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FEATURES

Sealed/Maintenance-Fee Compact

The valve regulated, spill-proof construction of the PowerSonic batteries use state of the art design, high
PowerSonic battery allows trouble-free, safe operation grade materials, and a carefully controlled plate-making
in any position. There is no need to add electrolyte, asprocess to provide excellent output per cell. The high
gases generated during over-charge are recombined in anegy density results in superior power/volume and
unigue “oxygen cycle.” power/weight ratios.

Long Shelf Life

A low self-discharge rate permits storage of fully chargedHigh Discharge Rate

batteries for up to a year at room temperature beforeLow internal resistance allows discharge currents of up to

chaging is required. Lower storage temperatures enhanceen times the rated capacity of the battery. Relatively

shelf life characteristics even further. small batteries may thus be specified in applications
requiring high peak currents.

Design Flexibility

Batteries may be used in series and/or parallel to obtain

choice of voltage and capacity. Due to recent designWide Operating Temperature Range

breakthroughs, the same battery may be used in eithepowerSonic batteries may be discharged over a tempera-

cyclic or standby applications. Over 50 models are avail-tyre range of -40°C to +60°C (-40°F to +140°F) and

able to choose from. chaged at temperatures ranging from -20°C to +50°C
(4°F to +122°F).

Deep Discharge Recovery

Special separators, advanced plate composition, and a

carefully balanced electrolyte system have greatlyRugged Construction

improved the ability of recovering from excessively deep The high impact resistant battery case is made either of

discharge. non-conductiveABS plastic or styrene. Large capacity
batteries frequently have polypropylene cases. All of
Economical these case materials impart great resistance to shock,

The high watt-hour per dollar value is made possible byvibration, chemicals and heat.
the materials used in a sealed lead-acid battery: they are
readily available and low in cost.

_ Long Service Life
Easy Handling Under normal operating conditions, four or five years of
No special handling precautions or shipping containers —dependable service life can be expected in stand-by appli-
surface or air — are required due to the leak-proof con-cations, or between 200-1000 charge/discharge cycles
struction. Classified as non-hazardous commodity. depending on average depth of discharge.




CONSTRUCTION

Terminal Color coded terminal _ Electrolyte
' connection Cosmetic Immobilized dilute sulfuric acid: HSOy

One-way Container
Self\;Zi?l'nNQ Case material is either ABS, a high-impact proof plastic
) resin, styrene, or a polypropylene-polyethylene copoly-

mer with resistance to chemicals and flammability.
Polystyreng

inner covel

Leakproof Design & Operational Safety
PowerSonic batteries have been approved for shipment
by air, both by D.O.T. and I.LA.T.A.. U.L.’s component
recognition program for emergency lighting and power
batteries lists Power-Sonic under file numbers MH14328
and MH14838.

Molded-in
plastic cell
divider

element

Terminals

Depending on the model, batteries come either with AMP
Faston type terminals made of tin plated brass, post type
terminals of the same composition with threaded nut and

Hi-impact
polystyrene case

Lead calcium Microporous

alloy grid i i
v gé‘:)zgg: bolt hardware, or heavy duty flag terminals made of lead
alloy. A special epoxy is used as sealing material sur-
) rounding the terminals.
Figure 1

Plates (Electrodes)

Plate construction is the key to producing a good battery. .

Recognizing this, Power-Son?:: uti?izes theglategst technolog}; Relief Valve

and equipment to cast grids from a lead-calcium alloy In case of excessive gas pressure build-up inside the bat-
free of antimony. The small amount of calcium and tin in tery (usually caused by abnormal charging) the relief

the grid alloy imparts strength to the plate and guaran- Valve will open and relieve the pressure. The one-way

tees durability even in extensive cycle service. Lead Valve not only ensures that no air gets into the battery
oxide paste is added to the grid to form the electrically Where the oxygen would react with the plates causing

active material. In the charged state, the negative plate internal discharge, but also represents an important safe-
paste is pure lead and that of the positive lead oxide. ty device in the event of excessive overcharge. Vent

Both of these are in a porous or spongy form to optimize release pressure is between 2-6 psi; the seal ring materi-
surface area and thereby maximize capacity. al is neoprene rubber.

Separators _
PowerSonic separators are made of woven glass fiber Case Seallng .

cloth with high heat and oxidation resistance. The mate- Depénding on model, the case sealing is tongue and
rial further offers superior electrolyte absorption and 9roove with polyurethane, epoxy, or heat seal.

retaining ability, as well as excellent ion conductivity.




THEORY OF OPERATION

The basic electrochemical reaction equation in a lead-acid battery can be written as follows:

Pb 2H,S0y PbO, Discharging PbSQy 2H,0 PbSQ
(porous lead) (sulfuric acid) (porous lead dioxide) Y (lead sulfate) (water) (lead sulfate)
active material electrolyte active material Charging active material electrolyte active material
of negative plate of positive plate of negative plate of positive plate
Discharge PowerSonic defines “deep discharge” as one that allows

During the discharge portion of the reaction, lead dioxide the battery voltage under load to go below the cut-off (or
(positive plate) and lead (negative plate) react with sul- ‘final”) voltage of a full discharge. The recommended

furic acid to create lead sulfate, water and energy. cutoff VOltage varies with the diSCharge rate for a 6 volt
battery for example, it is 5.25V at the 20-hour (0.05C)

rate, 5.10V at the 4-hour (0.2C) rate, and 4.5V at the

Charge 1/2- hour(1.0C) rate.
During the recharge phase of the reaction, the cycle is

reversed: the lead sulfate and water are electro-chemical-
ly converted to lead, lead oxide and sulfuric acid by an
external electrical charging source.

