R R B Bt
20 F 200 £ENNABE

MPS & UPS=estEFAPRICIRAD

H 3%
B B 2
B B T B e e 2
| R 2
T e, 2
URLA F 22 A ) 0 e e e, 2
R - TR 2
B T I U e e 3
B e 3
KR R E R 3
e R 4
VRLA B R IR U B oo, 4
D R S S = 1 7 TS 4
JiER L O (=% L N b SR 5
S 5
R T 5
Lt e e, 5
(R R L SRR 6
B T A E AT 8l e 6
R R T e e 6
T ] B 2 e e e et e e, 6
A = £ ) 2 S 7
HI R G LRI s 7
s R L= N TR 8
LR R e N Y= A TS 8
T B R IS A7 2 e, 9
B T R R . e 9
B TG A B HLBE e 9

e ics



SC&D LIBERTY B HIMIZATIRTFICKE oo, =
B =%
[ p—— VRLA it PR I %38 H K

VRLA HRS
E R RE R st e

APNRRA 20 E 200 Z3F/NEITARE Liberty VRLA E AT
EHRFMBERIERMEIERE,
HthfMAEmE S NANRA/NE:

1. ZEeRAR 41-7264
2. PRIl &6 41-7271
3. ARERK 41-7135

MPS % UPS RFMHIEXNEHBEREEM (VRLA) REE
15t BA

X—HMEREEER—H 2 RAVEMBER 6, 10 T 12 AL
WERBRK—MREERSEENRS. S, ME 1 iR ER
PRER 12 RAVERSH W] BAERER T X N A 48 APRFREEER — 1 24
EWNRL

ZYERINEMAI AR AN N BESFTERIBE
BN ERS, HlaE 2 iR, ANERN 48 1R 90 RIF/DEt

2



A ER BEREES FER MR 180 Z1E/NaTHY 48 1Ko

Liberty fahEHY MPS & UPS R3IeEME —fFAEHEILE
BEIRNEREM, TERIIZARRELD T BERERSEM
15 B R K R Ko B fER TR B A AR AR ) B9 T oK 8] B AR PN T A
BRY. HERREMATBEFEMK , X T EBEBRNRFT—
— ERMESKEMKNERNZE , EFEZENEBHRL

o

il

VRLA Hjith %2 4 (o) Bl

VRLA I RFMRSZSESERBEMBEMAIR, ABE
LERMERLZLHANPARFITIRMEE, IETRAR
AT B B R R TR IR B o

BB

EMRAEBEENSERBRVER. R VRLA Bty
HFGER T EW

1. ER—UNMAEEYSH (FxR, HMFE),

2, NA%ETE,

3, FRLERENBEFE,

a, EEBERME,

5, A BEEES T BB,

6, LB ESER LRt |, KEAEMBERNEREIR
E RILEMEEEMBIERIR, ZELthiE R80T , AT
EENSRZANBERENT. &F  INEHITH

3



iR ERI R ERR H TR 1E,

7. B FEIATHESRE TEREH,

8. EHITAFRIRZDEMTHSEMWARITN  MRAAEE
A F RSN RERESD.

AT VRLA Sith T F LR AR F BB RAIBEEHE I
I ESS, MRS EFHITHREFEWE IR E SR
1350/

VRLA B Rt REH AT ENER, B , EEBRE
E#ITRFFRMUE LR RS LTUEF B /Do

R0 32 [E) 4R
AENHAREUEZRRFNAN, BHERGHNMG
B, LENAMRBIMBENAE. TEETHE, #
HEE MRS F e 75 o

LEEH

VRLA 3t 858 H VR A 2 S B BB B R
S ERKMIRE |, 8658 , BB,

RRRONSR AR T HARR |, M ZI KRR |, BRI
Bt ARRBRBKMERB R 10 245 B35k %R
W, HAUZABERES

FEAKRENEFRZE BED ENEHRARS 1Y
0.454 AT ) EFRERANIN 1 &K (4 4.5 FHBBRF LAF I,



KRR, BIEMAER
R BB AE IS BE 78 B8 A A B )i HH B SRR MM S
Bt FTIL A B AR TR A £
Rzh BB 2 Bl AR — T —MERN EEWE , BRI
RREAT LEENFREM,

TEEZHARBEABMTEE, SEMBESE 05 &
(G~10mm)EIREHX F A, WREXEEFEYN , KENEH
RASE 2@ X B LE AT REHE Y S E R,

=il

YR AT #5E0 Liberty VRLA BB HESRE MK, XBA L
= H R FEARIUE KW,

VRLA it ERA ORI R E &

ATHRENTREMY , HEEESEERE-XBHBRE, MR
BMREERERELSNMAERFENEIEERSE , BL
ZEREFAARTITMCEEENE AR ERM,

—fig , ERRFHARENTEE
RERBHRE
HRRE

Bt ERENRE



REREEAFNVEEMMREE
BHEMNEREE

% (8] 5 A B R S B IR

BRERERR

NEREMWER , ERNSBEENKE , REREEN
MARESEEFAEHRFTHNEM, SREREBEXN RS
MBEREFEEAEY K ETTREREGFERTRERES

¥

TR ERRFTEN CARIEFMEERNARFLE, REM
ZERBFEERNUNEERS. BAES—MHISERTIL4E
EENHIAR -

RE  GHEMEMAE RS UERITEXNZETAIC
F IR

ERPARFILEMRE

VRLA B EF MBEREELERETIITEME
%

1. BEFERELT

2, EFEIRF , 4%

3, JESBIF |, B

s, HERF , LT

5, BEFE

6. EEME

7. BREE



8.

9,

{EHEIRZ5K
KRB (CHR)

THARFBBHITRIFREMEANRE

1,
2,

3,
. REAHA ( ERABERMLHT , IRABAH -1

ZRRIT
B R | AR S BERIARAH
100 %2 4Z 8% A A Bk i 38 4R 44

\|

UPS % i3 17 )

FEMRFT

BEREMMTX TIRE,

1

N

RIUERMERE , TR KR BRI
RUEFTAENANEERELRAIEER,

. MEMNERERERNZEZRE,

HORESRM :

a. JABE

b. U FAIRIA AR FAIRT

c. ARWEARA

d. TRIRIL

et ENENICREMREERFRBHRE, LWEtt
A {EEN B ISR RREUK B E.

A £ B85t RS b BY B BB R SASR N 2 3t U=
HRARE , MNEMCREMREERNIRZERER,

O E 10 IR iR F AR E . BRI E A 0vER

v 2% B S il i VIR E



o. MEMZRKZETERFIREE,
10, MWEMIEFREFEBE,

¥ ERIFT
1. BEERMEERE,
2. FEALNENICRZRITAVEM, MBS D5
ERNRREBNENNNETEERETZARER
Mo

FERS
1 BEEFENRARE.
2. EXTRFELTHMESRBEHER" ENE, MRE
HATIERE AN B R R IUBE BA RN 1B 20% |
A A B

PRI
LB FE MR T AR THEERERRE |, S
THRSRFERTHEBHERHR, SEEANRNRRZ
RINRBHENEREE. —BRINEMEIR 85%E & E &4
MATEBFNREXR, RERRNEARRAN(RERR),

A AN IEITH

EHRFEDPERVBTFEMICRKEMR 1 FIREIRE



B, TXHBAMARERRTENRIY ETS, BEREAFF
=AFTLEN , 7MY ETHNRRELMHAFAZ VRLA
B3 th 3 ELARAE M R PR 1500 Y A B R A4

RN BEMBRE

VRLA Bt B ERIHEE N T/E (B EBRER 77°F
(25°C) RMEL R, BENRERESEER 70°F ( 21°C)
Z 80°F (27°C ) . ERABE THRESBIOMEIR ARER
B, ERBEEE TRENSFEE L MFnMFMRERERS
Ry AT 8.

S 77°F (25°C ) & 18°F (10°C ) MaFEEM 50%
WHEw. ZERNEESSAIAEHEMNEXMZSET HKY
I,

T 122°F (50° ) BBEE T VRLA HttI R E | X
DENRKIE,

B ENFBMEFEBRLMMIRRE 18°F (10°C ) K L,
MRBIHENBNETEERSS , ZE UM ATEERRKE,
XMiZE  TRERNIUELILE  RESESREHITYIE,

MRERETHRKE  BHMREETHITRAEIZE , XE
FLAEHR,

BBt B R

i
2
Tt
Bif
i




BRLLOEENERHEENES, 57 LRRSHE,
LRA K BT B S IR TP 0 T 2 16 S B R
.

