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Executive Brief

Contract No. 955782 was a research contract performed by Gould, Inc.

for the Jet Propulsion Laboratory, California Institute of Technology. It was
sponsored by the U.S. Department of Energy through an agreement with the
National Aeronautics and Space Administration. The objective was to design,
fabricate, test and deliver a state-of-the-art Battery Charger and State-of-
Charge Indicator (BC/SCI) for use in electrically powered vehicles. The
BC/SCI system was designed with primary emphasis on attaining 90 percent or
better overall energy efficiency, low weight, low input 1ine noise generation,
near unity power factor, state-of-charge indication accuracy of 0% to -10% and
weight and volume as small as possible.

The battery charger employs a full-wave rectifier in series with a
transformer isolated 20kHz dc-dc converter whose high frequency switches are
programmed to actively shape the input ac Tine current to be a mirror image of
the ac line voltage. The power circuit is capable of operating at 2kW peak
and 1kW average power. The BC/SCI has two major subsystems; 1) the battery
charger power electronics with its controls and 2) a microcomputer subsystem
which is used to acquire battery terminal data and exercise the state-of-
charge software programs. The state-of-charge definition employed is the
energy remaining in the battery when extracted at a 10kW rate divided by the
energy capacity of a fully charged new battery.

The battery charger circuit is an isolated boost converter operating at
an internal frequency of 20kHz. The switches selected for the battery charger
are the single most important item in determining its efficiency. The
combination of voltage and current requirements dictated the use of high power
NPN Darlington switching transistors. The power circuit topology developed is
a three switch design utilizing a power FET on the center tap of the isolation
transformer and the power Darlingtons on each of the two ends. An analog
control system is employed to accomplish active input current waveshaping as
well as the necessary regulation.



The battery state-of-charge (SOC) and recharge algorithms implemented
in the BC/SCI are based on a phenomenological battery model which is an
adaptation of both the Martin and Shepherd equations for battery voltage under
dc discharge conditions. An MC6809 microprocessor provides the basic nucleus
of the low-power electronics. A remote display (SCI) is connected to the
system using a simple serial communications path. The software for the BC/SCI
employs both assembly and Fortran languages.

Testing of the completed BC/SCI hardware indicated that most of the
original performance target goals were met. Some of the targets were revised
during the program due to state-of-the-art limitations and JPL's decision to
rescope Gould's developmental efforts in the contract extension. Overall
efficiency of the charger is 87% at an output power level of 1kVA. The weight
of the entire BC/SCI system is under 35 1bs. The charger introduces a Total
Harmonic Distortion of only 5% on the utility grid at the 1kW operating
point. The power factor of the charger is at the targeted goal of 0.94.

The battery SOC algorithm implemented in the BC/SCI is capable of the
desired +5% accuracy only when equipped with accurate battery parameters. The
feasibility of tracking these battery parameters as the battery ages was
demonstrated under laboratory conditions, however this capability was not
included in the BC/SCI software due to the aforementioned rescoping of the
contract extension. However, a follow-on contract from JPL addresses the

software develoment of an 'adative algorithm'. This follow-on activity is not
discussed in this report.

The battery recharge algorithm incorporates depth-of-discharge
information obtained while calculating the SCC. Knowledge of this charge
information prolongs the life of the propulsion batteries since the amount of
overcharge is carefully controlled.

Some recommendations are suggested for future high performance EV
battery chargers. These include alternate means for electrical isolation,
increasing the line distortion specification limits and including an adaptive
algorithm to ensure accurate SOC indication.

viii



1. Introduction

This report discusses a program to design, fabricate, test and deliver
a state-of-the-art Battery Charger and State-of-Charge Indicator (BC/SCI) for
use in electrically powered vehicles. This work was performed by Gould, Inc.
under Contract No. 955782 for Jet Propulsion Laboratory, California Institute
of Technology. It was sponsored by the U.S. Department of Energy through an
agreement with the National Aeronautics and Space Administration.

The BC/SCI system was designed with emphasis on attaining 90 percent or
better overall energy efficiency, 1low weight, 1input power 1line noise
generation of less than 100 ma, power factor between 1.0 and 0.94, state-of-
charge indication accuracy of +0% to -10%, maximum battery life, minimum
battery maintenance, safe installation and high reliability. The maximum
power output of the battery charger was targeted at 3kVA. Semiconductors with
sufficiently high voltage ratings were not available, hence this power
requirement was lowered to 1kVA.

The BC/SCI system which was designed and constructed during this
contract is a sophisticated piece of hardware aimed directly at mating with a
54-cell lead-acid battery, specifically a string of Gould PB-220, 3 cell golf-
cart style batteries. The battery charger employs a full-wave rectifier in
series with a transformer-isolated 20kHz dc-dc converter whose high frequency
switches are programmed in such a manner to actively shape the ac line current
to be a mirror inage of the ac line voltage. The power circuit is capable of
operating at peak powers of 2kW and average powers of 1kW. The ac-dc charging
system dissipates only 120W measured during full power (1kW) operation. To
minimize loss, circuit components were designed or selected to be nearly
ideal, especially the 20kHz isolation transformer,

The original BS/SCI performance goals were relaxed due to the costs
associated with solving the technical problems which arose during the initial
contract. Resource Timitations at JPL precluded their ability to fund all the
work needed to resolve these problems. As such, Gould was not permitted to
address all of the problems, during the contract extension, needed to satisfy



the original goals. However, the ability of the SOC algorithm to 'adopt' to
aging batteries is the subject of another follow-on contract from JPL. This
‘adaptive' algorithm is not discussed in this report.



2. Battery Charge/State-of-Charge Indicator System

2.A System Description

The Battery Charger/State-of-Charge Indicator (BC/SCI) has two major
subsystems, those being the battery charger power electronics with its
controls and a microcomputer subsystem which 1is used to acquire battery

terminal data and exercise the state of charge software programs. These two
electrical subsystems are completely independent; the power circuitry is
referenced to the ac line and the microcomputer is electrically referenced to
the propulsion battery. Galvanic isolation between the two systems is
achieved with a transformer integral to the battery charger and opto-isolated

data communication paths. These major subsystems communicate with each other
only during battery charging.

Figure 2.A.1 is a schematic block diagram of the complete BC/SCI. As
shown in the figure, there are two independent subsystems, each with their own
power supply and control electronics. A ground-fault-interruptor (GFI) is
included in series with the ac line for user safety. Figure 2.A.2 is a
photograph of the BC/SCI system. The major blocks in Figure 2.A.1 are all
contained in the main enclosure with the exception of the GFI and the
display. Battery data is obtained by inserting the junction box between the
battery and the vehicle controller.

The BC/SCI system has four distinct operational modes, although only
two are readily apparent to a user. The modes are; 1) Discharge Monitoring,
2) Charging, 3) Wake-up, and 4) Thinking.

The Discharge Monitoring Mode is operational while the electric vehicle
(EV) controller is on. In this mode, the battery parameters of voltage,
current and electrolyte temperature as well as time of day are measured.
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Using these parameters, battery state-of-charge is calculated and displayed on
the display's bar graph. The state-of-charge definition employed is the
energy remaining in the battery if extracted at a 10kW rate divided by the
enerqgy capacity of (again at the 10kW rate) a fully charged new battery. The
state-of-charge is displayed in 10% increments.

The Charging Mode will be obvious to the user. During this mode, the
battery is charged with a charging profile selected by the microcomputer
system. The charging profile can be thought of as a temperature ~-compensated
modified-constant- potentlal""profﬂe,j shown An- F1gure 2.A.3. An equalize
recharge profile s automat1cal1y commanded by the microcomputer
periodically. It can be defered by the operator but not requested

The third mode, the Wake- up Mode, is’ one which is se]f commanded by the
microcomputer subsystem.nn: Th1$ mode exerc1sed only‘ after a battery
discharge and two houhs.havede]apseduf,Duhihg this mode;fthe value of the
battery terminal _voltage is measured .and used .as.a. measurement of the
battery's equi]ibrium voltage. The 'measurement is used to assist in
determining the actual ampere-hours and amount of charge extracted from the
battery.

The fourth mode, the Think Mode, has been prov1ded to glve the BC/SCI
the capability of ad3ust1ng the battery mode] as ‘the” battery changes its
characteristics dur1ng its usefu] 11fe. In the present system, the fourth

mode is unused.
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2.B. Power Conversion Electronics

The design selected for the charger section of the BC/SCI stems from it
being an on-board electric vehicle charger and the potential impact of
widespread vehicle charging on the electrical distribution grid. The
charger's electrical efficiency directly impacts the operating cost of an
electric vehicle and the time required to recharge the propulsion battery.
Therefore it is desirable to obtain high ac-dc conversion efficiency. The
weight of the charger affects the useful range and payload of present electric

vehicles. A final charger design requirement is that the propulsion battery
be jsolated from the ac power source.

The concerns of the utility industry are directed towards line
distortion and power factor. Many battery chargers 1in operation
simultaneously having poor power factor reduces the capacity of the

transmission network and decreases its efficiency. Line distortion can
adversely influence the performance of 1loads which are common to the
transmission line. The combination of the attributes of high efficiency, line
isolation, high power factor, and Tow weight suggested a battery charger which
contains a high-frequency transformer link to reduce the size and weight of
the isolation magnetics. Furthermore, absence of 60Hz energy storage elements
to achieve high power factor is essential. Active waveshapping control of the
input line current is needed to minimize line distortion.

