
2 't'HIS MONTH, WE CON­
clude our two-p~d 

look a~ .. patteries:and ~at~ery technolpgy 
urning oqr atte,gtion .... io recha~;g~a91e 
a-acid and nj(;kel-cadmium) tell§, 

and how to cho ... ose 'the type you need. 
_;- .-,_ 

1Jle modern lead-acid cell is a far cry 
f,rp~ its Bredeces~ors . Its open-~ircuit 
yoJtage ~$ about2 V01t§ , which mean$ \hat 
· t~~;sec~·n9-hi&hestenergy capacity 

cqlnrnerS,ially available batteries , 
(lisposable and rechargeable. Qnly a 

Iitg~um-~hionyl chloride cell , with an 
opi n-sircuit vol$.flg~ of 3.7 volts , has a 
hi~.\}er ' ener~y-den$ity-and it's notre­
'tgill:geable! The drawbacks to lead-acid 
batteries"'-leakage, highly corrosive acid 
electrolyte , evaporatiqn, and a host of 
other problems-bave ,be~n eliminated in 
the designs of more modern cells. Lead­
aeid 'batt~ries come in a variety of sizes , 

ages;; and energy capacities and have 
c racteristics that make them the ideal 
ener,gy source for applications requiring 

the use.of recharg;eable batteries. 
&J, )lou may well ask , if,, they're so 

wong,,erful why ar they mqre avail-
able? jhe ans~~r that is ... Well1 I 
haven' t1the vague ' a~d .)Voulcj aBpre-
ciate findingout why. Possiblythe an~.wer 
has something to do with the ready avail ­
apili~ of nickel-cadmium batteries, .. the 
other major type of rechargeable battery. 
Before we start com · ·ng the tw9 tech~ 
nQiogies, let's t~ke time .to find out 
h()~ e?ch i.~ .. used ... () . ···:.• • at's done: we;ll 

"'list 'tne agyantagts an~ disa:<:lvantage§ of 
9otg ~pes and you ' ll.beable to make your 
own decisions. 

Lead-add batteries,. are easy fo u~e. 
Anydpewho ow~.sa car knows thafthose 
batteTies· can opeta.te succe~sfully uq.t!er 
the most adverse conditions anq are 'ex­
trenJely forgivingwhen it comes to things 
like ac,tidental deep discharge and con­
stantly repeated partial discharge . 

Figure 6 is a cutaway view of a ~pidil 
lead-acid cell. Although there are yaria­
tions from manufacturer to manufacturer, 
most of tpe batteries u.se the basic con-

struction shown. The electrolyte is an acid 
that is permanently sealed in the body of 
the cell. It's worth nothing at this point 
that that technique (Bermanently sealing,t 
in the electrolyte) is sta~)ng to be found in 
car batteries as well. Some companies 
that make lead-acid batteries " immo­
bilize '' the electrolyte by gelling it. This 
means that the cell can be used in anx 
position without any risk of the electrolyte 
leaking out. Even though theconsttuctiQn 
of the cell usually involves several heavy~ 
du~ seals and double-walled insulation; 
the acid is extremely corrosive and any­
thing that helps maintain the integrity of 
the battery is a good idea. 

Rechargeable lead-acid batteries are 
available in voltages ranging from 2 t6 24 
volts and they can be used in any config­
uration you want. Unlike some other bat: 
teries, you can either parallel therg to 
increase the current or put them in series 
to increase the voltage :· S1nce the energy 
densi~ in lead-acid cells is very high, ·you 
can get really impressive amounts of 
power by packing together a number of 

RechargeabJe Batteries 
We continue qur look at batteries with a description of rechargeable types 

and how io use them. 

ROBERT GROSSBLATT 
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i!:=~~~~:T' IMMOBILIZING 
SEPARATOR 

BATTERY CELLS 

FIG. &-CUTAWAY VIEW OF A MODERN LEAD· 
ACID CELL. Some batteries use a 'gelled elec­
trolyte. 

cells. And how much power the battery 
can deliver has nothing to do with how the 
battery was used previously. 

