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ABSTRACT

The purpose of this program was to evaluate various charging approaches for rapid
charging sealed nickel-cadmium, vented nickel-cadmium, and silver zinc-oxide batteries.
A programmable charger was to be designed, manufactured and used as a tool during the
evaluation of the various charging approaches.

To accomplish the objectives, a paper design and breadboard of the circuitry for the
programmable charger was initiated at the beginning of the contract. Throughout the first
nine months of the program, the charger was designed, breadboard portions were evaluated,
and final hurdware built. Upon the completion of initial hardware, the system was checked-
out and problem areas corrected. The charger was designed to have five basic opcrating
modes with each having necessary controls for varying charge current, discharge current,
charge frequency, and mode selection.

As of the time period covered by this report, no testing of charge approaches was
started; therefore, the onty results which can be stated are that a working programmable
charger was designed, fabricated, and tested.
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1. INTRODUCTION

This report meets the requirements of ELIN AQ02 and covers the description of work per-
formed under U.S. Army Electronics Command Contract Number DAABO7-71-C-0209 entitled,
“Rapid Charger for Maintenance-Free Batteries” from 1 May 1971 through 31 December 1971.
During this period of time, a programmable charger was designed and constructed per Paragraph
3.6 of “Technical Guidelines for Rapid Charger for Maintcnance-Free Batteries™ dated 28 June
1970, This report will cover: 1) the design philosophy and theory of operation of the charger,
2) physical description of the charger controls, 3) the operations instructions for the charger,
and 4) circuit schematic diagrams and wiriag diagrams for the charger.




II. CHARGER REQUIREMENTS

A. General Discussion

The basic requirements for the programmable charger were defined by the U.S. Army
Electronics Command in Paragraph 3.6 of “Technical Guidelines for Charger for Maintenance-
Free Batteries” dated 28 June 1970. These requirements define the modes of operation, the
current, frequency, and pulse width ranges to be covered, the maximum average charge and
} discharge current levels, the sense outputs, and the special features which are to be built into
the charger.

A

-1 B. Charger Operating Modes
The charger was to have five basic operating modes as follows:

1) Constant Current Charging

2) Pulsed Charging at a Fixed Repetition Period

3) Pulsed Charging with Discharge Pulses at a Fixed Repetitian Period
4) Pulsed Charging at a Variable Repetition Rate

5) Pulsed Charging with Discharge Pulses at a Variable Repetition Rate

Each operating mode has its own requircments and characteristics; these are described in detail
in the following paragraphs.

1. Constant Current Charging

In this mode of operation, charging current is delivered 1o the battery in the form of a
DC current which remains constant during the charge. The range of current values covered by
this mode is 1.0 through 35.0 amperes.

2 Pulsed Charging at a Fixed Repetition Period

Charging in this mode is accomplished by providing pulses of current to the battery being
charged; these pulses are adjustable in amplitude, width. and period (reciprocal of frequency).
The ranges of each variable parameter are:

¢ Amplitude — 1.0 — 50.0 amperes
e Width — 10% — 90% of repetition period

e Repetition Period - 100 microsecond — 20 milliseconds
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The parameters above are continuously adjustable over the ranges shown, the only limitation
is that the average charge current (amplitude x % width)/ 100 cannot exceed 35 amperes.

3. Pulsed Charging with Discharge Pulses at a Fixed Repetition Period

When operating in this mode, current pulses are provided to the battery in a direction
to charge it. After a predefined number of charging pulses, a discharge pulse is applied to the
battery. Thus, the battery receives some number of coutlombs of charge and then gets dis-
charged by some lesser number of coulombs throughout the time the battery is left on the
charger. In this mode, the charge pulse amplitude, charge pulse width, repetition period, dis-
charge pulse amplitude, discharge pulse width, and ratio of charge pulses to discharge pulses are
variable over the following ranges:

# Charge pulse amplitude — 1.0 - 50,0 amperes

Charge pulse width — 10% - 90% of repetition period

Repetition period — 100 microseconds - 20 milliseconds

Discharge pulse amplitude - 1.0 - 100 amperes

Discharge pulse width — 1% - 50% of repetition period

Charge pulses per discharge pulse — 1 - 15

The charge pulse amplitude, charge pulse width, repetition period, discharge pulse amplitude,
and discharge pulse width are continuously adjustable over the ranges defined above; the ratio
of charge pulses to discharge pulses is adjustable in 1nteger values over the range above. Four

limitations have been imposed on this mode:

{charge pulse amplitude x % charge pulse width)

1) Average charge current 100

cannot exceed 35 amperes.

(discharge pulse amplitude x % discharge pulse width)

2) Average discharge current —
) ge discharg 100

cannot exceed 5 amperes.

3) The net charging current to the battery must be greater than zero.

4) The sum of charge pulse width and discharge pulse width must be less than the
repetition period (% charge pulse + % discharge pulse <100%).




e e e et e e re o e

4. Pulsed Charging at a Variable Repetition Rate

Operation in this mode results in charging current to the battery in the form of pulses;
the repetition rate of these pulses is dep2ndent upon the state-of-charge of the battery. Pulses
are initiated when the open-circuit battery voltage drops below a preset value. Near the be-
ginning of charge, the battery voltage will drop below the preset voltage rapidly, thus causing
the pulse repetition period to nearly equal the pulse widiii; then, as the battery reaches full
charge, the pulses become ‘spread-out’ due to the slower decay of the open-circuit voltage.
The average charging current then becomes nearly constant at the beginning of chargs and
tapers as the battery reaches full charge; the value of current at the end-of-charge is depen-
dent upon the value of voltage set by the operator. Charge pulse amplitude. charge pulse
width, and pulse trigger voltage are continuously adjustable over the ranges below:

e Charge pulse amplitude — 1.0 - 50.0 amperes
e Charge pulse width - 100 microseconds - 50 milliseconds

e Pulse trigger voltage — 0.0 - 100.0 volts

The only limitation placed on this operating mode is that the average charge current cannot
exceed 35.0 amperes.

5. Pulsed Charging with Discharge Pulses ar a Variable Repetition Rate

In this mode, the current through the battery consists of a discharge pulse followed imme-
diately by a charge pulse; the repctition rate of the pulses is variable, depending upon the state-
of-charge of the battery. Pulses are initiated by the decay of the open-circuit battery voltage:
when the open-circuit battery voltage drops below a prescet value, a discharge pulse of predefined
amplitude and width is enabled; then, immediately following the discharge pulsc is a charge
pulse of predefined amplitude and width. Near the beginning of charge, the discharge/charge
pulse repetition period is nearly equal to the sum of the charge and discharge pulse widths: as
the battery reaches full charge. the discharge/charge pulses “spread-out’, thus causing a tapering
of the average charge current delivered to the battery. Variable parameters in this operating
mode are charge pulse amplitude, charge pulse width. and pulse trigger voltage: these are con-
tinuously adjustable over the following ranges:

Charge pulse amplitude — 1.0 - 50.0 amperes

Charge pulse width — 100 microseconds — 50 milliseconds

Discharge pulse amplitude - 1.0 - 100 amperes

Discharge pulse width — 1.0 microseconds -- 8.33 milliseconds

Pulse trigger voltage — 0.0 - 100 volts

b
|
-
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Three limitations have been imposed on this mode:

1) The average current delivered during the charge pulse cannot exceed 35 amperes.

2) The average current taken out of the battery during discharge pulses cannot exceed
5.0 amperes.

3) The net charging current delivered to the battery must be greater than zero.

C. Charger Special Features

Built into the charger were to be several features which give the charger much versatility
for laboratory testing. These features include:
e Charging of either 12 volt or 24 volt batteries
o A device for determining the 80% charge point for the battery under test

& Automatic mode transition from one operating mode to another when the battery
under charge has reached the 80% charge point

e Termination of charge either by average battery voltage (adjustable over a range
compatible with a 24 volt battery) or by an adjustable two-hour timer

o Sense outputs for monitoring the waveform of battery voltage and battery current

A o Normalized sense outputs for monitoring the average battery voltage and average

battery current (using + 1 VDC for normalized outputs)
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IIl. THEORY OF OPERATION

The overall charging system takes 208 VAC, single-phase. 60 Hz power and converts it
to charging current which is applied to the battery in the form dictated by the program selec-
ted by the operator. A simplified block diagram of the system is shown in Figure [11-1: this
biock diagram shows the basic building blocks of the charger.

