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Technological progress II-I sealed lead/acid batteries* 
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Yuasa Batteq Co, Lid . 6-6 Josaz-Cho. Tahatsukz, Osaha S69 (Japan) 

Abstract 

A bnef review LS gven of the tistoo of the research and development of sealed lead/ 
acid battenes dunng the 30 years smce, m 1959, the Yuasa Battery Co mtroduced a 
small-sized sealed battery as the power supply for portable televlslon sets In 1965, Yuasa 
began the full-scale mass production and sale of a small-sized sealed lead/acid battery 
under the NOYPER brand In 1970, the use of a Pb-Ca alloy gnd was adopted, and 
there followed the successful development of a sealed battery wnh an oxygen-recombmation 
faclhty In 1976, kuasa more or less estabhshed the basic technology for the valve- 
regulated sealed lead/acid battery- the NP battery-which IS now the type m general 
use Throughout the 198Os, Yuasa, has contmued development III order to expand the 
sphere of apphcatlon for the production technology of valve-regulated battenes for 
motorcycles, as well as for statronary duties wth large capacmes of 100 to 3000 A h 
Recently, m order to unprove the rehabtity and boost the output of sealed lead/acid 
battenes for employment m LJPS power sources, Yuasa has been workmg mtently on 
the design of a valve-regulated lead/acid battery wth outstandmg charactenstlcs for high- 
rate dscharge and resstance to high temperatures 

Introduction 

Over half a century has passed smce A E Lange’s mventlon, m 1938, 
of the gas recombmatlon mechamsm LI-I which oxygen gas generated dunng 
overcharge 1s consumed by a cadnuum negative plate [ 1 I. The technology 
for practical apphcatlon of addmg the gas-recombmatlon function to the NI/ 
Cd battery was estabhshed m the 195Os, followed by the successful devel- 
opment of the sealed NI/Cd battery [2, 31 

From the 1960s onwards, basic research and development towards the 
reahzatlon of mcorporatmg gas recombmatlon mto the lead/acid battery 
system was steadily camed out [4]. Today, as a safe and mamtenance-free 
secondary battery, the range of applications of the sealed lead/acid battery 
has expanded, to penetrate gradually the sealed N&d battery market From 
the 1970s onwards, with the advent of full-scale manufacture and sales, the 
market for valve-regulated ‘sealed’ lead/acid battenes has contmued to grow 
rapidly, due to the battery’s hq$-rehablllty, economy and mamtenance-free 
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performance At present, the Yuasa Battery Company produces and sells 
valve-regulated lead/acrd battenes rangmg m capacity from 0 8 to 3000 
A h 15-71 This paper IS a snnphfied outhne and review of the research and 
development of the sealed lead/acid battery that YLJASA has been canymg 
out for the past 30 years 

Basic requirements for valve-regulated lead /acid batteries 

In terms of both size and capacity, an extremely wide range of valve- 
regulated leadlacld battenes IS presently bemg manufactured, m three broad 
categones of capacity (I) small 0 8 to 65 A h, (II) medmm 50 to 100 A 
h, (IU) large 150 to 3000 A h As far as the bLa.sIc features of the battery 
are concerned, clearly, the fun&Ions and performance requirements that must 
be met are largely dependent on the condltrons of the given apphcatlon In 
general, however, requlrements are [ 91 
0 safety 
l high output energy density (W h kg-‘, W h I-‘) 
0 mamtenance-free operation 
0 convenience 
0 economy 
The technological problems that must be solved III order to meet these 
cntena, and matenal deagn, are outhned m Table 1 In order for the valve- 
regulated design to satIs@ the category of safety, not only must It be sprll 
proof, but it must also s&.&y the growmg demand for miproved rellablllty 
through the addition of elements such as a faclhty for estlmatrng remamtng 
Irfe, and non-mflammabllrty 