The battery charger <circuit which was selected to meet these
requirements is an isolated boost converter operating at an internal frequency
of 20kHz. The general topology of a boost converter is shown in Fiqure
2.B.1. It contains a dc voltage source, a "boost" inductor, a switch, an
output diode and a filter capacitor which is connected across the battery.
During operation, S1 is toggled at high frequency and transfers energy from
the source to the boost inductor, L1, when S1 is closed, then to the battery
from the boost inductor when S1 is opened. Boost converters are characterized
by the qualities of continuous input current, discontinuous output current,
and output voltages higher than the source vo]tage.
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the source to L1 when the switch is closed, then to the battery

when the switch is opened.



The following definitions are useful in order to understand the
operational characteristics of the simple boost converter of Figure 2.B.1

f, = switching frequency of SI
d = time fraction of switching period during which S1 is closed

Vi, = source voltage

I, = boost inductor current at start of first period

I," = boost inductor current at start of second period

Vhat = battery terminal voltage

Iy = boost inductor current

At the end of the time interval when S1 is closed, the current which
flows in the boost inductor L1 is

V. d
n
1 = I +__(—-) (1)
L1
° 0 f

Similarly, at the end of the interval when S1 is open

. (Vin‘Vbat) (1-d)
Iy = Ip' 4 (2)
L1 fq

10



Examination of equations (1) and (2) reveal that the control variable d
does not uniquely determine the current in the boost inductor L1, but only its
rate of change. There is only one value of d which causes the boost inductor
current to remain unchanged and the converter to be in equilibrium. Equating

(1) and (2), and solving for d assuming Iy is unchanged (I, - I,' = 0) after
a complete. switching period, o yields:
s
Vbat 1
= — (3)
Vin (1-d)

For equilibrium operation, that is constant Iy, d is uniquely determined by
the input and output voltages.

Again combining equations (1) and (2) and solving for the change in
e ai, as a function of d,

1

(4)
fg LI

Al = Vip - Vpat (1-4d)

Equation (4) shows that by modulating d, it is possible to shape ai,
and hence Iy« This is the fundamental concept employed in the BC/SCI charger
to extract sine waves of current from the ac line.In the charger, Vin =\f§'vac
sin ot and d = 1-sin wt. The input current of the charger is controlled to
follow the input voltage so that I; = \ff‘lac sin wt. The power into the
charger is then P = Viplip = 2Vaclac sinut. The output power is very nearly
equal in the input power so that Py ¢ = Vpaplpat = 2Vaclac Sinlut. The output
current, Ipat, is therefore proportional to sinZut since the battery voltage,
Vhat» is constant.

2.B.1 Power Circuit Description

The BC/SCI power circuit consists of an input diode bridge to convert
the ac input power to dc and a transformer isolated boost converter. A

detailed electrical schematic of the power circuit is shown in Figure 2.B.2.

11



The output voltage is held to a value determined primarily by the terminal
voltage of the battery.

Diodes D6-D9 form the input bridge, L2 and C2 form a high frequency
low-pass filter, and L1 is the main boost inductor. Q1 is a field-effect
transistor. Q2 and Q3 are used to alternately ground each half of the primary
winding. D1 and D2 are diodes incorporated into Q1 and Q2. Finally D3, D4
and the secondary transformer windings form a full-wave rectifier which is
connected to the battery terminals. C1 is employed as an output filter to
shunt the inductive impedance of the battery cables.

The resemblance of the actual circuit incorporated in the BC/SCI to the
simple circuit in Figure 2.B.1 is evident. The simple source voltage V;, has
been replaced with a full-wave diode bridge, a high-frequency filter shunts
the inductor ripple current from the ac line, and an isolation transformer has
been included. The inductor discharge path includes transistors Q2 or
alternately Q3.

Since high power conversion efficiency was the primary design goal, it
strongly influenced the design and selection of the power circuit
components. The circuit switching sequence is presented as an introduction to
both the active and passive component requirements.

A current [, initially flows in L1, the boost inductor. This current
increases during the interval d/2fs where fs is the isolation transformer
frequency of operation and d is the time fraction of the period Q1 is
closed. During this interval the current slews to a new value of I, + ai.
Base drive is supplied to Q2 (or alternately Q3) momentarily before opening
Ql. Q2 is gated on for the time period (1-d)/2fg, after which time QI is
again closed. The storage time of Q2 insures overlap between Q1 and Q2
(Q3). The circuit timing diagram is illustrated in Figure 2.B.3. The
resulting switching action occuring between Ql, Q2 and Q3 alternately
transfers the current flowing thru L1 between the two primary windings of Tl
and Q1. This action soft switches Q2 and Q3 with Q1 as illustrated in Figure
2.B.3. The voltage requirements of Q2 and Q3 will be 2V'y,y where V'psy is
the battery voltage transformed to the primary side across Q1.

12
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Figure 2.B.2 Battery charger power stage topology. The power circuit
consists of a boost chopper driving a toggled transformer.
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The addition of Q1 and D5 in the circuit topology are apparently
redundant, as the same switching action on L1 can be achieved with an
appropriate gating sequence on Q2 and Q3 (Reference 1). Efficiency penalties
associated with suitable transistors for Q2 and Q3, however, justify the
addition of Q3 and D5 as is discussed in a following section.

2.B.2. Design Strategy

As discussed earlier, the primary emphasis during the design phase was
to achieve high efficiency operation. This section examines the component
requirements and summarizes the selection/design decisions. This design

iteration concentrated on a 108V lead-acid battery and a power rating of 3kW.

Input Rectifier Bridge

The input rectifiers must have a Vppy rating of 400V and will conduct
an average current of 11.25A. The dissipation of 25A, 50A, and 100A recti-
fiers was measured and compared to determine the effects of current density
and manufacturing processes on the diode terminal V-1 characteristics. Device
dissipation was obtained from the measured V-I terminal relationship inte-
grated over 60Hz when conducting half wave current sinusoids with an average
value of 11.25A. Table 2.B.1 summarizes the results and also the diode costs.

14
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Table 2.B.1

Input Rectifier Dissipation at Rated Input Current

Device Rating Dissipation (T.) Cost

1N2158 25A/400V 9.3W (100<C) 4.50

uT7207 25A/300V 8.9W (85¢C) 8.00*

MR5040 50A/400V 9.4W (106<C) 3.80

1N3291 100A/400V 8.3W (86<C) 14.10
* Estimate

MR5040 diodes were selected based on their low cost since the
dissipation of all diodes evaluated was nearly identical. Figure 2.B.4 shows
the terminal V-1 characteristics of this diode as a function of junction
temperature for average currents of 11.25A and 9.0A. These currents
correspond to BC/SCI line charging currents of 25A and 20A respectively.

Boost Inductor/Input Filter

The boost inductor can be designed to have an inductance value ranging
from approximately 0.2mH to a maximum value of 2.6mH. These 1imits are
determined by the allowable power factor (0.94 min) and the additional
stresses imposed by the high frequency ripple current upon the switching
semiconductors. The upper limit on L1 can be expressed in terms of the
minimum power factor (PF), the input current slew rate, and the maximum duty
cycle of Q1, dmax in the following relationship.

L1 < V,e sin (cos‘]PF)dmax

377 Iac

16
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This follows from V = L dI/dt and L < V dt/dI where V = Vac\fi-dmax

(cos']PF) and I = I;c V2 sin wt. Vu. is the rms of the Tine voltage and I4c
is the rms of the line current.

sin

Equation 5 results from the need for a sufficient line voltage to
obtain the desired current slew rate in the boost inductor. The power factor
angle, the line voltage, and the maximum duty cycle determine the voltage at
the time of the maximum required current slew rate. The lower design bound
can be determined by selecting the maximum ripple current desired. Limiting
this to 10% (dI = 0.1 I, VZ and dt =1/4f;) implies:

L1 >V d_;
ac min
L (6)
0.4f¢ I5c

where f. is the Q2 or Q3 switching frequency and dgj, is the minimum
conduction of Ql.

The RMS input current at the switching frequency was calculated
assuming the maximum value of inductance, 2.6mH, and found to exceed the
100mAgys Tine distortion goal by a factor of 2, thus an input filter was
necessary for any chosen value of boost inductance. Figure 2.B.5 is a plot of
the high frequency RMS ripple current vs. the boost inductance. A boost
inductance of 0.8mH was selected which places it at the knee of the curve of
Figure 2.B.5. Figure 2.B.6 shows the sensitivity of the ripple current to
variations in line voltage and battery terminal voltage. It is noteworthy
that the ripple current magnitude is only a function of d, Vac’ and Vpa¢ for a
given value of boost inductance.

The boost inductor was fabricated with a 2 mil selectron C core (AL-
100-Arnold) and square No.7 AWG wire, 82 turns, distributed on both legs to
reduce the mean-turn-lTength. A gap of 0.15" limits the peak flux to 1.1 Tesla
(T) at the peak current of 40A. Dissipation at rated power was projected to
be 20W.

18
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Although ferrite material could be employed in the construction of the
boost inductor, its low flux density, 0.25 Tesla, and limited core geometries
requires a large number of turns and hence almost equal copper loss to the
total dissipation of the selectron-based design.