It is important to note that deep discharging a battery at
high rates for short periods is not nearly as severe as dis-
chamging a battery at low rates for long periods of time.
To clarify, let's, analyze two examples:

Oxygen Recombination

To produce a truly maintenance-free battery, it is neces-
sary that gases generated during overcharge are recom-
bined in a so-called “oxygen cycle”. Should oxygen and
hydrogen escape, a gradual drying out would occur,
eventually affecting capacity and battery life. During
chamge, oxygen is generated at the positive and reacts
with and partially discharges the sponge lead of the neg-
ative. As charging continues, this oxygen recombines
with the hydrogen being generated by the negative,
forming water. The water content of the electrolyte thus
remains unchanged unless the charging rate is too high.

« Battery A is discharged at the 1C rate to zero volts.
“C” for a 4 AH battery, for example, is 4 amps. Full
dischage is reached after about 30 minutes when the
battery voltage drops to 1.5V/cell. At this point, only
50% of rated capacity has been discharged (1C amps x
0.5 hrs = 0.5C Amp. Hrs.) Continuing the discharge to
zero volts will bring the total amount of discharged
ampere-hours to approximately 75% because the rapid-
ly declining voltage quickly reduces current flow to a
trickle. The battery will recover easily from this type
of deep discharge.

In case of rapid generation of oxygen gas exceeding the Battery B is discharged at the 0.01C rate to zero
ab_sorblng capacny of the negative pl_ate, the pressure volts. 0.01C for a 4 AH battery is 40mA. Full discharge
relief valve will open to release excessive gas. is reached after 100+ hours when the terminal voltage
drops to 1.75 V/cell. At this point, the battery has
Deep Discharge already delivered 100% of its rated capacity (0.01 x
The Power-Sonic battery is protected against cell short- 100 hrs = 1C Amp. Hrs.). Continuing the discharge to
ing by the addition of a buffering agent that insures the  zero volts will keep the battery under load for another
presence of acid ions even in a fully discharged state. 4-5 days(!), squeezing out every bit of stored energy.
The need for expensive circuitry in the design of a sys-
tem to prevent deep discharge and possible cell shorting Thijs type of “deep” discharge is severe and is likely to

is thereby reduced considerably. damage the battery. The sooner a severely discharged
battery is recharged, the better its chances to fully
recover.

e 2 o



CAPACITY

The capacity of a battery is the total amount of electrical As an example, Model PS-610, with a rated capacity of

enegy available from a fully charged cell or cells. Its 1AH will deliver 50 mA (1/20 of 1AH, or 0.05C ) for 20

value depends on the discharge current, the temperaturehours before the voltage drops from 6.45 to 5.25 volts.

during discharge, the final (cut-off) voltage and the gen-

eral history of the battery. By cycling the battery a few times or float charging it for
a month or two, the highest level of capacity develop-

Capacity expressed in ampere-hours (AH) is the product mentis achieved. Power-Sonic batteries are fully charged

of the current discharged and the length of discharge before leaving the factory, but full capacity is realized

time. The rated capacity (C) of a Power-Sonic battery is only after the battery has been cycled a few times or been

measured by its performance over 20 hours of constanton float charge for some time.

current discharge at a temperature of 68°F (20°C) to a

cutoff voltage of 1.75 volts. The table inFigure 2shows capacities for various multi-
ples of the 20-hour discharge current.

@ 0.05C rate| @0.1C rate @0.2C rate @0.5C rate @1C rate @2C rate @3C ratg
Rated | (20 Hr. Rate.)| (9 Hr. Rate) (4 Hr. Rate) | (1.3 Hr. Rate)| (33 Min. RateJ) (12 Min. Rate) (7.2 Min. Ratg)

Capacity Current Capacity] Current Capacily Current Capacity Current  Capdcity  Current  Capacity Current Capacity  Current Capacity
Amps.  Amp. Hrs | Amps. Amp. hrs Amps.  Amp.Hrg Amps.  Amp. Hrs.  Amps.  Amp. hrs. Amps.  Amp. Hrs.  Amps. Amp| Hrs.