BEEEN LB T RBLE, BEAHRERBRNKE
W, FEMABAETRRIEAEN . AR RN T
RADELHEE  ERHENRE,

i#%F

TR TS ERNBREARTEART &
SRUT B, IR T 55T O RS R

MBRYP IR T LEEBTRDET L XRER
RANER , ZHETEREENADRBBE, KA
FTEEN  RERFER  BREBEBERE.

HMREFREHE

LEE 1.280 E 1.300 B VRLA BtV #EEFBMR A Z B
BEEZETRERNEMERRL 77°R 25° B, 8= 2.25 £ 2.30
REVSEE , Bl , — N30 RBR 12K (6 £t ) B,
77°F ( 25° ) B2 3 R EBSEE M =2 405 E 414VDC ( 180 BT
2.25V/I°C &/MF 180 B 55 2.30VI'C &K )

BERHRERENEXBEENRREME. BEIMERE
e KFER-0.0028V/IF° ( ESEH-0.005V/C° ) ,

fFlan | B IEFEEERN 9°F ( & 77°F13°F ) B |, Fi5
57 75 B IR F A BR K 0.036V/°C ( 13°F & °F #9 0.0028V/F° )
E 221-226 2HNBE., £F 180 NMETHBMXER

10



397.8-408.6VDC, XFLEEHR WithE 2 FIR TR K IZM AT BE,

BhiE A7 RE T®RMER Bl 60°F Ltk 77°F K 17°F ),
FoER BB R {E UG 0 B it R R At B, Bl40 , FEERSEE AT REiE
| E-17°F -0.0028V/°F = 0.048V/°C, ARA 180 # jTHY R
EfF R 413.6 E 422.6VDC,

MR-—ARBMEZSRABEMERTRERE , EEBRKE
ETREFTE. MAEERSRE. XBERATALEKNITE
FEB (Bl 48 = 72 /MY ) FUYIE, HRXERMWRIGLE
AKX, WARAT8E I T o] & = M BRER L 4E A M 4 IR 4=

EKNEERBEQXERESWIRTER , RAREHEM
—ERERHEERREEMETE, SHE0IEEZH

o =

ﬁi?mgio

HEKBREAFENTE R BESIERKRERES , ELIFHR
Bt RS,

ENEBEMREERZAEENTINENELMRER
WM R RERBE. MRRBEUERIEZEE , HERKIEK
RMENTFERZFHEHE 05%Vms, Bl BERZFHRBEENRN
414VDC B9 180 £ tHEFHIFER 2.07Vims, ATREENELUR
i, EFRBERTE 414VDC , BBAKRK P--P ENEZFEREH
FER/Y 1.5%,B0 6.2V(P—P).

Bt BT KRV 3REUK B E 21 A R £ SRR AR
AHREFHw.

B 5t R 4T 1 b U HR

11



MREMFTEANERREZEMAEETRNGED |, BINEZ
FTHEESHETFSHUARRERZE, —BRVINE 6 £811
REFEHR -SRI ZH , KT MYIE,

MRBERBDSEZ TN B , AUARFRES TN
EBMBHMNbE (EEREGER ) AINBE, ENEEE
NHBAEMEEERERIERER , FERENBE
T HARANERMNREHERENESNEERUAEYSE
— BB TR B EBEENEFI NEEHMEBERN 135VDC ,
FEEHEERN 2.25VIC , BBA |, EhERAENBBRSGH H
ImACHY S8 60 ReEsth# Tt (10N 12RETT ) o

Bt REFFHEBER
MRENMNBERZTRER , CRERRAHBEMREWIESE
BREWREIN KD, BEE—BIXEBEEMNEE , 88—
B ZERNABIME 3 iR, 77°F (25°C ) i |, BES
F 18°F ( 10°C) , FREBERANE K —1Z,
NRERZEREREES  XREEMBIEFTHE , IR
FRABERSHTEE , Mgt EEARAS THEIER
EREIT, TIeREFR—fER , ONFUBEFMMUE , BN
BEASNE TERASSERKIE,

BRENFRBEE

Bt RS LAFEEE 2.25--2.30 RFEBEN , HTEME/N
B rHEHEBNFEEEELEER , SN ETWERMEEL

12



EREGBRETE , I ERENZEZERT2HNBEETE
HEFREBE, Bl FREERABE T 230 RSB —&% 12
RV EE 139 RERLZFEMAE 13.3--145 ZHZE
B XMAREEN ,—NRENRELZERFHE T 24 /DA,
HARE T REAE , X—FBRENDSH RSB,

RIFARINERZFREERE —NEKEY BB HIE
NEBNRNNBERERZREE, NENBEBUESEISK ,
ARERETEEMNE T, MRENINETNEESS , XA
RERENENBEBINNIER. WRENINETUNEZRE
EREMZEINERETFHIERZOFKE K KEEEN
BT A BEB AT

BRI BEERNECSHEEENTEIBEEREIFNE
L AHEMESEF. Fln , — 24 2B FHLL 55.2VDC
T, HRF 2 MNERERT , HE 22 METERL 2.5V/IC
(55.2VDC/22 85t ) R, ASHBREM , THEFZEASE
BRIk,

EmMEERNARETHEMR  —RALETHRENE
TTHRH , RSN E T Ziml B0 R REUR BE R F U
HE,

FENMREERIFARE TN EMHAITESHERAE
HE , XERERN , B xHIT AL RAZTBRIEK,

B ERETT RN ENEMRAEGITEFTEIR,

EXBERBMIFEENSMHEBHNEMER , TSR
it {GZERK) -

13



B B RBE A H iR

SRERBENATFIAKSEHKESE L QI BEMA LR
% XAREREBRERRK  BEE BB MERERE
MENLZERENERIEELEE. AT 20 £ 200 ZFCHEE
Ay e Ay BRI A E N 100 B8, FEiNiRiRAEE 10 Wéh | &
THEBEENZEFHEED 1.7VIC (£ 12, 10, 6 KRB LS
B9 10.2, 8.5, M 5.1VvDC ) , &N &5t BN R #E MR 88 N B E R |
Fig , EEBEHENRSEARERE,

N REERRTFEE TN EMYI R A #TE B RE
AR E, EXTREXANBLEEDES , KNLETAIH
— NARIELEREMAN N RIRSIAK,

ExAREEEEMASHENREEENH TS
TR AEERE) Ho

R REL v

VRLA 8t — xR R ERN R RARIEMREE 2 , RARE A
BEMCNEERBETE, TTENREBRRSEERES
EMBEFRSETE, XERREBLEEE S L TN MNE
BErMEE  EHNERMESFETEENESHNEE.
RESERRINEHESSHUNBTERRNES, HRXR
WE 4,

MR TESRIN AR TRERARER, T, ExtAT
BHNENETSBEEREES.

14



—HRI BN TR NN RRLORBEEATRZRHAZAN
Brumum AN BEEREAIEDEl, AR BT, 2
HEFHRIREZN , TUARFREFITUES DR TH IR
RRUKEBEERMELBRASFIOREEMLER , BIAEE
N1 FEXHEM AT IR TS

LN et B PR L BTV BSHEIE IN T 30% |, iZ B8t @ N iZ B 1E
HELUBERERRA , LB, INZEEEREHTERER
BURIEEATFEM,

EXX—RIEFEFANEEESH (ARS8 IRE) )
fift

B Ul ERE B

EFESNETHIEREGERBEHFERENG  RENFE
TR B EREUABUR DS EEatE | ™ ErfiE KR AL
MRRESE.

PRAEEENEMEAAR T2 , ZR—UIELHNTY
BRSM B ELEiE&RT MITR,

EEEA TR EMENREEERAMAB LN, T
LEEMITRRBBTXBBERAH , AT ZESRIBHHE ,
&2 5 B8 itn FRENEEFHREE.

HREMARHNE

15



B LB ETMBER 80%A SHiRE WM EME -
B Sth RA TV BHRAEB M 100 RE—NDE |, BlERE#H
—ANat RREALER 80 AT ELMMRIE T, MR 100 B RE
BrAE B AR ED —ANNET |, BB A Bt ETHY B R 2470
eRRTTREf e 125 RIF—NPIEW, ERFKIRITEMATIX
N 125 WEHEF BRI EHLRF

A EREETH 80%2 I8 MRS 2L IEF i FBAK
WMAREUEMB CELLIVERREELT R TE, et , BhE
E TR HMZIBEHES.