The input filter was selected to shunt the 40kHz ripple current to keep
it from appearing on the ac line. The magnitude which would appear on the
line side of the two-pole filter can be expressed as

Lac(40kHz) = [Rms(40kHZ) )
1+ wg Cp (sl + Ry)

where, Iac(40kHz) is the high frequency current injected into the ac line,
IRMS (40kHz) is the boost inductor ripple current,
Ry is the line impedance
Cs is the filter capacitance

L¢ is the filter inductance
ws is the angular switching frequency

Solving (7) for the minimum value of L¢ to meet the 100mA distortion

requirement yields a filter inductance of 18yH with Re = ¢ and C¢ = S5uF. A
filter inductor of 35uH was designed with a 4-mil1 C-core, Arnold AH-407, using

8 turns of No.9 AWG with a gap of 10.5mil to limit the peak flux to 1.5T.

Semiconductor Switch Requirements

The switches selected for the battery charger are the single most

important item in determining its efficiency. The devices must have a V.qq
rating sufficient to withstand the transformed battery voltage, low conduction

loss, and fast switching speed for minimum switching loss. The peak switch
currents at full power operation approach 40A and the transformed battery
voltage across the center-tapped primary could range from approximately 366V
to 600V depending on the primary-secondary turns ratio and the battery
voltage. The combination of the voltage and current requirements indicated

21



that there were only two possible choices for the transistors in series with
the transformer windings, Q2 and Q3 in Figure 2.B.2. Characteristic of both
of the available devices, Motorola MJ10024 and Power Tech PT3526, were
inductive load switching times of 1uS or longer and the requirement of
parallel devices/switch to achieve the current requirement.

Figure 2.B.7 shows the impact of the battery voltage and the turns

ratio Ny/Ng of the isolation transformer on the V.o rating of Q2 and Q3. An
examination of Figure 2.B.7 suggests that a minimum turns ratio which
satisfies the equation

Np/Ns > Vae V2
p ac - (8)
Vbat

be employed to minimize the V.., requirements. For the range of expected line
voltage and battery voltage, this suggests Np/Ns > 1.7. However the efficiency
of the power circuit ic also directly impacted by the leakage inductance of
the isolation transformer which can be minimized by employing an integer turns
ratio.  Since the MJ10024 V.., rating was 750V, a Np/Ns ratio of 2 was
selected thus determining the voltage stresses. Four parallel transistors per

switch were specified to reduce conduction loss and maintain acceptable
collector-base current gains.

The feasibility of wusing a different transformer isolated boost
converter, shown in Figure 2.B.8 and operationally described in (1), was
originally examined with the switching performance of the MJ10024 devices.
Assuming a 1pS fall time, an average current of EQE%KZT , a voltage of 480,
the estimated turn-off losses for both switches exceeded 100W. This circuit
topology was therefore rejected based on efficiency akguements. The inclusion
of Q1 in Figure 2.B.2, a FET, reduced the switching loss projection to 11 W
assuming a 0.1pS fall time, an average current of ZIQE_EQZ; and a voltage of

ks
240V. The FET needs only to have a Vy. rating of 1/2 the Vceo rating of the
transistors since it is only subjected to the voltage across the primary

center tap. The inclusion of this third switch however, necessitated the
inclusion of a diode in series with the transformer center tap because of the
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Figure 2.B.8 Two Switch Power Circuit Topology
During the inductor charging mode, both Q1 and Q2 are
conducting, alternately openning Q1 or Q2 to discharge
the boost inductor. Each transistor has a duty cycle
ranging from 0.5 to 1.0.
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finite recovery time of the secondary diodes D3 and D4. The reverse recovery
current in these diodes, coupled with the antiparallel diodes on each
darlington transistor, complete a path for a circulating current to flow in
the transformer primary windings, the antiparallel diodes, and the FET (Q1),
substantially increasing the conduction losses in Ql. This situation is
illustrated in Figure 2.B.9 and is initiated by the closing of Ql.

Assume an initial current is flowing through L1 into the center-tap of
Tl and returning through Q2 to ground. D4 is forward biased and power is
being supplied to the battery. At the moment Q1 closes, the inductor current
will be transferred to Q1 at a rate dependent on the leakage inductance
between the Tla and T1A transformer windings and the battery voltage impressed
on Cl. Current will decay to zero and reverse through the shorted D4. This
current will be reflected to the primary side switch until D4 recovers. At
the moment of recovery, current is flowing in TIA and Tla. Since the current
in Tla is driven to zero when D4 recovers and the voltage at the center tap is
constrained to be on-state voltage of Q1, the amp-turn imbalance in T1 forward
biases the antiparallel diode across Q3 and a matching current flows through
TIB. This current will decay at a rate proportional to the on-voltage of Ql
and the leakage inductance between T1A and T1B. Since the on-voltage of Ql is
small, the current continues to circulate for the entire conduction interval
of Q1. The inclusion of D5 (Figure 2.B.2) blocks this circulating current.

Several less obvious advantages are obtained by the introduction of Ql
in the boost power stage topology. As illustrated in Figure 2.B.3, it is
possible to adopt a gating strategy for Q2 and Q3 where each of their duty
cycles ranged from 0 to a maximum of 50%. This allows the use of a standard
proportional-feedback base drive to reduce base drive power supply
requirements. Secondly, since the current in the transformer Tl is never
required to transfer instantaneously to both primary windings, the 1leakage
inductance between the Tl primary windings is not a critical winding design
parameter, :
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Figure 2.B.9A Initial current path. The primary side current flows
through T1 and Q2. Secondary current flows through
D4 into the battery.
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Figure 2.B.9B Current path showing the effect of reverse recovery
- . current of D4. The reverse recovery current flows
into the winding T1a and is transformed into winding
T1A. This current adds to the current i flowing in Q1.
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The switch Tosses, switching (P¢) and conduction (P.) predicted at full
power operation were calculated with the aid of equations (9) - (13).

Pa2,03 = Pc (9)
PQ] = Pe + Pg (10)
where P = Voorsat) (Laye) Sy

for each Darlington Transistor and

Pe = I?‘ms ds v (12)

for the FET. Pg, the switching loss for the Darlington Transistor, is zero
with the adopted gating strategy. P. for the FET is approximated by

Ps = 1/2 Vgs " lave * fs " ts ,.F V»[ o - )
where f. is 40kH,. Table 2.B.2 contains the ‘loss estimates for each switch
type. As shown in the table, the switching loss is only 22% of the switch

dissipation, the dissipation being” dominated by conduction loss in each
dariington (13W) and in the 2 parallel MTMI5N40 FET's (18W).

Table 2.8B.2

Switch Loss Projection at Rated Charger Power of 3kW

Device PN P<(H) Pe + Po(M)
MJ10024 26.5 - 26.5
MTMISNAOD , 18.0 2.2 30.2

TOTALS 44.5 12.2 57.0

Note: t¢ = 0.1x1076
Vpat = 129.6
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Transistor Base Drive Description

The requirements for the Darlington transistors in this application
dictate that they operate over a wide range of collector currents and
conduction times. These criteria and the demand for high efficiency led to
the decision that a proportional base drive scheme be employed which features
low saturation voltage and reduced base drive power supply requirements. To
avoid ambiguity in the initial state of the proportional drive transformer
core, it was desired to reset the core to the same state regardless of the
length of the conduction period. An additional constraint imposed by the
Darlington transistor is the requirement to supply negative base drive for at
least 5 microseconds to insure forward blocking capability before the
subsequent half cycle. These requirements were obtained with a proportional

base drive which included an auxiliary switch in series with the feedback
winding.

The base drive electrical schematic is shown in Figure 2.B.10. 1In the
figure ¢y supplies an 1initial current pulse to Q1 limited only by circuit
parasitic resistance when switch S1 closes. The base drive for Q1 is supplied
by both the feedback winding and the logic supply through Ry.

When S1 opens and S2 closes, both Q1 and Q2 are reversed biased,

disconnecting the feedback winding from the emitter of Q1. Core reset is
obtained via Ry,

Isolation Transformer Design

The isolation transformer requirements included transforming the
battery voltage so that it exceeds the peak voltage appearing at the terminals
of the input rectifier bridge, low primary-secondary leakage inductance, and
high efficiency. These requirements were obtained with the use of a ferrite
core and foil windings. The details of the transformer construction and
electrical parameters are contained in Table 2.B.3. The measured primary-
secondary leakage inductance of 0.45pH, coupled with a 1.2mH magnetizing
inductance, yields an inductance ratio of 2666/1. A 2:1 turns-ratio was
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Proportional drive scheme. The conventional
proportional drive has been modified with the
addition of Q2 in series with the feedback winding
T2B. Independent control of the base voltage (Q1)
and the core reset voltage is obtained.
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selected (Np/Ns) to allow the winding design to consist of 4 unity-turns-ratio
coil sets, eight turns/coil, distributed on the U core and connected in
series/parallel to form the desired turns ratio.

Table 2.8.3

[solation Transformer Electrical Parameters

Core Ferroxcube 1F4-3C8 U-I
184-3C8

Window Area 16cm2

Core Area 6.45cm2

Conductors Foil .015" x .500"
Insulation .005%" NOMEX

Electrical Parameters Ly - 1.2mH
L, - 0.45,H
Cs - 200pf

The core selection was based on the power rating of the transformer and
the transformer efficiency. An estimate of the core area - window area
product was obtained using Equation (14).

Primary Voltage (Time) Wire Area

ANe = X (14)
Peak Flux Window Utilization
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for Np/Ns = 2.0, Vpat = 120, fg = 20x103 Hz, a current density of 1000 cir
mils/amp, and a 0.4 window utilization factor,

Aclic = 164 cm? .