0.5AH 0.025 0.50 0.05 0.45 0.10 0.40 0.25 0.325 0.50 g.28 1.00 0.20 1.50 0.18
0.8AH 0.04 0.80 0.08 0.7 0.16 0.64 0.40 0.2 0.80 0.44 1.60 0.32 2.40 0.29
1.0AH 0.05 1.00 0.10 0.9p 0.20 0.80 0.50 0.65 1.00 0.56 2.00 0.40 3.00 0.36
1.3AH 0.065 1.30 0.13 1.17 0.26 1.04 0.65 0.845 130 0.f15 2.60 0.52 3.90 0.47
2.3AH 0.115 2.30 0.23 2.07 0.46 1.84 115 1.495 230 1.p88 4.60 0.92 6.90 0.83
3.0AH 0.15 3.00 0.30 270 0.60 240 1.50 195 3.00 165 6.00 1.20 9.00 1.08
3.2AH 0.16 3.20 0.32 2.88 0.64 256 1.60 208 3.20 1,76 6.40 1.28 9.60 1.15
4.5AH 0.22 440 0.45 4.06 0.90 3.60 2.25 202 45 2147 9.00 1.80 13.50 1.62
5.0AH 0.25 5.00 0.50 450 1.00 4.00 2.50 3.5 5.00 2,80 10.00 2.00 15.00 1.80
6.5AH 0.325 6.50 0.65 5.86 1.30 520 3.25 423 6.50 3.64 13.00 2.60 19.50 2.34
7.0AH 0.35 7.00 0.70 6.3 1.40 5.60 3.50 465 7.00 3.85 14.00 2.80 21.00 2.52
8.0AH 0.40 8.00 0.80 7.2D 1.60 6.40 4.00 50 8.00 448 16.00 3.20 24.00 2.88
9.0AH 0.45 9.00 0.90 8.1p 1.80 7.20 4.50 585 9.00 5.04 18.00 3.60 27.00 3.24
10.0AH | 0.50 10.00 1.00 9.00 2.00 8.00 5.00 6,50 10.00 5.60 20.00 4.00 30.00 3.60
12.0AH | 0.60 12.00 1.20 10.80 2.40 9.60 6.00 7180 12.00 6.72 24.00 4.80 36.00 4.32
18.0AH | 0.90 18.00 1.80 16.20 3.06 14.40 9.00 11170 18.00 .90 36.00 7.20 54.00 6.48

20.0AH | 1.00 20.00 2.00 18.0
26.0AH | 1.30 26.00 2.60 23.4
28.0AH | 140 28.00 2.80 25.2 .20 28.00
33.0AH | 1.65 33.00 3.30 29.70 6.60 26.40 16.50 21145 33.00

0
0
0 400 16.00 10.00
0
0
0
40.0AH | 2.00 40.00 4.00 36.00 8.00 32.00 20.00 26.00 40.00
0
0
0
0
0

520 20.80 13.00
540 21.60 14.00

=
w

.00 20.00
.90 26.00

1.20 40.00 8.00 60.00 7.20
4.30 52.00 [10.40 78.00 9.36
5.40 54.00 [10.88 84.00 | 10.08
8.15 66.00 [13.20 99.00 | 11.88
.40 80.00 [16.00 120.00| 14.40
0.25 110.00 [22.00 165.00| 19.80
3.60 120.00 [24.00 180.00| 21.60
1.25 150.00 [30.00 225.00| 27.00
4.80 160.00 |32.00 240.00| 28.80
5.00 200.00 |40.00 300.00] 36.00

Figure 2
When a battery discharges at a constant rate, its capacityProper battery selection for a specific application can be
changes according to the amperage load. Capacity made from this graph if the required time and current are
increases when the discharge current is less than the 20known. For example, to determine the proper capacity of
hour rate and decreases when the current is higher. a battery providing 3 amps for 20 minutes, locate the

. . _ . intersection of these values on the graph. The curve

models with different ampere-hour ratings. Amperage is on the yhich will meet the requirement.
horizontal scale and the time elapsed is on the vertical scale; the
product of these values is tobapacity.

[N
(o))

[N
(o]

55.0AH | 2.75 55.00 5.50 49.90 11.00 44.00 27.50 35.75 55.00
60.0AH | 3.00 60.00 6.00 54.00 12.00 48.00 30.00 39.00 60.00
75.0AH | 3.75 75.00 7.50 67.50 15.00 60.00 37.50 48.75 75.00
80.0AH | 4.00 80.00 8.00 72.00 16.00 64.00 40.00 52.00 80.00
100.0 AH| 5.00 100.00 10.00 90.( 20.00 80.p0 50.00 65.00 100.00
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PERFORMANCE DATA

Discharge

During discharge the voltage will decrease. The graphs in
Figure 4illustrate this for different discharge rates and ambi-
ent temperatures. “C” is the rated capacity of a battery: “C”
for Model PS-610 (6V - 1AH) is 1AH. By convention, rating
of nearly all sealed-lead acid batteries, including Power-
Sonic, is based on a 20-hour (0.05C) discharge rate .

An important feature of Power-Sonic batteries is shown in the
dischage curves; namely, the voltage tends to remain high
and almost constant for a relatively long period before declin-
ing to an end voltage.
< 6513
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Figure 4: Characteristic Discharge Curves

Open-Circuit Voltage

Open circuit voltage varies according to ambient temperature
and the remaining capacity of the battery. Generally, open
circuit voltage is determined by the specific gravity of the
electrolyte. Discharging a battery lowers the specific gravity.
Consequentlyit is possible to determine the approximate
remaining capacity of a battery from the terminal voltage.

The open circuit voltage of a Power-Sonic battery is
2.15V/cell when fully charged and 1.94 V/cell when com-

)

pletely discharged.

As seen irFigure 4,under load, the battery can deliver use-
ful energy at less than 1.94 V/cell, but after the load is
removed the open circuit voltage will “bounce back” to volt-
ages shown ifrigure 5, dependent upon residualpacity.

6.8 Anbi ent Tenperature 77°F (25°C)
"7 13. 5
0 6.6
©
- 13. 6
S 6. 4
g 12. 5
= 6.2
@
'_
6.0 12. ¢
5. 8 I
11 1
0 20 40 60 80 104
Resi dual Capacity (%

Figure 5: Open-Circuit Voltage Characteristics

Temperature

Actual capacity is a function of ambient temperature and rate of
dischargeAt 68°F (20°C) rated capacity is 100%. The capacity
increases slowly above this temperature and decreases as the
temperature falls. Even at -40°F (-40°C), however , the Power-
Sonic battery will still function at better than 30% of its rated
capacity when discharged at the 20-hour rate (0.05C). At any
ambient temperature, the higher the rate of discharge, the lower
the available capacity. This relationship is showFRigure 6.