HR , BHRREEHMER , B0 , FEXEAEE D
W ERIE— — BMERMPDBEXRT 80NMEM, X1F , Bith
EIREHH 80%1X — B , EMERHR/NAE , Bttt RN
MEE T 1,

VRLA EMEIMBERE 77°F (25°C ) WE., EENR
EANEEREBEE TREIART2BASEM , ETEES
B EERERENMEETERRAZRZRS M (REERRK) .

ERERETEEIkaEabmEEZWL , b 77°F
(25°C ) 5 H 18°F ( 10°C ) Bt EB{LMALLIEER—£E,
X — RN FAR LB (MBFRFRE) -

VRLA it EHARFHEE

VRLA B BEE A HITEERTT. BN TRUEBEMH
AN  HITHENERRFNT7EE, HENTEHRA

16



ZRRESFIRFEIHIEILEEREHREEBRERSR
ENFILEE. RUEXBRGSTEENEMRZR 5B
BHEAFRERR.

17



1 VRLA HthROGE(EFNAER
E & A RER X AREER 4| 1IE173h
BERBER
77°F BE A | EEAIA KREFTBEXEF | BE 80%FE
BERREHAE NE, BEE | RENTRER
FIRWEBET ERERRR |BRESEMRE
p
77°F B , B | BN SRR E HENERE | REREBEHH
fERtBE A H | E Bt T— — |[KBREBH
BBRESSTT RABEY & TR
R EEF A #wmEmAER
EEEB
FFia iR EBRT B | ERSK O HnF Bt
ET#H%E %, | @i S REBERE | HERBELHR
BEERTHEYR | SefEEE |(JKXBEER |(BAARBREHE
#éh B B & %
REERE | SthEHfiis BmMERMNH
A BX &R 5l
T EIT BRTh R REEBHRE
RERRE N ETHITFNE
WRIETHNERET
IRIE
BERE
ERAS RAOBHNZ | FLBEMESR | HHEBRHE

18




A

/38 X

T
<+

XK
i
&
7 it
)
&

D

&,
o
&
24

BHREE S

IR
&

B
ST
it

W e R ]
REFA K2

}

==

(=]

\
C

&

i
H

N ZE 1

B, 5t A5 8 XA
R

2 75 a5 K Al
REFR K2

G B
MR &

BE-— 8
(R

5 T~ & o
18°F (10°C)
N 1EHE

BR %l B 7 B B

i

SERTE

ERBEHEE

y ks =R

X — AR R

JA —
RES B K

REIZTHRTE

B3R

BB HLAE LA

R FE 0 B R
R iHE S5

EEANLE

L&/ REE®

%%

1z 5 B T R
R

L vie B Ei = 3
i SRR, A AP
SAE 5| R E B
A

AR RIR R T

BIRERIRLE

B85t N 5 BB B
BIELE T
ESE e
R SR B
N &8, B’ A K
RE PR R

1R KB E A
REMRE
B TEEX
R

IR 5 T
A 1 2 51 9
P

19




R A K
& F BRI
TRI|EMFE
T4 e

fE M.

ARBHEEN
it 75

RESHABHE
REZEHMEE
2 EiiE

PRTHEFR
EBRAFMGE

REIE BK B BB
B A K

REE R K12

B BR B i W E
MiE RWE
7T, T & 5 SR
&

ARKAERE
(B AK)

AREHR T SR
ER®E, JE
ZHE,IKE
ZEBR, &
BT, B
HES LS
1KY 4 & T &
BB R B K

23

et AR
EL L
5, BEA
EN B2
8

MiFBEMRS
MY IES HH
KEHHIFE R
F

5
i
iy

TRRREES
HERE, d
Ex®E, 35
ZFEBR, &
BB IT, it
HE, L

RKZ AR
HERKREY

MEBMRLE,
AIES HARK
Ry I E

20




mEMEFH

wmEEEB | TeERERNE | S ARBEERT | 0 R EZHRIF,
{9 5eh B BN SHET R ERE | BENERA
fEREamE , | A RBRIE | B
HEEZELE | F
MEKNSE | ENAER | RETMA KT
PR R EZARLL & | FAEFIS| R | ARV Rt
i Bt
wWF EBEM | TRER N FIE | AL rE | FTER, BE
IR AR | SR BN EER, KX
MG FE | BMELER AZHER LR
HRHWER RMAKEER ShBEE
HWRMT HE T L. MRIFF
] 193 3 X2iRHAE,N
AR BB
ERBERE
77°F(25°C) |ZHH{[ALHE | TEXHDLS | BRE R L
NRGFEL | ETEH BESEZH | ML EHEE
E¥#HKTF e, ff R T A
2.3V/H % ERER KIS
Y fEBe
77°F(25°C) |ZBHHMEH R | RBEFTE2E | EFfRETSH
NRGFEL | ETEH FREEFEBME | 5 B EE
E¥8/NT et TERTE] | HEEE. [FBH
2.25V/# 1% BONBEZ | BWREHEH

21




TR B

B 48 & 72 /B

HERE, R RHTEER
tESXERT | MRBEE
A FRRTRER | KR K AN,
MERBREX A FAHREAD
Iz T K B RS

REEBEE | ZTEN9EE | IEXBLS | EFRER S

R F ¥ 85 LEEAER | BFRIZHN (VL BED

2.4V/C R B R TR | #EE
ERERKE

R EE | ZEN9ER | HENEER RUEBRE

NF R Y BEERAER | BERRERAH ([ FEHYE LS

2.4V/C IR BNERIEK EE#HEZEED
it /] FTARKEHE

7t E5 B [H]

NBIEBEMETE | TREA MBI | AE T ERER | BN BB

BENTFEY | MER, XA | HEE. Fx

22VIC;, ( 6| AREMEMNS BREM, &

= B it N |BESRIEX | HEETX

13.3VDC; 5 », BERX

F OB R 7.

11.1VDC; 3

F OB A

6.6VDC )

ANFEEMZT | TRe N Bl | T & X & 6 | RENBISBE

22




BEXRTFE
2.42VIC; 6
B A
14.5VDC; 5
E B O A
12.1VDC; 3
E B ot A
7.3VDC

FERETRKE
T.X AR
BE(F)ZRE
BHRSNKRER
th By BB (1R
= )R UESE

2, B2iE R 5l
MREANSEHN
&R B 5

B30t R 48 i i
i F 5 it (5R)
ZENEHH
R = ek
RE B[R
BRAEWE

B3t 7 25 10
{5 B8 % SR I 2
B R (R)
+

ARSBEHE
R
BHEREB

AR RERLL 7]
REE XN, SHE
R R

B B i W R
BY R 3k B A #R
B 5t

RRSRBEERE

ARG LHIRR
SR (I — i)
BEXTIER
FREEE
4%

7T AL R
R R

T KR EUR
SR B
B =R & R
Sk EIEN
WROEEAM B S
1t

XEFZENE
H R R

A EA 5B
it B 3T A

BlMAETEX
MEUKBE

8 5 1R AF R ]

KBRS
FIRER RIS

23




RBEEZGET | EaBRLEA | FES AKX
FRIEHME NEEMN , X | ZEEER
B et MBAEHERET
. IX KRB
ARER TS
S EEEWN
BB, Ei
ST BRRY T
FREREE
BRINZER RIEFEB| T RXF RN FREFIKE
BRAF By E BE MR T, | 8. AR B AT A0 | T RY BB B 18
XAERETF | RENIPEI | % 8T (S0
AHEHEIRR | EL5IREM | 30)RISNERESE
UK B ESR | ERSME.
E 5l BibiE
T ATEIE
o0 SR B 5t S 4=
2 B W IT/H
o, ERET
& 215 5w f
77°F(25°C) |BMESRBE | & t X £ BERTERE
FERBEBETNE | HRTH 100% BB | AXRMLBEIT
FHEREIH SEE )
ERESRE AMEEST | SBHRKLE

Nt 3.0 BLR

77°F(25°C)

24




Bt B/ R
L

SEAKE

BEAEEREE,
B 5th IE £ 3 A
HELRKRE

ARENRE
EREBEME
BRA AR ER AL
SRR

10 B EBER AT

i F  BERET
KF 10 ¥=
MER R/ E
=

B85t AT BE R 38
ARBEMAE
B H T

SR> ERER
[E]

o L 787

vy FEEERE
KT 10 ¥=
MERR/DE
=

Bt E LB
RS HEBEIE,
WAREAR, &
PEAT R S B AR
RE1L

DB AF R (]