A battery that is normally charged after 
only a small part of its stored energy has 
been used can still deliver its total power 
whenever the situation calls for it. That is 
a common scenario in applications where 
rechargeable batteries are used as emer­
gency backups in case the primary power 
fails. Batteries that are constantly charged 
can similarly always be counted on to de­
liver their full power if the circumstances 
require it. In other words, lead-acid bat­
teries have no "memory" of their pre­
vious use. 

The charging circuits for these batteries 
can be as simple or sophisticated as you 
like. They are capable of being charged at 
extremely high rates if the proper safe­
guards are taken. How you charge them 
depends on how you plan to use them. 
Table 4 gives you the recommended 
charging rates and other information 
you'll need to be able to safely recharge 
the batteries. It's important to stay within 
the guidelines shown--<Jvercharging can 
have catastrophic results. 

Even though the chemistry of the cells 
is designed to be reversible (which is what 
makes the cells rechargeable), overcharg­
ing them carries the same sort of dangers 
as trying to charge the throw away bat­
teries we discussed last month. During the 
charging cycle of any battery, gas is pro­
duced. A major functions of the elec­
trolyte is to act as a "depolarizer"- a 
rather fancy way of saying that it's de­
signed to absorb the gas produced during 
a charge. However, and this is a really big 
however, the electrolyte can only absorb 
gas at a certain rate. Ifthe gas is produced 
faster that it can be absorbed, then 
BOOM!. Good-bye battery and anything 
else that happens to be around and that 
can include you, too! Make sure you don't 
exceed the recommendations for the 
charging rates and times given in Table 4. 
A lot of batteries were blown up to com­
pile those figures. 

Nickel-cadmium batteries 
Nickel-cadmium (NiCd) batteries are 

the most popular rechargeable batteries 

on the market today. They are packaged in 
all the standard sizes and the cell's open­
circuit voltage is 1.25 volts (which makes 
them a close match for most of the ap­
plications where throw-away batteries are 
used.) Prices depend on where you buy 
them but, in general, it's safe to say that 
they're more expensive than alkaline and 
lead-acid batteries, but cheaper than 
lithium and silver-oxide batteries. The 
voltage-discharge curve is nice and flat, 
meaning that the battery will have a con­
stant voltage for most of its discharge cy­
cle . Unlike lead-acid cells, nickel ­
cadmium cells are not designed to be used 
in a parallel configuration. The normal 
method of use is to decide what your cur­
rent requirements are and then get cells of 
the needed ampere-hour capacity and 
connect a number of them in series to 
build up the voltage you need for your 
system. 

POSITIVE 
ELECTRODE 

CAP 

NICKEL-PLATED 
STEEL CASE 
AND NEGATIVE 
ELECTRODE 

NEGATIVE 
PLATE 

POSITIVE 
PLATE 

ABSORBENT 
SEPARATOR 
AND 
ELECTROLYTE 

FIG. 7-A NICKEL-CADMIUM CELL consists of 
nickel and cadmium strips wound together and 
separated by absorbent nylon. 

Figure 7 is a cutaway view of a typical 
cylindrical NiCd cell. The nickel anode 
and cadl]lium cathode are made in strips 
that are wound together into a coil with an 
absorbent nylon separator between them. 
The separator is used to absorb the al­
kaline electrolyte. It is also permeable to 
oxygen (the gas produced during the 
charge cycle). The assembled battery is 
packed into the outer case, usually made 
of nickel-plated steel, the external 
positive and negative contacts are welded 
to the electrodes, and the cell is finally' 
sealed. The seals keep the electrolyte 
from drying out and are designed to act as 
pressure-relief valves. If the internal 

'Charging current Charging time 
(percent of cell,capaGity) 
100% 
200/~- sor~ 
~qro- 40%1 

"10% - 20% 

1 - 3 hol.lrs 
12-20 hours 
10- 18 hours 
Continuous 

buildup of gas gets excessive, the seal will 
open and vent the extra pressure. How 
well the battery functions afterward de­
pends on how much electrolyte is lost. In 
any event, you can bet that the battery will 
be but a shadow of its former self. 