PowerSonic batteries may be discharged at temperatures rang-
ing from -40°F to 140°F (-40°C to 60°C) and charged at tem-
peratures from -4°F to 122°F (-20°C to 50°C).

While raising ambient temperature increases capacity, it also
decreases useful service life. It is estimated that battery life is
halved for each 10°C above normal room temperature.

120

< ---40.05¢C
100 0. 1€
N —
° //
= 80 _—---40.25C
g pd ////——---o.ec
> 50 . / / //’—— ===41C
=1 60/ —---q2¢
5 A ////
g 20 .- //
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20§

-20 -10
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o

10 20 30 40 50 60

Tenperature (°C)

Figure 6: Effect of Temperature on Capacity



PERFORMANCE DATA

Figure 7 shows the relationship between current and dis- Battery Life
chage time for different ambient temperatures.

Cyclic Use: The number of charge/discharge cycles depends

. on the capacity taken from the battery (a function of discharge
ig < % rate and depth of discharge), operating temperature and the
10-Fi F’"\ € = el Camel iy chaging method.

OREPEN
o 5 1. 70V/ GePy . . . .
% E N Figure 9shows the relationship between depth of discharge and
'_ - - .
° > X number of cycles as well as increases of capacity during the
N
>
= N early cycles.
§ 1. 60V/ ¢1]
= | 30 \ 120
= 1. 50v/ Ce |
i i ‘ k\ 1002 ~~
1.35v/ G| 104°F ((;g:cc)) §
32°F (0°C| 80
5 “ >
S
0. OIS 1;2-02hcar g'eS(é:u:::?entZC( AS)C §_ 60 Di schar ge Dept h|100Bbschar ge Dep‘th 509 sicharge Depth 309
40 1. Discharge Current—6-2C
(Final Voltage 1.7V[Cell)
. A . . 2. Charge Current: D.1C
Figure 7: Discharge Time vs. Discharge Current 20 S Anbilsntl Temer ature 20 e o
i ( 68°F tp 77°H
Shelf Life & Storage 0 !
Low internal resistance and special alloys in the electrodes 0 200 400 600 800 1000 1200
assure a low self discharge rate and, consequently, a long Number of Cycl es

shelf life. If kept at 68°F (20°C), about 60-70% of the nomi-
nal capacity remains after one year of storage. One recharge
per year is sufficient to maintain the original capacity of a
battery not in use.

Figure 9:Depth of Discharge vs. Number of Cycles

Standby Use: The float service life, or life expectancy under
continuous charge, depends on the frequency and depth of
The rate of self discharge varies with the ambient tempera- dischage, the charge voltage, and the ambient temperature.
ture. At room temperature it is about 3% per month. At low Ata float Voltage of 2.25V to 2.30V/cell and an ambient tem-
temperatures it is nearly negligible, at higher ambient tem- perature of 60°F to 77°F (20°C to 25°C) Power-Sonic batter-
peratures self discharge increases. ies should last four to five years before the capacity drops to
60% of its original rating.

° 10
P — Charging is no
& I — necessary unl e . T . .
| 100% of capaci Figure 10indicates how capacity changes over time.
g 80 I required.
= 5°C [P Charging befor =
& (41°F@ i s necessary t -
— recover full N
ity. =
& o0 : i \ _ capacity = s
2 b I~ o fai g
el arge nmay ftal
E 40°C 30°Q 20°C restore full c 8 80
(104°F) | (86°F) (68°F) Do not let bat
g’ 40 reach this sta 5 60
0 = 40 Fl oat Chargi ng Vol t age
0 2 4 6 8 10 12 14 16 18 20 & 2.25 - 2.30ViCell
St orage Peri od (Mont hs) ¢ 20
0
Figure 8: Self Discharge Characteristics 0 1 2 3 4
Year s

To obtain maximum battery life and performance, batteries
should be: Figure 10: Life Characteristics in Standby Use
» recharged as soon as possible after each use and

not stored in a discharged state;
« stored at 68°F (20°C) or lower, if possible, and
« recharged annually when not used.



PERFORMANCE DATA

The graph inFigure 11shows life characteristics in float Service Life at Various Ambient Tenperatur
(standby) service for ambient temperatures ranging from 1 1

15°C to 55°C End of |ife defined as
60% of rated capacity

N}
o

=

(Years)

If prevailing ambient temperatures are well above 20-
25°C the life expectancy of this type of battery in float
service depends greatly on temperature compensated
charging. The typical temperature coefficient is -
2mV/cell/°C. The graph shown along side is based on
temperature compensated charging.