Non-spill, or semi-sealed, small lead/acid batteries for cordless 
devices 

The development and manufacture of lead/acid battenes \mth a non- 
spill structure have a long hlstory m speclallzed apphcatlons such as cap 
lamps employed II-I mules and battenes used by au-planes With the mcreasmgly 
wIdespread use of cordless devices (I e , portable telewslon, tape recorders, 
etc ) there has been a gradual demand for an addItIonal fimctlon to the non- 
sprll lead/acid battery-a sealed system Ln 1959, Yuasa developed the PDA 
battery (a 6 V, 3 A h monoblock construction) as a power source for portable 
televlslon sets, to be operated on both a c and d c Some of the basic 
functions m demand at the tune were (I) no tlquld leakage, (u) no acid 
nust, (III) cycleabrllty without the need for water addltlon, (IV) easy handlmg 
Further unprovements were made to the PDA battery, and these resulted m 
the development of the senu-sealed system m1t.h features that mcluded an 
ability to be stored for several months, and to be cycled for more than 100 
tunes urlthout requn-mg the addrtlon of water In 1965, Yuasa embarked upon 
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TAE3LE 1 

Performance requirements and rechnologcal targets for sealed lead/actd battenes 

Perfomiance 

requirements 

Technological targets Materials and design 

Large capaclo 

High energy 

density 

Safety factors 

Mamtenance- 

free 

Overcharge 

resstance 

Ch erdscharge 

re.sLstance 

Long shelf-ltfe 

Long cycle-hfe 

Long float-ltie 

Collechve 
assembly 

Improved utlhzatlon-efficiency of 

acti\ e matenal 
Fhmg electrolyte quanut> 

Compact 

LIghtweIght 

Improved h@-rate discharge 

performance 

Conductive addmves 

Reduction of dead space In 

battery case 

Flattenmg of safety vahe 

improved electrolyte specfic 

Wawty 
Thmner plate 

Thmner separator 

Cell construction \nth h@er 

stacking pressure 

Non-leakage 
Estlmatlon of remammg hfe 

Non-mflammab~ny 

Reduction of water-loss through 

battery contamer walls 

Achevement of 100% 

O,-recombmatlon efficiency 

Reduction of electrolyte dry-up speed 

Improved corrosion resistance of 

posltne gnd 

Improved growth resistance of 

posltne plate 

Improved recharge recovery 
Improved resLstance to short circuit 

Reduction of self d&charge rate 

Reduction of auxihary charge 

frequency 

Improbed re-charge recovery 

No free electrolyte 
Rest seahng 

Safety valve 
Explosion preventive filter 

h~omtonng system 

Battery contamer matenal 

Lammate construction 

Mlcrofine glass mat separator 

Rxmg of electrolyte 

Poslhte gnd alloy composmon 

Charging system 

Simulation system 

Electrolyte ad&tlves 

Degree of crystalhzatlon of 

posttlse and negative active 

matenal 
Removal of unpuntles 

No stratlficatlon of electrolyte Conductlbe addmbes 

No sulfatlon Posltlve gnd alloy composition 

No formatron of bamer layer m MIcrofine glass mat separator 

posltrte gnd corrosion film Rxlng of electrolyte 

No drymg out of electrolyte Chargmg system 

No thermal runaway Estlmatlon of reserve capacity 

Improved corrosion resistance of Estunatlon of expected 

posltlve gnd remammg hfe 

Improbed reststance to posltlre Cell construction wth hugher 
gnd growth stackmg pressure 

Improved resEtance to Battery contamer matenal 
h@-temperature environments Safety-take matenal 

Reduction of unevenness of 

batteo features 

Slmpbfied connectlon of battenes 

Position-free 

Prevention of temperature nse 

of battery 

Ternunal shape 

Battery voltage 

Internal unpedance of battery 

Heat-release design 

Momtonng system 
Smiulahon system 



ve Holder 
Valve 

-Slllety 

Conlolne 

Pipe 

Rg 1 Sectional mew of spill-proof, sealed lead/acid battery ‘NOYF’ER’ design 

marketmg this battery under the brand name ‘NOYPER’ [lo] (Fig 1) In 
order to reduce self-discharge, as well as to reduce water loss durmg 
overcharge, a Pb-Sb alloy gnd electroplated \nth pure lead was used To 
decrease the quantity of free electrolyte, a 1 mm-thick glass mat was mserted 
between the posltlve and the negative plates The posltlves were enclosed 
m a wrap-around (U-shaped) Yurmcron separator As a result, most of the 
electrolyte was absorbed by the plates, glass mat and separator, thus leavmg 
a mmlmal amount of free electrolyte Consequently, the protrusion supportmg 
the plate at the base of the casmg of the conventional flooded battery became 
unnecessary 