The internal resistance of the average 
NiCd cell is very low-usually less than 
100 milliohms-which means they can be 
used in circuits where high discharge­
rates are required . Some NiCd cells, 
however, are specifically designed with a 
higher internal resistance that, although 
lowering the maximum discharge rate, in­
creases the cells ability to retain a charge. 
Button cells and 9-volt " transistor bat­
tery" substitutes are usually manufac-' 
tured like that. The internal resistance of 
the cell is a good guide to the charging 
rate: The higher the value, the lower the 
charging rate. The most common cause of 
NiCd cell failure is an improper charging 
rate. 

A dead NiCd will be either an open or 
short-circuited cell. Open circuits are usu­
ally the result of electrolyte loss and this is 
directly caused by constant rapid dis­
charging, constantly high charge-rates, or 
anything else that will make the cell blow 
its seal. Remember that by the time the 
cell parameters are exceeded enough to 
make the seal open, the high current rate 
that caused it in the first place will have 
made the battery heat up, and that will 
make the electrolyte evaporate at a greater 
rate . In any event, there's no way to re­
place the electrolyte, so if you measure 
the internal resistance ofthe battery with a 
multimeter and find it to be an open cir­
cuit, the battery is gone forever. 

Short-circuited cells are another story. 
Sometimes the separator will get ruptured 
and metallic salts will form a small bridge 
that shunts the current around the rest of 
the plate. A high current pulse can bum 
out the short and the cell can then be 
charged, since the correct current path has 
been restored . Commercial "zap" cir­
cuits use this technique by charging a 
large capacitor and then discharging it 
through the cell. If you monitor the bat­
tery's voltage, you'll see the voltage start 
to increase as all the internal shorts are 
cleared out. If the separator has deterio­
rated in the cell, the battery is beyond 
salvage and should be replaced. 

Reoharging batteries 
So now that we know everything about 

lead-acid and nickel-cadmium Gells, le~'s 



find out about how to charge them. The 
circuits needed can be as sophisticated­
or as simple- as you like. Which cir.cuit 
you want to use depends on which cells 
you use, now fast you want to charge 
them, and how you want to use them. 

l] 00 RcHARG: 

- NiCd 
117V 1 OR 

AC .. II ' : """" 
•. T ..!.. BATTERY 

FIG. 8-A SIMPLE CHARGING CIRCUIT for nick­
el-cadmium or lead-acid batteries. 

The simplest charging circuit you can 
have is illustrated in Fig. 8. Calculating 
the resistor value and which diode to use 
is simple. First, let's lay down some gen­
eral guidelines . The transformer you use 
should have a voltage at its secondary at 
least twice the open circuit voltage of the 
battery you want to charge and the diode 
should have a PlY (Peak Inverse Voltage) 
rating at least twice that. The resistor has 
to be able to handle the charging current at 
the open-circuit voltage of the battery. To 
be on the safe side, let's use the voltage of 
the transformer's secondary. Now that we 
have those things out of the way, let's use 
Ohm's law to fill in the blanks. 

Vsystem = Vtranstormer - (Vbattery + Vdiode) 

Rcharge = V systeml lcharge 

WATTAGER = Vtransformer X lcharge 

The key here is deciding what you want 
the charging current OcHARGE) to be. The 
rate of current flow through a rechargea­
ble battery is referred to in terms of the 
total capacity of the cell . The rate of 
charge or discharge for a particular bat­
tery is usually given in the C-rate. The C­
rate is the current rate in amperes numer­
ically equal to the rated minimum amp­
hour capacity. If the recommended charg­
ing rate for a cell is listed as 0.1 C, for 
example, that would tell you that the max­
imum current you can use to charge the 
battery is numerically equal to Yio the total 
amp-hour capacity of the cell. If the cell 
was rated at 500 milliamp-hours, O.lC 
would translate into a charging current of 
50 milliamps. 