BT

SERAKE

L iy

TRE I AE

ZERBNIH
Bt B R E K
i

Bt A /RS HE

PR #v/ 5 BH 18
b2 e R 28
B8 50% %
SRR
IERY 50%

Bt B IR B B
Bt § IR
2. ARG
EEM R, B
BREES

DR AR ]

B TTRE S

SEAKE

7B FBNR
Bt =X R B K
i

25




L b TREFFAE
EEEGBHERERE
EEBEERE | EEARGR | MNINEES REREFT
FRE ( 2R | A, UBURRE | ERABIPE | REE
ME ) B0 | MBERERES BT KHER
20% RE 18 0 H 8 B
EREBASR | KERAEN |(YIEBRE,F
SSHBEMMN | 8 AW B E|REMERXHE,
mfEEE |(RCERBRE RAREHE
B ()R 4R AREMEB4A
=
EEEANE REXHER EEREN, REXRBITER
ZENTHE | REREER | B IERERE | &
HeHE"E | BRBREE | ik FR~ARR
B, BE NEERE
- PN

26




LIBERTY

FHFEEERERM (262200 F/)\HAE)

Valve Regulated Lead Acid Battery (26 To 200 AMPERE-HOURS CAPACITY)

MPS12-XXX %7
UPS12-XXX#%7%I

] A F #
Maintenance
Instructions

DIVISION

&< ETECHNOLOGIES, INC.

LifmRaERRFERLE(hEEH) Office( 734t

SHANGHAI C&D BATTERY COMPANY LIMITED Baijing Office! L ¥r51d84h)
Telphone (iG] - 01068945751

HiE PELLHHFEREI LR EE 00S Fascimile (58  010-68498637

Add: 100AnIan Road, Baicai
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DYNASTY VRLA BATTERY SYSTEM

PERIODIC MAINTENANCE AND
TROUBLESHOOTING GUIDE

General Information

This pamphlet provides a guide for use
during periodic maintenance and
troubleshooting of the LIBERTY VRLA
batteries of 20 through 200 ampere hours
capacity.

Other instructional pamphlets which can be
used in conjunction with this guide include:
1.Integrity Testing 41—7264
2.Impedance and Conductance

Testing 41--7271
3.Acceptance and Capacity
Testing 41—7135

C&D LIBERTY VRLA
Battery System General Description

In general the battery system is a group of 2 bolt

cells of 6, 10 of 12 volt batteries connected in a

series string to provide a total system of higher

voltage. For example , as shown in Figure 1, four

of the nominal 12 volt batteries may be connected

in series to provide a 24 cell system with a nominal
if 48 volts.

Circuit

breakel

Multiple strings of the series connected
batteries may be connected in parallel to
provide a total system with a capacity of the

cover

sum of the capacities of the individual
strings. For example , as shown in
Figure 2 , two each 48 volt 90 ampere
hour capacity strings can be connected
in

JUNCTION
Box |
==1=]
L1 L2
L3 L4
S
!

BREAKER A

CIRCUIT ﬁ

NOTE:L1+L2=L3+L4
Figure 2-Parad Stings of Batteries

The LIBERTY VRLA battery is a lead
acid battery which facilitates an oxygen
recombination cycle. The net result is
that under normal conditions there is
minimal gas emission and loss of water
from the electrolyte is immobilized in
either a gel form or is absorbed
separator between the plates.
Consequently , the battery is
maintenance free in terms of
electrolyte maintenance-that is, there is
no requirement nor capacity to add
water to the cells or to measure the
electrolyte specific gravity.

VRLA Battery Safety Concerns
Maintenance and servicing of the
LIBERTY VRLA battery should only be
performed and supervised by
personnel knowledgeable of lead acid
batteries and required personal safety
and equipment safety precautions.
Keep unauthorized personnel away
from the batteries and maintenance
activities.



Electrical hazards
Battery systems present a risk of electrical shock and
high short circuit currents. The following precautions
should be observed when maintaining VRLA batteries:

1. Remove all personal metal objects
(watches, strings, etc. )
2. Use insulated tools

3 Wear full eye protection and rubber gloves.
4. Observe circuit polarities.
5. Do not make or break live circuits.

6. Prior to handling batteries on a metal rack,
assure the battery is not inadvertently grounded by
observing the ground fault detector indicator. In its
absence, measure the voltage between the battery and
the rack. It should be zero. If not, determine the cause
and correct prior to proceeding.

7. Do Not lay metal tools and hardware on top
of the batteries.

8. As appropriate, use an insulating blanket to
cover exposed portions of the battery system when
performing extended maintenance that could result in
personal or equipment contact with the energized
conductors.

Certain types of rectifier circuits used in charging the
VRLA battery may not include a line isolating
transformer. In these cases extreme caution should be
exercised when maintaining and collecting data on the
battery system.

The VRLA battery is sometimes enclosed in cabinets
with very limited access. Again ,extreme caution must
be exercised when maintaining and collecting data on
the battery system.
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Disposa
Lead acid batteries are to be recycled. Batteries
contain lead and dilute sulfuric acid. Dispose of in
accordance with Federal , State and local
regulations. Do not dispose of in a landfill, lake or
other unauthorized location.

Chemical Hazards
Any gelled or liquid emissions from a VRLA
battery is electrolyte which contains dilute sulfuric
acid which is harmful to the skin and eyes; is

electrically conductive; and is corrosive.

If electrolyte contacts the skin ,wash immediately
and thoroughly with water. If electrolyte enters the
eyes, wash thoroughly for 10 minutes with clean
water or a special neutralizing eye wash solution
and seek immediate medical attention.

Neutralize any spilled electrolyte with the special
solutions contained in a “pill kit” or with a solution
of 1 Ib. bicarbonate of soda to 1 gallon of water.

Fire ,Explosion and Heat Hazards

Lead acid batteries can contain an explosive
mixture of hydrogen gas which can vent under
overcharging conditions.

Do not smoke or introduce sparks in the vicinity of
the battery.

Prior to handling the batteries ,touch a grounded
metal object, such as the rack ,to dissipate any
static charge that may have developed on your
body.

Do not charge batteries in a sealed container. The
individual batteries should have 0. 5 inches of
space between the batteries to allow for
convection cooling. If contained, assure the
container or cabinet and room have adequate
ventilation to prevent an accumulation of
potentially vented gas.



caution

Do not attempt to remove the vents(valves)
from the LIBERTY VRLA battery or add
water. This presents a safety hazard and
voids the warranty.

Handling Hazards

The individual batteries may weigh from 25
to 100 pounds depending on part number.
Exercise care when handling and moving
batteries. Assure the use of appropriate
handling equipment.

Preparation for VRLA Battery
Periodic Maintenance

There is little difference between the periodic
maintenance associated with a VRLA
battery and a vented (wet) cell battery with
the exception of that related to the liquid
electrolyte. Naturally, it is not required to
measure electrolyte specific gravity or add
water to the VRLA cells.

For optimum reliability, it is recommended
that the battery system be monitored
quarterly. If the battery system incorporates
an automatic monitoring system to gather
the electrical and environmental data, the
guarterly checks are limited to the evaluation
of the recorded data and a visual check of
the battery.

In general the types of checks to be made
during the periodic maintenance include:

1. System charging voltage

2. Ambient temperature

3. Battery pilot unit temperatures

4. Interunit connection hardware
resistance or tightness

5. Individual battery float voltage

6. Momentary high rate load test

7. Battery system capacity test

A test of the individual unit resistance,
impedance or conductance, while optional,
is also recommended on a periodic basis.
This data and its trend can be a valuable aid
in troubleshooting the system and predicting
the need for a system capacity test.

Prior to starting the periodic maintenance
activity assure that all required maintenance
tools and equipment and safety equipment is
available and functional. Notify anyone who
will be affected by the intended maintenance
or troubleshooting activity.

Also,all units in the battery should be
numbered so as to facilitate the recording
and analysis of data unique to each unit.

Required Maintenance Tools
and Equipment

At a minimum, the following tools and
equipment are required to maintain and
troubleshoot the LIBERTY VRLA battery.

1. digital voltmeter

2.socket wrenches, insulated

3.box end wrenches ,insulated

4.torque wrench calibrated in in.-lbs.