Small-sized sealed lead/acid batteries with gas recombination 

With the advent of the 197Os, there was a growmg demand for the use 
of sealed lead/acid battenes as emergency power sources for fire alarms and 
emergency hghtmg devices To fulfil this need, research was carned out to 
realize a practical apphcatlon of the gas-recombmatlon mechanism m lead/ 
acid battenes so that the floatmg charge function could be added to sealed 
systems 15, 111 The followmg three methods were developed as gas- 
recombmatlon devices 
(I) recombmatlon of hydrogen and oxygen by a catalyst, 
(u) absorption by a third electrode, 
(m) absorption of hydrogen, or oxygen, m the actwe matenal of the opposite 
electrolyte amount 

Method (1) was adopted for mdustnal stationary battenes (see below) 
In particular, attention was directed towards the development of a catalyst 
plug Method (m) was adopted for the small-sized battenes The amount of 
electrolyte was regulated to the maxunum possible, and by the formation 
of a three-phase mterface, between matenalAlquld/gas, at the negative active 
material, a sealed lead/acid battery was reahzed m whch the oxygen generated 
from the posltlve plate was absorbed by the negative plate I5 1, ng 2 In 
other words, the structural design was such that the height of the negative 
plate was higher than that of the posltlve plate III prmclple, this means that 



Rg 2 Oxygen-recombmatlon mecharusm m unproved ‘NO’IPER’ sealed lead/acid battery 

Rg 3 Sectronal wew of improved ‘NOYPER’ battery wth oxygen-recombmatlon mechanwn 

(1) Contamer, (2) lid, (3) top cober, (4) relief Lake, (5) valve holder, (6) fluoro-resm sheet, 

(7) exhaust sleeve, (8) posltwe plate, (9) negatlte plate, (10) electrolyte extensive separator, 

(11) separator, (12) pole, (li3) termmal 

the negatwe plate protruded above the electrolyte level, (Rg 3) The float 
current and self-discharge rate were reduced appreciably by replacement, m 
1970, of the alloy used for the gnd and pole strap by Pb-Ca alloy m all 
versions of the battery The separator contamed glass 6bres from 16 to 19 
pm II-I diameter, and wth a porosity of 92 to 94% By regulatmg the amount 
of electrolyte III the separator, the free electrolyte was reduced to zero 
Meanwhile, m order to prevent totally the expulsion of acid mist from the 
battery m the event of high-rate rechargmg, the emlsslon route was re- 
deslgned so that the gas would be expelled through a specmhzed fluonde 
resm sheet that was mlcroporous and water-repellent 

Small valve-regulated lead/acid batteries for both 
use 

cycle and float 

Development of glass jibre separator f_w fixmg the electrolyte 

As a method for elumnatmg the hqudlty of electrolyte, Yuasa has 
consistently carned out the development of a sealed lead/acid battery not 
via the gelled-electrolyte method, but rather through llrmtatlon of the quantity 
of electrolyte and the use of a glass mlcrofibre mat to 6x the electrolyte 
The performance of the mat separator III Gxmg the electrolyte 1s largely 
mfluenced by (1) the size of the pores UI the separator, (u) pore shape, (ul) 
pore dlstnbutlon These three factors can be controlled wth comparative 
ease by changmg the diameter and the length of the glass fibres Ln 1976, 
Yuasa adopted a non-woven mat (nucrofine glass fibre mat) that IS a blend 
of libres of less than 1 pm m diameter (the mayor component), and several 
percent of thick fibres of over 10 pm III diameter [ 12-l 7 1 



The velocity at which the electrolyte moves mslde the mlcrofine glass 
fibre mat separator, that IS, the penetrattng velocity, IS controlled by the 
capdlanty of the separator, and generally IS 111 accordance wth the Washburn 
equation 