A, System Block Diagram

Shown in Figure HI-1 is a simplified block diagram of the charging system, showing the
major blocks used to perform the power conversion and control functions. The overall opera-
tion and function of cach block is as follows.

I. Basic System Theory

The AC power is converted to DC power in the block entitled *Programmable DC Power
Supply ;. this DC power is then applied to the battery through the “Charge Current Pass Element’.
The width, repetition rate, and titaing of charging pulses are controlled by the “Pulse Generator
and Control Logic™: the amplitude of the charging pulses is held constant at the preset value by
a closed control loop consisting of the *Current Sensor and Amplifiers’ and the *Charge Control
Logic’.

When discharge pulses are desired, current trom the battery is passed through the "Discharge
Power Supply and Discharge Pass Element’. The width. repetition rate, and timing of the dis-
charge pulses are also controlled by the ‘Pulse Generator and Control Logic™. The amplitude
of the discharge pulses is held constant at the preset value by a closed control loop « + sisting
of the *Current Sensor and Amplificrs’ and the “Discharge Control Logic™. If the battery is not
capable of delivering the desired pulse amplitude, the "Discharge Power Supply™ is “turned-on’
and acts as a driving source for current allowing the control loop to be satistied.

The ‘Battery Voltage Scensor” serves two functions: 1) to tell the “Control Logic’ to termii-
nate charge when the average battery voltage reaches some predetined value, and 2) 1o inttiate

current pulses in the variable repetition rate modes,

The *Charge Integrator’ is the device for sensing the 807 charge point: when the 807
charge point is reached. a signal is sent to the *Control Logic’ to initiate the transfer of opera-
tion from one operating mode to another. it such a transter is to oceur. This integrator also
‘tells” the operator how much capacity has been returned to the battery at any point during
the charge.
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2. Progremmabie DC Power Supply

This block consists of an AC to DC converter which has a programmable cutput voltage.
The conversion is accomplished by means of a step-dowi transforma with a full-wave SCR
bridge rectifier on its secondany. Energy from the transformer-rectifier is filtered and stored
in a bank of electrolytic capacitors. The ouiput voltage of the converter is controlied (pro-
grammed) by varying the conduction angle of the SCRs. The output voltage of this power
supply is varied during charge to maintain a fixed voltage across the ‘Charge Pass Element’,

As the battery voltage rises. the output of the power supply rises by an equal amount. Program-

ming of the voltage is accomplished by sensing the peak battery voltage during a charge pulse,
adding a fixed AV 10 this sensed signal and comparing this sum with the output voltage of
the power supply. The entire control consists of a closed loop control system, so the power
supply output will be dynamic, thus compensating for loading, input line variations, and
changes in battery voltage.

The power supply is limited in output voltage for either 12 volt or 24 volt operation;
in the 12 volt mode, a maximum output voltage of approximately 24 volts is attainable; in the
24 volt mode, a maximum output voltage of approximately 45 volts is attainable. These limits
protect the “‘Charge Pass Element’ from excess power dissipation if the signal from the ‘Battery
Voltage Sensor’ shouid tail.

3. Charge Current Pass Element and Charge Control Logic

These two sections of the system control the charge current into the battery. The
*Charge Current Pass Element’ consists of transistors which are used as current switches; the
‘Charge Control Logic’ consists of analog and digital logic which control the amplitude of
charging current. The amplitude of charging current (in constant current mode) ana charg-
ing pulses {in remainder of modes) is controlled by a closed controi loop consisting of the two
above-mentioned blocks and the ‘Current Sensor and Amplifiers’. A voltage proportional
to the current is genrerated in the ‘Current Sensor and Amplifiers’ block: this voltage is com-
pared to the amplitude adjustment on the front control panel in the *Charge Control Logic’
block. The error signal generated by the comparison is used as the input to an integrator
type control circuit which dynamically adjusts its output voltage to maintain sufficient drive
current to the ‘Charge Pass Element’ to hold the desired charging current level. This control
loop is digitally controlled in such a way as to ‘remember’ current amiplitudes between charg-
ing pulses; the overall time constant of the controi loop is long enough to minimize the possi-
bilities of loop instability, but yet short enough to allow necessary corrections of current pulse
amplitude within 2 few pulses.

o
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The selection of type of charge, start of charge, termination of charge, repetition rate of
pulses, pulse width, and time placement of pulses are selected by the operator and fed into
the ‘Pulse Generator and Control Logic’ block; this block in turn then sends control signals
to the ‘Charge Control Logic’ to set current pulse time functions. The ‘Charge Control Logic’
is not capable of delivering any current pulses until commanded to do so by the ‘Pulse Genera-
tor and Control Logic’.

4. Pulse Generator and Control Logic

This block forms the *brain’ of the timing for the charging system; it controls the mode
of charging, puise formation circuitry, timing controls, operator interface, and charge termi-
nation circuitry. The makeup of logic and linear analog logic, both being in the form of in-
tegrated circuits. Within this block are contained several smaller blocks; an expanded block
diagram of this is contained in Figure I[1-2. Operation of each block is as follows.

a. Mode Selection Logic — The ‘Mode Sclection Logic” of Figure 111-2 is comprised of digital
logic which allows the selection of one operating mode before the 80% charge point and one
operating mode after the 80% charge point. The flip-flops used for the sclection are inter-
tocked in such a manner that only one mode before and one mode after the 80% charge point
cuan be selected; this ensures that no error in operating mode car be made. In addition to
actual selection and decoding of the selected mode, this block contains the logic associated
with controlling the transition from the before 80% mode to the after 80% mode. Upon re-
ceipt of a control signal from the ‘Charge Integrator’, the charger is stopped, appropriate mode
relays are dropped out and pulled in, and the charger is automatically started again. This se-
quence is required to prevent ‘confusing’ of the control logic during modc transition and thus
ensure the prevention of a malfunction.

b. Pulse Repetition Rate Generator - This block of Figure I11-2 is used in the two charging
modcs which operate at fixed repetition rates. The hardware which makes up this section
consists of two unijunction (UJT) oscillators, one for each fixed repetition rate mode. These
oscillators are slightly different than normal UJT oscillators in that: 1) the capacitor is charged
from a constant current source, 2) the current from the constant current scurce ¢an be varied
to vary the operating frequency of the oscillator, and 3) the oscillator can be gated *on’ and
‘of f” by control signals from the "Mode Selection Control’. By using a constanat current source
to charge the capacitor, the voltage waveform generated across the capacitor rises linearly to
the point where the UJT fires; this linear voltage waveform can then be used to derive pulse
widths which are a given percentage of the total period of the oscillutor. The use of this will
be discussed in Paragraph ¢. below.
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the battery, a coutrol signal allows the decoding and storing of data from a switch on the

charger front panel. This data is stored in the count-down register; then each time a charge

pulsc is applied to the battery, the register is counted down by one. When the register is

zeto and a charge pulse has terminated, a discharge pulse is again enabled, starting the se-

quence over again. When the charger is stopped, a constant decode and store signal is applied :
to the register to sense any change to the data applied from the front panel; this ensures |

. proper counting the first time through the count-down cycle. During operation in modes
other than the one mentioned above, the counter is disabled.