Only one ferrite core was available which met this power handling criteria, a

U-1 core manufactured by Ferroxcube which has a AcWg Product of 148cm?*

The primary magnetizing inductance was selected to be 1lmH to limit the
magnetizing current to approximately 1A. The number of primary turns was
selected to be 16 to limit the peak flux to 0.25 Tesla. Each secondary
consists of 8 turns. Figure 2.B.11 contains a schematic of the transformer
construction. A gap of 0.006 inches was included in the design to tolerate a

dc current of 200mA. The projected dissipation of the transformer at full
1oad operation is 30W.

Secondagy'Components

The secondary circuit components, the rectifier, filter capacitor,
battery cables, and the battery can be represented by the equivalent
electrical circuit shown in Figure 2.B.12. To determine design tradeoffs, the
following assumption were made:

1. Charger efficiency = 1.00

2. All switching frequency harmonics are shunted by the output
filter capacitor.
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Figure 2.B.11 Isolation Transformer Construction

Each coil consists of 8 turns, being in series on the
primary side and in parallel for the secondary.
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Figure 2.B.12 Secondary circuit
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The total RMS current flowing out of the charger was calculated with a
computer program, taking both the varying line voltage and duty cycle into
account. This yields a charger output current which contains both 120 Hz and
switching frequency components. The instantaneous power delivered to the
battery is Py,+ = Pj,. Therefore

Pin 2Vac lac sinut
Ipat = - — = Ip sinfut (15)
Vbat Vbat

The input pdwer'Pin is proporational to sinet since both the voltage and
current are varying in phase sinusoidally.

The 120Hz component of the output current can be determined by the use of the
identity, .

Sin2y = 1/2 (1-cos 2y) (16)
therefore
' I§V§_
Lrms-120Hz = (17)

*
The 40kHz§M$ réquiréﬁents of the capacitor is

Rms-40kz = IRMS-charger - Idve-bat - I2rms-120Hz (18)
soning;'IRM5_40kHz = 17.6A -

Therefore the filter capacitor must have an RMS current rating at 40kHz
which is at Tleast 20A, a voltage blocking capability of 150V, and a

capacitance of at least 20uf to minimize the voltage r1pp1e (Avcl) appearing
on the pr1mary side. switches. ' :
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It can be shown that

aVe1 = IpMS-40kHz
Cfitter * 2 * m * 2fg * 2

(19)

Figure 2.B.13 plots this relationship along with'the maximum switch voltage
stresses., A suitable commutation style capacitor, GE type 97F, 20uF was
selected for the filter capacitor. |

The Tlosses in the battery are proportional to the charging 'RMS
current. As shown previously, there is a 120Hz RMS component in the output

current which has a magnitude of Idc , The additional loss in the battery, as
vZ

compared to dc, can be expressed as

Idc2
Igc2 + — " I3c (1.5) (20)

which is a loss penality of 50% compared to pure dc charging, Since a typical
golf cart cell has an equivalent series impedance of 2mQ when discharged, the
108V battery will dissipate an additional 40W or approximately 1.1% of the
charger input power at 3kW. This is probably a reasonable tradeoff vs.
increasing the charger's size and weight by forcing the output LC filter
resonant frequency to be less than 120Hz.

Motorola MR866 fast recovery rectifiers were selected to rectify the
output of the isolation transformer and No.3 AWG cabling was specified to
connect the charger to the battery.

Waveshape and Amplitude Controller

The control approach and block. diagramfis described in this section,
In order to achieve near unity power- factor operat1on, the ac line current
must be a replica of the line voltage. This is ach1eved in the BC/SCI by
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Figure 2.B.13 Increased voltage on Q2 with decreasing values of C1.
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using the line voltage to obtain ‘line current waveshape information and
controlling the amplitude via a multiplier. Figure 2.B.14 contains the
control system block diagram.

The ac._line information is obtained via a step down transformer,
rectified, and delayed with the L.P. filter to set the power factor angle.
This waveform is multiplied by K, where 0<K<l, to vary the amplitude of the
resulting power circuit input current. K is varied in such a manner as to
regulate the magnitude of the input line current or the magnitude of the
battery vo]tage during charging.

A detailed control block diagram is presented in Figure 2.B.15. Of
particular interest is the power circuit transfer function containing a pole
at the origin and gain proportional to Vé/L], the reflected battery voltage
and the boost inductance. The high frequency input filter is represented by
the double pole at 81,649 radians. The compensation consists of a pole -
zero combination at 487 radians and 37037 radians respectively. The 1loop
transmission of the complete circuit is presented in Figure 2.B.16. The
function of the pole-zero pair is now evident. The first pole is located at
the origin, the boost inductor "integrator," the second pole is placed at
approximately 500 radians to maintain high gain to assure waveshape
accuracy. The zero is introduced to improve phase margin at unity gain.
Crossover 1is assured approximately one decade lower than the switching
frequency of the converter.

Control Power System

The power supply which is used to provide the required power circuit
voltage and currents is schematically illustrated in Figure 2.B.17. This
power supply is directly connected to the ac line and provides isolated 12V
outputs which are referenced t7 the power circuit negative bus. This power

supply is used for base drive power and provides control logic power to the
system controller discussed in the previous section.
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Figure 2.B.15 Power circuit controller block diagram

|;vg =  commanded avg. line current

lLine = ac line current {instantaneous)

Vac = ac line voltage (instantaneous)

Kq = error signal

Ko =  scaling factor

I".'_1 =  commanded boost induction current

VL =  battery voltage as reflected through transformer
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‘Figure 2.B.16  Power circuit inner loop transmission characteristics
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2.C Battery Algorithms

This section of the report addresses the models used to calculate the
battery state of charge (SOC) and the recharge algorithm implemented in the
BC/SCI. Two SOC models were investigated during the contract effort, a
phenomenological model and a physical model, with the former implemented in
the BC/SCI. The phenomenological model is discussed first. The accuracy of
the SOC algorithm was tested by exercising battery modules with discharge .,
profiles emulating driving cycles. A possible model parameter adaptor scheme..
is presented. s

2.C.1 Phenomenological State of Charge Model

The phenomenological model may be thought of as an adaptation of both
the Martin (Reference 2) model and the Shepherd (Reference 3) equation for
battery voltage under dc discharge conditions. A brief review of the Martin
and Shepherd models below is followed by a description of the modifications
made to them in order to arrive at the new model. Finally, some of the issues
involved in implementation of the phenomenological model on a microcomputer
are addressed.

The Martin model summarizes the condition of a battery at any time with
two state variables; Q(t), the charge removed from the battery, and C(t), the
battery capacity. These variables change according to the equations

| ;LS: I (21)
9, ¢ - fn) (22)
dt |

where 1 is the battery discharge éurrent, f(I) is a function which specifies
the battery capacity under conditibhs of dc discharge at the current, I, and =
is a characteristic time-constant of the battery. The battery is considered
to be exhausted when Q reaches C (i.e., when C - Q<0).
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The physical interpretation of Equation 21 is obvious, the rate of
change of battery charge withdrawn is the current, [. According to Equation
22, for any given instantaneous current, I, the battery capacity, C,
approaches the dc battery capacity at that current, f(I), with a
characteristic time constant, <.

Computation of the battery capacity for a constant-current discharge
current is relatively straightforward. Given initial values for the state
variables, C,, and Q,, as well as a standard discharge current, I, the time
to cutoff may be calculated either by numerical simulation of Equations 21 and
22, or by analytical means. State-of-Charge prediction in terms of a constant
power discharge is more difficult, as the model makes no explicit prediction
of battery voltage during the discharge.

Shepherd Model

The Shepherd equation is intended to predict a battery voltage profile
during a dc discharge. '

According to this relation,

Xl. | 1-1 __jfijfi__ I(t) (23)
= - . - . t - . »
v(t) = Vo (Q]) Q(t) - Ri-I(t) TR0

1 2 3 4

where v(t) is the predicted battery voltage, Q(t) is the charge withdrawn from

the battery, I is the discharge current, and V,» V1, R1, R2, and QZ are
parameters of the battery. The first term in Equation 23 is a constant. The
second term represents the decline of equilibriun voltage due to falling
electrolyte concentration as electrolyte is consumed in the battery. The
third temm is simply an impedance voltage drop. The fourth term is equivalent
to an impedance that rises as Q(t) approaches Q2. Shepherd proposed this
impedance term to account for the shrinking active-material surface area in
the battery during a discharge. According to his explanation, as the active
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material was used up in the electrochemical discharge reaction, the current
density necessary to maintain a constant current rose, necess1tat1ng a higher
reactlon overpotential.

