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1 Scope

This specification defines the requirements for a 75KW stand-alone battery cabinet, with 48VDC
nominal voltage, self powered from the AC line, used in a DC system for offline backup
functions during AC outages only.
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3 Overview

When data center design and hardware design move in concert, they can improve efficiency
and reduce power consumption. To this end, the Open Compute Project is a set of technologies
that reduces energy consumption and cost, increases reliability and choice in the marketplace,
and simplifies operations and maintenance. One key objective is openness—the project is
starting with the opening of the specifications and mechanical designs for the major
components of a data center, and the efficiency results achieved at facilities using Open
Compute technologies.
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One component of this project is the battery cabinet. The battery cabinet is a standalone
independent cabinet that provides backup power at 48VDC nominal to an Open Compute
Project server triplet (custom rack, see the Open Compute Project Server Chassis and Triplet
Hardware v1.0 specification) in the event of an AC outage in the data center. The batteries are
a sealed VRLA 12V nominal, high-rate discharge type with a 10 year lifespan, commonly used
in UPS systems, connected in a series of four elements for each group (called a string), for a
nominal string voltage of 48V DC. There are five strings in parallel in the cabinet.

ZOTOZTUBMIHEFD 1DOOR—R2 hEULT, NyFU—-FrERY MDD,
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The backup power requirement for the principal application is in the range of 42KW (6 x 7KW)
to 72KW (6 x 12KW). The preliminary power level for all calculations is 56.6KW (6 x 9KW +
2.6KW) for the whole cabinet.

FEIFBAPECHITD/INVIT7Y TEHEMHE. 72KW (6 x 12KW) ~ 42KW (6 x 7KW) DL->
TERB, IRTCEAEUEBOFREBALANILIE. FrERY MRITH LT 56.6KW (6 x
KW +2.6KW) 1B,



The principal application (see Figure 1) is a system load composed of six independent main
loads (9KW each nominal) and one secondary load (2.6KW nominal). The main load is the
server load (offline backup power) while the secondary load is the IT switches load (online

power and backup power). All loads are connected in parallel to the battery cabinet for the
related backup functions. However:

F/=3FEAEE (Figure 1 28088) &, 6DDMIIUIEEER (AFF OKW) &, AT (R
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The main load is powered by the batteries only during an AC outage, while it is
powered by a separate AC/DC source when AC is present.

e The secondary load (SCL) is always powered by the rectifiers and batteries, whether or
not AC is present. Any controllers needed in this application may also run on batteries if
they need to be functional all the time.

o CZOFEEFIF ACHEBIDLECLT. NyvFU—pSEBEHZMEEND. ELT. ACH
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END. Flo. BEID PO-S—ZEB(CHESEDIRENGDIHEFE. COFERECHNT
Ny U =R S BIRTNEIRS RN,
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Figure 1 Simplified Block Diagram of the Principal Application

There are three rectifiers in the cabinet fed directly by 277VAC (phase and neutral from the
480VAC three-phase power distribution) implementing the functions of charger, trickle charge,
and supply for the SCL. During the trickle-charge phase, the rectifier station supplies just
enough current to compensate for the battery's internal leakage plus feeding the SCL that is
always present (2.6KW maximum).

277 VAC (480VAC 3tEEEDHEZCE D<K phase and neutral) &4 1 L2 MIHHEESNDF v ERY
RAIC, FTEBRDL. NUDILFKE. SCL ANBEIFTHAtlEEaRET D, 3DDERBHMNFET B
NUDILFTEEDERFSCHNT. CDERE: (Rectifier Station) (&, /\wFU—DASBRHEECHIIZ T,
BECHBEL TS SLC (BX 2.6KW) ANDHEMEICET D, +ORERTIEELTNS,

The rectifiers work in conjunction with their controller (which may or may not be included
within the rectifiers' shelf itself) for the charging process and control.

COEFRRF. FEOTOCREHEICESWT, BICEHAOO> MO—5— (BRB|ICESTNDIHEEE.
TS TRWNSEEN D D) EHAL TS,



The same controller may also handle the real-time impedance battery monitoring process, in
addition to the charging process and control. Otherwise, a second "slave" controller may be
used.

=B, A—od> bO—5—H BEOTOCREFHEICCME T, \vFU—-FEZHFU>T-TO
TCATUTIAA LA E—SF DR CHIETRE EH6HD. =BRINE 2880 T1RL—J1 J>
rO—S—HABLBNEZ &(CkD,

The controller continuously monitors the health of the batteries (reading of V, I, T, Z, or a
subset, including remote data accessibility, EOL approaching status_alarm, and so forth).

201> bO—5—F NyvFU—DRERIREBZRGENCE=5Y—925 (V, ], T, Z, or a subset DfF
X T, YE—bh-7T—5- 7O EUFT 1, EOL [CKD status_alarm AD7TO—-FREE
50) .

The cabinet includes also several breakers, quick fuse disconnects, Hall sensors, a high current
DC bus bar, and an LVD device.

RE. COFvrERY MIF, W<KDHPDTL—H—ELY. EXRca1—X, Hall t>b5—, B8E
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The battery cabinet is used in conjunction with information technology equipment and is
designed to meet the BS EN 60950-1:2006 standard specification for safety of IT equipment.