5. Discharge Power Supply

ot The ‘Discharge Power Supply’ is a programmable AC to DC converter which is used,

when necessary, as a driving source for discharge pulses. When the battery is not capable of

providing the desired amplitude discharge pulse, the output voltage of this power supply is i
increased to a value which will allow the desired amplitude to be attained. The programming |
is accomplished by sensing the minimum voltage drop across the ‘Discharge Pass Element’

and holding this voltage at a minimum value. If the voltage across the ‘Discharge Pass Ele-
ment’ drops below this minimum value, the output of the power supply is increased; simi-
larly, if the voltage across the ‘Discharge Pass Elcment” increases above the minimum value,
the output of the supply is decreased. The entire control of the ‘Discharge Power Supply’
is dynamic, thus allowing changes in output voltage to compensate for changes in AC line
voltage, battery voltage, and battery state-of-charge.

6. Discharge Puss Element and Discharge Control Logic

The ‘Discharge Pass Element’ is a group of transistors which carry the current contained
in the discharge pulses. The transistors are used as switches and are controiled by driving
current from the ‘Discharge Control Logic’. These two blocks, in conjunction with the
‘Current Sensor and Amplifiers’ form a closed control loop for regulating the amplitude of
discharge pulses. A signal from the ‘Current Sensor and Amplitiers’, which is proportional
to discharge pulse amplitude, is fed into the ‘Discharge Control Logic’ and then compared

with a signal from the discharge pulse amplitude controls on the charger front panel. The
error signal which is gencrated from the comparison above is used as the input signal to an
integrator type control; as the error signal changes, the output of the integrator changes to
correct the amplitude of the discharge pulses. Since the control loop is closed, it is dyramic
and can compensate for changes in driving voltage and battery state-of-charge. To achieve
tight amplitude control of discharge pulses. the control loop is digitally controlled, which
allows the circuit to ‘remember’ current amplitudes from one pulse to another. The overall

-11-
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¢. Charge Pulse On-Time Controls and Discharge Fulse On-Time Controls — The controls for
the on-times of charge and discharge pulses function basically the same, so they will be dis-
cussed as one item.

For operation in the fixed repetition rate modes, the resetting of the capacitor in the
UJT oscillators causes an  ‘enable’ signal to he sent to the ‘Charge Control Logic’ to start a
charge pulse. Then, when the linear voltage developed across the capacitor of the UJT oscil-
lator reaches the value set by the charge pulse width controls on the charger front panel, a
‘disable’ signal is sent to the ‘Charge Control Logic’ to terminate the charge pulse. If a dis-
charge pulse is to occur at this time, an ‘enable’ signal is sent to the ‘Discharge Control Logic’
to start the discharge pulse upon termination of the charge pulse. Then, when the UJT oscil-
lator capacitor voltage reaches a value set by the discharge pulse width control on the front
pariel, a ‘disable’ signal is sent to the ‘Discharge Control Logic’ to terminate the discharge
pulse. This cycling is continued throughout operation of the mode of operation. The *Charge
Pulse On-Time Controls’ and "Discharge Pul:~ On-Time Controls’ are interlocked in such a
way that a charge pulse and a discharge pulse can never be ‘on’ at the same time,

In the variable repetition rate modes, the timing is generated in a slightly different fashion.
Looking first at the variable repetition rate mode with charge pulses only, a signal is received
from the ‘Battery Volt Sensor’ which enables the charge pulse in the ‘Charge Control Logic’

and ‘starts’ a UJT oscillator. The charge pulse is *on’ until the UJT fires and resets the capacitor:

at this point, a “disable’ signal is sent to the *Charge Control Logic’ to terminate the charge
pulse, At this point, the logic rests and waits for another pulse from the ‘Battery Voltage
Sensor’.

In the variable repetition rate mode with charge and discharge pulses, the operation de-
scribed in the above paragraph would be true for the discharge pulses. However, rather than
the logic resting after the discharge pulse, a charge pulse is initiated at the same time the dis-
charge pulse is terminated. Also, at the termination of the discharge pulse, a pulse from the
‘Discharge Pulse On-Time Controls’ starts a UJT oscitlator in the *Charge Pulse On-Time
Controls’. At the resetting of this UJT oscillator, the charge pulse is terminated. At this
point, the logic rests until a signal from the *Battery Voltage Sensor’ 1s received to start
the whole cycle again.

d. Charge Pulse Counter — This block is basically a binary count-down register which is
clocked from a signal derived from the ‘Charge Pulse On-Time Controls’. The only mode of
operation which uses this counter is the Pulsed Charging with Discharge Pulses at a Fixed
Repetition Rate mode. The functioning is as follows: When a discharge pulse is applied to

-12-




control loop has a time constant which is long enough to minimize the possibilities of oscilla-
tions, but yet, short enough to allow necessary amplitude corrections within a few pulses.

7. Current Sensor and Amplifiers

This block contains a precision shunt which acts as a sampling resistor to give a voltage
signal which is proportional to battery current. The signal from this shunt is amplified by
operational amplifier circuits to higher values which can be used as control signals. Contained
within this section is a current polarity detector circuit; this circuit allows the scparation of
charge pulse signals and discharge pulse signals. The separated signals are then used in the
‘Charge Control Logic’ and ‘Discharge Control Logic’. Also. the separated signals are neces-
sary for limiting of charge current and discharge current.

Also contained in this section is the averaging amplifier which averages the battery current.
This averaging amplifier averages the total signal received from the shunt; the output of this
amplifier is then normalized and used as the signal to feed the ‘Average Battery Current Qutpui’
on the front of the charger.

8. Charge Integrator Logic

This block contains the charge integrator and all the associated limit and logic controls.
The charge integrator itself is a classical operational amplifier integrator circuit using a solid
electrolyte capacitor to achieve linearity over long charging times. This integrator is fed from
a variable gain amplifier whose output is an amplified signal of the current signal received from
the ‘Current Sensor and Amplifiers’. The gain of this amplifier is variable to allow the charge
integrator’s ampere-hour rating to be variable to handle various battery capacities.

Also contained in this block is the logic required to sense the 80% charge point. When
the output of the integrator reaches a specified vaiue, a signal is sent to the "Mode Selection
Logic’ of the ‘Pulse Generator and Control Logic’ to initiate the transition from the before
80% charge mode to the after 80% charge mode.

Protection circuitry for data and for logic elements has been incorporated into this section.
When the integrator output reachces a given value, a STOP signal is initiated to stop the charger;
this step is necessary to ensure that erroncous data 1s not obtained from the integrator, by
exceeding the linear region of the solid electrolyte capacitor being used, should the operator
fail to clear out the integrator before starting a test.

-13-
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9. Battery Volrage Sensor

This section consists basically of four parts: 1Y a peak battery voltage detector, 2) a
minimum battery voltage detector, 3) an open-circuit battery voltage detector, ar.. " an
average battery voltage detector. Each of these parts serves a specific function and opera.~
as follows.

a. Peak Battery Voltage Detector — This circuitry samples the battery voltage continuously
j and holds the peak value seen over a given time period (milliseconds). This peak voltage is
attenuated and summed with a preset voltage level; the sum of these signals is then used as
an input to the programming section of the ‘Prcgrammable DC Power Supply’ to adjust the
’1 power supply output voltage as described in Paragraph 2).

b. Minimum Battery Voltage Detector — This circuitry samples the battery voltage continu-

ously and holds the minimum value seen over a given iime period (tens of milliseconds). This
voltage signal is then applied to the programming section of the ‘Discharge Power Supply’
. to adjust the supply output voltage, as discussed in Paragraph S, above.

¢. Open-Circuit Battery Voltage Detector ~ The circuitry involved here is the source of con-
trol signals for enabling charge or discharge pulses in the variable repetition rate mode.
Basically, this circuitry samples battery voltage when no current is flowing in the battery.

When the sampled voltage is equal to or less ihan the trigger voltage set by the operator, a
signal is sent to the ‘Pulse Generator and Control Logic’, as described in Paragraph 4, above.

d. Averuge Battery Voltage Detector — This section continuously monitors the battery volt-
age and averages the voltage using an opcrational amplificr type averaging circuit. This
averaged voltage is used for the ‘Normalized Average Battery Voltage Output’ on the front
panel of the charger. Also, the average battery voltage is compared with the setting of charge
termination voltage; when the average battery voltage is equal to or greater than the desired
termination voliage, a STOP signal is generated and stops the charger.