7-J 2y cos e 

12= 477 1 +Ap t 
r I (1) 

where 1 1s the penetration distance of electrolyte, r Is the average pore 
diameter of the glass mat, y IS the surface tenslon, 8 IS the contact angle, 
17 LS the electrolyte vlscos~ty (coefficient of vlscosrty), t IS the tune, Ap IS 
the difference m pressure between both ends of caprllary 
With regards to the capillary penetration (nsmg) velocity through the layer 
of woven fibre (such as filter paper used m paper chromatography), the 
Washburn equation, accordmg to Nakagalu and Osagawa [ 181, can be altered 
to the foUowmg 

t h _=_ 
7 

---In l-” 
h T ( 1 I 

8rph o: 

T= (1 -C-r)G@J 

h = 2~ ~0s 0 
x 

ml 

(2) 

(4) 

where h Is the nsmg distance of electrolyte, 77 IS the electrolyte vlscosrty, 
f~s the degree of wmdmg of caprllary, (Y IS the fraction of electrolyte absorbed 
by the fibres (m case of glass fibre n=O), ? IS the average pore diameter 
of glass fibre mat separator, p IS the electrolyte density, g IS the gravity 
coefficient 
Equation (2), when h/h, -=x 1, can be reduced to 

h’ 2h’, _=- 
f 7 

Other than this, It can be altered through Taylor’s Theorem to 

(6) 

and all elements m the senes followmg the square term are extremely small 
and, therefore, d these are Ignored, the final result 41 be as follows 

h7 
- =A-Bh 
t 

(7 

so that h, =2A/3B and r=8A/9B2 
To a certam extent, It 1s possible to Judge the ablhty of the nucrofine 

glass fibre mat separator to 6x electrolyte by measunng the velocity at which 



the electrolyte IS absorbed Figure 4 shows one example of the results of 

an experunent m which the speed at which sulfunc acid of 1 30 sp gr IS 

absorbed m a vertical dlrectlon through the separator was measured when 

the average pore diameter was altered from 2 5 pm By applymg eqn (6) 
and plottmg h agamst h’/1, a hnear graph was obtamed over a wde range 

Wg 5) 

In~provernents m tlLe nature of the corrosion jilrn on Pb-Cu clllap 
gml.s 

The full-scale use of Pb-Ca alloy m automotive batteries took place UI 
the latter half of the 1970s Accordmgly, there was a slgruficant fall m the 

price of Pb-Ca alloy The demand for sealed lead/acid batteries with the 
added function of gas recombmatlon expanded to mclude even those areas 

m which cycle use and float use cannot be dflerentlated, such as computer 

termmal devices, medlcal apparatus, toys, VTRs, UPSs, telecommumcatlons, 
and engtne-driven devices From around this period, there were growmg 
demands for an Improvement m one of the basic requrrements of the sealed 

lead/acid battery, namely, a more complete ‘recovery of performance after 
deep discharge’ As IS well known, the recharge recovery performance of 

the Pb-Ca battery after deep discharge 1s related to the electrochemical 
propertles of the corrosion film on the posltlve grand The corrosion film IS 

essentially a multlphase construction comprised of Pb/PbO/PbO, [ 19, 201, 
Rg 6 Recharge recovery after deep discharge IS affected greatly by the 
mternal layers of the film, that IS, by the formatlon of the PbO layer TherefoI e, 

basic research was urgently duected towards findmg means to control PbO 

Rg 4 Relation between tune and penetration of 1 30 sp gr sulfunc acid through a mlcrofine 

mat separator under pressure of 20 kg dm-’ at 25 “C Mean pore sue (pm) of separator 

(A) 6 5, (ES> 2 5 
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60 - !okq/dm- pressurr 

---- 40bqidm2 pres;urr 

Fig 5 Relation between (penetration helght)‘/tlme and penetration height accordmg to Nakagakl 

and Osagawa ( 181 when water and sulfuric acids penetrate through a mIcrofine mat separator 

wth a mean pore sEe of 6 5 lrn under pressures of 20 and 40 kg dm-’ at 25 “C (1) Water, 

(2) 1 20 sp gr H$O,, (3) 130 sp gr H$O,, (4) 1 40 sp gr H$O, 

(b) 

Fig 6 Schematx model of the corrosion film formed on posItIre Pb-CaSn alloy gnds (a) 