N W N UOO~N® O

Service Life

Figure 11: Service Life at Various Ambient Temperatures
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OVER-DISCHARGE PROTEC-

tery be disconnected from the load when the end voltage wr | RY
— a function of the discharge rate — is reached. It is the O—e0 04+00
voltage point at which 100% of the usable capacity of the
battery has been consumed or continuation of the dis-
chamge is useless because of the voltage dropping below

useful levels. (see section on Deep Discharge on page 3)

To optimize battery life, it is recommended that the bat- {

C 7277

T,

Dischaging a sealed lead-acid battery below this voltage
or leaving a battery connected to a load will impair the
batterys ability to accept a charge. To prevent potential
over-dischage problems, voltage cut-off circuits as o

0_Q
shown in Figure 12nay be used. (I)
RY

{11}
vs)
>
=
—

5]
o
>

1

Figure 12: Circuits of Over-Discharge Preventive Device

CHARGING

Dependable performance and long service life depend PowerSonic batteries may be charged by using any of
upon correct charging. Faulty procedures or inadequatethe conventional charging techniques. To obtain maxi-
chamging equipment result in decreased battery life mum service life and capacity, along with acceptable
and/or unsatisfactory performance. The selection of suit- rechage time and economy, constant voltage-current
able charging circuits and methods is as important as limited charging is recommended.

choosing the right battery for the application.
During charge, the lead sulfate of the positive plate

General becomes lead dioxide. As the battery reaches full charge,
To charge a Power-Sonic battery, a DC voltage higher thanthe positive plate begins generating dioxide causing a
the open-circuit voltage of 2.15 is applied to the terminals sudden rise in voltage. A constant voltage charge, there-
of the battery. Depending on the state of charge, the cellfore, allows detection of this voltage increase and thus
may temporarily be lower (after discharge) or higher (right control of the charge amount.

after charging) than 2.15 volts. After some time, however,

it should level off at about 2.15 volts per cell.




CHARGING

Overcharging: As a result of too high a charge volt-
age excessive current will flow into the battery after
reaching full charge causing decomposition of water in
the electrolyte and, hence, premature aging.

At high rates of overcharge a battery will progressively
heat up. As it gets hotter, it will accept more current,
heating up even further. This is called thermal runaway,
and can destroy a battery in as little as a few hours.

Undercharging: If too low a charge voltage is
applied, the current flow will essentially stop before the
battery is fully charged. This allows some of the lead sul-
fate to remain on the electrodes which will eventually
reduce capacity.

Batteries which are stored in a discharged state, or left on
the shelf for too long, may initially appear to be “open
circuited” or will accept far less current than normal.
This is caused by a phenomenon called “sulfation”.

140- 1. 15 Battery Voltage —
ey et
~120- 212 V14— <Jdscharge quantty ralo
S-S Ry
2100 §1.0 S13 S
% = 5 K é@ 1. Battery PS-1270
a 801 6 0.8 ~ 12 ’,' 2. Discharge
- S/ 100% (0. 05C X 20h
(0] o £ og / ‘ ------ 50% (0.05C X |10
L O (0] g4
t 60 50' =11 HE 3. Charge
i 5 T ! ,7 Charge vol tage 14.7 (2.
o] 40- © 0.4 D10 Y Charge current 0.1C
','/ \4. Tenper ature 20°C ( 68°F)
20 0. 7 “
/ pOTN N | Charge current
oL 0 0 i e S T ]
0 5 10 5 20 25
Charge Time (h)

Figure 13: Charge characteristics
for 14.7V Constant Voltage

Figure 14 illustrates typical characteristics for standby

When this occurs, leave the charger connected to the bat_service type charge. Here, charging is continuous and th

tery. Usually, the battery will start to accept increasing
amounts of current until a normal current level is

reached. If there is no response, even to charge voltages
above recommended levels, the battery may have been in

a discharged state for too long to recover.

Charging Characteristics
During constant voltage or taper charging, the battery’s

current acceptance decreases as voltage and state 0

chamge increase. The battery is fully charged once the
current stabilizes at a low level for a few hours.

Caution: Never charge or discharge a battery in a her-
metically sealed enclosure. Batteries generate a mixture
of gases internally. Given the right set of circumstances,
such as extreme overcharging or shorting of the battery,

these gases might vent into the enclosure and create the

peak charge voltage must, therefore, be lower.
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potential for an explosion when ignited by a spark.

If in doubt, or concepts of proper use and care are
unclear contact Power-Sonic’s department for applica-
tion engineering at 619-661-2020.

Please note that there are two criteria for determining
when a battery is fully charged: (1) the final current level
and (2) the peak charging voltage while this current
flows.

Figure 13 depicts an example of typical charge charac-
teristics for cycle service where charging is non-continu-
ous and peak voltage can, therefore, be higher.

Figure 14: Charge Characteristics
for 13.65V Constant Voltage

Charging Methods

Selecting the appropriate charging method depends o
the intended use (cyclic or float service), economic con-
siderations, recharge time, anticipated frequency ant
depth of discharge, and expected service life. The ke)
goal of any charging method is to control the charge cur-
rent at the end of the charge.

Taper Charging: This is the simplest, least expensive
chaging method. Either quasi-constant voltage or quasi-
constant current characteristics can be built into the
chager through combination of transformer, diode and
resistance. Of the two, constant potential charging is
preferable.



