 Periods Only - If A3=A2, goto Section 3-Yes
Section 3 - First 3 Periods Only - If A4=A3, goto Section4-No
P At-D= iy =ML+ s s -
At=14500 | M1=0.02 ama=nos | L1EE 0000 2454
2 A2=145 00 P‘i_;a = M2=0.02 t=MZ+M3=0.03 | 01867 10000 000
3 A3=325 00 &;Af; M3=0.02 t=m3=0.02 0.1635 10000 2543
Total Maor
Section 4 - First 4 Periods Only - If AB>=A4, goto Section 5-No
o= 0ol Al-D= =01 EMi+. o 1 0 e
Af=145 00 145.00 Mi=0.02 NA=D45 0.1826 D000 2648
AZ-Al= EM2+..
2 A2=145 00 0.00 M2=0.02 h4=0.13 0.18 ili ki) 000
3 A3=325 00 A;Af; M3=0.02 t=MI+M4=0.12 | 01725 10000 3231
Ad-A3=
= [/ =0.11 = =0 .1 775 1 0( o
4 Ad=20.00 24500 M4=0.10 t=M4=0.10 0.1773 ili i) 43.53
Total 1520

Section 5 - First 5 Periods Only - If AB=AB, goto Section8-Yes

Section & - First 6 Periods Only - If A7=A6, goto Section 7-Yes

Section 7 - First 7 Periods Cnly - If AB=AT, goto Section 8-Yes

Saft Battery
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Lead-Acid sizing
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Switchgear Sizing Conclusion

— Proper load profile generation is critical to the outcome.

— Don’t forget to consider temperature, design margin

and aging factors.
— The NiCad size will often be smaller than the Lead-Acid

« Lead-Acid Size: 350AH

« NiCad size: 130AH !

Saft Battery s a F T
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Application Outline - UPS

— Uninterruptible Power Supply
 Constant Power

« Battery Selection Depends on:

o UPSrating

o Power Factor UPS rating [kVA]x P.F.
Battery Load (kW | = J

o Efficiency Efficiency

o RunTime

@)

Environmental Conditions (Temperature)
— Backing Up Critical Loads:
* |IT/ Commercial Loads: 5 — 15 Minutes
* Industrial UPS: 30 min +
— Design Life: 20 Years

— DC Bus Voltage depends on UPS manufacturer
* 480 Vdc common for Commercial

e 125 Vdc common for Industrial

36 Saft Battery s a F T

Sizing




UPS Sizing

From Customer:

250

o 25kVA

- 0.85PF

200

«  92% Efficiency

Constant Power Discharge

P [KW]
= atte ry voltage

amps

¢ 30min backup 150 1
- 50F \ —
 Normal Aging acceptable B
- DC Bus = 125Vdc (105-140)
’ Time [sec]
37 | Saftattery SaFT

Sizing




UPS BaSIiCs Sizing

— Step 1. Same as Switchgear (input General Information)

/' System : SYS00001 - IEEE/UPS sizing
Step 2 - Profile
£

Minimum system voltage () | 105 | W Minimum temperature (%) | a0 | “F Range

Maximum system voltage (%) | 140 | W Mominal temperature (%) |EB | *F SCM ‘
SLM

MNominal system voltage | | W Maximum temperature () |EB | °F SPH
SPL L

Min. system voltage (%) % Design margin () | 1 | TLX E

Max. system voliage (%) % Aging factor i%) | 1 | UP1L _
IS4 k4

Charge method (%) () Single level @ Dual rate Temperature compensation ] Automatic

(%) The field is required

Saft Battery
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UPS sizing with Basics

— Step 2: Click UPS:P sizing button (shown below)
— Step 3: Enter UPS information and backup time

System : SYS00001 - IEEE/UPS sizing
Step 1 : General ~
Discharge type ) IEEE: | ) IEEE : P(I=PNVmin) (O IEEE:P({l=F"nom) @ UPS:P

Number KVA  Efficiency(n)  Cosg Minute  Second

1 25 0.92 0.85 231 0 30 0 z* Modify X Delete

— Step 4. Click: Size it

— Selection will be based on runtime.
* Less than 30min = H-rate
¢ 30min to 1hr = M-rate

« Greater than 1hr = L-rate
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Stationary Ni-Cd battery sizing