The corrosion film formed after prolonged storage In the fully discharged state (b) The anodlc 

corro~mn film formed at )ugh potent& 

layer formatlon and to unprove the electrocherrucal propertles of the total 
corrosion tilm This research resulted m the discovery that the presence of 
tm, III some form at the Interface between the posltlve gnd and the active 
material, resulted m a vast unprovement on recharge recovery [2 l-231 At 
the same tune, It was also understood that the addltlon of a certam amount 
of alkahne metal (such as Na’ Ions) to the electrolyte has the effect of 
decreasmg the speed at whuzh Pb”’ Ions dissolve III electrolytes wth low 
specific gravity [24-263 



Small valve-regulated lead/aczd battenes with cmplete at~gen- 

I ecombznatzon 
As a result of the technologrcal development carned out on the positive 

gnd alloy and the mlcrofine glass fibre mat separator, as described above, 
Yuasa succeeded m estabhshmg the basic technology towards the realization 
of the valve-regulated lead/acid battery that has continued to be in wqdespread 
use smce 1976, Rg 7 With this as the turning pomt, the ‘NOYPER’ brand, 
was re-named ‘YUASA NP’ and mtroduced into the market m 1976 [ 271 
Fxxmg the electrolyte \nth the use of a nucroflne glass mat faclhtated the 
formatlon of the three-phase mterface between matenal/hquld/gas which IS 
evenly dlstnbuted across the surface of the active material of the negative 
plate as a whole (Fig 8) As a result, a reserve area of negative plate of 
the type tradltlonally requrred m the Nl/Cd battery was unnecessary m the 
sealed lead/acid design, and thus greater economy was achieved By 1982, 
the range of NP battenes had grown from 38 to 65 A h, and there are now 
22 vanetles avadable 1281 In comparison wth the sealed Nl/Cd battery, the 
NP battery has succeeded m achlevmg practically the same performance m 
terms of (I) mamtenance-free operation (no water addltlon required, (II) no 
out-gassmg, (111) no llquld leakage, (IV) posltlon-free operation, (v) safe 
operation tn workmg envu-onments 

Valve-regulated lead/acid batteries for motorcycles 

In 1983, under the brand name DINAM (YT series), Yuasa began to sell 
the valve-regulated lead/acid battery as a maintenance-free umt for motorcycles 

:alrr f "lllir Termnal 

Lid 
Top Calrr I 

Sealanl 
I 

Rg 7 Construction of small-size valve-regulated lead/acid battery, ‘Yuasa NP’, wth excellent 

oqgen-recombmatlon mechamsm 

Fig 8 Oxygen-recombmatlon mechamsm m ’ Yuasa NP’ battery 
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129, JO], see Table 2 The basic performance features that are demanded 
for such appllcatlon are as follows 

high crankmg performa,nce 
water toppmg-up and auxiliary charge unnecessary 
small and hghtwelght 
posmon-free operation 
safety 
strong resistance to vlbratlon 
good mltlal discharge performance of dry-charged umts 
low pnce 

Conventional valve-regulated leadlacld battenes are completely charged 
mslde the factory before shipment Due to the length of the storage periods 
expenenced m dlstnbutlon and the seventy of environmental con&tlons 
durmg transport, a sealed version of dry-charged type used m conventlonal 
motorcycle battenes has been adopted In order to reduce battery cost, heat- 
sealmg of battery contamer and hd, heat-sealed seahng mcorporatmg a wound 
resm termmal, a umque exhaust structure, and other features have been 
mtroduced, fig 9 Although the DINAM (YT) senes of sealed battenes weas 
prtmanly developed for use m motorcycles, the performance features can 

TABLE 2 

Development history of the DINAM (YT)’ valve-regulated lead/acid battery for motorcycles 

Date Battery koltage C/10 Capacity Customer Note 

cv) (A h) 