Table 5 shows the various rates of 
charge and how long it will take to fully 
charge a cell. It's important to remember 
that not all cells can be charged at the 
higher rates . Nickel-cadmium cells are 
too expensive to risk destroying by impa­
tience. All the cells, however can with­
stand the standard 0.1C rate. But let's get 
back to our example. 

If we're going to charge a 4.8 volt se­
ries of batteries that have a 1.2 amp-hour 
capacity at the standard 0.1C rate and are 

TABLE 5-NICKEL-CADMIUM frATTERY CHARGING PARAMETERS 

Type of charge , 

RAPID 
QUICK 
STANDARD 
TRICKLE ' 

Charging voltage 
(volts per .cell) 
Depends on Cell 
2.50-3.00 
2.50 - 3.00 
2.50- 3.00 

using a transformer with a 9 volt second­
ary: 

Vsystem = Vtransformer - Vbattery 
= 9 - 4.8 = 4.2 Volts 

!charge = 0.1C = (0.1)(1.2) = 120mA 

Rcharge = V systeml lcharge 
= 4.2/.12 = 350 

WATTAGER = (Vtransformer)(lcharge) 
= 9 x .12 = 1.08 WATTS 

Finding a resistor with a rating of 1.08 
watts is going to be difficult, so let's make 
a general rule: we'll always bump the val­
ue up to the next available size. That 
means a 35-ohm, 2-watt resistor. The PIV 
rating of the diode has to be at least twice 
the transformer secondary or 18 volts and 
it has to be able to handle at least .12 
amps . Any of the family of 1N4xxx di­
odes is a good choice for the circuit. In 
this particular case, the 1N4001 is fine. It 
should be noted that we did not take the 
voltage drop across the diode into account 
when we calculated the parameters of the 
circuit. Since the diode drop is going to be 
small compared to the other voltages, and 
our assumptions have built-in safety mar­
gins, it can reasonably be ignored. If 
you're building a charger for battery sys­
tems that have lower voltages and are 
looking for larger charging currents, the 
diode drop should be considered in cal­
culating the overall system voltage. By 
the same token, if the charging current 
you need is really small, the diode's for­
ward resistance will have to be taken into 
account and subtracted from the calcu­
lated value of the current limiting resistor. 
If the value of the calculated resistor is 
small enough you can do away with it 
altogether and let the diode serve as the 
current limiter. 

A more efficient charger can be built 
using a full-wave rectifier. The math is 
exactly the same as in our example. Just 
get the values of the circuit parameters 
and plug them into the formulas. More 
elaborate chargers will monitor the state 
of charge of the battery and automatically 
switch over to trickle charging when the 
battery is fully charged. These circuits are 
used when the initial charge rate is going 
to be in the " quick" or "rapid" range. 
How the circuit is put together will de­
pend on the batteries that are being 

Charging current Charging time 
(percent of cell capacity) 
Depends on Cell 1 - 3 hours 
20% 3 • 5 hours 
10% 14 hours 
5% Continuous 

charged and what the initial charging rate 
is going to be. The actual design of these 
circuits is involved because it's a good 
idea to have several levels of protection for 
the battery. That way if the primary 
switch over circuit fails, other parts of the 
circuit will save the day. 

The dangers here shouldn't be mini­
mized. If you overcharge a cell at a high 
rate of charge, you can, of course, kiss the 
battery good-bye. But we've already seen 
that you're running the risk of explosive 
rupture of the cell from the accumulated 
gas and that can destroy a lot more than 
just the battery. I overcharged a 20-milli­
amp NiCd button cell- the smallest nick­
el-cadmium battery you can buy. When it 
exploded it blew a hole in the side of the 
charger's plastic case! Be warned and be 
careful to follow the manufacturer's rec­
ommendation. 