5.rubber gloves

6. full face shield

7. plastic apron

8. potable eyewash

9. spill kit

10.fire extinguisher (class C)

The following equipment is optional
depending on the type of maintenance to be
performed.

1.micro-ohm meter

2.battery resistance, impedance or
conductance test set

3.100 amp momentary load test set

4. system load bank (DC if to be performed
at the battery and AC if to be performed by
loading a UPS output)



Quarterly Maintenance
The following checks should be completed
quarterly.
1. Assure the battery room is clean, free of debris
and well lighted.

2. Assure that all facility safety equipment is
available and functional.

3. Measure and record the air temperature within
the battery room.

4. Visually inspect the battery for:
a. cleanliness.
b. terminal damage or evidence of heating.
. container or cover damage.
d. evidence of overheating.

5. Measure and record the battery system DC
float charging voltage at the battery. Optionally
measure and record the AC ripple voltage at this
time also.

6. Measure the DC voltage from each polarity of
the battery to ground to detect any ground faults.

7. If possible, measure and record the battery
system DC and AC float charging current.

8. Measure and record the temperature of the
battery pilot unit. Sense the temperature on the
side of the unit in the center or at the negative
terminal of the unit.

9. Measure and record the individual unit DC
float charging voltage.

10. Measure and record the System
Equalization Voltage.

Semi --_ Annual Maintenance

1.Repeat the quarterly checks.

2.0Optionally perform the 10 sec. high rate
(e. g.100 amp) load test to assure the
individual batteries are functional.

3.  Optionally measure and record the
resistance/ impedance/conductance of the
individual units to trend the condition of the
individual units over time and to detect
dramatic differences between individual units
and the norm.

Annual Maintenance
1. Repeat the semi-annual checks.
2. Retorque all the interunit connecting
hardware to the values noted in Table 2. This
can be omitted if the connection resistance is
measured and found to have not increased

more than 2000 from the value at installation.
Bi --_ Annual Maintenance

The battery should be capacity tested every
two years at the service load or at the battery
rating related to the service requirements.
Ldeally , this will be the same rate at which it
was acceptance tested when originally
installed. Once the battery is found to be at
85% of rating, it should be capacity tested
annually. Capacity testing instructions are
found in the bulletin “Acceptance and Capacity
Testing”_# 4141--7135.

Data Analysis and Corrective Actions

The data accumulated during the periodic
maintenance activities should be recorded on a
form such as shown in Appendix One.
Following is an explanation of how the data
would be interpreted and the correction action
to be taken. However, it must be recognized
that this explanation is not all inclusive and the
analysis and corrective action decision must be
made by personnel familiar with VRLA
batteries and their operation and failure

modes.



When batteries are cleaned, they should be on open
circuit. For cleaning, use a cloth moistened in a
solution of bicarbonate of soda and water. Do not
use cleaners of unknown solutions such as window

Environment Ambient and or glass cleaners and solvents. Use of certain
Battery Temperature petroleum based cleaners will damage the battery

While the VRLA battery wil function at extremes plastic containers and could cause them to crack

of temperature, it is rated at 77°F (25°C)and the and craze.

ideal operating temperature range for the VRLA

battery is 70 (2JfC) to 80° F (27°C). Operation at Container and Cover Damage

cooler temperatures will reduce the anticipated
standby operating time while operation at warmer ~ Should a crack or other penetration of the
temperatures will detract from the battery life and ~ €ontainer or cover of a battery be noted, it

will increase the potential of a thermal runaway should be replaced. A crack in the container

condition. could allow conductive electrolyte to wick from
the battery and create a ground fault. A ground

The battery will experience a 5000 reduction of fault could lead to melting and burning of the

life for each 18°F (10°C ) above 77°F (25°C). container.

High ambient room temperature should be

corrected through the use of appropriate A hole in the cover, even without wicking of the

ventilation and air conditioning. electrolyte, can also be a serious situation. The
hole will allow drying of the electrolyte in the

The VRLA battery should not be charged at subject cell resulting in an eventual high

temperatures exceeding 122° F (50° C). A resistance and heating of the subject cell.

thermal runaway condition could result.
Containers which are severely swollen and

The individual batteries within the string should permanently deformed have been overheated and
than 18 F ( 10°C). If the entire battery or will also cause the batteries to gas and dry out and
individual units temperatures are excessively will damage the plates. In this case the entire
high, the respective units may be experiencing battery string should be replaced.

thermal runaway. In this situation the charging
current should be terminated and the cause of
the situation should be determined and
corrected.

Terminals

Bent or otherwise damaged terminals can
produce high resistance connections or can
hide a fracture that could fuse open under
load. Batteries with damaged terminals should
be replaced.

If thermal runaway has occurred, the battery
system should be capacity tested and replaced if
necessary.

If the protective grease at a termination has
melted and flowed onto the cover, it is an
indication that the connection has been hot

Battery Visual Inspection
Container Cleanliness

It is important that the individual batteries be and this is, in all probability, the result of a
clean and properly spaced. An accumulation of loose or high resistance connection. In this
dirt or dust and moisture on the covers can situation the connection should be

produce a conductive path between the terminals ~ disassembled, inspected for damage, cleaned
or to ground which could result in short circuits or ~ and properly reassembled.
ground faults.
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Battery system Float
Charging Voltage

The recommended battery system float charging
voltage for the LIBERTY VRLA Batteries with a
specific gravity of 1, 280 to 1, 300 is equal to the
number of cells in the system multiplied by the
range of 2. 25 to 2. 30 volts per cell at 77° F
(25°C). For example, a string of 30 each 12 volt
(6 cell) batteries should be float charged within
the range of 405 to 414 VDC(180 cellsX2. 25V/C
minimum and 180 cellsX2.30V/C maximum)at
T7°F(25°C).

When temperature extremes are encountered
the float charging voltage should be temperature
compensated.

The temperature compensation coefficient is —
0.0028V/C per degree F (--0. 005V/C per
degree C).

For example, if the battery normal temperature is
90°F (13° above 77°F) the average float charging
voltage range should be reduced 0.036 V/C
(13~X0. 0028 V/C per F)to between 2. 21 and 2.
26 VIC. For a 180 cell battery this would be 397.
8 to 408. 6 VDC. This will help reduce the
potential for thermal runaway at elevated
temperatures.

If the battery operates at _ cold_ temperatures,
for example 50 F (17° below 77° F) , the
charging voltage can be increased to improve
recharge time. For example, the charging voltage
range could be increased by ---_17°X_0. 0028
V/C per degree or

0. 048 V/. For the 180 cell string this would be
413.6t04226 VDC.

If the battery is undercharged for a period during
which there have been multiple discharges, the
battery will not fully recharge following each
discharge and it will provide progressively lower
capacity. This condition may be correctable with
an extended equalization charge (e g. 48 to 72
hours). However, if the situation has continued
for too long a time, irreversable sulfation of the
plates may have occurred and the battery may
have to be replaced.

Extended overcharging will cause excessive

float current, corrosion of the plate grids,
gassing and drying of the limited amount of
electrolyte. This constitutes premature aging of
the battery and loss of capacity.

Severe overcharging for extended periods can
induce a thermal runaway condition. This
would also necessitate replacement of the
battery system.

While measuring the battery system DC float
charging voltage it may also be convenient to
measure the AC ripple voltage appearing
across the battery system. If the AC ripple
voltage is a sinusoidal waveform the maximum
reading should be less than 0.5% Vrms of the
DC float voltage. In the case of 180 cell string
floating at 414 VDC, this is 2. 07 Vrms. When
measuring the ripple with an oscilloscope, the
maximum p --_ p value should be 1.5% of the
float voltage or 6. 2 Vp -- p when floating at
414 VDC.

Excessive AC ripple voltage across the battery
could cause gassing and heating of the battery
which would result in reduced life.

Battery System
Ground Fault Detection

If the rectifier used to charge the battery has a
ground fault detection capability, the indicator
should be observed to determine the safety of
the system. If a ground fault is indicated, it
should be isolated and corrected prior to
further maintenance on the battery system.

If the rectifier does not have a ground fault
detection circuit, use the digital voltmeter and
measure the voltage from each polarity of the
battery to ground (the grounded rack or
cabinet). A detected voltage would indicate a
short or leakage current from the battery to
ground. The approximate location of the cell
with the ground fault ,from the battery system
output terminal, would be the measured
voltage divided by the average per cell
charging voltage. For example, if the measured
voltage to ground was 135 VDC and the
charging



voltage was 2. 25 V/C,the ground fault would
be approximately 60 cells (ten 12 volt units)
from the battery system output terminal.