Nov ‘83 IT4L-12 
YTSL- 12 
YT12-12 

YT4L-12B 

I_? 
12 
12 

12 

3 Honda 
4 Honda 

10 Honda 

3 Honda Feb ‘85 Different termmal shape 
of YT4L12 
Dflerent ternunal shape 
of YTBL-12 

Improvement of crankmg 
ablhty and tierent 
terminal shape of YT12-12 

New type 

New type 

Improvement of crankmg 
abUy of YT5L12B 

New type 

Improvement of crankmg 
ablbty of YTH9-12B 

Improvement of filhng 
method 
New type 

IT5L-12B 12 4 Honda 

Apr 85 YTH12-12B 12 10 Honda 

June 85 YTH14-12B 12 12 Honda 

Jul> 85 YTH9-12B 12 8 Honda 

June ‘86 YTH5L12B 12 4 suzulo 

Aug ‘86 YTHSA-12B 12 6 Honda 

Sept ‘86 YTXS-I2B 12 8 Honda 

Nov ‘87 YT4L-BS 12 3 Honda 

YTX’iL-BS 12 6 Honda 



FIN 9 Construction of valve-regulated lead/acid battery for motorcycles, kua.sa DINAM’ 

be readily apphed to, for example, snowmobiles, water scooters, wheelchau-s, 
and motor-driven tools 

Valve-regulated lead/acid batteries for industrial stationary use 

In order to add the gas-recombmatlon function to stationary lead/acid 
batteries, Yuasa developed the catalyst system and first began marketmg this 
product III 1969 (311 Smce then, four different types of catalytic plugs have 
been deslgned for mdustnal battenes rangmg from 15 to 8010 A h [ 6, 8 1 
The catalyst plugs are m serted mto the electrolyte fillmg hole of the flooded 
stationary battenes Under normal condmons, tt IS possible to extend the 
penod required for water toppmg-up to at least three years Nevertheless, 
as a decrease m gas-recombmatlon efficiency of the catalyst IS unavoidable 
dunng seance, replacement IS normally effected every 3 to 5 years Although 
the mamtenance-free level of stationary lead/acid batteries wth catalyst plug 
IS low, results have shown that such systems can be used over long penods 
with a htgh degree of rehabdlty Therefore, to obtam a completely sealed 
type of stationary battery, It was necessary to develop a valve-regulated 
system wth an even higher degree of rehablllty 

The followmg basic requirements must be met when addmg the oxygen- 
recombmatlon function to mdustnal lead/acid batteries UI a manner sun&u 
to that successfully achieved wth the above-mentloned small-sized valve- 



regulated uruts wth less than 65 A h, in which the strategy Involved allowmg 
the osygen gas to be absorbed by the negative plate 
l unprovement ui high-rate discharge (I e , l-h rate) 

l float selvlce hfe longer than 10 years 
0 posltion-free operation 
l reductton of battery standmg space 
l no out-gassmg to a level enabhng mstallatton m an office 

In order to expand the apphcatlon of valve-regulated lead/sod batteries 
to lnctude ~dustnal use, technological development was camed out by Yuasa 
throughout the 198Os, urlth the sun of upgradmg the absolute capacity This 
work resulted in the mtroductlon of the 30 to 100 A h class UI 1983, the 
150 to 500 A h class ~1 1986, and th 1500 to 3000 A h class m 1988 
[ 32-35 I (Rg 10) The energy densltles (W h I - ‘) of sealed and flooded 
batteries are compared IJI Fig 11 The vast supenonty of the sealed battery 
Is clearly evident The valve-regulated design also has the advantage of no 
out-gassmg, and when apphed to telecommumcat~on service, for mstance. 

J 

nlomer 

Rg 10 ConstructIon of stationary valve-regulated lead/acid battery, ‘UXL.’ 

Rare Barterv Volumetric Enerqy DenslLy Ih’ll 

Typt ICI 20 JO 40 50 60 io 

Fig 11 Companson of speck volumetnc energy density (W h I-‘> for stationary sealed 
‘UXL and comentlonal flooded battenes 

___- _-- - _ _- 



the mstallatlon of a special battery room (necessary UI the case of flooded 
batteries) IS not requued, sealed battenes not only can be mstalled m the 
same locatlon (or floor) as the control apparatus or devices, but also can 
be posltloned mslde ofices where people are workmg Part~ular emphasis 
has been placed on battery safety For example, the exhaust sectlon has a 
ceramic filter to prevent explosions, and the cross-sectional area of the 
termmal has been enlarged to a maxlmum value, mg 12 Technolo@cal 
development IS presently bemg carried out to estunate the reserve capacity 
and expected remammg hfe of the battery by mtroducmg a momtonng and 
sunulatlon system 