CHARGING

Typical taper chargers are comprised of small trans- however an expensive circuit is necessary to obtain a
formerrectifier circuits wherein the transformer is so highly accurate constant current. Monitoring of charge
designed that the current is limited to the maximum ini- voltage or limiting of charge time is necessary to avoid
tial charge current for the battery. This current is held excessive overcharge.
constant until the terminal voltage and resultant current
demand reach a point at which the charge current begins While this charging method is very effective for recover-
to fall. Although this type of charger can provide a rela- ing the capacity of a battery that has been stored for an
tively fast recharge, it is basically a constant current extended period of time, or for occasional overcharging
device and the charge voltage may be driven too high. to equalize cell capacities, it lacks specific properties
Therefore, it must be disconnected, usually within 12-24 required in today’s electronic environment.
hours, or after 100-120% of the preceding discharge has
been returned. It is also sensitive to line voltage varia- An example of a constant current charge circuit is shown
tions which can cause over- or under-charging. in Figure 17and the charge characteristics for this type
Consequentlythis charging method can only be used in of charger in Figure 18.
cyclic applications

Figure 17: Constant Current Charging Circuit
Figure 15shows an example of a typical diagram and

Figure 16 the resultant charge characteristics for this TR1 R5 D2
type of basically unregulated charger. {>¢1
T o
D R '
e ! - | =
T o D1 ‘
—
0 |
Figure 15: Semi-Constant Current Charging Circuit §§
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Figure 18: Constant Current Charge Characteristics
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————» Charge Tine Constant \Woltage Charging:  Constant current/con-

stant voltage charging is the best method to charge
PowerSonic batteries. Depending on the application,
batteries may be charged either on a continuous or non-
continuous basis. In applications where standby power is
required to operate when the AC power has been inter-
rupted, continuous float charging is recommended. Non-
continuous cyclic charging is used primarily with
portable equipment where charging on an intermittent
basis is appropriate.

Figure 16: Semi-Constant Current Charge
Characteristics

Constant Current Charging: Constant current charg-

ing is suited for applications where discharged ampere-
hours of the preceding discharge cycle are known.
Chamge time and charge quantity can easily be calculated,



CHARGING

The constant current/constant voltage charge method Charging for Standby Operation

gpplies a constant voltage to the battery and limits the Standby applications generally do not require that the
initial charge c_urrent. It is necessary to set the charge battery be charged as fast or as frequently as in cycle
voltage according to specified charge and temperature gperation. However, the battery must be kept constantly
characteristics. Inaccurate voltage settings cause over- Ofchaged to replace the energy that is expended due to
under-chargeThis charging method can be used for both jnternal loss and deterioration of the battery itself.
cyclic and standby applications. Although these losses are very low in Power-Sonic bat-
Figures 19and 20 illustrate examples of a constant cur- (€fi€s, they must be replaced at the rate the battery self-

rent/constant voltage charging circuit and charging char- d!schages; at the same time thg ba_ttery must not be
acteristics, respectively. The circuit diagram includes a given more.than _these losses or it will be overcharged.
temperature compensation feature for charge voltage to?rO accom;:ihsh this, a_co?gtant voltage method of charg-
ensure optimum charging conditions regardless of ing called *float charging” is used.

changes in ambient temperature. The recommended constant float voltage is 2.25-2.30
volts per cell. Maintaining this float voltage will allow
the battery to define its own current level and remain
fully charged without having to disconnect the charger
from the battery. The trickle current for a fully charged
battery floating at the recommended charge voltage will
typically hover around the 0.001C rate (10mA for a
2.45V//cell 10AH battery, for example.)

cyclic application

o
2.275V/cell

DC to Battery
float application

The float charger is basically a constant voltage power
supply.As in cycle chargers, however, care must be exer-
cised not to exceed the initial charge current of 0.20
x C amperes.

Figure 19: Constant Current/Constant Voltage

Charge Circuit Two-Step Constant Voltage Charging
This method uses two constant voltage devices. In the
initial charge phase the high voltage setting is used.

0 . When charging is nearly complete and the charge voltage
ISR has risen to a specified value (with the charge current
§3 decreased), the charger switches the voltage to the lower
> = Charge Current setting. This method allows rapid charging in cycle or

e § float service without the possibility of overcharging even
g6 Battery Vol tage after extended charging periods.

The graph inFigure 21 shows charging characteristics,
and the diagram ifrigure 22 an example of a charging
circuit for this type of charger.

[EE——

——» Charge Tine

Figure 20: Constant Current/Constant Voltage
Charge Characteristics

. . U =
Charging for Cycle Operation g o
Cyclic applications generally require that recharging be | 5 5
. . ; L S 3
done in a relatively short time. The initial charge current, - Charge current /I
however must not exceed 0.20 x C amps. Just as battery| 5 &
voltage drops during discharge, it slowly rises during §§ Battery Vol tage

chage. Full charge is determined by voltage and inflow-
ing current. When, at a charge voltage of 2.45 +0.05
volts/cell, the current accepted by the battery drops to
less than 0.01 x C amps (1% of rated capacity), the bat-
tery is fully charged and the charger should be discon- ——» Charge Tine
nected or switched to a float voltage of 2.25 to 2.30
volts/cell. The voltage should not be allowed to rise
above 2.45 £0.05 volts/cell.

—_—

[

Figure 21: Two-Step Constant Voltage
Charge Characteristics
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&P

Temperature compensated @ 2 mV/cell/C

Select Rsto give correct float voltage at
desired min. current: 0.6/R3= Imax.
Select Risw to turn on Q2 at
desired current |sw = Risw/0.6

o+
2.275 Vicell
o3 for float applications

y ¥

2.45 V/cell
for cyclic applications

Figure 22: Dual Stage Current Limited Battery Charger

Charging in Series:Lead-acid batteries are strings of 2
volt cells connected in series, commonly 2, 3 ,4 or 6 cells
per battery. Strings of Power-Sonic batteries up to 48
volts and higher may be charged in series safely and effi-
ciently. However, as the number of batteries in series
increases, so does the possibility of slight differences in
capacity.These differences can result from age, storage
history, temperature variations or abuse.