;
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1V. CHARGER SYSTEM DESCRIPTION

A. System Configuration

This charging system, which has been denoted as Model PBC-001 by Gould Inc., is com-
prised of two modules ~ a Power Module and a Control Module. The Coatrol Module, whose
front panel contains push-button switches, rotary switches, dial indicators, and meters, per-
forms the function of controlling the timing of charge and discharge pulses and contains all
other controls necessary for selecting the desired ch: rge regime. The Power Module, whose
front panel houses a circuit breaker, a POWER ON indicator, and a DC power output connec-
tor, contains all the power handling electronics necessary for charging a battery. This module
contains two AC-DC power supplics, one for charging and one for forced discharging, and the
pass transistors which are associated with the charge and discharge power circuits. In addition
to the power handling electronics, the Power Module contains the feedback control logic which
is associated with the charge and discharge curreat control loops.

The Power Module and Control Module are interconnected via three cables; these three
cables transfer AC power fromn the Power Module to the Control Module, DC logic power
from the Control Module to the Power Module, and logic signals between the two modules.
These three cables are permanently attached to the Control Module and connect to the Power
Module via cable connectors. In addition to these three cables, there 1s one other cable associated
with this charging system; this cable is the interface between the primary power source and the
Power Module. This power cable is permanently attached to the Power Module.

Thus, this charging system is comprised of two modules — one for control and one for power
handling. The two modules are interdependent and must be operated in conjunction with one
another to ensure proper system operation.

B. System Characteristics

1. Input Power Requirements

The charging system is designed to operate from eithera 115 VAC or a 230 VAC, 60 Hz
source. The system is presently connected for 230 VAC operation. If 115 VAC operation is
desired, the manufacturer should be contacted for detailed instructions on system reconnection.
Under the present configuration, the input power requirements are as listed below.

-15-
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e Input Voltage: 230 VAC (four-wire configuration)
e Input Frequency: 60 Hz
e Input Current: 30 Amps (rms)

2. Output Characteristics

This charger has five basic modes of operation. These modes are listed and described
below.

a) Constant Current -- In this operating mode, the charging current which is supplied to the
battery is in the form of a constant DC current. The constant current level is adjustable from
the front panel of the Control Module over the range of 1 amp to 35 amps.

b) Pulsed Charging At A Fixed Repetition Period — In this mode, the charging current which

is applied to the battery is in the form of pulses. The charging pulses are adjustable in ampli-
tude, repetition rate, and pulse width., The pulsc amplitude is adjustable from | amp to 50 amps.
The repetition rate is adjustable from 60 pps ta 10K pps, and the pulse width js adjustable from
10 percent to 90 percent of the pulse repetition period.

¢) Bulsed Charging With Discharge Pulses At A Fixed Repetition Rate — This mode is similar
to the operating mode discussed in b) above except for the addition of discharge pulses.

These discharge pulses occur between the end of one charging pulse and the beginning of the
next charging pulse and are adjustable in amplitude, pulse width. and repetition rate. The
range of amplitude, of pulse repetition rate, and pulse width of the charging pulses is identical
to that of the mode discussed in ) above. The amphtude of the discharge pulses is adjustable
from 1 amp to 100 amps; the pulse width of the discharge pulses is adjustable from 1 percent
to 50 percent of the repetition period of the charging pulses; and the repetition rate of the
Jdischarge pulses is adjustable from one discharge pulse per charge pulse to one discharge pulse
per 15 charge pulses. '

d) Pulsed Charging At A Variable Repetition Rate — In this mode. the charging current is pro-
vided to the battery in the form of pulses. These pulses occur at a repetition rate which is
dependent upon the rate of decay of the battery voltage following a charge pulse. The charg-
ing pulses are adjustable in amplitude and pulse width. The amplitude is adjustable from 1 amp
to 50 amps, and the pulse width is adjustable from 100 microseconds to 100 milliseconds. In
addition to these adjustments, an adjustment of the battery voltage trigger point is available.
The logic of this mode is configured in such a way that when the battery voltage decays below
the voltage trigger point, a charge pulse is initiated. After the prescnibed pulse width. the charge
current drops to zero and the battery voltage begins to decay, starting a new cycle. With the
vollage trigger point properly adjusted, a discharged battery would call for charging pulscs at a
high repetition rate; then, as the battery state-of-charge increased, the repetition rate would

decrease.
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e} Pulsed Charging With Dischurge Pulses At A Variable Repetition Rate — This mode of opera-
tion is identical to that described in d/ above except that this mode has a discharge pulse just
prior to a charging pulse. When the battery voltage decays below the voltage trigger point, which
was described in d/ above, a discharge pulse of a given amplitude and pulse width is initiated.
Following this discharge pulse, a charging pulse of a given pulse amplitude and pulse width is
initiated. Once the charging pulse is completed, the battery voltage begins to decay and a new
cycle is initiated. The amplitude and pulse widih of the charging pulses are adjustable over the
range described in d} above; the amplitude of the discharge pulse is adjustable from 1 amp to

100 amps, and the pulse width of the discharge pulsc is adjustable [rom | microsecond to 10
milliseconds.

;' These five basic modes comprise the operation of this charging system. In addition to these

' basic modes, it is possible to operate in one mode before the 80 percent charge point of the bat-
tery, and then switch, automatically, to a different mode for operation after the 80 percent
charge point. By using this configuration of two different operating modes, it is possible to
rapid charge a battery while its charge acceptance is high and then decrease the charging rate
once the battery approaches full charge.

C. Control Module — Detail Description
1. Front Panel Controls

The controls on the front panel of the Control Module are used to adjust the charger for
the particular charge regime being used for a test. The function of each of these controls will
be discussed in this section. Figure V-1 shows a picture of the front panel of the Control Module
with each control identified by a letter and number or a series of letters and a number. The
following description will cover each control and explain its purpose and calibration for use on
the charger.

BV — Battery Voltage Select

This rotary switch selects operation of the charger in either {2 volt or a 24 volt mode.

If a 12 volt battery is being charged, this control should be in the 12 volt position;
similarily, if a 24 volt battery is being charged, the switch should be in a 24 volt position.
With the control in the 12 volt mode, only a 12 volt battery can be charged; however,

if the control is in the 24 volt mode, either a 12 volt or a 24 volt battery can be charged
with no damage to the charger.

BC — Battery Capacity Adjust

This controi should be adjusted for the rated capacity of the baitery being charged,
The range covered by this control is 1.00 ampere-hours to 10.00 ampere-hours. Thus,
if a 4.0 ampere-hour battery is to be charged, this control should be adjusted to read

-17-
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4.00 on the three digits displaved on the front of the control. The setting of this con-
trol is used as the basis for the 80 percent charge point transition; thus, with the adjust-
ment of 4.00 ampere-hours, the transition from one mode of operation to a different
mode of operation would occur after 3.20 ampere-hours of capacity have been returned
to the battery.

PB1-PBS — Before 80 Percent Charge Program Select

These push-button switches select the mode of operation of the ciarger before the 8¢
percent charge point is reached. PB1 selects the constant current charge mode, PB2
selects the post current charge at a fixed repetition rate, PB3 selects pulsed charge cur-
rent with discharge pulses at a fixed repetition rate, PB4 selec's pulsed charge current
at a variable repetition rate, and PBS5 selects pulsed charge current with discharge pul-
ses at a variable repetition rate. Of these push-button switches, oniy one mode can be
selected at a time. The mode selected will be indicated by a liphted push-button switch
(green in color).

PA1-PAS — After 80 Percent Charge Mode Selector

These push-bution switches are identical in function to those discussed above; however,
they select the operating mode after the 80 percent charge point has been reached, and
when lighted glow yellow.

Sit — Before 80 Percent Charge Status Indicator

This green indicator light, when lighted, indicates that the battery has not reached the
80 percent charge point and that the charger is operating in the mode selected for be-
fore 80 percent operation.