CDI\yFU—-FrERY ME, ITEESEELUTERSIN. IT EEOZEMIZHD. BS EN
60950-1 : 2006 Standard {T#E%=mIc I KX S&ETENB,

3.1 License

As of April 7, 2011, the following persons or entities have made this Specification available
under the Open Web Foundation Final Specification Agreement (OWFa 1.0), which is available
at http://www.openwebfoundation.org/legal/the-owf-1-0- agreements/owfa-1-0 :

2011F4R7HDEFRT. UTDA L WHE#EICKD. Open Web Foundation Final Specification
Agreement (OWFa 1.0) @FT. COARDFIBANEIGEICIRAD Tz, FHllld. UTCTHETES !
http://www.openwebfoundation.org/legal/the-owf-1-0-agreements/owfa-1-0

Facebook, Inc.

You can review the signed copies of the Open Web Foundation Agreement Version 1.0 for this
Specification at http://opencompute.org, which may also include additional parties to those
listed above.

CDARICEST S, Open Web Foundation Agreement Version 1.0 22 A D IE—(&.
http://opencompute.org TLE1—MAJEEEIRD TULVD, ZZICIE. LRV MNIEFEND MR E
. BilEN TV ES3 D,
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Your use of this Specification may be subject to other third party rights. THIS SPECIFICATION
IS PROVIDED "AS IS." The contributors expressly disclaim any warranties (express, implied, or
otherwise), including implied warranties of merchantability, noninfringement, fithess for a
particular purpose, or title, related to the Specification. The entire risk as to implementing or
otherwise using the Specification is assumed by the Specification implementer and user.

C @D Specification M. HRATZICKDFERIE. B — R/I\—F o0 DIEF (CRZEETNIME LNV, D
TRlE. [BRRDFEFE] TRMHEND. Ffzo I NIJEI1—F—(F HS5DDFI (BARSKLUIEE
RE) ®BI|EIT DN, ZOHICIE. BRMEE U TORBERNMRIS XV, EMEE0EE, JFEOEN
([T DEEME. T ML, ZD Specification EDREMERENSEND. ZD Specification ZFL\
JERERECHBITBDIRD(E. D Specification DREEH LU I —HF—DEFEERD,

IN NO EVENT WILL ANY PARTY BE LIABLE TO ANY OTHER PARTY FOR LOST PROFITS OR ANY
FORM OF INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES OF ANY
CHARACTER FROM ANY CAUSES OF ACTION OF ANY KIND WITH RESPECT TO THIS
SPECIFICATION OR ITS GOVERNING AGREEMENT, WHETHER BASED ON BREACH OF
CONTRACT, TORT (INCLUDING NEGLIGENCE), OR OTHERWISE, AND WHETHER OR NOT THE
OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

4 Cabinet Material and Dimensions
The size of the cabinet is 24" x 36" x 84" (width x depth x height).
ZCDOF v I3y hDOHAX(E, 24" x 36" x 84" (width x depth x height) &723.

The sheet metal needs to meet the robustness and all related requirements for this type of
heavy-duty application, including material reliability and protection against rust. The cabinet is
rated for seismic area Zone 4, is a custom design, and seamlessly integrates with the main
system. The chassis' metal finishing is pre-plated material and painted. Electro-zinc-plated
material is not allowed. The cabinet must have slots to receive a pallet jack for placement and
setting. Walls enclose the cabinet completely, with the front panels easily detachable for
serviceability. Small air slots are allowed on the front wall and on top side of the back wall for
cooling purposes only. The objective is to maximize the airflow impedance between the front of
the cabinet (cold aisle) and the back (hot aisle), so that airflow cannot easily go through it (see
section 5). Note that batteries need to be kept at the right temperature conditions to maximize
their lifetime.

CORE (L. MENMEREMEEHE(C T DFREZSH T, BEUEADOBE/MERCEET D, INTD
BEMEENRTDIHEND D, CDOFvERY ME. HIES Zone 4 THHlicN., ARILRTHA>%=
BE. X2 S RAFAILCRAALA=XICRITADEDERD. v —(CBEULTE. BiE>TAYVFEN.
RAD RENER=MET D, EXEIRMAYFDRMIE. BATERV. COFrERY MM BEE &%
EDZHD, )\Ly b ZrvFCHETDRAOY hMZEFOBENGDD. Fio. FrERY hZEHNXC
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5 Environmental Requirements

The operating temperature range of the battery cabinet is +5°C to +45°C (+41°F to +113°F).
Note: The ideal VRLA battery temperature for longest service life is typically +25°C (+77°F).
At system level, the temperature range of the cold aisle (the front of the cabinet where inlet air
slots are) will vary from +5°C (+41°F) to maximum +30°C (+86°F), as a typical cold aisle
temperature is not predictable. The maximum temperature of the hot aisle (back of the cabinet
where outlet air slots are) is +45°C (+113°F).

ZONYFU—Fr Ry NOBRBEL >S(E. +5°C ~ +45°C (+41°F ~+113°F) &35,
Note : BEEVVAFESEERT 3200, BIEWL VRLA /Ny FU—BEF. —HRHIC +25°C
(+77°F) £12B0 SRF L LARIVICHNT, T—ILR-FAILODREL >S(d +5°C (+41°F) ~+30°
C (+86°F) &3, —HEMIC, ZOBERFATERL, Ry ~-PrIILOBETE (\vo-)RIL
DOHER A0 W RNEBSY) (. +45°C (+113°F) &1 3.,

There is an air pressure gradient between the front of the cabinet and the back causing air
suction through it (which is proportional to the openings present on the front and back walls),
and able to provide some cool air to the batteries. However, as previously mentioned (in
section 4), airflow through the cabinet must be minimized as much as possible.