When a single constant voltage charger is connected
across an entire high voltage string, the same current
flows through all cells in the string. Depending on the
characteristics of the individual batteries, some may
overchage while others remain in a slightly under-
chaged condition. When charging high voltage strings
this way for extended periods it is generally recommend-
ed to use a low input voltage inverter to enhance service
life and simplify charging requirements.

If one cell is lower in capacity than the others when dis-
chaging a long string in series, it may actually reverse
polarity even though the total voltage of the string is at
or above the cut-off voltage.

To minimize the effects of individual battery differences,
use batteries of the same age and history and, if possible,
chamge in strings of no greater than 24 or 48 volts.

Temperature Compensation

PowerSonic batteries perform well both at low and high
temperaturesit low temperatures, however, charge effi-
ciency is reduced; at temperatures above 45°C, charge
efficiency increases so rapidly that there is a danger of
thermal runaway if temperature compensation is not pre-
cise.

The effect of temperature on charge voltage is less criti-
cal in float applications, than in cyclic use where rela-
tively high charge currents are applied for the purpose of
short recharge times.

Temperature effects should definitely be considered
when designing or selecting a charging system. As a rule
of thumb, temperature compensation is desirable in the
chaging circuit when operating outside the range of
41°F to 95°F (5°C to 35°C) prevailing ambient. The tem-
perature coefficient is -2mV/cell/°C below 20°C in
standby service and -6mV/cell/°C below 20°C in cyclic
use. For higher temperatures the charge voltage should
be correspondingly decreased.

The table in Figure 23ists recommended charge volt-
ages for different temperatures.

Charging in Parallel: PowerSonic batteries may
be used in parallel with one or more batteries of equal

voltage.

When connected in parallel, the current from a charger

will tend to divide almost equally between the batteries.
No special matching of batteries is required. If the bat-

teries of unequal capacity are connected in parallel, the

current will tend to divide between the batteries in the

ratio of capacities (actually, internal resistances).

When charging batteries in parallel, where different

ratios of charge are to be expected, it is best to make pro-

AMBIENT CHARGE VOLAGE PER CELL
TEMPERAURE Ot ® Ty
4TDY 2672TN 23123/
UHDQ BTNV 223N
289 b0y 2307/
B°RH0Q 2075/ 2873/
@° R0 2353/ 268N
T RB0 205/ 2523
&° DY 237240 2429/
104° DG 2321V 227N
12° DY 257D/ 22025/

visions to assure that the currents will not vary too much
between batteries. Holding a small resistance in series
with each battery is all that is needed

Figure 23: Temperature Compensated Charge Voltage



APPLICATION NOTES

Power-Sonic rechargeable sealed lead-acid batteries <+ When charging batteries in series (positive terminal of
are designed to provide years of dependable service. one battery is connected to the negative terminal of
Adherence to the following guidelines in system another), all batteries in the string will receive the same
design will ensure that battery life is maximized and amount of charge current, though individual battery volt-
operation is trouble-free. ages may vary.

e Continuous over-or undercharging is the single worst « When charging batteries in parallel (positive terminals
enemy of a lead-acid battery. Caution should be exer- are connected to the positive terminal and negative ter-
cised to ensure that the charger is disconnected afterminals to the negative), all batteries in the string will
cycle charging, or that the float voltage is set correctly. receive the same charge voltage but the charge current

) ] ) each battery receives will vary until equalization is
* Batteries should not be stored in a discharged state or.gached.

at elevated temperatures. If a battery has been discharged

for some time or the load was left on indefinitely, it may + High voltage strings of batteries in series should be
not readily take a charge. To overcome this, leave the limited to twenty 6 volt or ten 12 volt batteries when a
chager connected and the battery should eventually single constant voltage charger is connected across the
begin to accept charge. entire string . Differences in capacity can cause some

. . ) | batteries to overcharge while others remain undercharged
* Avoid exposing batteries to heat! Care should be taken ;s causing premature aging of batteries. It is, therefore,

to place battgrigs away from heat-emitt'ing Coml_oon_entS- not advisable to mix batteries of different capacities,
If close proximity is unavoidable, provide ventilation. | 5ke or age in a series string.

Service life is shortened considerably at ambients above

30°C. To minimize the effects of cell or battery differences,
chage the string in 24 volt battery groups through a con-
stant current source with zener diode regulation across
individual batteries or battery groups.

e Although Power-Sonic batteries have a low self-dis-
chamge rate which permits storage of a fully charged bat-
tery for up to a year, it is recommended that a battery be
chaged 6-9 months after receipt to account for storage To prevent problems arising from heat exchange
from the date of manufacture to the date of purchase. between batteries connected in series or parallel, it is
Otherwise, permanent loss of capacity might occur as a advisable to provide air space of at least 0.4” (10mm)
result of sulfation. To prolong shelf life without charg- between batteries.

ing, store batteries at 50°F (10°C) or less. _ )
« Battery containers, made of ABS plastic or styrene,

* Fasten batteries tightly and make provisions for shock can sustain damage if exposed to organic solvents or
absorption if exposure to shock or vibration is likely. adhesives.

