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Introductron 

Conventional, flooded lead/acid battenes have higher output voltages 
than those of other types and are capable of bemg discharged at higher 
currents On the other hand, the operation of flooded battenes is 
accompanied by certain service problems such as acid spray release, 
electrolyte leakage and the need for penodlc water addltlon. In order to 
overcome these operational dlfficultles, considerable effort has been directed 
[ 1 - 41 towards the development of sealed lead/acid battenes. 

Work at Yuasa Battery Co. Ltd. has resulted m the production of small- 
sized, sealed, lead/acid battenes. These are sold under the brand name of NP 
battenes and present models exhibit good performance under both cychng 
and float condltlons. There are twenty-two different designs m produc- 
tion, they have capacities rangmg from 0.7 to 65 A h and output voltages 
between 4 and 12 V The sales of these battenes have shown strong growth 
(Fig l), especially durmg the past two or three years. Apphcatlons include* 
portable apphances; emergency lighting, computer (e g , UPS systems [ 51) 
and communications (eg, telephone) power back-up In 1981, Yuasa 
established a manufacturmg plant m South Wales, U.K., to serve as a base for 
European markets [ 61. 

Development of sealed (NP series) battenes 

The development of the NP senes of batteries has proceeded m three 
stages 

Fmt-generation NP battenes 
The first batteries (NP3-6 type) appeared m 1965 and were designed 

as power sources for small-sized electrical apphances such as portable TVs, 
tape recorders, etc. There followed five more models having capacities in the 
range 1 - 8 A h. The cell design 1s shown m Fig. 2. It can be seen that the 
mcorporatlon of very thin, synthetic resin (Yumlcron@) separators allowed 
the use of highly porous glass mats that, m turn, mmlmlzed the amount of 
free electrolyte. The lower portion of the vent plug was filled with glass mat 
and the upper portion was covered with a reversible safety valve. Acid spray 
was suppressed by using a specially desqned charger that restncted the end- 
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Fig 2 Sectional view of fu-st-generatlon NPB-(j-type sealed lead/acid battery 

of-charge current to a low value Seahng the battery and platmg the lead- 
antimony grids with pure lead each served to decrease the rate of self- 
discharge, and thus allowed batteries to be kept for long storage periods 
when filled with electrolyte 

Second-generatzon NP batteries 
The development of sealed battenes for use as power sources for fire 

alarms, emergency lights, etc , commenced around 1970 In this type of 
service, the battery 1s maintained m a charged state (1 e , “float service”) and 
1s required to deliver electrical power m times of emergency The batteries 
were second-generatlon NP types and were known as the NP3-6A series [2] 
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Fig 3 Schematw of gas absorption mechanism of second-generatlon NP-type sealed 
lead/acid batteries 

A total of four models was produced having capacltles between 3 and 8 A h. 
In order to restrict gas generation durmg float chargmg, the negative plates 
were exposed above the electrolyte level so that the oxygen evolved at the 
posltlve plate could react with the negative active matenal (Fig. 3). 

The use of a lead-calcium alloy for the grids m place of lead-antimony 
reduced gas generatlon. Both factors - new cell design and new gnd alloy - 
ehmmated the need for toppmg up durmg the operational hfe of the 
battenes. Other improvements m design included reduced electrolyte leakage 
and easier handhng 

Thvd-generatton NP battenes 
Whilst second-generation NP battenes gave good service under float 

condltlons, them performance under cychng use was poor This was because 
a nonconductive layer (I e , PbS04) irreversibly formed on the surface of the 
lead-calcmm grid alloy dunng deep-discharge operation. Further, repeated 
charge/discharge cychng resulted m the softenmg and sheddmg of pontlve- 
plate matenal Each phenomenon shortened battery life 

Third-generation NP battenes have been developed for use under both 
float and charge/discharge service (Fig 4) Twenty-two models have been 
mtroduced mto the market and have capacltles rangmg from 0 7 to 65 A h 
The grids are made from a lead-calcmm-tm alloy which suppresses the 
formation of the non-conductive layer observed m the second-generatlon 
battenes. Mlcrofme glass-flbre mat IS used for the separator matenal and also 
assists m the retention of the pontlve-plate material The separators are 
highly porous and give an excellent absorption of acid Therefore the oxygen 
gas generated at the posltlve plates easily migrates to the negatives and 1s 
reduced there to water by the gas recombmatlon mechamsm. Unhke the 
second-generation NP batteries, the height of both the poetlve and negative 



Fig 4 ConstructIon of third-generatlon NP-type sealed lead/acid battery 

plates m the third-generation types IS the same This results m an increased 
capacity per plate and, hence, an Increase m the volumetnc energy den&y 
(W h 1-l) of the battery 

Performance charactenstlcs of present (third-generatlon) sealed lead/acid 
battenes 

Gas a bsorp &on 
The ability to absorb gas increases with decrease m the volume of free 

electrolyte Figure 5 gives the percentage loss of water from the electrolyte 
(referred to the mltlal volume) at vanous overcharge currents It can be seen 
that the greater is the overcharge current, the greater is the loss of water The 
relatlonshlp between the reduced volume of electrolyte and the battery 
capacity is presented m Fig 6. The data show that there 1s no noticeable 
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Fig 5 Loss of water from NP-type sealed lead/acid batteries durmg overcharge at 25 “C 
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performance that 1s satisfactory for a mde range of services mvolvmg low 
to high rates of discharge. Recently, H-type designs have been introduced 
mth even better high-rate discharge performance (Fig 8) For example, 
whereas a standard NP battery sustams a 13 mm discharge at the 2C rate, 
the correspondmg output for an H type IS 23 mm 
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Fig 8 Discharge performances of standard NP-type and H-type sealed lead/acid batteries 
at 2O’C 
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Fig 9 Charge characterlstlcs of NP-type sealed lead/acid batteries 
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Charge characterzstzcs 
The current dunng the final stage of chargmg NP battenes should be 

very low so that the evolved oxygen is effectively recombmed to water. In 
order to achieve this condltlon, a constant-voltage chargmg method should 
be applied. Figure 9 shows a typical example of the charge charactenstlcs of 
NP battenes under float service. It can be seen that the batteries can be fully 
recharged m about 10 and 20 h from a 50 and a 100% DOD state, respec- 
tlvely. Chargmg can be accomphshed usmg mexpenslve eqmpment. 

Lzfe charac terzstzcs 
In float use, the battery hfe decreases with increase m the ambient 

temperature (Fig. 10). In cycle service, battery life decreases with the depth- 
of-discharge (Fig 11) 
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Fig 10 Float serwce of NP-type sealed lead/acid batteries as a function of amblent 
temperature 
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Fig 11 Cycle hfe of NP-type sealed lead/acid batteries as a function of depth-of- 
discharge Cychng condltlons discharge current = 0 17 C A, final voltage = 1 7 V/cell, 
charge current = 0 09 C A, overcharge = 125% of discharge capacity, temperature 20 - 25 
“C 
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Conclusions 

The development of sealed (NP) lead/acid battenes has greatly 
increased the use of cordless, small electromc apphances This 1s due to the 
mamtenance-free operation of the battenes and thev favourable economics 
In addition, unexpected apphcatlons are emerging, and these demand the 
further development of such battenes This is the goal of future efforts at 
the Yuasa Battery Co Ltd 
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