FrExy boTO> bENNYODEICF. ZRERWEITDIREARNEL DD, Sl ERZ/N
wvFU—(CHHaI DT LN FREERD (DO hENNYIIEHIFD. ROY bOROEEICLEHTS) .
U, oD ESD (Section 4) . COF v ERY hEBEBI DEIDER. OJEERRORCTS
HENGD.

e Storage temperature range is -40°C to +70°C (-40°F to +158°F).
e Transportation temperature range is -55°C to +85°C (-67°F to +185°F).
e Operating and storage relative humidity is 10% to 90% (non-condensing).

The ODM is responsible for testing to prove this requirement as well as to propose a shock and
vibration qualification test procedure under operative, stationary (storage), and transportation
conditions.

CD ODM (&, MHREIRDEHZIAT DIZITTIFIRL ., operative/stationary (storage).”
transportation DEFFRHFICHITD. I3V I LRI T DT X MDFIECRET D,



6 Backup Capabilities, Topology

The battery cabinet provides 45 seconds of runtime at full load. Runtime is defined as a
discharge of the whole battery pack (with five battery strings) from the fully charged voltage of
54V (13.5V x 4), to a minimum of 42V (10.5V x 4).

COIN\wFU—-Frv ERY ML, TILEFRICSWT, 4580551 LEZRBHTD, S2F1LD
EEEE. 2D/I\wFU—-)Cw 2K (5 battery strings ) ', JILFRESNIEEXETH D 54V
(13.5V x 4) I'. I\BRDEXETH D 42V (10.5V x4) £T. WEINBESDZETH B,

Lower levels of the minimum allowed voltage may vary with the battery selection (42V is
equivalent to a minimum cell voltage of 1.75V; there are six cells in one battery). The load is a
constant power load type; the battery type will be selected based on these requirements. Each
string is composed of four 12V, UPS-grade, high-current discharge, sealed lead-acid batteries
connected in series. The nominal output voltage of one string is 48VDC, while the floating
voltage at trickle charge is 54V (full charge status).

TORIMBEICHIFDFRIE. /\wFU—FIRICEIEUTEEDRL (42V B RIEDOTIVEETH D
1.75V (CE UL, DED. 1DD/N\vFU—RIC6DDTILNESD) . CCThERmEF. —EUEE
BREEDIATERD. DED. CNSOBHICEDNT, \vFU—DFATHEIREN3IE3D.,
TNTEND string (E. 4DD 12V BEKU. USP DT L — R, BERICLDHE. ©ULT. BII(TIES
SNBSS EEMICIDBR TS, 1ARD string ([CBITBIAFREHEEE 48VDC THBIH. KU
OIVFREB(CHFTDIO—FT« >JEEE 54V (TILFRBEBRXFT—HR) THD.

Note: While the actual floating voltage value can differ depending on battery type, in this
specification, 54V is considered as the fully charged level (trickle charge voltage), and 42V as
LVD threshold (Low Voltage Disconnect).

Note : COMARICHNT, REDTIO—F+« 2 ITBERF NYFTU—- FATZEICRIZDEDERDH
TILFEEBLANILTE 54V £RRD. Ffz. LVD XL w7RIJLE (Low Voltage Disconnect) 7Y 42V
a2

Each battery string sits on one of five levels in the cabinet, where they are placed in parallel to
the DC output bus bar to achieve the required backup power.

ZNZTND/\YFU—- X KU E FERY MAD 5DDLANILD, WINHICEBESND. ©U
T. BRESND/\WOT7VITEHICERESEDEHIC. DC HEH/ R )\—LWF(CRESND,

The IEEE defines end of useful life (EOL) as the point when the battery can no longer supply
80% of its rated capacity in ampere-hours. Because the relationship between ampere-hours
after aging and quick discharge time is not linear, a 20% reduction in capacity (EOL battery)
generally results in a much bigger reduction of quick discharge time. For example, a battery
string that easily supports 60 seconds of fast discharge time at full load when new, will only
support about 40 seconds or less when it reaches its end of useful life status (at the same load
conditions).



IEEE (&, /\w>U—DMAEER (EOL : end of useful life) (CDWT. EREED 80%%&, 72 /RT7-
B CHIETERSIOEESEEERELTVD, BHEULIERBDZRY /BDEE. SURNERRIDR
FHANVUZT7TERL, —fRICE. SFEED 20% KT (EOL battery) M. KD KSIRX2RMERFREIDZS
fkrEEBsdEEIND, HEXE FLLWYFU—-XKNJUIR, JILAETEICHLT 60 DRER
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400 FIRZEYR— NI BIETFICRB,

Important: The minimum required backup time of 45 seconds, at worst conditions with EOL
batteries, needs to be guaranteed and experimentally qualified.

B EOL Ny T U—[CLBRBORECSVTE. BER/IRD/\YO7y TR E LT 458 %214&K
SEL. RER(CHEWTHERIZSRRINERSIRN,

7 DC Bus Bar, Components

The cabinet includes a bus bar where all the battery strings are connected in parallel. The bus
bar is designed to make the interconnection with the main load racks simple and direct, with
power cables routed in a clean layout.

COF v ERY MIIE, WH(CiERSNEETCO/\vFU— - I NI TDAMEIC, /UR-)\—HEDIA
FNd., TDINZRI)N—(E. U= AT I hEnNEERT—TILICKD. S>TILhDF1 LD
NZ. EEESYVOEERER I DLDETIND.