SI2 — After 80 Percent Charge Status Indicator

This yellow indicator, when lighted, indicates that the batterv has reached the 80 per-
cent capacity point and that the charger is operating in the mode selected tor operation
after 80 percent charge.

CAl - Constant Current Mode Charge Current Adju-¢

This control adjusts the constant current level wiiith is to be used in this charge mode.
The current amplitude range covercd by this control is 1.0 ampere through 35.0 amperes.
The numbers on the front of the control range trom 20 through 1000; the usable range
for this control is 20 through 700. Thus, the novmbers which are indicated on the front
of the control are equal to the charging current . ve: times twenty. If a current level

of 20 amperes were desired for charge current, this control should be adjusted to read
400. If this control is adjusted above the 110 r:int {35 amperes) a fault indicator light
{F1) will turn on and the charger will stop.
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CA2—-CA4 - Charging Pulse Amplitude Centrols

These three controls are used to adjust the amplitude of the charging pulses which are
to be applied to the battery. The range covered by each control is 1 ampcre through
50 amperes. The numbers which are indicated on the front of each control range from
20 through 1000; these numbers are equivalent to I ampere through 50 amperes. Thus,
if a charge amplitude of 20 amperes was desired, these controls should be adjusted to
read 400. Since it is possible to achieve a 50 amp charging pulse, each of these con-
trols is usable over its entire range. CA2 adjusts the charging pulse in the pulse charge
current at fixed repetition rate mode, CA3 adjusts the charging puise amplitude for the
pulsed charge current with discharge pulses at a fixed repetition rate mode, and CA4
adjusts the charging pulse amplitude for both variable repetition rate modes.

DAl & DA2 - Discharge Pulse Amplitude Control

These controls adjust the amplitude of the discharge pulses which will be applied to the
battery. The range covered by these controls is | ampere through 100 amperes. The
numbers which appear on the front of the dials range from 10 through 1000 and corres-
pond to 1 amp through 100 amps, respectively. Thus, a scale factor of 10 is used on this
control. If a discharge pulse amplitude of 20 amperes is desired, the controls should be
adjusted to 200. Since it is possible to have a discharge pulse amplitude of 100 amps,
the entire range of 10 through 1000 on this control is usable. DA} adjusts the amplitude
of the discharge pulses for the pulse charge current with discharge pulses at a fixed repe-
tition rate mode, and DA?2 adjusts the amplitude of the discharge pulses for the pulse
charge -urrent witn discharge pulses at a variable repetition rate mode.

RP1 & RP2 — Repetition Period Adjustments

These controls adjust the repetition period for the two modes of operation which have a
fixed repetition rate. Each control consists of a continuous adjustment from 1.00 through
10.00 and a three-position multiplier. With the multiplier and the continuous adjust. it is
possible to achieve a repetition period which ranges from 0.1 milliseconds { 100 microseconds)
to 100 milliseconds. If a repetition period of 2.50 milliseconds is desired, the continuous
adjust should be adjusted to read 2.50 and the multiplier switch should be in the X1 posi-
tion; similarily, if a repetition period of 750 microseconds is desired, the continuous ad-
just should be adjusted to 7.50 and the multiplicr switch sheculd be in the X0.! position.
These controls are usable over their entire range in all three multiplier positions. RP1
adjusts the period for the pulsed charge current with discharge pulses at a tixed repetition
rate mode.
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CPW1 & CPW2 -~ Charge Puke Width Controls

These controls adjust the width of the charging pulses in the fixed repetition rate modes.
The adjustment of these controls is based upon a percentage of the repetition period.
The range covered by the controls is 10 percent through 90 percent of the repetition
period. The numbers which are indicated on the front of the controls are direct read- i
ings of the percentage of the repetition period which has been selected, thus, if the con-
trol is adjusted to read 25.0, then the pulse width of the charging pulse is equal to 25
percent of the repetition period for that mode of operation. Since the adjustment
range to be covered is 10 percent through 90 percent of the repetition period, the entire

range of adjustment for the control cannot be used. Caution should be taken to ensure
that these controls do not get adjusted beyond a setting of 90.0. CPW1 adjusts the charge
pulse width for the pulsed charge current at 3 fixed repetition rate mode and CPW?2 adjusts
the charge pulse width for the pulsed charge current with discharge pulses at a fixed repe-
tition rate mode.

DPW1 — Discharge Pulse Width Control

This control adjusts the discharge pulse width in the pulsc charge current with discharge
pulses at a fixed repetition rate mode. The range covered by this control is 1 percent
through 30 percent of the charge pulse repetition period. The percentage of the charvge
pulse repetition period is read dircctly from the numbers on the front of the control.
As can be seen by examining the control, it is possible to adjust this control from 1 per-
cent through 100 percent of the charge pulse repetition period. If this control is adjust-
ed beyond the 50 percent point, no damage will occur to the charger.

DPR1 - j Control

This 15-position rotary switch selects the number of charge pulses which occur between

o P

. discharge pulses. If the operator desires to have a discharge pulse following each charge
' pulse. he wouid adjust the rotary switch to position ! ; simiilarilv. if he desires 135 charging
pulses between discharge pulses, he would adjust the rotary switch to position 15,

CPW3 —

This control adjusts the width of the charging pulse which would occur in either of the
variable repetition rate modes. [t consists of a continuous adjust from 1.00 through
10.00 and a three-position multiplier. The combination of the continuous adjust and
the multiplier allow a range of charge pulse width from 0.1 milliseconds ( 100 micro-
seconds) through 100 milliseconds. Thus, if a charge pulse width oi 750 microseconds
is desired, the continuous adjust would be adjusted to 7.50 and the multiplier switch

; would be placed in the X0.1 position: similarily, if a charge pulse +idth of 15 milli- 1
Y seconds is desired, the continuous adjust should be placed in the 1.50 positioa and the \
J multiplier switch should be placed m the X10 position.
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DPW2 . Discharge Pulse Width Control

This control is used to adjust the width of the discharge pulse which would be applied
to the battery in the pulse charge current with discharge pulses at a variable repetition
rate mode. The control consists of a continucus adjust from 1.09 to 10.00 and a four-
position multiplier. Since the discharge pulses are normally narrow pulses, the time
calibration for this scale is microseconds as opposed to milliseconds which was used on
all other time basc centrols. The range which is covered by this control is one micro-
second through 10,000 microseconds (10 milliscconds). This control is usable over its
entire range. If the operator desires a discharge pulse width of 7.5 microseconds, he
would adjust the continuous adjust to 7.50 and the multiplicr to the X1 position;
similarily, if he desires a discharge pulse width of 500 microseconds, the continuous
adjust should be placed at 5.00 and the multiplier switch in the X100 position.

V81 — Voltage Threshold Control

This control sets the threshold level for the initiation of either a caarge or a discharge
pulse in either of the variaple repctition rate modes. The range covered by this control
is 0 volts through 100 volts. with the voltags setting read directly from the numbers
on the face of the control.

F1-F6 — Fault Indicators

The six push-button switches in the upper right-hand corner of the front panel of the
Control Module are lighted push-button switches. When lit, they indicate that a fault
condition exists in the charger. The source of the faults will in most cases be a malad-
justment of the countrols on the front panel; however, if a system malfunction should
occur, it will in most cases, be detected by the fault logic and displayed on one of the
fault indicator lights. Whenever a fault occurs and a fault indicator light is lit, the
charger will automatically go into the STOP mode. To return the system to operation,
the cause of the fault must be corrected, the lighted push-button switch must be
depressed (causing the switch to retuim to a white color), and the START/RUN push-
button must be aepressed. The meaning of each fault indicator is as follows.

F1 - This fault indicator indicates that the average current being delivered trom the
charge power supply is in excess of 35 amperes; thus, this indicator could be lighted
if a charging pulse of 50 amperes and a pulse width in excess of 70 percent of the
repetition period were used. This indicator will not be actuated until the charger is
placed into the START/RUN mode; thus, there will be no indication of a maladjust-
ment on the front panel prior to starting the charge. Also, since the averaging circuit
utilizes a iong time constant analog integrator, the system could operate for seveial
seconds prior to the indication of a fault if the average charging current is just slightly
in excess of the 35 amperes.