Battery System
Float charging Current

If the DC float current can be measured,it can
provide an indication of the proper current
acceptance of the battery system. Depending on the
charging voltage per string and the temperature, the
float current per string should be approximately that
shown in Figure 3. The float current will
approximately double for each 18°F _ (10°C) above
T7°F(25°C)

If the DC float current is zero there is an open
circuit in the battery string. If the float current is
higher than anticipated, it may be due to
elevated termperature of the battery or shorted
cells within the string. In either case the cause
should be determined and corrected. Elevated
temperatures and shorted cells are both
situations which can lead to thermal runaway.

Individual Battery
Float Charging Voltage

While the battery string may be charged at an
average of between 2. 25 and 2. 3 volts per
cell ,not all cells will float at the exact average
vlotage.

Each cell has a somewhat different impedance
and rate of oxygen recombination and will
therefore exhibit a slightly different float

slightly different float voltage at the same float
current. For example, all the 12 volt batteries in a
string charged at 2. 3 volts per cell will not float
at 13. 9 VDC but may vary from 13. 3to 14. 5
and still be normal. If the system is equalized for
24 hours upon installation, or with an extended
time in float service, this spread in float voltage
will normally decrease.

Table 1 indicates the minimum and maximun DC
float voltages to be measured across batteries in
a series string. If an individual battery measures
too low, it may be an indication of a shorted cell.
If an individual unit measures too high. it may be
an indication of increased resistance within the
cell. If one unit measures very high while the
balance of the units in the string indicate near the
open circuit value, the high voltage cell may have
an open circuit.

Shorted cells within the string will lead to
increased voltage applied to the remaining good
cells in the string and higher folat current. For
example, A 24 cell string charging at 55. 2 VDC
(2. 3V/C) which has 2 shorted cells will be
charging the remaining 22 cells at 2. 5 V/C(55.
2VDC/22 cells)and the resulting increase in float
current is sure to result in eventual thermal
runaway.

A battery with a shorted or open cell can usually
be confirmed by comparing the impedance of the
individual units or by comparing the AC ripple
voltage measured across the individual units.

Do Not perform a high rate load test on batteries
that are suspected of having a shorted or open
cell. This would be hazardous since a spark
internal to the cell could ignite the internal gases.

A battery suspected of having a shorted or open
cell should be removed and replaced
immediately.

More information concerning the measurement
and interpretation of individual battery float
voltages is contained in the pamphlet_ Integrity
Testing”_4-41 7264.
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High Rate Momentary Load Test

The high rate momentary load test is a functional
test of the individual battery within the series
string. It does not replace a capacity test but it
does indicate if the battery is functional at least
up to the ampere capability of the test load. A
typical load used for batteries in the 20 to 200
ampere range is 100 amperes. The voltage of
the unit 10 seconds after application of the test
load should be at least 1. 7 v/c average(10. 2,8.5
and 5.1 VDC for 12,10 and 6 volt batteries
respectively) or the battery should be suspected
of being open, shorted, discharged or of very
high resistance and low capacity.

Never perform the high rate momentary load test
on a battery suspected of having a shorted or
open cell. Full face protection should always be
worn during this test, since a spark internal to a
cell could ignite the residual gasses within the
cell.

More information concerning this test and the
minimum voltages to be expected by part
number is contained in the pamphlet _Integrity
Testing_ #41_7664.

Impedance Testing
The normal wearout mode of the VRLA battery
includes corrosion of the plate grids,
deterioration of the plate active material and
some drying of the electrolyte. Abnormal failure
modes would include deterioration of the
conductive path and excessive drying of the
electrolyte. These processes will all increase the
resistance of the affected cells and periodic
measurement of the impedance,resistance or
conductance of the cells and trending of this data
can indicate string uniform gradual degradation
and loss of capacity with time. This is shown in
Figure 4.

Rapid changes in individual units may indicate
shorted, open and drying cells and cells with
deteriating conductive paths.

When an AC ripple voltage appears across a
string of batteries it will be subdivided

%RATED CAPACITY
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Figure 4 VRLA Battery Lmpedance and
Conductance vs.Capaclty and Age.

across the individual

units in the string proportional to their
relative resistance. Therefore in the
absence of an impedance, resistance or
conductance test set, the AC ripple voltage
across the individual units can be
measured with a DVM and compared to
each other and the norm as an indication
of their relative resistance and condition.

If the resistance of the batteries has
increased by 300 over that when it was
new, the battery should be further tested to
determine the cause and if necessary the
battery or system should be capacity
tested to assure reliability.

More information on this topic is contained
in the pamphle _Impedance and
Conductance Testing_ #41_-7271.

Interunit Connecting Resistance

High resistance in the interunit connections
and loose connecting hardware can cause
excessive voltage drop during discharge
resulting in reduced operating time and in
the extreme case even cause melting of
the battery terminals and potentially a fire.

The contacting surfaces of all connections

should be brushed clean, removing all lead
oxide and contamination, protected with a

special antioxidation grease, and tight.



loosen

The connection

hardware may
somewhat with time and repeated cycling of
the battery system. The connection hardware
should be retorqued to the value indicated
for the battery part number as shown on the
relevant data sheet. A summary of the
battery terminal types an the recommended

torque values is given in Table 2.
Performance and Capacity Testing

When the battery degrades to 8000 of its
rating it should be replaced. That is ,if a
battery system could support 100 amperes
for 1 hour when new, it should be replaced
when it can only support 80 amperes for the
same 1 hour period. If 100 amperes is the
actual load and this must be supported for a
minimum of one hour, the battery should
have been originally sized to provide 125
amperes for the one hour when new. This
sizing factor of 1. 25 is referred to as the
aging factor when originally sizing the
battery.

When the battery capacity declines to 80% of
rating is it an indication that the plate grids
are corroded and expanded; that the plate
active material has deteriated and that the
drying of the electrolyte has occurred. The
battery should be removed from service and
replaced at this time.

Naturally, the other criteria for battery
replacement is when it no longer supports
the load for the minimum required time _
even if the battery is still greater than 8000 of
rating. However, even at minimal load, the
battery should not remain in service beyond
that point when it is at 8000 of rating.

The VRLA batteries are rated at 77_F (25C). It
is important to recognize that operation at
lower temperatures, while it does not harm the
battery, will reduce the operating time.
Performance derating factors for reduced
temperature are found in the pamphlet”
Acceptance and Capacity Testing” # 41- 7135.

Continuous operation at elevated temperatures
will result in accelerated aging of the battery.
For each 18T(10C)above 77T(25C)the battery
will age at twice the normal rate. Additional
information on this topic is found in the
pamphlet "Life Expectancy and Temperature”
#41-7329.

Summary of Periodic Maintenance
for VRLA Batteries

The VRLA battery is maintenance free only as
related to the electrolyte. For assurance of the
battery reliability it is still important to perform
the recommended periodic maintenance.

The recommended periodic

maintenance ,whether performed manually or
via automated monitoring systems, is designed
to determine the gradual

degradation of the system capacity and

to detect any abnormal system or individual
battery condition which

could impact system reliability.



TABLE 1- VRLA Battery Symptoms and Solutions

Symptom Possilbe Causes Possilbe Result Corrective Actions
CAPACITU TEST
RESULTS

) Normal wear out Eventual failure to support | Replace battery
Reduced  operating the load followed by | system when at 80%
time at 77F with potential for shorted cells. of rated capacity or
smooth voltage before.
decline,
Reduced operating | Individual low capacity | Reversed cells during | Replace the isolated
time at 77F with step | cells. discharge_reversed cells | low capacity
voltage decline or will become very hot and | batteries.
voltage plateaus. will not fully recharge.
Excessive initial | Battery is cold. Heat the battery.

voltage drop even to | Cabling is too small. | Excessive voltage drop. Run parallel cables.

the point of dropping | High resistance

load in the first | connections.

several seconds. Excessive voltage drop. Clean and
reassemble
connections.

Battery is undersized. Add required parallel

strings.

Shorted cells. Cells will become hot, could | Replace isolated
develop thermal runaway; | units with shorts and
internal arcing could result | evaluate entire string.
in explosion.