There are no fuses in series to the main (+) and main (-) bus bar outputs, while each battery
string includes its own protection fuse with a quick disconnect, which is also used for servicing
purposes (it must be a DC high-current part).

JAR =D main (+) & main (-) DRFECIFEL-IH VD, ZNZEND/\wFU—- KD
SJICIE. BREMEETOTUS 3> - Ea—-XEFEN. BIEORICEAVSNS ( DC BERIBD
THBEIT,

The battery cabinet is used as short-term backup for the main load and SCL during an AC
outage, but it also continuously powers the SCL (composed of two independent banks of
1.3KW each for a total power of 2.6KW, see sections 3 and 10).

ZON\yFU—-FrERY ME AC FERICHITDEETE SCL DzsbD. FFHANR/ W I7v T &
LTERASNDN. 'D SCL (CHUT. ERNCENZMIET DI LCERSD (BENTNN 1.3KW D,
WIZUTZ 2DD/\ OTBE S, b—FILDENIE 2.6KW £13d. FHMICBILTIE, Section 3 &
10 228R) .

There are several DC circuit breakers sourcing power from the bus bar:

CDINR =5, BHOMIEZRITD. LW<DHD DC BRI —H—mHD :



e Six DC breakers rated 250A each (minimum) power the main load during an AC outage
(6 X 9KW).

e Two DC breakers rated 50A each (minimum) are used to permanently power the SCL
(2 x 1.3KW).

e 6ffld DC JL —H— : AC EERICHAWVWTEARICHIEIND. TNTND 250A (B/M\T)
(CXFhS (6 X 9OKW) &

e 2{8d DC JL—H— :[EBEMIC SLC [THEEIND. TNTND 50A (B/I\T) (THIE (2 x
1.3KW),

The breakers must be delayed-type components to guarantee improved pulse tolerance
helping to minimize nuisance tripping.

INSDOTL—H—F BNRNIYESTZR/NRICINZDIZHD. JOLANDER T ZHET .
EERISR—R NERDBENSD.

8 Configurability, Scalability

The cabinet is sized to support 56.6KW of nominal backup power (main load + SCL). However
the design is flexible enough to easily configure cabinets with lower (or higher) power rating,
depending on the configuration of the system used in the various applications, and functions.

COF v EFRY ME 2 56.6KW (F&T+ SCL) DNy OF7yITERZEZHYIR—NITDRDIIC, A
XZEDHBND, L. ZDOTTAUE ERBHOSKCIEU T, FrvERY bEI> T JL—
232FREHD. TRRERUZRFOLDITT A2 END, HERELT. SERQBERAHEEECSNT
Rusinsg, MRS AFADIAS T4 TL—23VIKFFTDILDCRD.

Lower power levels can be achieved in two ways:
BHOTRLANLIE. UATD 2DDARTEKSND :

e By installing less than five battery strings or lower capacity batteries. In this
configuration the over current threshold of the charger (rectifier station) needs to be
lowered accordingly so as to not exceed the C/5 recharge current. Circuit breakers with
updated ratings can be replaced accordingly.

e By instituting a (4+1) redundancy scheme. One battery string is used only in the event
of battery failure elsewhere in the cabinet.

o 5DUFONYFU—-XRIZTELLF BEENYFTU—DA> X M=)LTEK. D3
>IJ40L—23>TlE REH (BERAT—3>) OBERIALYZI3)LRD, C/5 BRE
BREZBIRRVNELDICGARITDIVEND D, BEficnizl — bzRDEEIL—H—E NI
ISCTUT LA XN ETRE,

(4+1) TTRUD. XAF—LZHETD. FrERY bMRD/N\yFU—CEREMRESZEE(C,
1 DD\ FU—- XU TZFiwmE L TERT S,



Higher power levels can be achieved by replacing the batteries with a model with a higher
rating, provided it fits into the cabinet. In this case the recharge current rate may be lower
than C/5 since the rectifier station remains the same, unless it is also upgraded accordingly.

BEHDOLERLANILE, FvERY PRICINED Z ENFHREIRDN. BBHIATOETILICLD. 3t
HEBDN\YTU—ZESHMR D ETERSND. CDOT—RICHWT. BRESNDIEROL—
(F. BRB|AT—I3HEESNT, Flz. PvITTL—RSNRVERD. C/5 KDELSRBRESS.

Important: The cabinet chassis accepts the installation of several battery form factors without
the need to change chassis part numbers for different battery sizes. The seismic Zone 4
requirement is met in the worst configurations, with the highest total battery cabinet weight.

BE: ZOFvERY MIvI—(F. &/\VvFU—-HBARCHLT, Sv—3)— MR BSIRX
B2 ERL, WD DI\ F U —IREZITAND. BEEEDHD/\vFU—-FrEXRY AN
3. BBBLWI> T —23>(CHNTH. fIE Zone 4 ODEEZFTIZIHENH D,

8.1 Cabinet Overall Power Sizing

The wiring, bus bar, LVD, and so forth need to be electrically sized for a maximum backup
capability of 75KW (maximum configurable power) in order to be able to scale up the power if
needed. However power would be delivered only during short-term backup in the event of an
AC outage. Therefore, the copper must be sized accordingly without necessarily considering
75KW as online power for the corresponding design.