There have been charging circuits pub­
lished repeatedly in any number of maga­
zines, data books, and so on. Look them 
up and decide which one you want to use 
in your particular application. I can offer 
you a few general rules and a couple of 
useful tips . 

The overall system voltage in your 
charging circuit will decrease as the cell 
charges up and the current flowing in the 
circuit will, naturally enough, start to 
drop until it reaches a steady state. This is 
because a discharged cell will rapidly re­
gain enough energy to be at its nominal 
voltage. 

For this reason you shouldn't be 
alarmed if you measure the current flow in 
your circuit and find it a lot higher at the 
beginning of the charge cycle. It will soon 
drop to a point as close to your calculated 
value as your component values are close 
to their calculated values. If your charger 
is designed ~or the standard rate, you 
shouldn't have any problems. 

If you use a full-wave rectifier and put 
the current-limiting resistor between the 
transformer and the rectifier, you will have 
a variable-current charger. Current flow 
will continue to decrease as the cell takes 
on more and more of a charge. That cir­
cuit arrangement is shown in Fig. 9. Fig­
ure 10 is a handy circuit that you can use to 
monitor the current flow. If it looks famil­
iar, it's because you've already seen it in 
the June installment of the "Designer's 
Notebook" and you'll find a full descrip­
tion of it there . 
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FIG. 9-AS THE BATTERY CHARGES, the cur­
rent rate will decrease. 

TO 
CHARGING 
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RsENSE 

TO 
BATTERIES 

FIG. 1G-YOU CAN MONITOR THE CHARGING 
CURRENT with this simple circuit. 

TO 
DC 
SOURCE 

TO 
VOLTMETER 

FIG. 11-YOU CAN CLEAR SMALL SHORT-CIR­
CUITS made up of metallic salts in NiCd bat­
teries. 

Basically the small voltage across 
RsENSE turns on Ql and the transistor 
turns on the LED. (Anything you want 
can be substituted for the LED . A relay, 
for example could put another resistor in 
series with the current-limiting resistor 
and cut the charging current down to a 
trickle charge.) The formula for calculat­
ing the value of RsENSE is : RsENSE = 
0 .65/IcHARGE• where 0 .65 volt is the 
voltage needed to tum on the transistor. If 
you ' re really a whiz at working out circuit 
parameters , you could get the value of 
RcHARGE to equal RsENSE and do the 
whole job with just one resistor. I can't 
work things out for you because the values 
for the components depend on the bat­
teries you use, the charging rate , and 
many other factors . If you're careful 
though, you should be able to build your­
self a charger that has several charging 
rates and can automatically switch over to 
over to trickle charge when a predeter­
mined point is reached. 

~apid charging of cells should not bf: 
tried unless the cell is specifically de­
signed to handle very high charging-cur­
rents and lots of safeguards are built into 
the charger. This kind of charging takes 
place under very controlled conditions. 

The usual method of operation for this 
kind of charger is to monitor the tem­
perature of the cell and switch to a trickle 
charge, (or completely off), when the 
temperature of the cell reaches a certain 
level . Thermistors and other temperature­
sensing components monitor the cell and 
control logic that switches the charger to a 
lower rate . 

We 've already discussed how battery 
"zapping" can be used to try and clear out 
small internal shorts and revive cells that 
are apparently dead. Figure 11 is the basic 
circuit that's used . When the switch is 
thrown to. the left, the capacitor charges, 
and when the switch is thrown to the right, 
the capacitor discharges through the the­
oretically dead battery and , we hope, 
bums out the small bridges of metallic 
salts that are shunting the current in tpe 
cell. 

If the cell can be saved, ilfter you blast it 
a few times you should see the voltage 
starting to rise on the meter. Once that 
happens , give the cell a few more hits and 
then charge it normally. It won't be as 
good as a good cell, but then again , it 
won't be as bad as a bad cell. You'll notice 
that I haven' t given you any value for the 
capacitor. Well, the voltage rating should 
be at least as much as the largest voltage 
in the system, (either the battery or the 
source), and the capacitance should be as 
big as you can get. This is one of those 
instances where bigger is better. The more 
capacitance you have, the larger the blast­
ing current is going to be and the more 
chance you're going to have of resuscitat­
ing the battery. 