2.C.1.a Model Modifications

It has been found experimentally that one set of coefficients (VO, Vi,
Ql, R1, R2, Q2) is not sufficient to accurately predict battery voltage for dc
discharges:over a wide range of currents and temperatures. However, if RIy
R2, and Q2 are allowed to vary with both temperature, T, and current, I, then
the resulting predicted voltage profiles can be fitted to actual data quité
closely. In addition, a filtered battery current, obeying the differential
equation,

dIg
T+ Ip = I(t) (24)
dt F

is used in Equation 23 in place of the actual current, I, then the predicted
vo]tage'iS’a reasonable aproximation to the measured voltage, v, even under
cond1t1ons of varying current. In Equation 24, I(t) is the actual battery
current Wh1]e Ig(t) is the filtered current. Thus, the phenomenological
model predicts the battery voltage with the equation,

Vi R2(If,T) Q2 (I¢,T)
v(t) =V -(—)Q(t)-RI( 1, T) (L) - < Ip(t 25
° (Ql FenIF(E) Q@ (1p.1) - Q(t) AR

Actually, due to the filtering function performed by Equation 25 the voltage
predicted by Equation 25 is closer to a filtered version of the measured
voltage,

dvF

Te—+vp =V, (t 26
m F=Vq (t) (26)

where vp(t) is the filtered battery voltage.
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In order to implement this model to predict state of charge, an array
of values for Rl, R2, and Q2 at various discrete values of current and
temperature are required. A microcomputer keeps track of the withdrawn
charge, Q, and filtered current, I, during a discharge. At any time that the
remaining capacity was desired, the processor would begin an imaginary
discharge, varying the current so as to keep the product v(t) * I(t) equal to
the standard discharge power. Linear interpolation between the discrete
values of temperature and current for which the battery data are stored would
be used to compute estimates of R1, R2, and Q2, so that battery voltage
predictions could be made. The remaining energy would then be the product of
the standard power rate and the time (in the imaginary discharge) until the
voltage fell below some cutoff level.

Any such model as the phenomenological one is founded on two basic
assumptions; 1) that the battery can be described totally by its dc discharge
response, and 2) that any effects of discharge at levels different from the
standard rate are transient (i.e., will not significantly affect the battery
capacity unless cutoff occurs within several time constants of the different-
rate discharge). It is apparent from the battery tests performed during the
contract that neither of the above assumptions is entirely true. However, it
is believed that they are close enough, in most situations that an electric
vehicle battery will encounter, to allow an accurate state-of-charge
prediction.

Table 2.C.1 contains the array of Shepherd coefficients as functions of
discharge current and electrolyte temperatures.
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Table 2.C.1

Cell Parameters

Electrolyte Temperature

Current (Amps) 9<C 20<C 40<C
20 Rl = 2.7293 Rl = 2.9568 Rl = 2.2395
R2 = 0.5078 Rz = 0.3792 R2 = 0.2180
Q2 = 125.8769 Q2 = 164.4615 Q2 = 188.8593
80 R1 = 1.8282 Rl = 1.7384 Rl = 1.3714
R2 = 0.2137 R2 = 0.1732 R2 = 0.1794
Q2 = 83.0000 Q2 = 109.4000 Q2 = 141.3512
130 R1 = 1.6844 R1 = 1.5260 Rl = 1.3090
R2 = 0.1198 R2 = 0.1216 R2 = 0.1331
Q2 = 69.3520 Q2 = 91.8800 Q2 = 121.0732
200 Rl = 1.6320 Rl = 1.2800 R1 = 1.2854
R2 = 0.0940 R2 = 0.1600 R2 = 0.1195
Q2 = 70.7200 Q2 = 84.8000 Q2 = 98.2439

where R1 and R2 are in milliohms per cell and Q2 is in Ah.

These parameters were derived from constant current discharge
experiments employing Gould PB-220 golf cart batteries. The voltage and the

charge withdrawn was recorded during each discharge and the resulting voltage
curve predicted by the Shepherd equation was fit to the actual voltage curve

to determine the Shepherd coefficients. The battery recharge profile employed
cung this testing was an equilibrium recharge profile with an overcharge of

20%. This was necessary to achieve repeatable test results for the battery
under test.
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2.C.1.b Algorithm performance

The accuracy of the SOC algorithm was tested by exercising a 6-cell
battery module with a discharge profile which emulated a SAE 227a, schedule D
driving cycle. Again, the battery data consisting of voltage, current,
temperature, and time was recorded during the test. Using a large
minicomputer, the SOC algorithm used the recorded battery data to calculate
the SOC. A1l actual battery tests were terminated with a constant power
discharge at the 185W/cell rate (10kW for a 54 cell battery). During this
interval, the calculated SOC was compared to the measured SOC and an RMS error
was calculated for the predictions. A total of 32 driving cycle type tests
were conducted on the batteries at ambient temperatures varying from 9°C to
45°C., Figures 2.C.1-2.C.6 illustrates the battery voltage, current, and watt-
hr vs. time for two driving tests. Figures 2.C.7 and 2.C.8 show a plot of the
calculated SOC and the measured SOC for these two respective tests.

Figure 2.C.9 shows the capacity variations of the batteries during the
testing interval. The battery capacity (W-hr) varied from a low point of 920
Wh to a high of 1430 Wh for the six-cell module, with the lowest capacity
observed at ambient temperatures of 5°C and the highest at 40°C. The RMS
error in the SOC prediction was as low as 1.3 Wh/cell and as high as 37.3
Wh/cell during the testing as seen in Table 2.C.2.
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Figure 2.C.1 Cell voltage vs. time for test F49TST033.D05
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Table 2.C.2
SOC Evaluation Test and Results

RMS ERROR IN

TEST STATE OF CHARGE
F43TST031.D16 2.05
F43T7ST031.D17 14.43
F43TST031.D18 15.40
FA5TST031.D19 17.48
F45TST031.D20 19.03

. F47TSTO31.021... ... . ... .....18.67 . .

;- FATTST031.D22 o 6.63
“F477ST031.023 R 7.19
F47TST031.D24 N 3.26
F49TST031.D25 L 2.12
. F497ST033.005  * ¥ .. .8.50
-~ F497ST033.D06 ' S 1,28
F49TST033.007 = Co7.33
F51TST031,026. . . .- Lo 38077

F51TSTO31.027  -° 734,99
F51TST031.D28 - " . - 37.27
F51TST031.D29 & 24.56
F§3TSTO33.008 - .-+ ~wvn . .. . 20.67
F53TST033.D09 23.67
F537ST033.D10 24.23
..F53181033.01y . .~~~ 2.58
F55TST040.D23 A 2,94
- F55TST040.023 -~ =~ - = 6,34
F55TST034.001- - :os . 12.45
F55TST034.002 7.07
F55TST034.D03 7.76
F55TST034.004 8.30
F55TST034.D05 5.21

- F57TST034.D06" -7.69 -
F57TST033.D13 3.49
F5775T033.014 4.96
F577ST033.D15 12.99

The RMS error in the state of charge is calculated by observing the
error between the measured and predicted capacity at a number of discrete
points. The RMS error is calculated from these points using Equation 27.

RMSerror =

%' n2¥ (pcaén) - Pacftn))2 (27)
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2.C.1.c Parameter Adapter

The accuracy of the phenomenological battery model is dependent on the
accuracy of - the Shepherd cBefficients which characterize the battery
performance over the range of temperature and current. Unfortunately, these
parameters change as the battery ages. -~ The parameter adaptation algorithm
developed during the contract attempts to modify the Shepherd coefficients
based on the recorded voltage error history of phevious discharges.
Conceptually, the parameter modification would occur following the completion
of the discharge cycle. Although no parameter adaption algorithm was included
in the developed BC/SCI hardware, this section discusses its development.

The concept of parameter adaption requires the processing of some form
of record of a complete discharge rather than making decisions based upon
short sub-divisions of a discharge cycle. The major disadvantage of such an
approach 1is the amount of data compression required to fit a complete
discharge record in the available microcomputer dynamic memory, on the order
of 100. bytes.

The discharge summary is in the form of several separate records. Each
record will describe the scheme's performance over a particular section of the
discharge, during which the discharge operating point in (I,T) space, current
and temperature, remained hOminally within one zone. A record will be kept
only if the amount of time elapsed (and/or charge removed) during the
corresponding section is above some minimum value,

The accumulation of a record will be terminated (i.e., that record will
be written into memory) and another started whenever,

A) The discharge operating point leaves its "base zone" for longer than
some specified time.

B) The length of time (or amount of charge removed) during the interval
becomes greater than some maximum value.
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If a record is to be written, and insufficient space exists in memory
to write the record, some means of evaluation of the record's "“importance"
will be used to determine whether or not to delete an already-written record.

Each record will consist of 6 entries, described below

1) IA - The average value of the filtered battery current during the
section.
2) Ty - The average value of the filtered battery temperature during

the section.

3) ARy - The average value of the error in battery ‘“impedance"
prediction, B ‘ -

_Vm - Vp :

AR
where AR 1is the instantaneous error in battery impedance
prediction, Vm is the measured battery voltage, Vp is the
predicted - battery voltage, and I is the (unfiltered) battery
current.

- Q; + aQ : ,
ARy = — [ ARdQ - o (29)
aQ 0;

where AQ is the total amount.of charge removed from the battery

during the section, and Qy is the charge removed from full-
charged state. -
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4) ARy - An "average" value of the derivative of error in battery
impedance prediction with respect to charge removed.

) Q;+1/2aQ  Qy+aQ
ARy = — |- [ &RdQ + [ ARdQ | (30)
A _
5) Qi - The value of charge removed from the battery (relative to its

fully-charged state) when the section began.

6) Qf - The value of charge removed from the battery when the section
ended where

Q¢ = Q4 + aQ (31)

Given the values of aR, and aRp, along with Q; and Qf> @ linear

approximation to the error (AR) can be constructed as a function of Q in that

section.
Suppose AR = AQ + 8B
Q; + aQ
z Rd
Then sRp -mfei q
and BRp = A(Qy; + 1/2 8Q) + B and from equation (30),
ARy = 1/2A AQ

4Rp>

Then, if the above equations are solved for A and B in terms of ARA and

ARy

A=2__ (32)
aQ

B = ARy - aRp - AQ (33)
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In order to adjust the battery parameters according to the data
obtained in the records, the following procedure is used.