CCTOEHR®, JNR-)N—= LVD R &(F. BE(CIGUEBIDIEXRICHIGT DTZHIC. AD/\W T
Ty ITBETHD75KW (A>T JL—> 3 > HEEERERAEN) FTH. HREZRFZRIINERS

20 U L. AC BENEURBE(CE. BEED/\Yy O7y Tz RiF(C. BEOMEEENDIES

S. ULEADT. #RICALTE. ZDOTTA2(CHIETD. 75KW A> S > BENOREE(CEDE
BT EEL. TOYAXZEDHRLS TFRSAL.

9 DC Inrush Current

The main load includes a total capacitance that could exceed 0.1 Farad. Fuses should not blow
and breakers should not trip when the battery cabinet is first connected to the main system on
activation of the breakers. In fact, each of the six breakers could see a capacitance of
approximately 20,000 milli-Farad at the first DC turn ON, if DC inrush control at the system
level is not included.

CCToEETIZ. 0.1 Farad #8X 3. M—HILTOBRESTEZSD. JL—H—&T7 0744 R—-
I CONYTFI—FrERY AL - SATAICIERITDESIC. E1—X(EUNBIARET
[Frx<., Fe. TL—H—([JBIESN B3RS TERL,. IREC, TD 6DDTL—hH—I(F. &HIC DC
MIZTEENBEE(C, # 20,000 milli-Farad OBESE(CMR B EEERLTLNS,



10 Battery Charger, Performances, Load Power

The cabinet includes a shelf with 3 rectifiers in parallel, called a rectifier station, which may
include a rectifier controller within. The nominal power is sized to drive the batteries at a
maximum charging rate of C/5, and to source continuous power to the SCL.

ZOF v ERY MMIF, BREBRAT—> 3> EFEND. WHCHASNZ 3DDBREHNEFN. &
5(C. ZOH(C, BRHBI> bO—S—EFFNBI3NEANRN. TORHEA(F. C/5 DERDFTEE
L—bT/\yFU—28# L. Ffz. SCL (LU TGN (CBHZ#HE T DzdlC. A XZ2EHBN
Do

Important: The controllers for the Low Voltage Disconnect, battery, and rectifiers are
mentioned throughout the specification as if they were independent devices, but they may be
one device only.

BE . Z0 Low Voltage Disconnect B KX /\wFU—, ERBERODOHDI> bO—-S—(F. NS
P UTeT/INA A THIN DR D ([CAFEB U TERESNDIN. B—DF /)4 XTIRDIHE LN,

The input voltage of the station is 277VAC RMS (see section 11.1), and it has one rectifier
connected to each of the three 277VAC phase-to-neutral available feeds in the 480VAC three-
phase power distribution scheme. A three-phase NEMA connector powers the station. The SCL
(IT switches) is powered by 48VDC nominal. The maximum power consumption for the IT
switches used for each server triplet is 1.3KW, corresponding to 31A at the 42V LVD threshold
(see section 12); the circuit breaker for each chassis load is sized at 50A DC minimum (see
section 7).

CDAFT—3A>ADANEES (section 11.1 Z&88) (& 277VAC RMS TH D, 3DD 277VAC
phase-to-neutral (Cxf U T4 (CIEHiEND. 1 DDERZBEEEDIAATND, THUCKD. 480VAC
SREBEDERFT—ATOWREBEEZRERIRT D, 348 NEMA IRI5—N. CORXFT—>3>(CBH=EHIET
. ZDSCL (IT RAwF) (. 12F5 48VDC (CLDTEHZMIEEIND. ENEND server
triplet (CEATND. IT XA YVFICHBITBIRAEBIVEE=Z(L 1.3KW TdH D, 42V LVD XLwv3)L
RTOD 31A [CHIETDZEIC/RD (section 12 ZB8) . DFD. TNENDS v —SEHECHTD
BT L —H—I(E. &/]T 50ADC EWSHAXEFEDHSND (section 725H8)

The total DC power necessary for both chassis (the SCL) is 2.6KW (2 x 1.3KW).

e During the quick discharge phase (backup), the cabinet must be able to deliver 56.6KW
of power (54KW + 2.6KW), with the battery strings' voltage decreasing from 54V
floating level (2.25V per cell) to 42V LVD level (1.75V per cell). A power level of 9KW at
42V corresponds to 214A, so the circuit breakers used for each of the six main loads
should be sized at 250A DC min (see section 7). The total maximum power of 75KW
corresponds to 1785A at 42VDC (maximum bus bar current).

e At the 42V level, the LVD disconnects the battery cabinet from any loads (see section
12).

e For the presence of the SCL during the charging phase the station needs to feed an
additional 2.6KW of power. A battery discharged during an AC outage does not absorb
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all of the current delivered by the charger (station) when the main AC power is
restored; the minimum voltage the battery reaches during discharge on AC failure acts
as a floor when the AC power is restored. The battery voltage cannot drop further when
charging resumes; rather, it rises immediately with the SCL drawing whatever current it
requires (62A maximum, 2.6KW/42V), and with the batteries getting the rest.

Under no circumstances can the battery strings' voltage fall below 42V, whether during
discharge, charge, or transition phases, for example, unless the LVD threshold is
reached. But in this case, the system would latch itself OFF (see also section 12) until
AC power is available to the main load again.

48VDC output voltage must be free of disturbance or spikes during transitions of the AC
mains.