F2 — This fault indicator indicates that the average discharge current being taken out
of the battery is in excess of 5 amperes; also, this indicator will indicate that a total
charge of 62,000 micro coulombs were contained in the discharge pulse. This latter
limit is being placed on the discharge ulse in order o prevent excessive localized
heating in the discharge pass elements when a large amplitede discharge pulse is ap-
plied to the battery. The sensing circuitry used for this fault indicator is a short

time constant analog integrator; therefore, if a2 maladjustment has been made on the
front panel controls, the fault indicator will light within milliseconds after the sy.-
tem has been started.

F3 — This fault indicator indicates that the average discharge current being taken from
the battery is in excess of the charge current being delivered to the battery, thus re-
sulting in a net discharge of the battery. This condition could be met if several con-
trols on the front panel are adjusted improperly. The indication of this maladjust-
ment will occur within milliseconds aiter the START/RUN push-button has been
depressed.

F4 — The purpose of this fault indicator is to indicate to the operator that a malad-
justment of the pulse width controls of the pulse charge current with discharge pulses
at a fixed repctition rate mode has been made. This Light will light when control
CPW2 and control DPW1 have been adjusted in such a way that the sum of the two
controls is greater than 100 percent. This fault indicator will light only when the
system is operating in the mode mentioned previously. During the use of other modes,
this fault is disabled.

F5 — This indicator light deals with a fault which is connected with the charge inte-
grator which is used for determining the 80 percent charge point. 1f the operator

fails to depress the charge integrator RESET push-button prior to starting a tast, the
charge integrator could integrate beyond its upper limit, causing the generation of
erroncous capacity data. Whenever the charge integrator reaches its upper limit. a
sensing circuit stops the charger and lights the fault indicavor light. The system cannot
be restarted until the Charge Integrator Reset (C1) has been depressed and retuins to

a lighted condition and the fault indicator push-button has been depressed, clearing
the fault.

F6 — This fault deals with the connection of a battery to the charger: if the battery is
connected improperly or no battery is connected to the system, and the START/RUN
push-button is depressed, this fault indicator will light. A delay of approximately 500
milliseconds occurs between the depression of the START/RUN push button and the
lighting of this fault indicator. This delay gives the seising circuitry sufficient time to
detect the error. When this fault occurs, the main coniactor, which connects the charger
to the battery, cannot close.




g

Pi — Timer Controt

This control adiusts time on the over-ride timer which is built into the system. On the
dial for che timer is the calibration OFF through 150 minutes. The timer can be adjusted
to any setting between 15 minutes and 150 minutes. For settings less than 15 minutes
the timer will hold the charger in the STOP mode. The function of the timer in the
system is to stop the charger after a specified length of time if the average baitery volt-
age has not reached the level adjusted on VS2. The timer, when timed out, closes a set
of contacts and places the charger in the STOP mode. Any time the charger is stopped,
the timer is reset to the time adjusted on the front panet control. The timer which has
been used in this system is not a clock; that is, the knob on the front panel does not
move to indicate the amount of remaining time.

V§2 — Termination Voltage Control

This control is the adjustment which is used to set the average battery voltage which is
to be used for terminating the charge. This control works in parallel with timer T1; tha!
is, if the average battery voltage reaches the value adjusted on the control betore the
tuner times out, the voltage sensor will stop the charger. The numerical range of adiust-
ment of this control is 0.0 through 1006.0; these nuinerical values correspond to voltage
settings of 0.0 through 50.0 volts. Thus, the numerical valuc adjusted on the control
should be equal to twice the voltage value desired for terminating the charge. If a cut-
off voltage of 15.5 volts is desired, the control should be adjusted to 2 numerical value
of 31.0. Since the average on charge voltage of batterics is generally assumed to be a
function of battery temperature and battery manutacturer, care shouid be taken in ad-

justing this control propesly to ensure that the setting is not too high for the battery ]
being charged. {
C1 — Charge Integrator Reset Push-Button j

This control is a lighted push-button switch which is used to clear the charge (ntegrator.
This control should be used any time the charge integrator i to be resei. This control
is usable only when the charger is in the STOP mode. When the charger is running, the
- charge integrator resct push-button is locked out - this climinates the possibility of
. someone accidentally clearing the integrator during a charge. To operate this control \
Ny when the unit is in the STOP mode, the push-button switch should be depressed and L
' released. This initiates the logic for clearing the charge integrator; when the charge in- 1
R ' tegrutor is reset, the Cnarge Integrator Reset Push-Buttcn will light (white in color)
. indicating that the charge integrator is reset and the system is ready for oneration. While 1
the charge integrator is resetting, the charging system cannot be started; this ensures '
that the charge integiator will be completely rest before a new charge can be started. . \f‘

-y

The light on the charge integrator reset push-button will turn off when the systera has N

-

been ctarted for the first time after the charger integrator has been reset. l




€2 — START/RUN Push-Button

This control places the charging system in an operating mode. To operate, the push-
button should be depressed and released. While the charger is in operation, this
push-button will be lighted (green in color). If the push-button does not light, the
charging system has not started and the operator should check to make sure he has
adjustzd all controls propery. This control is a momentary switch and should never
be helc in. By holding the push-button in, damage could be caused to the overall

] charging system.

€3 — STCP Push-Button

This control is used to marncally stop the charging system and to indicate that the

ot charger is in the STOP mode. While the charger is stopped, the push-button switch will
‘ be lighted {yellow in color). This light will indicate to the operator that the charging
2 system has stopped — whether the charger was stopped manually by the operator or

' automaticaliy by the electronics associated with the charger system. In addition to
stopping the charging system, this push-buiton switch also resets the timer T!;
therefore, *his switch should not be depressed during a charge unless that charge is to
be aborted.

e TP1~-TP3 -~ Normalized Battery Parameter Test Points

These three iest points indicate the normalized average battery voltage, average bat-
tery current, and percent of charge of the battery. TP! indicates ihe nonnalized
average battery voltage. This output is normalized to -! volt at 50 volts. TP2 indi-
cates the normalized average battery current. This test point is normalized to+ | volt.
., The normalizing factor for TP2 is controlled by the selector switch on ammeter M2;
" with the selector switch for the ammeter in the 5 amp position, 1 volt on TP2? corres-
ponds to 5 amps of averags battery current, Similarily, with the selecror switch in
the 50 amp position, | volt at TP2 corresponds to 50 amps of average battery current,
TP3 indicates the percent of charge of battery. This output i3 normalized to +1 volt
.. at approximately 125 percent of the setting on control BC. A voltage of 0.80 volts
' on TP3 is equivalent to 109 percent of the setting on control BC: also, a voltage of
0.64 volts on TP2 is equivalent to the 80 percent transition point. Thesc three test
points are BNC type vonnectors which utilize a common ground; this ground is the
negative termina! of the battery under cherge.

TP4 & TPS — Battery Waveform Outputs

These two outputs show the waveforms of the battery voltage and the battery current.

TP4 indicates the waveform of the hattery voltage. The waveform which appears at
) “ this point is taken between the + Battery Sens= line and ground foi the system. TPS

-4

.
: ¥
A
.

- S LI - R L e . e - ¥
- . AR R AT . R - s N . -
.y 3 e 5 Y T o

T T e T S DS AR, e R S I TS R T £ AU T 2 o R L 4 B e T e S B R S S Bidn




.

Fl "
B Y ™ ey

A S P S T T T A

N . 4 P~
s e e

is the waveform of the battery current. This waveform is taken directly across the
shunt, which is used as a control element in the charger. The calibration on TP35 is 50
millivolts equals 25 amps. A negative voltage on TP5 represents a charge current, and

a positive voltage on TPS represents discharge current. Thus, a charge pulse of 25 amps
would appear at TPS as a -50 millivolts; similarily, a discharge pulse of 100 amps would
appear at TPS as +200 millivolts. These test points are merely monitoring points, they
should not be used for system calibration.