TEMPERATURE

CHECKS

Elevated room | Lack of adequate air | Reduced battery life. Cool the room or

temperature. conditioning/ventilation. accept reduced
battery life.

Elevated battery | Elevated room | Reduced life and potential | Improve room air

temperature. temperature. thermal runaway. conditioning.

Inadequate cabinet | Reduced life and potential | Improve cabinet

ventilation, thermal runaway. ventilation and

temperature.

Discharge-Charge Can be normal if not | Limit recharge

cycle gxceedmg 181F (10C) | current.
increase.

AC ripple current
greater than 5 amperes
rms/  I0O0Ah battery
capacity.

Reduced life and potential
thermal run away.

Determine cause of
excessive AC ripple
current and correct.
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TABLE 1-VRLA Battery Symptoms and Solutions (Cou't)

Symptom Possible Possible Corrective
Causes Result Actions
High current | High charging voltage. This combination can | Limit recharge
recharge. lead to  thermal | current. _
runaway. Reduce to within
specifications.
Shorted cells. Replace shorted cells
and evaluate total
string.
VISUAL BATTERY
CHECKS
Cover/container Handling or impact | Cell dry out or ground | Replace damaged
crack. damage. fault. Potential | unit.
internal gas ignition.
Cover/container Ignition of cell internal | Personal injury and | Replace damaged

explosion, gasses due to external | equipment damage at | unit and evaluate the
source, fusing of internal | time of explosion, balance of string.
conductive  path, or Failure to support
internal spark due to load.
shorting. This potential
exists for batteries not
maintained and
continued in service
beyond useful life.
Burned area on | Crack in  container | Could result in | Clear the ground fault
container. wicking electrolyte to | personal hazard due | and replace defective
grounded rack, etc. | conductive path to | unit. Evaluate
Ground fault. rack, etc. balance of the string.
Could result in smoke
or a battery fire.
Could result in a
thermal runaway.
Permanently Thermal runaway | Could result in the | Replace the battery
deformed possibly caused by high | emission of hydrogen | system and correct
(swollen)container. temperature sulfide  which  is | the items leading to
environment, detectable as a rotten | the themal runaway
overcharging, egg odor, battery fire | condition.
excessively high | and inability to
recharge current, | support the load.

shorted cells or a ground
fault or a combination of
these items.
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TABLE 1- VRLA Battery Symptoms and Solutions (Cou’t.)

Symptom Possible Possible Corrective
Causes Result Actions

VISUAL CHECKS

(CONTINUED)

Rotten egg odor. Possibly caused by high | Odor is a product of | Replace the battery
temperature  environment, | extended thermal | system and correct the
overcharging , excessively | runaway. items leading to the
high  recharge  current, thermal runaway.
shorted cells or a ground
fault or a combination of
these items.

Melted grease at|Connections were  hot | Excessive voltage | Clean and reassemble

terminals. probably due to excessive | drop perhaps leading | the connection if
resistance caused by loose [to short operating | undamaged.
connection ,dirty contact|time or damaged
surfaces or corrosion within | terminals. Replace any battery
the connection. with damaged

terminals.
In extreme case could
lead to melted
terminal and ignition
of the battery cover.

Corrosion at | There is possibly either | Increased connection | Disassemble

terminals. residual electrolyte from | resistance and | connection, clean ,coat
manufacturing or electrolyte | resulting increase in | connecting surfaces
leaking from the battery | the connection | and terminal area and
terminal seal that is|heating and voltage | seal with antioxidation
attacking  the interunit | drop at high rate | grease and
connector. discharge. appropriately

reassemble the
connection. If leakage
about the terminal area
is obvious ,the battery
should be replaced.
DC VOLTAGE
CHECKS

System float | Charger output set | Overcharging will | Reset  the charger

voltage greater | incorrectly, cause excessive | output voltage to the

than 2. 3viC gassing and drying of | recommended value.
average at 77V the electrolyte and will

(25~C) contribute to potential

thermal runaway.
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TABLE 1- VRLA Battery Symptoms and Solutions (Cou’t.)

Symptom Possible Possible Corrective
Causes Result Actions
DC VOLTAGE CHECKS
(CONTINUED)
System float voltage less [ Charger output set | Undercharging will result | Reset the charger output
than 2. 25V/O average | incorrectly, in a gradual loss of|voltage to the
at77TF(25C). operation time and | recommended value.
capacity with successive
discharge cycles. If | Equalize the battery
allowed to persist, an |system for from 48 to 72
irreversible level of lead | hours and perform a
sulfate will develop on the | capacity test. If capacity
plates with the result of a | loss is permanent.
permanent loss of | replace the total battery
capacity. system.
System equalize voltage is | Charger equalization | Overcharging will cause | Reset the charger output
greater than 2. 4V/C |voltage is set | excessive gassing and | voltage to the
average. incorrectly, drying out the electrolyte | recommended value.
and will contribute to
potential thermal runaway.
System equalize voltage is | Charger equalization | Equalization and boost | If  possible,reset the
less than 2. 4 v/c average. | voltage is set | charging will be less | charger output voltage to
incorrectly, effective and will require | the recommended value
extended time. or accept |onger
equalization time.
Individual battery float Potentially the | Reduced operating time | Replace the individual
voltage less then individual battery has | under load. Increased | battery.
2. 2VIC average, a shorted cell. Could | float current. Heating of
13.3 VDC for 6 cell battery. | be verified with an|cell during discharge.
11. 1 VvVDC for 5 cell|impedance or | Contributes to potential
battery. conductance check. thermal runaway.
6.6 VDC for 3 cell battery.
Individual battery float Potentially there may | Failure to support the [ Replace the individual
voltage greater than be open cell in the |load. Could result in an | battery.

2.42 VIC average,

14.5 VDC for 6 cell battery.
12. 1 VvDO for 5 cell
battery.

7.3 VDO for 3 cell battery.

individual

battery.

This can be confirmed
by checking for zero

float

current or

checking for a very
high impedance of the

batter

internal arc which could
ignite the gasses within
the cell.
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TABLE 1-VRLA Battery Symptoms and Solutions (Cou’t.)

Symptom Possible Possible Corrective
Causes Result Actions
DC VOLTAGE CHECKS
(CONTINUED)
DC voltage measured | Damaged battery | Personnel shock hazard | Determine the source of
between either of the | container allowing | which could result in serious | the ground fault and
battery system output | electrolyte to wick out to | injury or electrocution. replace battery.
terminals and ground [the grounded surface
(rack)or a ground fault | (rack).
indicated by automatic
monitoring equipment.
Potential burning of the
container at damaged
area or battery fire.
AC RIPPLE VOLTAGE
CHECKS
AC ripple(p-p)voltage on | Poor filtering of the | Excessive AC ripple could | Improve the charger
the system is greater than | charger output. cause the battery to cycle at | output filtering.
4% of the value of the DC the ripple frequency and
float voltage, result in heating and
deterioration of the plate
active material.
Individual battery in string | Battery with the high AC | Reduced operating time. Verify the battery
exhibits AC ripple voltage | ripple voltage has a condition and replace
of twice that of the other | proportionately higher as required.

typical batteries in string,

impedance and should be
further  evaluated for
performance. Subject
battery could have a
deteriorating  conductive
path or a dry, shorted or
open cell.

Potential conditions could
be conducive to thermal
runaway.
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TABLE1-VRLA Battery Sym

toms and Solutions (Cou’t)

Symptom

Possible
Causes

Possible
Result

Corrective
Actions

FLOAT CHARGING
CURRENT CHECKS

Float current to the
string is zero.

A battery or connection in
the series string is open.

Failure to support the load. If an
internal arc should occur during

Replace the battery
with the open cell or

This can be verified via the | discharge ,it could ignite the |repair the open!

float voltage check or AC | gasses internal to the cell. loose external

ripple voltage or impedance | If there is a open/loose connection | connection.

check of in the external conductive path, it

the individual batteries. could damage the termination

under load.

Float current exceeds | Batteries are not yet fully | Not at 100% of capability. Determine the
3.0 Millie amperes per | recharged. specific cause and
ampere hour of rated | Batteries are above 77F [ Conducive to thermal runaway. take necessary

capacity at 77F
(25C )at float voltage.

(25C).

Potentially shorted cells in
battery.

Conducive to thermal runaway.

Depending on the degree,
the battery may be entering
or in thermal runaway.