2DD2 v —2 (SCL) MwEET D h—4)L DC BAFK. 2.6KW (2 x 1.3KW) &73D,

EERMEIT—X \vo7vF) (CBNWT. chOFvERY ME, NNwFU—-XRNUZTD
EE%E 54V JO—F+ >0 L)L (2.25V/cell) h'5S. 42V LVD LAJL (1.75V/cell) £T
HEBI B ET. 56.6KW (54KW+2.6KW) DEBENZMIGT DNENGD. 42V (CHEBITS
OKW EWSEALANILIE. 214A (CHETSD. LIEADT. 6DDEERICHEVSNBELZD
JL—H—(% &/I\T 250ADC EVLWSBE(CTEDHSNBINETHSD (section 7288) ,
75KW iR E UTE2HNRRAENE. 42VDC (BAD/\X/N—EHR) (CH1FD 1785A (C
EE R

42V LNILICHEWNT. D LVD (&, H5w3&aRH15/\vFU—-FvEXRY hNEEKTD
(section 12&88) ,

FREIT—XICHIFTD SCL DFEICHUT. CHORFT—>3>(F 2.6KW DEBIMEHZMHIET
DENDD, ACEEDEIICHEEZNZ/\vFU - /D ACEFEMNEELEESEIC. X
RERDBTERR (R5T—23>) HhSi#tlEEINd. IRNTOERZRING DDIFTERL. D
E£D, 20O ACERENMEERETDESE. \vFU—DF/NEXE(E. AC EERFICHITDIHRENEE
5. TROKIN=ZRET, REMNMBHIDEE., CON\YFU—-—DEFEICIE. ITICHKRADIE
2, EBSMNEEXIE. SCLAIMEEITBER (62A maximum, 2.6KW/42V) &/\wFL)
—DREAHICEKD., FZEBICHETDE(CIRD,

WAVRBIKRICBENTE. NwFU—-XRJIDEE(F42V ZTFFEDD TIEWLIFRW., fe&
ZE ME/ FRE/BITDTT—XY2. LVD AL v 3L RICEREL TORWKRRENSD S
5Nd. LU, ZDEIRT—XICHWNT. AC BEENEEFICHUTBMHESINBZET. <
DI AT LAFZBBET. OFF DIREEZH#IFITDIESD (AU section 12 £88)

48VDC DHEAEBE(E. AC EEBFEMNIDEBDIRD. HS5WIZEEH/ULANS, REINR
Sy gl vALSYA AN

11 System Sizing

The resultant battery has higher than 70AH of capacity and is a VRLA type with highcurrent
discharge typical for a UPS application, with low impedance. The exact size of the battery and
number of strings in parallel for the required power depends on the total main load, and it
needs to be calculated following IEEE 485 Recommended Practice for Sizing Lead-Acid
Batteries for Stationary Applications.



EEEN/\wFU—(E, 70AH Y EDFv/)\EF o & FS. UPS 7TUT—2 3> DD, &8
AR E—SF > ADFTEREEF D, BEWNIR VRLA 51T ERD. CD/I\wFU—DETE, B
KREHDCHIET BDFETRA NI TDEIE. 2ENREER(CKFI D, €©UT. IEEE 485
Recommended Practice for Sizing Lead-Acid Batteries for Stationary Applications (Cf(>T. 5t&
ETNDIVENHD.

11.1 Rectifier Station (Recharge)

Based on the power needs and the maximum charging rate of C/5, the minimum power
needed is at least 6KW total for all three rectifier modules (three modules must be used to
balance the three-phase load). These modules are single-phase, single-range AC input
(180VAC - 290VAC, 300VAC maximum) and are PF- (Power Factor) and THD- (Total Harmonic
Distortion) compliant up to 290VAC RMS. The power quality requirements of one rectifier
module at full load and 277VAC RMS are as follows:

MEBEESNDERE. C/5 DERATREL — NMNIEDE, MBESNDENE. 3DDERES 1—)LICH
UT. D& 6KW E71xd BHEEREDINS X ZEEDZHIC. 3DDED 1 —ILZRAVDIRENSD
D) o INBDOEZ21—ILIE. BEHET—ED AC AH (180VAC - 290VAC, 300VAC maximum) %z
B¥H5. F/z. 290VAC RMS (CL\/zBZFET. PF (Power Factor) & THD (Total Harmonic Distortion)
(CHIET D. JILEfAEEE. 277VACRMS (CHITD. 160 RBFES1—-I/ILICEHTD. BEHREE
KREBEFIUTDBOTHS :

e PF>0.99
e THD < 5%

Note: At 300VAC, the modules are not expected to meet the PF and THD requirements. The
efficiency of the modules must exceed the Climate Savers Computing Initiative "PLATINUM"
rating at 200VAC RMS Input. Those limits are:

Note : 300VAC ([CBWT. ZOEZ1—J/LA PF & THD OBHZBIEIT ETFRLRL. COESD
1 —)LD3NER(E 200VAC RMS Input (CHLVT. Climate Savers Computing Initiative "PLATINUM"
L— bz tE23nENDD. ENSOFHEIRE. U TDESDTHD :

e Eff > 90% at 20% load
e Eff > 94% at 50% load
e Eff > 91% at full load

The high efficiency of the rectifier helps to conserve power during the floating tricklecharge
phase when the station mainly delivers power only to the SCL (2.6KW).