M1 — Average Battery Voltage Indicator

This meter indicates the average battery voltage. Full-scale deflection of the meter is
equivalent to 50 volts DC. This meter is intended to be only an indicator of approximate
battery voltage. The accuracy of this meter is approximately 5 percent.

M2 — Average Battery Current Indicator

This meter indicates the average battery current in two ranges, 0-5 amps and 0-50 amps.
Associated with the meter movement is a selector switch which is used to select the
full-scale deflection of the meter. When the switch iz in the 5 amp position, full-scale
deflection on the meter is § amps; similarily, when the selector switch is in the 50 amp
position, full-scale deflection is equal to 50 amps. As mentioned previously under TP2,
this selector switch also controls the scaling factor on TP2. The usefuf range of the
meter is 0 through 4 amps when the switch is in the 5 amp position and 0 through 40
amps when the switch is in the 50 amp position.

D. Power Module Front Panel Description

The front panel of the Power Module contains the primary AC power switch/circuit
breaker, a POWER ON indicator, and the DC OUTPUT connector. The switch/circuit breaker
is used to apply primary AC power to the Power Module; also, this device provides over-current
protection for the Power Module. The circuit breaker used is a 50 amp three-pole breaker.

The POWER ON indicator is a light which glows green when AC power is applied to the cir-
cuitry in the Power Module. The DC OUTPUT connector is used to connect the battery to the
charger via a cable. This connector contains seven pins; two pins are used for cables to the
positive battery terminal, two pins are used for the cable to the negative battery terminal, one
pin is used for the positive battery sense line, one pin is used for the negative battery sense

line, and one pin is unusad.

Tn operation, a cable is connected to the DC OUTPUT connector and the AC power switch/
circuit breaker is moved to the ON position. This applies AC power to the Power Module and
readies the system for operation.
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V. OPERATING INSTRUCTION
A. Charger Operation
The operation of the charging system is best described by going through a sample set-up

which defines a specific charge sct-up to be used and then describes the adjustment of the
controls on the front panel of the Control Module.

SAMPLE CHARGE

e 12 volt (10 cell) sealed nickel-cadmium battery
¢ 4.0 ampere-hour battery

o Pulse charge at a fixed repetition rate before 8Q percent capacity with a charging
period of 2.5 milliseconds, a charge pulse width of 70 percent, and a charge pulse
amplitude of 30 amperes

¢ Pulse charge with discharge pulses at a variable repetition rate after 80 percent
capacity with a discharge pulse width of 45 microseconds, a discharge pulse
amplitude of 25 amps, a charge pulse width of 250 microscconds, a charze pulse
amplitude of 25 amips, and a trigger voltage of 15.5 volts

e A total charge time of 20 minutes
e A termination voltage of 15.8 volts

With this defined charge regime the steps for operating and adjusting the charger are as
follows.

Step | Connect the DC power cable between the battery and the DC OUTPUT connector
on the Power Module.
Step 2 Connect the primary AC power cord to the primary AC power scurce.

Step 3 Move the AC power switch/circuit breaker to the ON position. At this point,
some of the indicators and lighted push-button switches on the Cuntrol Module
should be lighted indicating that thc system is in functional order.

Step 4  Place the tattery voltage switch BV in the 12-volt position.
Step 5 Rotate the battery capacity control BC until it reads 4.00,

Step 6 Depress and release push-button PB2. This selects the pulsed charge current at a
fixed repeiition rate mode before 80 percent charge.

Step 7 Rotate the dial indicator associated with RP1 to read 2.50, and rotate the raul-
tiplier switch associated with RP1 to the X1 position. This selccts a charging
period of 2.50 millisecon-s.

Sizp 8  Rotate dial indicator CPW1 to read 70.0. This selects a pulse width of 70 percent.

N . Step 9 Rotate dial indicator CA2 to read 600. This selects a charge pulse amplitude of
- 30 amperes.
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Step 0 Depress and release push-button PAS. This selects the puise charge current with
discharge pulses at a variable repetition rate mode after 80 percent charge.

Step 11 Rotate the dial indicator associated with DPW?2 to read 4.50 and rotate the mul-
tiplier switch associated with DPW2 to the X10 position. This selects a dis-
charge pulse width of 45 microseconds.

Step 12 Rotate dial indicator DA2 to read 250. This selects a discharge pulse amplitude
of 25 amperes.

Step i3 Rotate the dial indicator associated with CPW3 to read 2.50 and rotate the mul-
tiplier switch associated with CPW3 to the X0.1 position, This selects a charge
pulse width of 250 microscconds.

Step 14 Rotate CA4 to read 500. This selects a charge pulse amplitude of 25 amperss.
Step 15 Rotate VS| to read 15.5. This selects a trigger voltage of 15.5 volts.
Step 16 Rotate the control knob T1 to the 20-minute position.

Step 17 Rotate VS2 to read 31.6. This selects an average battery voltage cut-off of
15.8 volts.

Step 18 Rotate the selector switch associated with M2 to the 50 amp position.

Step 19 Depress and release push-button C1. This initiates the clearing of the charge
integrator.

Step 20 Depress and release any of the fault indicator push-button switches which are
glowing red. These indicators may turn on during the power-up sequence due
to transients on the power line and must be cleared prior to system operation.

Sten 21 When the charge integrator push-button C1 is lighted {white) and all previous
steps have been completed, depress and release the START/RUN push-button C2.
This places the charger in operation and charge current is being delivered to the
battery.

With the charger in operation, the yellow push-button switch associated with the pulsed
charge current at a fixed repetition period mode light should be glowing, the green light
associated with the pulsed charge current with discharge pulses at a variable repetition mode
should be lighted, the START/RUN push-button should be lighted green, the average bat-
tery voltage indication on M1 should indicate the battery voltage, the average battery current
meter M2 should be reading current of approximately 30 amperes, the green status light,
indicating before 80 percent cperation should be lighted for approximately the first 12 minutes
of charge, and the yellow status light associated with the after 80 percent charge condition
should be lighted for the remainder of the charge. The charge should be terminated for this
particular charge via the timer which will time out after 20 minutes. When the timer has
timed out, the START/RUN push-button switch should return to a white color and the STOP
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push-button swiich should glow yellow; this indicates that the charger has stopped. The status
light for the after 80 percent charge will remain lighted along with the push-button switches
which were chosen for the charge regime. Prior to the next charge, the charge integrator should
be reset and any adjustments to the charge regime should be made. Care must be taken to en-
sure that the charge integrator is reset prior to each charge. If this is not followed, the charge
integrator will yield erroneous data and if it reaches its maximum output will cause the charge
to terminate and thus destroy any data which was being accumulated during the charge.

Once the charger has been connected to the AC power source and a battery for test has
been connected to the charger, steps 1, 2, and 3 of the above operation can be omitted. How-
ever, whenever the battery under test is being changed, it is advisable to return the AC power

. switch/circuit breaker to the OFF position prior to disconnecting and reconnecting the battery.

The charger is designed for operation with test instrumentation which is isolated from AC
ground. If it is necessary to connect a piece of grounded test equipment to the BNC connectors
on the front of the Control Module, the following steps must be taken.

Step 1 Remove ground connection between AC ground and system ground. This connection
is made in the Control Module and consists of a violet jumperbetween the middle
terminal of the AC terminal block (which the Cantrol Module AC power cable is
connected) and the larger power supply board on the underside of the Control Module
chassis.

R Step2  Remove the signal diode (FD100) in series with the 180Q resistor on the PC card
number 4100-28 locatad in position P4 in the Power Module. This diode is located
adjacent to the 1800 resistor and between the 2N5679 and 2N568&1 transistors.

Step3  Replace the diode, removed in Step 2, above, with a short jumper.

Once these changes have been made. it is important that a picce of grounded equipment always
be connected to one of the BNC connectors on the front panel of the Control Module.