Folder name

Folder reference
System name
System reference
Customer
Customer reference

Mew Folder 1

P_12Jan18 _David_a
SYS_00001 - IEEE/UPS
SY'S_00001

Friday, January 12, 2018

Battery proposal
Proposed battery 1x96x SPH 170
Electrical data Rated capadty 170 Ah
Fast charge voltage 13776V
Floating charge woltage 133V
Final voltage/cel 1106V
Short-circuit current G143 A
Topping-up interval 13.9 years
Physical data Battery weight 203610
Technical specifications
SizZng method URS P
. ) Minim um system woltage 105.00 V
Voltage window Maxim um system wvokage 140.00 vV
Charge m ethod Dual rate
Load profile Mumber Power KA/ Cose ;:i\m:ssj
1 23,088 kW 25/0592/0.8  00:30:00
Opticns Mominal tempe rature 62 °F
Minim um temperature 50 °F
Maxam um temperature 63 °F

Design margin
Aging factor

1
1

Friday, Janu=ry 12, 2018

SafFT

Stationary Ni-Cd battery sizing

Battery calculation worksheet IEEE 1115-2014

Range SPH
Mao. of cells 95
Final voltage/cel 1.106V
Mominal temperature 63 °F
Minimum tem perature 50 °F
Maxim um tem perature 6& *F
(7} (@)
4 B .
(1) @ Chan(SLs in Dura(tk::-n of ®) . Kt I£a:::tcr T&m.p R&gmmg
Period Lo.?d Load Pedod End gf Section . Derating [Sedicn Size
(WattiCell) (WattCel) | (minutes) (minute ) . Factor | (31x(6)x(7)
= =Hated Ah
Section 1 - First 1 Periods Only - If AZ2=A1, go to Section 2-No
A=
1 Al=243 14 2873 14 M1=30.00 t=M1=30.00 0.6510 1.0342 16370
Total 16370

(%) In thi= calcultion, @nstnt poentzl charging effects are induded in our Kifadors

(=) The faciors is interpolzted when nesded and rounded down 1o 4 decmals in the @loulztion

Maxim um Sedlion size 163.70 + Random size 0.00 = Uncomected Size 163.70.
Uncomected Size 163 .70 x Design margin 1 x Aging fador 1 = 163.70.

When the cell size is greater than a standard cell size, the next larger cell is reguired.
The Required cell size is 163. 70 Am peres-hours. Therefore cell SPH 170 is required.

The ki factor is 3 way to present the performance of 3 cell.
ki=Mominal capacity {Ah)/Performance (A)
It is valid for 3 specific cell type, discharge time and final voltage.

Temperahre compensated charge voliage:
Mot mandatory. |f used the value to apply is -2 m\VEC {-1.1 mVIFF) starting from +20°C to +26°C (#88°F o +7 7 F).

Store the cells indoors ina dry, clean, cool location 0°C and +30°C (+32°F and +86°F).

Do not store in uncpened packing orates. The lid and the packing material on fop of the cells must beremoved.
Mzke sure that the transport sesls remain in place during storage.

Do not store in direct sunlight or ecpose to excessive hest.

Cells delivered discharged and filled may be stored for many years before installation
Cells delivered exceptionally 808¢ charged (for starting application) must not be stored more than 3 months {including
transport).

Sall batter
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Sizing Software

Saft Basics Software for NiCad

https://www.saftbatteries.com/basics2013/install/SaftBasics.zip
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Battery Charger Sizing

Important Things to Consider!!
— Continuous Load

— Battery Type

— Battery AH Capacity

— Altitude

— Design Margin
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Battery Charger Sizing

— For Example...

100 AH Pocket Plate NiCad Battery

Needs to recharge in 8 hours

Continuous DC Load is 12 amps

Design Margin is 10%

Altitude is less than 3000 ft.

First we need to get all the factors...
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Battery Charger Sizing

— Recharge Factor

* Per the table below, the recharge factor for Pocket Plate NiCad

batteries is 1.40
Battery Type Recharge Factor

Pocket Plate Nicad 1.40
Sintered/PBE Nicad 1.20
Lead Acid 1.15

— Altitude Derating

* |nstallation < 3000 ft.

no derating
* Installation > 3000 ft. = 6.7% derating per 3000 ft.

*  Our example is less than 3000 feet so we have no derating factor.
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Battery Charger Sizing

The Formula

C:(AHXRF

Where;

C = Charger Current

AH = Battery Amp Hours

RF = Recharge Efficiency Factor
RT = Required Recharge Time
CL = Continuous Load

DM = Design Margin

AD = Altitude Derating

+CL)X DM x AD
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Battery Charger Sizing

— The Calculation

100 X 1.4
c=(

3 + 12) X 1.10 X 1.0

C =32.45

Therefore the charger should be sized at 30 amps*

*a 30 amp charger will deliver 33 amps in current limit
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Thank You!!

— Questions???
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