First, reconstruct the actual voltage profile during each section by
assuming that each section can be modelled as a constant-current, constant-
temperature discharge, at the current, IA, and temperature, Tj.

Thus, the predicted battery voltage would be

0 V1

ROQO

o 2 W2

Vp = Vo - (—)Q - Ry Ip - |———| IA (34)
] Q@ -Q

where R1°, Rgo, and Qg° are the values of Rl, R2, and Qp at the point (Ip»

Tp), before any adjustment.

Vp° is the voltage predicted by the un-adjusted parameters.

From this information, and the 1linear approximation to the battery
impedance as a function of charge removed, reconstruct the measured voltage
during a section, since, by the definition of 4R,

= Vp + Ip aR

3
l

Vp°® + Ip(A*Q + B) (35)

where A and B are defined on the previous page.

Thus
vy
Vp = (Vg = Ry Ip + BIp) + (A'Ip -—) + Q
Q
Ry® Q2° 1p (36)
on-Q
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The predicted voltage, Vp, obtained by the use of adjusted parameters,
Ry, R2, Qg2 1S

v
1 R2Q21A
Vp = Vg - (—) Q-RyIp - — 0 . (37)
Qq Q - Q

The error, AR, with the adjusted voltage is, thus,

AR

(Vm - Vp)/1A o o
o R2 Q2 Rz Q
B+[(R1- Ry )] + AQ +_2 2. 202 (38)
Q2-Q Q2 -Q

The integral of the square of AR can be performed over all sections for
which (Ip, Tp) is within a common zone. In this way, an increment to the
parameters ARy, ARz, AQ2» which results in the lowest mean-squared error can
be chosen (even though this increment results in different values of Rl» Ro,
Q, for each different (1p, TA) in each section). MNote that A and B are
intermediate constants in the linearization process of curve fitting and are
not minimized per se.

The change is distributed among the four operating corners which define
the (I, T) zone in the following manner.

The change in the interpolated value of Ry (obtained by use of the

average operating point, (In, Tp) 1s a fraction of the recommended change, 4R,
thus,

AR]_LL * Frp + AR]_LU © FLy + ARIUL'FUL + NR].UU *Fyy= FRACT - &Ry
(39)
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The solution to the set of equations is

sRiLL = FRACT * Fp * aRy/M (40)
8R LU = FRACT  Fyy * aRy/M (41)
sR{UL = FRACT * FyL -« aRy/M (42)
where
M=1-2 - ap ¢ (1-47) -2 a7 * (T-a7) (44)
+ 4 0 Ap ¢ a7 (1-a7) * (1-a7)
and where

RyLL is the change to be made in Ry at the low-
current, low-temperature corner of the zone

AR]LU is the change for the low-current, high-
temperature corner

AR]UL is the change for the high-current, low-
temperature corner

AR]UU is the change for the high-current, high-
temperature corner

ARy is the optional suggested change in Ry for
the zone

A is the ratio of zone changes in current based
on the geometric mean of the grid.
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Ar is the ratio of zone changes in temperature based
on the geometric mean of the grid.

FRACT 1is a constant such that 0.5 < FRACT < 1.0.

and where Frg is defined as,

FLL = (1-a1) (1-a7)
FLU = (l-AI) AT
FuL = 81(1-47)

FUU = A[AT

The concept of the parameters adapter was tested by examining a dc
discharge at a constant current of 100A and 22.5°C. Two parameter grids were
employed for the Shepard coefficients, a 5x3 matrix and a 4x3 matrix to
determine the impact of having the operating point coincide exactly with a
grid entry. Figure 2.C.10 shows the variations of Rl and Q2 using the 5x3
matrix. As shown in this Figure, Q2 seems to be stable with repeated
operations on one data file; however, Rl seems headed up indefinitely.

However, when the 4x3 matrix was employed, the parameter converged on a
final set in only 10 iterations. Figures 2.C.11 and 2.C.12 show the predicted
and measured voltage curves for the initial iteration and the 10th iteration.

The sensitivity to the nearness of the (I,T) grid point is an area of
concern in the parameter adapter strategy.

2.C.2 Physical Model

The physical model is a mathematical representation of the discharge
process in a flooded, porous, lead-acid battery cell. It is a lumped-
parameter approximation to the classic macrohomogeneous model (Reference 4).
The battery characteristics most strongly emphasized are (1) limitations of
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Figure 2.C.10  Variation of battery parameters, R4, Q2, with runs of
parameter - adaptor, BAT017.
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CELL VOLTAGE (VOLTS)
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-
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Figure 2.C.11  Predicted and measured battery voltage,
test F27TST016.D01
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CELL VOLTAGE (VOLTS)
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Figure 2.C.12 Predicted and measured battery voltage
test F27TST016.D01 '
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battery charge, (2). effects of finite electrolyte diffusion rate, and (3)
effects of pore-p1uggjngﬁpn battery impgdancgﬁand,e]ectrplyte diffusion..

i

2.C.2.a Macrohomogeneous Model for Porous Electrodes

A porous electrode is simply-a rigid material .with many pathways (or
pores) through which a fluid may pass. - The ‘major advantage in using-a porous -
electrode in place. of -a. solid one.for surface reactions is the much .larger:
effective surface area afforded by the- porosity. In order to obtain the same.
surface area to volume ratio with solid plates, one would have to use a plate
thickness on the order of the pore dimensions, ~1 im for a typical lead-acid
cell.  Such plate thicknesses are impractical, from both economic and
structural standpoints.

Unfortunately, it is-this same -porous -nature. of - the lead-acid cell
electrode that makes an exact analysis of-the reactions -and flows—involved in
a battery discharge very difficult,. if not impossible.-. The-approach of some.
researchers has been to model the pores as straight, cylindrical inclusions,
perpendicular to the electrode surface (Reference 5).

A more popular approach is the macrohomogeneous model, .in which the.
porous nature of the electrode. .is  accounted, for. .by. treating the grid
(electrode materia\)v_énd4 fluid (electralyte) .as . two.. seperate, continuous
phases that co-exist in:the volume. occupied by the electrode. (Reference 4).
The grid is modelled -as a solid material. whose-effective conductivity and-heat -
capacity are dependent-upon the porosity (void factor), e, as well as its
material composition.  The electrolyte is modelled as .a continuous fluid media -
with acid concentration, .temperature,. -and :fluid : velocity ‘a  function of -
position within the electrode. The fluid viscosity, conductivity, and.
diffusion coefficient are dependent upon the porosity. Since the current-
producing electrochemical reaction in a lead-acid battery consumes either lead
or lead-dioxide and produces lead sulfate (lower in density than either of the
solid reactants), the electrode porosity can change during the course of a
discharge, being itself, a function of both position and time.
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For most analyses, the battery discharge is modelled as a one-
dimensional process, even though this ignores some effects of the two-
dimensional nature of the electrode structure (see Figure 2.C.13). Figure
2.C.14 shows a typical cell model. The cell consists of two porous electrodes
(hash-marked areas in Figure 2. C. 14) bounding a ‘separator region. Contacts
placed on either end of the cell. supply and receive battery currents. The
electrolyte  fills all three regions. For a cell at rest, the electrolyte
concentration in the aqueous. solution is uniform. In addition, it is
generally assumed that, fpr a fully-charged cell at rest, the distribution of
active material (lead, at the négétiVe “electrode, lead-dioxide, at the
positive electrode). is uniform as well,

When the cell is loaded (i.e., when current is drawn), the rate of
electrochemical reaction within the cell 1is not uniform. Of course, no
reaction occurs in the separator region, so the electrolyte concentration

there goes down only due to diffusion into either electrode. At very low
discharge rates, the reaction initially occurs evenly throughout both
electrodes, so that the rate of usage of lead (or lead dioxide) and sulfuric
acid, as well as the production of lead sulfate, is not a function of position
for the early part of the discharge. At higher discharge rates, the reaction
tends to be skewed towards the front face of each electrode (near the
separator) due mainly to the lower voltage drop suffered by currents traveling.
most of the way across the electrode via the (highly conducting) grid
material. This causes non-uniform usage of both active materials and
electrolyte resulting in-concentfationlgradients of these substances within
the electrode. Although the unused active material cannot move through the
electrode, the 'electro]yte is .able to diffuse from 'regions of higher
concentration to those where it is Tlow. Thus, even if the battery is not
being discharged, the;concehtration profile of electrolyte in the electrode
may not be static. = SRR S
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Figure 2.C.13

(2927)

Lines of current flow in lead-acid
battery cell. Location of tabs

at top of cell results in two-
dimensional dependence of
current-density in electrodes.
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Figure 2,C.14  One-dimensional macrohomogeneous model for
lead-acid battery cell
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The electric potential and current density can be separate functions of
time and position for each of the co-existing phases. The difference between
grid and electroltye potentials at any particular point in the electrode is
simply the voltage drop across the Debye charge-layer at the solid-liquid
interface at that point. The two current densities are constrained such that
the divergence of their sum is zero (i.e., whatever current leaves one phase
enters the other, except at the electrode boundaries). In all, the one-
dimensional macrohomogeneous model contains at least nine space/time dependent
quantities, summarized in Table 2.C.3. The list can grow even longer if all
of the various possible ionic species are to be accounted for separately.