Thermal runaway results in
eventual meltdown of the battery
and the potential of hydrogen
sulfide emissions and fire.

corrective action.

AC ripple current
exceeds 5 amperes
per 100 Ah rated

battery capacity.

Poor filtering of the charger.

Excessive AC ripple current will
result in battery heating, reduced
service life and potential thermal
runaway.

Improve the charger
output filtering.

HIGH RATE 10 SEC.
LOAD TEST

Terminal voltage is
marginally below the
minimum voltage
specified for 10 sec.

Battery is perhaps not fully
charged or is an older
battery that has been in
service and is of somewhat

Perhaps reduced operating time.

Fully recharge the
battery.

point, lower capacity.
Terminal voltage is|Battery is discharged or | Reduced operating time. Charge and retest
significantly below the | battery conductive battery or replace
minimum voltage | path ,plate grid or active as required.
specified for 10 sec. | material or  electrolyte
point. volume deterioration.

Shorted. Conducive to thermal runaway.

Open cells. Will not support load.
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TABLE 1-VRLA Battery Symptoms and Solutions (Cou’t)

Symptom

Possible
Causes

Possible
Result

Corrective Actions

BAITERY IMPEDANCE/
CONDUCTANCE TEST

Impedance/resistance

Battery is discharged or

Reduced operating time.

Charge and retest

increase by 50% from | Battery conductive path, battery or replace
original values when |plate grid or active as required.
new or conductance | material or electrolyte
decline to 50% or the | volume deterioration.
value when new.

Shorted cells. Conducive to thermal

runaway

Open cells. Will not support load.
CONNECTION
HARDWARE
RESISTANCE/
TIGHTNESS CHECK
Connection  resistance | Repetitive cycles resulting | Loose connections can | Retorque the
increase of 20% or more | in heating and cooling of | result in heat damaged or | connection as
from original value, connection can result in | melted terminals during | required.

relaxation of torque and
an increase in connection
resistance.

high rate discharge.

Contamination within the
connection can result in
corrosion and high
terminal resistance.

Excessive voltage drop
during high rate discharge
and resulting reduced
operating time.

Correct the source
of

contamination ,clea
n the contact
surface areas,
grease the contact

surfaces with

antioxidant grease

and reassemble.
Connection hardware | Repetitive cycles resulting [ Loose connections can | Retorque the
tightness is less than the [ in heating and cooling of | result in heat damaged or | connection as
specified "retorque” connection can result in | melted terminals during | required.

value,

relaxation of torque and
an increase in connection
resistance.

high rate discharge.
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SC&D LIBERTY & HithizZ AT fRIF L%

HoF R A A LA A 48V RS

SC&D LIBERTY BATTERY MAINTENANCE AND APPLICATION RECORDER

FOR HUA WEI EQUIPMENT 48V SYSTEM

AR BE

Float Voltage

A 48K Company A HA (HUAWEID)
Mok TOfE M & (BATTERY

LOCATION):

#H oo fit 3¢ A (BATTERY | Hif(TEL: )

RESPONSIBLEBY):

# ol )RS (4 47 % )Battery

Date Code

&% K K 4% 5 (EQUIPMENT

TYPE AND NO:)

System Load:(K.W. or A)

¥z R ¥E Eq.Volt

[111(DATE) =i | i % | #Fdu R Battery Voltage(V) AREFRBELR | & beg
(C)T.(ro | T . . . . System Float | Remark
150k | 250 | 3 5 Bl | 4 5 ot
om) (CO)T.(b Voltage/current(V/A)
NO.1 NO.2 NO.3 NO.4
att)
Y J M H D %3457 Before Installation--ocv.~—~ | .
Y H M H D e (Tl 11 BoKE R T FIXED | e | e
COMMECTOR BETWEEN BATTERIES (MAY BY 11CM
WRENCH)
Y M H D 23 EH 24 VR 3~7 RFIFAHE
After Installation Equalization Charge 24 Hours ,then float
charge 3 to 7 days
Y H M H D A IE (I R8BI ) it 2 I ) First (A B A B | (MEHRS) | (MEFHRS) | -
Capacity Checking (record the discharge time/temperature) HRS) HRS)

HY HM H D3 A HJEi77 HRFZEdid 5t After

floatvoltage and maintenance record

3 months

H£Y H M H D6 A HJEiFR Mgl After

floatvoltage and maintenance record

3 months

HY HM H D9 A HJE 7 HURFZEdid 5t After

floatvoltage and maintenance record

3 months

FY H M H D12 M HEE R il After

floatvoltage and maintenance record

3 months

Y H M H D15 M HJaTEF IR MY ic sk After

floatvoltage and maintenance record

3 months

Y H M H D18 M HEE A UL MY il After

floatvoltage and maintenance record

3 months

Y H M H D24 A HJavFse s MY ic sk After

3 months
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floatvoltage and maintenance record

Y A M H D27 A~ HJETE R i EF4E il % After 3 months

floatvoltage and maintenance record

#£Y H M H D30 4 HJEF 7 R A4Edid s After 3 months

floatvoltage and maintenance record

Y A M H D36 /4~ HJETE 7 R FZES il 5% After 3 months

floatvoltage and maintenance record

it 50 MPS12—100(100AH@20HRS #) LR BE 1 38 (7 25 JiHL 4 1.75V/C 2 100 2 4 ie

JBOB AL 5A BRI TR <6 A I (30% MR | TR (R 6~10 /NI (S0% LR ) | LN [R]>10 /NI (100% 7 L Z) DISCHARGE TIME
£ )DISCHARGE HOURS ARE LESS | DISCHARGE  TIME  BETWEEN | MORE THAN 10 HOURS
THAN 6 HOURS 6~10HOURS

[ DATE

VI NS IR A% AR O SR 25 B 1K) ¥ 00, SRR IS 2 46V AL S s W] LT 3
WY A7 3, HL T AT T B0 I AR B I 0 A e sk O AR ), TR AR IR U VA 2 S A
FORMN41—7135,41—7271,41—7264.

0 HL T VE RIS AT 45 F 0 20 FR 4L 47 A DL b i v R E i B A Al et i i S [ C&D
TECHNOLOGIES K Jj 1 H b 8t il (1 AR SC 14

Note: Please fill in the form without modification because the form is a part of the Warranty . Please
fill in remark for the battery surface or physical damage. The form is for the most important parts
during application but not all. Regarding the test method please reference the technology
doucuments FORM 41—7135,41—7271,41—7264 supplied by the C&D. The charging and
operating conditions must be consistent must be consistent with the published instructions of C&D
Technologies Dynasty Division.

47 AU HT IR 75 HLdt g e
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Valve Regulated Lead Acid Batteries

Historical Data and System Status

Company(/A ) System Float Changing Vollage(F 4:7% 78 FiLJE) VDC
Location(}th 117) Late Batteries Installed(H it 22 H 1)

Supervisor in Charge(7¢ FLF2/77) Phone( i) Load (K.W.or Ampere)(f1 %k K.W 84:2% H 3)

Type CHARGER/Load(7& HLHL (1 3%) S ) System Equalize Voltage (R4 78 FiLJE) Amps(‘& 1)

Unit Part Number (. G 45 ): Cells Unit(f 570 % £4) Room Temnerature( %) U nit Temnerature Rana (55195 i 2 51\

Date Date(
( H H 119)
)
Unit( | Charging | Impedanc | 10Sec.Vmin | Connection | Unit( | Charging | Impedanc | 10Sec.Vmin | Connection
HLIT) | Volts-Uni | ( FH | @100Amps | Resisance | H.70) | Volts-Uni | e( FH | @100Amps | Resisance
o t( %A JC % | Hi)Condu | .(100 2 ¥ | GEHHLHT) No( t( %A JC % | Fii)Condu | .(100 2 ¥ | GEHHLHT)
) HLHLE) | ctance( % | 10 #2) (i ) HLHLE) | ctance( % | 10 #2) (i
FR)NA | AR E) TR | BKHEER)
n=AR) = tR)
1 31
2 32
3 33
4 34
5 35
6 36
7 37
8 38
9 39
10 40
11 41
12 42
13 43
14 44
15 45
16 46
17 47
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18 48
19 49
20 50
21 51
22 52
23 53
24 54
25 55
26 56
27 57
28 58
29 59
30 60
COMMENTS (PPt it BH):
ROMM VISUAL CHECKS(% P H ¥4 7):
BATTERY VISUAL CHECKS( H it M XA
7r)
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