B. Installation Instructions
1. Installation Instructions

The installation of this charger system is relatively simple and requires only a couple of
notes. The Power Module and the Control Module can be mounted in any configuration with
respect to one another; that is, the two modules can sit side by side or one module on top of
the other in a rack. The cables which connect the Controi Module to the Power Module are
sufficiently long to allow any orientation. After orienting the two modules as desired, the
following steps should be taken. {All references, in the following steps, to cables and connectors
arc shown on Figure V-1.)
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Cable 2

: ' = AR Upper Right
Upper LeftS e S Heat Sink Bank
Heat Sink 8 : R

Connector 2
Connector 1

Power Module
AC Power Cord
Lowsr Right
Heat Sink Bank
Lower Left
Heat Sink Bank

FIGURE V-1. SYSTEM - REAR VIEW
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Step 1 Check the placement of logic cards in the Power Module and in the Control
Module to ensure that each location contains the specified card. The card loca-
tion guide for each module is located in Figure V-3 of this manual. After
checking the logic cards, be sure the screen covers are in place.

Step 2 Connect Cable No. 1 of the Control Module to Conncector No. 1 on the Power
Module.

Step3  Connect Cable No. 2 of the Control Module to Connector No. 2 of the Power
Module.

Step4  Connect the Control Module AC power cord to the grounded receptacle pro-
vided on the rear of the Control Module.

Step S Connect the cable between the upper chassis and the lower chassis of the Power
Module.

Step 6  Check fuse holders 1 through 7 to ensure that each contains the proper size fuse.
The value for each fuse is specified in Figure V-4 of this manual.

Step 7 Verify that the AC receptacle, which is to be used for primary AC power for the
charger system, is connected in accordance with Figure V-2 of this manual. The
AC power line used for primary AC power should be protected for a minimum of
30 amperes.

Once these steps have been completed and the Power Module AC power cord has been
connected, the system is ready for operation as covered by Section V of this manual.

2. Sysitem Subassembly Layout

Both the Power Module and the Control Module contain subassemblies. The component
configuration of some of these subassemblies must be checked during installation. This section
of the manual describes the subassemblies and the component layouts associated with each
subassembly. Figure V-1 shows the location of each major subassembly as viewed from the rear
of the charging system. In this figure, the Control Module is near the top and the Power Module
is near the bottom.

RS

PASS & SEYMOUR NO. 3430
OR
- EQUIVALENT

i HOT

NEUTRAL
(Red Wire) {White Wire)
115 VAC
SAFETY GROUND
\‘ . HOT (Green Wire)
. {Black Wire)
/
4 FIGURE V-2. PRIMARY AC RECEPTACLE
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a) Controf Module Subassemblies

1 Logic Card Rack — The logic for the Control Module is contained on 26 printed circuit
boards which connect into the card rack shown in Figure V-1, Each location on the card rack
has a specified logic card associated with it. For the most part these cards are not inter-
changeable from one location to another, so care must be taken to ensure that cach location
contains its specified card. The location designation on the card rack consists of a letter,
which designates the row, and a number, which designates a connector in that row. The card
rack is laid out with Row A on the top and Row B on the bottom. The locations within each
row are numbered from | through 15 starting at the right and proceeding to the left (location
No. 1 is on the far right and location No. 13 is on the far left). Thus, a card in location A7
would be on the top row and the seventh location from the right; similarily, a card in location
B13 would be on the bottom row in the thirteenth location from the right. There are a total
of 30 card connectors located on the card rack; cut of these there are two spare connectors
in each row. A chart showing the correct card part number for each location is shown in

Figure V-3 of the manual. When the logic cards are inserted into the card rack, each card should

be checked carefully to ensure that if is placed in the proper location, On the foil side of
each printed circuit board is the part number for that board. These part numbers and the
chart of Figure V-3 should be used when the cards are inserted into the card rack.

2} Fuse Ratings — The AC power input to the Control Module and each regulated DC voltage
is protected by a fuse. The ratings of these fuses and the voltages which they are protecting
are specified in Figure V-4 of this manual. If any of these fuses should fail, it should be re-
placed with a fuse of the same rating.

b) Power Module Subassemblies

1} Logic Cards — The logic for the Power Module is contained on six printed circuit boards
which plug into edge connectors located near the middle of the upper chassis of the Power
Module. These six card locations have been designated by the letter P followed by a number
between 1 and 6. Location P1 is located at the left end of the card subassembly and P6 is
Jocated at thie right end of the card subassembly. The cross-reference chart for card location

and card part number is found in Figure V-5 of this manual. The orientation of the cards should

be verified during installation to ensure that each location contains the proper logic card; if
an error is made in card placement, serious damage could occur to the system.

2} Fuse Ratings — There are three fuses in the Power Module; one on the back of the upper
chassis, one under the upper chassis, and one under the lower chassis. These fuses should be
checked prior to system operation after installation. The values and purpose of each fuse is
shown in Figure V-6 of this manual. None of these fuses is apparent on Figure V-1.
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LOCATION  PRINTED CIRCUIT

ROW NUMBER CARDPART NUMBER SPECIAL COMMENTS
A i 4100-3
A 2 4100-3
A 3 41004
A 4 4100-1
; A 5 4100-2
. A 6 Unused This location should contain a version of 4100-5
A 7 4100-5 which has the component values specified on the
drawing for 4100-5 for location A7
A 8 4100-18 This location should contain a version of 4100-3
) A 4100-5 which has the component valtues specified on the
- drawing for 4100-5 for location A9
A 10 Unused )
A 11 4100-13 This location should contain a version of 4100-5
A 12 4100-5 _ which has the component values specified on the
draw:ng for 4100-5 for location A12
This location should contain a version of 4100-5
A 13 4100-5 which has the component values specified on the :
drawing for 4100-5 for location A13 f
A 14 4100-14
A 15 4100-22
B 1 4100-6
B 2 4100-9
B 3 4100-17
B 4 4100-16
B 5 Unused '
B 6 4100-19
B 7 4100-20 ,
B 8 4100-21
B 9 Unused
B 10 4100-8 ' ‘i
B 11 4100-7 \ ,
B 12 4100-6
B 13 4100-6
B 14 4100-16
B 15 4100-12
\
4 FIGURE V-3. CONTROL MODULE LOGIC CARD LOCATION GUIDE
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FUSE NUMBER FUSE 4
(AS INDICATED ON CURRENT :
FIGURE 2) VOLTAGE PROTECTED RATING FUSE STYLE
Fuse 1 + 5 VDC (Logic) 1.OA 3AG i
Fuse 2 +28 VDC (Logic) 0.5 A 3AG f
Slow Blow ’

Fuse 3 +15 VDC (Logic) 1.0A 3AG

Fuse 4 115 VAC (Control 1.5A 3AG

Module Power) Slow Blow
Fuse § +30 VDC (Logic) 1.0A 3AG
Fuse 6 ~15 VDC (Logic) 1.O0A 3AG

FIGURE V-4. CONTROL MODULE FUSE SPECIFICATION

PRINTED CIRCUIT
LOCATION CARD PART NUMBER
P1 4100-23 }
p2 4100-24
P3 4100-27
P4 4100-28
PS5 4100-26
P6 4100-29

FIGURE V-5. POWER MODULE LOGIC CARD LOCATION GUIDE




Logic Power Supplies in Power Module

FIGURE V-6. POWER MODULE FUSE SPECIFICATION

FUSE NO. FUSE
{NOT SHOWN ON CURRENT
FIGURE 2) PURPQOSE OF FUSE RATING FUSE STYLE

Fuse 7 i’rotection of battery and Charge 40 A TRON
Pass Element KAH-40

Fuse 8 Protection of battery and Discharge I5A 3AB
Pass Element Siow Blow

Fuse 9 Protection of AC power assoc.ated SA 3 AG
with Discharge Power Supply and Slow Blow
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VL. SCHEMATIC AND WIRING DIAGRAM

This portion of the report contains the schematic diagram for the logic and control circuity
and the wiring diagrms for the main power circuitry of the charging system. These diagrams are
sufficient to allow trouble-shooting and maintenance of the charger.
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