Even if the differential equations governing the changes in these
quantities, with time, were known exactly, the complexity of this set would
prevent its integration on any but the fastest presently available
computers. In addition, not enough is yet known about the electrochemistry of
lead-acid batteries to confidently specify all of the interrelationships
between those nine variables. For example, the rate at which current is
transferred from the solid phase to the electrolyte phase, -viz, is a function
of the solid-electrolyte potential difference, ¢p - 47, the local electrolyte
concentration, C, and the amount of available active material, either St or
S-. Normally, the dependence of this current derivative on C and S* is lumped
into an emperical constant in an equation as shown below,

$2-91 b= 9
(——) -(——)
: . i V2
Vipg = jo(C,8%) * e -e (45)

where Vi and V, are some characteristic potentials of the chemical system.
Very little is written in the literature about the dependence of jo on either

C or St, and more often than not, j, is made a constant for the purposes of
analysis.

74



Table 2.C.3

List of space/time dependent variab]eé involved
in macrohomogeneous model for battery cell.

SPACE/TIME - DEPENDENT PARAMETERS

Electrolyte (SO4=) Concentration

Positive Active Material (Pb0,) Concentration
Negative Active Material (Pb) Concentration
Temperature

Electric Potential in Solid Phase (Electrode)
Electric Potential in Liquid Phase (Electrolyte)
Electrode Porosity

Current Density in Solid Phase

Current Density in Liquid Phasé
Exchange Current Density
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Clearly, some approximations are necessary in order to perform a
simulation of the discharge process in a lead-acid battery cell; first, in the
face of unavailable information, and second, to allow processing of the
equations with a reasonable amount of computer time and memory storage.

Such a set of reasonable approximation§ and assumptions was proposed by
Simonsson in 1973 (Reference 6). Among his more important assumptions were
(1) an isothermal system, (2) complete disassociation of the electrolyte into
only one positive and one negative ionic species (H and HSO, respectively),
and (3) the "Tafel" assumption, in which the current derivative is
approximated by an exponential in the Debye-layer overpotential,

2F
- —n

3i
2 RT

=J'-Soe
ax 0

(46)

where 1 is the current density in the electrolyte, jo is the exchange current
density (assumed constant), and n is the Debye layer overpotential (Reference
7), defined by,

n = (¢2 - 41) - 4o (47)

where ¢, is the equilibrium potential drop across the Debye layer (in the
absence of any currents).

With these simplicications, Simonsson integrated the set of
differential equations governing the discharge process to obtain some insight
into how a porous lead-acid battery cell becomes exhausted before all of the
reactants are used up. One of the more significant conclusions that he
reached was that, for high discharge currents, the skewing of the discharge
reaction density towards the front face of the electrode caused the active
material there to be used up first forming a "dead-zone" in the electrode
which propagated towards the back face. Any electrolyte which diffused from
the separator region to the point in the electrode where the reaction was
occuring would have to diffuse across this dead-zone.
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In addition, Simonsson suggested that the end of discharge probably
occured when a very low electrolyte concentration, somewhere in the electrode,
caused the impedance to become very large.

It is these two conclusions upon which the physical model, a lumped-
parameter approximation to Simonsson's continuous model, is built. In the
following section, the concepts of a dead-zone, across which battery current
must flow and electrolyte must diffuse, propagating across the electrode and a
battery impedance which depends strongly upon the concentration of electrolyte

in the electrode are developed into a simplified model which could be
implemented on a microprocessor with limited storage capablities.

2.C.2.b Presentation of Physical Model

The physical model represents the state of a porous-electrode lead-acid
battery cell with three variables. They are:

1) C(t) The concentration of electrolyte within the electrode.

2) Cp(t) The concentration of electrolyte outside the electrode (in
either the separator region or the reservoir).

3) &(t) The width of a “"dead-zone" of used (or passivated) active
material in the electrode.

Figure 2.C.15 gives a graphic illustration of the meaning of these
variables. The differential state equations which govern changes in the
variables are

E% {CLA} = -KA(C-C.)/6 - 1/F (48)

E% (8CV,} = KA(C-Cp)/ 6 (49)

S R Rt (50)
dt Qo
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Figure 2.C.15 Schematic illustration of physical model for lead-
acid battery cell, showing definitions of state-

variables, C, C,, 4.
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where
L is the effective thickness of the electrode.

Q is the total (charge equivalent of) active material content of the

electrode.
A is the electrode apparent cross-sectional area.
k is the effective electrolyte diffusion coefficient through the

porous electrode (k can be a function of temperature).
I is the battery current.

F is Faraday's constant.

V. is the effective volume of the reservoir and separator regions
outside the electrode.

f is an empirically-fitted function of the battery current, I, whose
value approaches 1 as I + 0. (For I >0, f(I) > or = 1).

Briefly, the electrolyte content of the electrode is seen to change due
to either diffusion from the vreservoir or the current-producing
electrochemical reaction. The reservoir electrolyte content changes only by
diffusion to or from the electrode. The dead zone grows at a rate that is at
least proportional to the rate of usage of active material and faster than
that for large currents. As the dead zone width grows, the impedance to
diffusion between the electrode and reservoir increases. The battery terminal
relation is

V= Vyo(C) - R(8, C, Cp) * 1 (51)
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where V,.(C) is the open-circuit battery voltage, and R(s, C, C.) is the
battery impedance. It should be noted here that the open-circuit battery
voltage is a function of the electrolyte concentration in the electrode only
and not of § or C.. This is due to the fact that the potential of an unloaded
battery depends only upon the voltage drop across the Debye layer at the
solid-1iquid interface which is determined primarily by the acid concentration
there.

The battery impedance can, in general, depend on all three state
variables. One possible functional dependence for R(s, C, C.) 1S

§ CO

R =R, + Ry (52)

L ¢

where R, Ry, C, are constants. This expression ignores the effects of
electrolyte concentration in the reservoir on the battery impedance and
predicts that the impedance rises linearly with the dead zone width and in
inverse proportion to the acid concentration in the electrode. [t is likely

that R, and R, would have to be temperature-dependent to correctly model the
battery's terminal behavior over a wide range of conditions.

With initial conditions for C, C., and &, the state equations,
Equations 48, 49, and 50, a fully-specified terminal relation, Equation 51,
and the driving functions, I(t) and T(t), this model can be used to predict
the battery terminal voltage as a function of time. Given values of the state
variables at any time, a simulated constant-power discharge could be used to
predict the time to cutoff, and thus, the remaining available enerqgy of the

battery.
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2.C.2.c Discussion of Model Characteristics

As was stated in the introduction to this chapter, the physical model
stresses battery capacity limitations of total battery charge, finite
electrolyte diffusion rate, and electrode pore-plugging. The discussion to
follow 1is intended to point out those characteristics of the model which
demonstrate such effects.

Electrolyte can leave the entire system consisting of the electrode
plus reservoir only through effects of the last term in Equation 48 due to the

battery current drawn. In fact, a linear combination of Equations 48 and 49
yields a statement of conservation of charge

d

dt

d I
= EE_{CLA + CpVp} = - 7 (53)

Mo

where the first equality above may be taken as a definition of Q, the relative
battery charge. If Q is given a value of zero when both C and C. are zero,
then Q may be thought of as the absolute total battery content of (charge-
equivalent) electrolyte. Since the electrode and reservoir start with a
finite quantity of electrolyte, certainly no more than Qj, the initial value
of Q can be removed from the battery before either C or C. becomes negative.
Thus the model places a Tlimit on the battery capacity based on the total
charge-equivalent of electrolyte initially available.

If the battery is initially at rest (so that C = C.) and a dc discharge
begun, C will fall below C.. Assuming that V,.(C) is a monotonically-rising
function of C, the open-circuit voltage predicted by the model will be lower
than the voltage predicted for a battery at rest with the same amount of
charge removed. In fact, if the discharge were stopped suddenly, C would rise
(due to the diffusion term in Equation 48) towards an asymtotic value equal to
the volume-average concentration in the entire cell. This could be observed
from the battery terminals as a voltage transient occuring when the discharge
was halted. Both of these model chéracteristics, depressed electrolyte
concentration in the electrode under load and voltage transients
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accompanying changing loads, are intended to account for effects of the finite
rate of diffusion of electrolyte in a battery cell.

As a discharge proceeds, the width of the dead zone in the electrode,
§, increases. This has two effects on the model equations. First, the rate
of diffusion from reservoir to electrode falls, as it is inversely
proportional to . Second, the battery impedance rises. Both of these
phenomena occur in order to account for the fact that the porosity is reduced
in those regions where the current-producing electrochemical reaction has
occurred. This reduction in -porosity is simply due to the fact that the
reaction product, lead-sulphate, is lower in density than either lead or lead-
dioxide and thus takes up more space than these reactants. In most
macrohomogeneous models, the electrolyte conductivity and diffusion
coefficients are assumed to be proportional to the electrode void fraction.
For the physical model, the only impedance to electrolyte diffusion is the
(pore-plugged) dead zone. In the terminal relation proposed by Equations 51
and 52, the battery resistance has one termm proportional to the dead zone
width, and another that is independent of §. This later term could account
for fixed (terminal, grid) battery impedances. If desired, a third term,

varying in inverse proportion to C., could be added to account for voltage
drops across the separator region.