» Although it is possible to charge Power-Sonic batter- « Recharge time depends on the depth of the preceding
ies rapidly, i.e. in 6-7 hrs., it is not normally recom- dischage and the output current of the charger. To deter-
mended. Unlimited current charging can cause increasedmine the approximate recharge time of a fully discharged
off-gassing and premature drying. It can also produce battery divide the battery’s capacity (amp. hrs.) by the
internal heating and hot spots resulting in shortened ser-rated output of the charger (amps.) and multiply the
vice life. Too high a charge current will cause a battery resulting number of hours by a factor of 1.75 to com-
to get progressively hotter. This can lead to “thermal run- pensate for the declining output current during charge. If
away” and can destroy a battery in as little as a few the amount of amp. hrs. discharged from the battery is
hours. known, use it instead of the battery’s capacity to make

. . , . the calculation.
e Caution: Never charge or discharge a battery in an air-

tight enclosure. Batteries generate a mixture of gasese For best results and generally acceptable performance
internally. Given the right set of circumstances such as and longevity, keep operating temperature range between
extreme overcharging or shorting of the battery, these -20°C and +40°C.

gases might vent into the enclosure and create the poten-

tial for an explosion when ignited by a spark. Generally, ® DO not attempt to disassemble batteries. Contact with
ventilation inherent in most enclosures is sufficient to Sulfuric acid may cause harm. Should it occur, wash skin
avoid problems. or clothes with liberal amounts of water. Do not throw

batteries into fire; batteries so disposed may rupture or
« Do not place batteries in close proximity to objects explode. Disassembled batteries are hazardous waste and
which can produce sparks or flames, and do not chargemust be treated accordingly. It is unlawful to dispose of
batteries in an inverted position. batteries except through a recycling center.



GLOSSARY

Ambient Temperature
The prevailing surface temperature to which a battery is
exposed.

Ampere
Unit of measurement for electric current.

Ampere-Hour
The product of current (amperes) multiplied by time (hours).
Used to indicate the capacity of a battery. Also Amp.Hr. or A.H.

Battery
Two or more cells connected together, most typically in series.

Capacity

The electrical energy available from a cell or battery expresse
in ampere-hours.

Available capacityrefers to ampere-hours that can be dis-

Energy Density
Ratio of battery energy to volume or weight expressed in watt-
hours per cubic inch or pound.

Gas Recombination

The process by which oxygen gas generated from the positive
plate during the final stage of charge is absorbed into the nega-
tive plate, preventing loss of water.

Impedance
The resistive value of a battery to an AC current expressed in
ohms (Q. Generally measured at 1000 Hz at full charge.

Internal Resistance

dThe resistance inside a battery which creates a voltage drop in

proportion to the current draw.

Nominal Voltage / Nominal Capacity

chaged from a battery based on its state of charge, rate of dis-The nominal value of rated voltage / the nominal value of rated

chage, ambient temperature, and specified cut-off voltage.
Rated capacity“C") is the discharge capacity the manufacturer

capacity.The nominal voltage of a lead-acid battery is 2 volts
per cell.

says may be obtained at a given discharge rate and temperaturtbpen Circuit Voltage

Cell

The basic building block of a battery. The nominal voltage of a
lead-acid battery is 2 volts.

Cell reversal-the act of driving a cell into reverse polarity by
excessive discharge.

Primary cell— cell or battery that can be discharged only once.
Secondary cel- the process is reversible so that charging and
dischaging may be repeated over and over.

Charge

The conversion of electrical energy to chemical energy; the
process which restores electrical energy to a cell or battery.
Chamge retentiorrefers to a battery’s ability to hold a charge. It
diminishes during storage.

Chamge acceptanceuantifies the amount of electric charge
which accumulates in a battery.

Float charge maintains the capacity of a cell or battery by
applying a constant voltage.

Trickle chargemaintains the capacity of a cell or battery by
applying a small constant current.

Chamge equalizatiorbrings all of the cells in a battery or string
to the same state of charge.

Discharge

The process of drawing current from a battery.

Deep Discharge- the discharge of a cell or battery to between
80% and 100% of rated capacity.

Depth of Discharge— the mount of capacity — typically
expressed as a percentage — removed during discharge.

Self Discharge the loss of capacity while stored or not in use.
Self Discharge Rate the percent of capacity lost on open cir-
cuit over a specified period of time.

Electrode

The voltage of a battery or cell when measured in a no load con-
dition.

Parallel Connection

Connecting a group of batteries or cells by linking all terminals
of the same polarity. This increases the capacity of the battery
group.

Series Connection

The connection of a group of cells or batteries by linking termi-
nals of opposite polarity. This increases the voltage of the bat-
tery group.

Separator

Material isolating positive from negative plates. In sealed lead-
acid batteries it normally is absorbent glass fiber to hold the
electrolyte in suspension.

SLA Battery

Sealed lead-acid battery, generally having the following charac-
teristics: Maintenance-free, leak-proof, position-insensitive.
Batteries of this type have a safety vent to release gas in case of
excessive internal pressure build-up. Hence also the term: Valve
regulated battery.

“Gel Cells” are SLA batteries whose dilute sulfuric acid elec-
trolyte is immobilized by way of additives which turn the elec-
trolyte into a gel.

Standby Service
An application in which the battery is maintained in a fully
chaged condition by trickle of float charging.

State of Charge
The available capacity of a battery at a given time expressed as
a percentage of rated capacity.

Positive or negative plate containing materials capable of react- Thermal Runaway

ing with electrolyte to produce or accept current.

A condition in which a cell or battery on constant potential
chage can destroy itself through internal heat generation.
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