BEBRODME FFBTET. TOXFT—3>MN SCL (2.6KW) FRIFICEHZMET IO, JO—F
420 - NUOIFEIT T —XICHNT. BHOEHNMTVERL 2D,

The rectifier station may embed the controller and is located on top of the cabinet for
easy handling of AC power cabling.
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12 Low Voltage Disconnect (LVD)

The cabinet includes an independent LVD device (Low Voltage Disconnect) able to isolate the
batteries from any load once the string reaches 42V (1.75V per cell) of locally sensed voltage
during the backup-phase discharge. The LVD will reconnect the batteries to the external load
once the voltage increases above 50.4V (2.1V per cell, which must be a settable threshold)
after AC mains resumes.

CDOF v EFRY MMI(E. LVD /81X (Low Voltage Disconnect) H'ERDIAENTHOD. /\w o7y
TREIT—X(CHBNT. ANUZITDBREEM 42V (1.75V per cell) ([GEURERKIC, 559D
aEhns/\yFU —2ZiEMI S, D LVD (& AC X1 EEFEMNEIRL. BEN 50.4V (2.1V per
cell THH., ALY I)LROEENTEE) U ECTERUEEIC. /\yFU—E4anicBiEid
35,

The LVD is required to protect the batteries against damage due to an excessive discharge.
The LVD is a bi-stable device, so it doesn't waste power in any relay coil during normal
operation when AC is present. The LVD must be rated 1800A minimum (see section 10). Two
LVDs rated 900A each (minimum) can also be used; in this case, each LVD would power half of
the main load and half of the SCL (there are two identical overall loads split in the principal
application, sitting near the battery cabinet). One sole LVD is recommended, along with an
embedded LVD in the bus bar, driven by the controller.

LVD (&, BEDKEICED/\wFU—NEELRVKD. ENSZKEELURTNEIRSRRVL. ED
LVD (IWMBZET/I\A A THDIet. AC MHAETNTLIBEEDARL—>3>TlE. UL —O0ILIC
KODBHNEEZNIR. D LVD (& &/NT 1800A &£UL\DS L — MEHEFULRRITNIERSR0

(section 10 £88) . 900A (minimum) (CL—F« >0 NH2DD LVD (F. TNENZEERETH
Z0L\E SCL D, ¥HDOBHTHAETES (RAMIIC, \wFU—-FrERY MDELICRRBIT D&
T. 220D LVD T, BURTOARIICHIE) . I>hO—5—(CLD RSATEn, JXR/N—(CITNR
v RENDHFEICE. B—D LVD WMEEEN D,

Local LVD manual override functionality as well as remote disconnect is included to manually
isolate the batteries from any loads when required, and for serviceability.

MHEBLEESNDEE, BBV RTFEITOEE, HS5WBIEENS/N\VTU—ZREETDHIC. O—
PIVIEBITBFETD LVD A—/\—=S1 REFTERL, UE— MILDERICEMEL TS,

12.1 Battery Voltage Plots

The figures in this section show examples of what test results performed on the battery cabinet
could be, under the following conditions:

e Backup event at full load (56.6KW constant power load)



e EOL batteries

oI IVCHEFBIUTORE. ZNENOEREOT T, CON\yFU— FrERY MeEA U
BOREERLTNS

o JILARCHIBN\vITYT (FHEHEREE 56.6KW)

e EOL (FHLY) J\wFU—

The examples show the evolution of the bus bar battery voltage after an AC outage, fromt =0
seconds.

ZOHITE. AC EBHIELCZED. t = 0 BORENSD, /(RN—- Ny F ) —BEDELZERT.

e Figure 2 shows a typical voltage profile of a healthy battery cabinet.

e Figure 3 shows a failing profile. The backup time does not reach the minimum required
45 seconds, and it may also fail the Coup De Fouet condition.

e Figure 4 shows a hard failing profile. The battery cabinet cannot withstand the load
after the AC outage, resulting in a dramatic voltage drop during the first few seconds.
This case is typical when one or more battery strings are failing (high internal

impedance).
e Figure 2 N RIDIF. BERRREON\YFU—-FrERY MCHIFTD. BENREXETOT 7
1ILTHD.

e Figure 3 WYRI DI, KRDTOT7AILTHD. DED. I\OT7VT - 54 AL, RKBDE
HTHD 45FTBNTULVRL, ZUT. Coup De Fouet &4 TH. BHIZEIER L TLVRLE
35,

e Figure 46, KOOI 7ML ZRLTWD, CON\YFJ—-FrERY MME. AC FEE
DEFICMHATULVR, TORRELUT. RYIOHPEIC., MHREBERFETEEIZS5 LTS,
CODT—X(E. 1 KD)I\NwFU—-ZAKITELL(E, BEOARNI T CEENHDEED,
AR RNKBBITHD (BLRE>E—F X)) .



Battery Test (Full Load, EOL Batteries)

Vout (t)
Passing Test

Ve
Vo = S4V Output Voltage from R?c_hﬁer {bold) Vo = 54V
4 Battery Voltage .
Fouot ovi........ 2 T

‘ \\
Vo = 42V LvD
Vo = 39V

* t[sec]
t=0 t=To

t =0 - Begin of Battery Test (using Constant Power Load)
To = duration of the Battery Test
'Coup de Fouet' voitage must never fall below 45V To = 45 Sec

t = To -« end of Battery Tes!