Our last helpful hint has to do with ont; 
of the most common uses for rechargeable 
cells: memory retention and emergency 

TO MAIN 
DC SOURCE -b+ 
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: BATTERY 
...!.. 
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TO 
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FIG. 12-0NE OF THE MOST POPULAR applica­
tiOns for rechargeable batteries is backing up 
power supplies. 

backup. There are lots of different ways to 
design a circuit that will do the job , but 
the basic idea is shown in Fig. 12 . When 
the DC voltage source is present, the bat­
teries charge through R , the current-limit­
ing resistor (because the diode is reverse 
biased). When the main power supply 
fails, the diode is forward biased and the 
NiCd batteries provide power to the load. 
The calculations for finding the value ofR 
and the considerations for choosing the 
diode are exactly the same ones we dis­
cussed for our simple charger. There are 
other, more elaborate schemes for using 
rechargeable batteries like this , but they 
all use this approach . Diodes are used to 
steer the current where you want it and the 

4 
TIME-HOURS 

FIG. 13-VOLTAGE DISCHARGE CURVES for 
various types of batteries discharged at the 0.2~ 
rate. Note the break in the hours scale. 

biasing of the diodes is switched by the 
presence or absence of the main power 
supply. 

We now come to the question of which 
battery type you should use . Well, the 
answer is, as we saw with disposable bat­
teries last month , it depends . As a general 
rule, lead-acid batteries are used where 
the current draw is going to be heavy and 
NiCd's are used where it 's not. Now I 
know that these are all relative terms but, 
like I said, it depends. For practical pur­
poses, let 's just say that if the current draw 
is going to be consistently in the mljlti­
ampere range, go for lead-acid . If it 's un­
der an amp, look at NiCd cells . lbe rela­
tive merits of each system are summed up 
in Table 6 ano the voltage-discharge 
curves for some of the various batteries 
are shown in Fig. 13 . I've put in the curvt;s 
for some of the lithium-based batteries as 
well as .the zinc-carbon ones so you cap 
make an overall comparison . 

continued on page 113 



BATTERIES 
continued from page 58 

TABLE 7-
BATTERY MANUFACTURERS 

Lithium batteries 

Altus Corporation 
1'610 Crane Court 
San Jose, Ca. 95112 

Tadlran 
9~.12 Variel Avenue 
Woodland Hills, Ca. 91367 

Varta Batteries, Inc • 
. 150 ptearbrodk Road 
ElmSford; N.Y. 10523 

Lead-acid batteries 

Technacell 
2117 South Anne St. 
Santa Anna, Ca. 92704 

Eagle Pitcher Ind., Inc. 
POBox 130 
Seneca, Mo. 64865 

Gould Inc.· 
931 N. Vandalia St. 
St. Paul, Minn. 55114 

Varta Batteries, Inc. 
150 Clearbrook Rd. 
Elmsford, N.Y. 10523 

Ge.neral Electric 
Battery Business Dept. 
PO Box861 
Gainesville, Fl. 32602 

By now you should know enough about 
all the different battery chemistries to 
make an intelligent decision as to which 
battery system (or combination of sys­
tems) is best for your application. And if 
you're not exactly sure, you should have 
enough information to know what the 
right questions are. Battery manufacturers 
will be more than happy to send you data 
sheets, catalogs, and application notes so 
you can find out whatever you want to 
know. Table 7 is a good beginning list of 
companies you can contact for informa­
tion. Don't hesitate to write to them­
they know more than you do and can save 
you lots of time and trouble. And a twen­
ty-cent stamp is a pretty cheap insurance 
policy when it comes to saving twenty 
dollars worth of batteries. R-E 
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