Future prospects for valve-regulated lead /acid batteries 

Development of unzts wzth zmproved hzgh-rate dascharge pe@ormance 
In recent years, with the mcreasmgly wdespread use of micro-computer 

controlled de\qces and computer mechamsms, the demand IS growmg rapidly 
for a low-priced valve-regulated lead/acid battery for UPS power sources 
In 1986, Yuasa commenced marketmg such a battery under the brand name 
‘NPH’ The basic performance requirements for such a battery are 
l high output density (IV h l-‘, W h kg-‘) 
l unproved bgh-rate dscharge performance 
0 long float-Me 
0 no out-gassmg 

iapaclly 

150 -. 500 Ah 

EtpI9 ion Root Filler 

Exhaust 

Vent 
, 

Lid I 
Stolinq brer 

Past 

Seal 

Terrnmal 

l+g 12 Construction of the exhaust vent and post seal in stationary sealed ‘UXL’ battery 
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l no acid leakage 
0 position-free operation 
l easy connectlon of batteries 
l strong resistance to high-temperature operation (no thermal runaway) 
l low pnce 
One of the feature of the NPH senes IS a hlgb-rate discharge performance 
that enables a lo-mm back-up durmg 3 C discharge [ 7, 161, Fig 13 

A summary of Yuasa’s products is given m Table 3 At present, the NPH 
senes of battenes 1s berg deslgned mth an expected float-Me rangmg from 
3 to 5 years. However, m order to unprove further the mamtenance-free 
performance and hlgb rehablllty of UPS batteries, there IS the necessity to 
develop an NPH battery ~th a float-Me longer than 5 years At the same 
tune, demands &ctate that the present high-rate discharge performance 
(1 to 10 mm rate) be mcreased by a factor of 1 5 to 2 

Developwwnt of valve-regulated Lead/aczd batteraes for use an hagh- 
temperature envaron~ 

With the present rapid growth m the use of sealed lead/acid battenes 
for UPS use, the tendency exists for a gradual nse m the temperature of 
the envu-onment m wivch the battenes are used. In the mqonty of UPS 
selvIces, to a&eve either 48 or 96 V, the battenes are connected m senes 
and placed m a box There is a growmg tendency for more compact UPS 
and parts density, which mcludes the battery box Therefore, the unportance 
of a heat-release design of battery, mcludmg the storage box, has mcreased 
As shown m figs 14 and 15, however, the float current of valve-regulated 
battenes typically exblblts a sudden nse when the temperature exceeds 

- 

Rg 13 Peukert plot between &scharge tune and hscharge current of Yuasa NPH’ battery 
for UPS semce 
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Fig 14 Relation between temperature and floatmg current of the stationary sealed USL’ 

battery 

Fig 15 Relation between temperature and floatmg current of the small-sue sealed Yuasa NP’ 

battery 

40 “C [37] Thus, present condrtlons d~tate that the maxrmum temperature 
allowable when usmg such battenes IS approxunately 50 “C Meanwhile, 
research and development have contmued smce 1983 towards the realuatlon 
of a valve-regulated battery that can be used as an automotive battery Due 
to the lututed amount of electrolyte m the sealed desrgn, the heat capacity 
IS smaller than that of the flooded counterpart and, therefore, when placed 
m a hrgh-temperature envu-onment, the sealed battery tends to nse II-I 
temperature more easily and must mcrease resu%.ance to drymg out of the 
electrolyte To a&eve further sigruficant growth m the range of apphcatrons 
of valve-regulated lead/acrd battenes, it wrll necessary to develop low-pnce 
materials that wrll enable the allowable temperature of battery operatron to 
be raised to 70 to 80 “C 

Conclusions 

This paper outhnes the past 30 years of technologrcal research of the 
sealed lead/acrd battery system dunng which it has become a safe, hghly 
rehable and mamtenance-free product. It 1s clear that the present range of 
apphcatrons wdl contmue to expand and develop dunng the 1990s In 
~~~~NxILI-, research is berg duected towards secunng addrtlonal features 
such as (1) advanced high-rate drscharge performance, (II) unproved practical 
use m high-temperature enwonments, (ILL) longer cycle- and float-hfe 