Figure 2 Passing Battery Test at Full Load (56.6KW Constant Power)

Battery Test (Full Load, EOL Batteries)

Vout (t) |.F.1lldng Test (#1) '

- Battery is not able lo compiete the backup cycle
- It may also fail the 'Coup de Fouet' (as shown)

Bocibun S Vo = 54V
|
I
|
Battery Voltage I
|
I
Coup de !
Foust OV !
I
I
Vo =42V :
|
Vo = 39V L

My - 0 r—' t [sec)
t=0 t=Tg t=To
t=0 — Begin of Battery Test
To = duralion of the Battery Test Fallure t =Ty — forced termination of Battery Test

‘Coup de Fouet voltage must never fall below 45V To=45Sec  Te<To



Figure 3 Failure of Battery Test at Full Load (56.6KW Constant Power)

Battery Test (Full Load. EOL Batteries)

Vout ()
4

Hard Fallure (e.g. one Baftery strings opens)

Vo =54 Vo = 54V
I
Battery Voltage !
(min voltage ks below 40V) :
1
1
1
1
1
1
1
b ] K B T, 1
1
]

Vo =38V
--—---------------—-------'—‘ t [sec)

t=0 t=At — Hard Fallure t = At — forced termination of Battery Test t=To

t=0 . Begn of Baltery Test Sequence
To = duration of the Battery Test

To = 45 Sec .
Figure

4 Hard Failure of Battery Test at Full Load (56.6KW Constant Power)
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Legend

Bj(i) = batteries

F(i) =fuses

HS(i) = hall sensors

BK(ex1, ex2)= 50A DC breakers (for the two banks of SCL)
BK(i) = 250A DC breakers (for the six banks of the main load)

Figure 4 Hard Failure of Battery Test at Full Load (56.6KW Constant Power)

13 Battery Monitoring, Diagnostic, Service

Each individual battery includes a dedicated monitoring device that continuously checks the
impedance, which gives an important indication as to the state of health of the battery. All the
nodes of all devices are connected to a common local bus terminated to a controller that sits
on top of the cabinet. The controller is powered by the DC battery voltage and includes an
Ethernet port for network connectivity.

TNTNDO/NyFU—(CIF MENCA>E—FRZEFTYIITDOD. EBRAOE=ZFI>T-F)
AZANEEN. Ny TU—ORFIREC > TEERERZIRMT D, INTOT/NARIEHITZE/
—RE FrERy hO by T (CRESNLZIS FO-S5—HFFY—ZFH)LERD. HBOO—-H)L- /LXK



[CiEficnd., ©20od>bhrO—5—d DCIN\wFU—EBRECKDEN=ZME=N. . Rv hD—
O3ERIED D Ethernet /R— MEELDIAA TLD,

The monitoring devices will periodically measure the impedance of each battery and log the
trend, with the controller sending an alert in advance of an approaching battery EOL status
with physical location of the failing battery, and thus indicating when batteries need to be
replaced. Other more conventional methodologies can be used, like ongoing battery testing or
similar techniques. Life expectancy and approaching EOL status calculated through impedance
measurements and history data are preferred methods because the main load (acting as a test
load during the battery test) is thus never involved in any battery test procedures. Other
information can be collected like voltage and temperature (battery temperature data is useful
while recharging).

COEZSIZT-FT)IARX(F. eNTNDN\YFU—- A2 E-SF 2 XZ2FAPNICHEL. ZOtEBZ
ERL TV, BT T, #EEZEFRZSW Ny F U —D¥IENR200 —> 3 > 2B T, EOL JRR&(C
DWW\ U—(CEALT, O3> bO-5—MAIE>TEEZREL. N\yTU—ZHINEHHA
ZIEURULTWL, Feo ZERE ERFDON\YFTYU—-FARRED, ERNSOAREHATES.
INWFU—DFEHEGE LU, EOL RF—FRDIBEG. > E—F 2 XDAE LETECKDEREN
%, NyFU—-FXh-TO>—2v(C. TEEHNEFRIDZEEBRVESD Ny FU—-FX ORI,
MERNIRBEZ5X 2%EN'DD) « EXRNI—-FT—INEHELVWFELRD, Ffo. BERE S
ofz. DT —YERETED (BREFD. N\vFU—RET—FFEA) .

A monitoring protocol must be established in order to get and store real-time data for battery
health (like a Web-based or Intranet repository system). Automatic alarms are sent when
batteries approach their EOL status (so they can be replaced), and data collected from the
monitoring system should be accessible via an industry standard protocol and interface.

Ny U —DIRRE(CBAL T, UTILIA LT —HZEIE /1 RIF I DTHICE (Web 1> Intranet 18 E(C
KBURS KU -ZXFAIRE) « EZAHUSD - TORIIZHITDINENDD. /\yFU—DIREE
M EOL RF—HRITEDK & (ZOXMZERIZH(C) « 7S—LNBEEBNCEESN. EZFVU>
D2 RFLDBIREENET—IH ERREOTO RIS LV >I—-TTA XZNLT, 7otz
ATEDLDCIRBIFT T,
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F(i) =fuses

HS(i) = hall sensors

BK(ex1, ex2)= 50A DC breakers (for the two banks of SCL)

BK(i) = 250A DC breakers (for the six banks of the main load)

Figure 5 Simplified Electrical Schematic



Six 250A DC Breakers (for Main Load) 7
6 / 54V
Optional 2" Controller 6 Vi -
D
i s EoF ©.
Two extra 50A DC Breakers e
(for Secondary Load) € 1Uor2U
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the same sheif)
1800A BUS-BAR
84"
Included in each Battery String are:
- One DC FUSE Quick Disconnect
- One Hall effect sensor
Width = 24"
Depth = 36"
v Height = 84"

Figure 6 Sketch of the 56.6KW Battery Cabinet Assembly (Main Load Configuration)