According to Simonsson's (Reference 6) conclusions, the discharge
reaction may be thought of as always taking place at the front edge of the
dead zone in a thin ‘reaction layer' which propagates across the electrode.
If it were assumed that the reaction completely used up all of the active
material in one plane before moving on to the next, then the rate of growth of
the dead zone would always be proportional to the battery current, I. The
multiplier, f(1), in Equation 50 causes the growth rate, d&/dt, to be
proportional to [ only for small currents. As the battery current grows,
ds/dt rises more quickly than I. This is intended to account for a phenomenon
known as electrode passivation in which high discharge current densities can
presumably cause lead- sulphate deposits to cover unused active material in
the electrode so that it cannot be accessed for later discharge. Such

passivated active material can be recovered only by recharging the cell.
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The physical model actually goes beyond most macrohomogeneous models in
that it attempts to predict the battery terminal behavior on the basis of a
half-cell representation. Even though the electrochemical reactions occuring
in the positive and negative battery electrodes are very different, it is the
opinion of the author that they can be modelled by a single-electrode
process. It is thus assumed, for the purposes of the model, that a perfect
ohmic contact capable of lossless transfer of ionic to electronic current
exists at the far end of the separator region. Such an assumption leaves out
the possibility of separate time constants or impedances for the two
electrodes. The approximation is justified by the generally accepted
observation in the literature that the battery capacity is most often limited

by one of the two electrodes (specifically, the positive one, Pb02).

Analysis of Model Equations

For the purposes of mathematical analysis, it is convenient to deal
with a transformed set of state variables. The dead zone width, &, is still

used, but C and C. are replaced by Q and D, defined as

CLA + C.Vp. (54)

O
m

D=C.-¢C (55)

Note that Q is the same quantity that was referred to earlier as the total
battery charge-equivalent content of electrolyte henceforth referred to as
simply the battery charge. D is equal to the difference between electrolyte
concentration in the reservoir and electrode. It may be thought of as a
measure of the battery "disturbance", since D=0 for a battery in its
equilibrium state. Transformation of Equations 48 and 49 yields

dq I

®CF (56)
-d—D=-£ 1+£A_ E+___I_ (57)
dt L Vr 5 FAL
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Equation 56 1is, as before, merely a statement of conservation of charge
(actually, it is conservation of mass for the electrolyte ions). According to
Equation 57, the disturbance, D, of the battery cell would always tend towards
zero were it not for the driving term, I/(FAL), on the right hand side of the
equation. It is not a constant-coefficient differential equation as § can be
a function of time.

At any time that values for C and Cr are desired (i.e., to compute the
terminal voltage), Equations 54 and 55 may be inverted, yielding

C = Q - DVE (58)
LA + Vr
+ DLA
¢, = 304 (59)
LA + Vp

Before any further analysis, it is useful to introduce some normalizations.

Q=C LAFQ (60)
D=2CyD (61)
s§=L3s (62)
C=0CC (63)
Cpr = Co Cpr (64)
t=1t (65)
I =1, 1 (66)
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where

Iop = (Co * L * A *F/x) (67)
T = L2/k (68)

The constant, r, is a battery time constant, the characteristic
electrolyte diffusion time, determined by the electrode thickness and
electrolyte diffusion coefficient. The current, Iy, is the ratio of the
electrolyte charge-equivalent contained in a fully charged electrode to this
time constant. The concentration, C, is taken as the initial electrolyte
concentration in a fully-charged battery cell. Note that the current, Iy, may
be thought of as the current necessary to fully use up all of the electrolyte
contained in the electrode initially in a single battery time constant, r.
With this normalization, Equations 50, 56, and 57 become

dq _ . (69)
dt
DBy lag (70)
dt s
L. lie (7)
dt K
where
Q
Ky 2 — (72)
CoLAF
Ky = LA/V,. (73)

The function f'(I) is simply f(I) modified to accept E_aé its argument. K1 is
the ratio of charge-equivalent of active material to charge-equivalent of
electrolyte contained in a fully charged electrode. K2 is the ratio of
effective electrode volume to that of the reservoir.
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The above equations will be solved, subject to the initial conditions,

S = § (74)
t=0

9 = Q (75)
=0

and with the driving function

1) = Iy (77)

That is, the model equations will be solved, below, for the case of a dc
discharge.

Actually, the solution of Equations 69 and 71 is simple and requires no
explanation

Q) = Q) - 140 t (78)
S(t) = &+ Lige c Fllg) t | (79)
Ky

with the solution for &§(t), Equation 70 becomes

dD D
—u + B —_ . = I (80)
dt T+at de

where
B = (14K,)/ 48 : (81)
a= Idc * f'(Igc)/(81 * Ky) (82)
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Since a general technique exists to solve equations of this type, the solution
is simply presented.

Bla Iy 2B
_Q_(D = D]i']'i'a_t_l +— 1= (1 + GD ¢ . ( + QQ (83)
B+a
In terms of Q and D,
K
2

E_ = - 1 g (84)

1+K2 1+K2

The normalization can be extended to the terminal relation. Using

V = Vo l (85)
Voc(C) = Vo ¥o(L) (86)
R = Ry" (87)
Ra = Ry 1y (88)
Rp = Rg Tp (89)

where V, and R, are characteristic values for battery voltage and impedance,
respectively,

v

1
J’<
Camn %
o
o —
'
>
L[]
——
=
[o})
+
-
o
1
-
—
——
(7o)
o
S

where

>
I

Ry T4/ Vg - (91)

X is the ratio of *he ‘duct of characteristic battery current and impedance
to the characteristic cell voltage.

Given initial values for §, D, Q, and a dc discharge current, IdC (as
well as all necessary battery paramters), Equations 78, 79, and 83 may be used

to solve for §(t), D(t), and Q(t). Then, Equations 84 and 90 yield the
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normalized battery voltage as a function of time. Once values for all of the
constants are determined and a suitable cutoff voltage defined, the physical
model solution above may be used to analytically predict the battery capacity
as a function of current for dc discharges. Table 2.C.4 contains a brief

summary of the battery parameter values required for such a discharge
simulation. .

Table 2.C.4
List of Battery Parameters and Functions Necessary for
Analytic Simulation of DC Discharge with Physical Model

Tgc Normalized dc discharge current.

K1 Ratio of electrode active material charge-equivalent to
electrolyte charge-equivalent contained in a fully-charged
electrode.

K2 Ratio of effective electrode volume to reservoir volume.

81 Initial value for §, dead zone width.

Q Initial value for Q, battery charge.

0 Initial value for‘g, battery disturbance.

A Ratio of product of characteristic battery impedance and current

to battery voltage.

Vout Normalized cutoff cell voltage.

VC(Q) Function specifying battery open-circuit voltage variation with
C, electrolyte concentration in electrode.

r(C, Cr, 8) Function specifying cell impedance variation with C, C. and ¢
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2.0 Hardware Description/Operation

The operating features of the BC/SCI system are described herein. The
power electronics is described with the aid of oscillographs of key operating
points. The microcomputer system operation modes are discussed as well as the
fault diagnostic features. Finally a mechanical summary including a weight
distribution is presented.

2.0.1 Battery Charger Power Electronics

As discussed in Section 2.B, the battery charger stores energy in the
boost inductor and then transforms it across the isolation transformer to the
battery. Detailed electrical schematics of the power section are included in
Appendix 1. Figure 2.D.1 1is a photograph of the BC/SCI with the cover
removed. The four control logic cards are on the right most side. The
charger power circuit encompasses everything to the left of the card cage.
Referring to Figure 2.D.2, an electrical schematic of the power circuit, the
voltage across Q1 is illustrated in Figure 2.D.3. As seen in the
oscillograph, the FET operates at a switching frequency of 40kHz. The voltage
overshoot is a function of the energy stored in the leakage inductance and the
snubber capacitor C2 in Figure 2.D.2. This overshoot is approximately 35V at
a boost inductor currents of 15A. Figures 2.D.3 (a) and (b) are expansions of

the voltage at turn off and turn on respectively. Switching speed of the
device is < 100 ns.

Figure 2.D.4 is an oscillograph which shows the voltage across QI (Vds)
and Q2, Q3 (Vce)' The overshoot across the Darlington devices is minimal.
The voltage appears as each Darlington at a 20kHz rate. Figure 2.D.5 is an
osci]]ograph of the base voltage and the collector voltage of a Darlington
transistor. As seen in the photo, base voltage is applied to the transistor

when the collector voltage is held low by Ql. Similiarly, the reverse voltage
for turn off is applied after Q1 is re-gated. This strategy soft switches the
Darlington transistors.
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~~ Figure 2.D.2 Simplified power circuit schematic
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(a) VOLTAGE ACROSS FET
50V/div
10us/div

(b) VOLTAGE TURN-OFF

50V /div
200us/div

(c) VOLTAGE TURN-ON

50V/div
50us/div

(2963)

Figure 2.D.3 Voltage Across the FET, Vg, when Charging a 108V Battery
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(2964)

Figure 2.D.4 Voltages Q1, Q2, and Q3
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Figure 2.D.6 shows the simultaneous voltages appearing on a Darlington
transistor and the voltage clamp composed of the MR818 and RC network shown in
Figure 2.D.2. The measurement point is the cathode of the MR818.

The oscillographs in Figure 2.D0.3 - 2.D.6 were recorded with the
converter operating at a fixed duty cycle. The remaining oscillographs
illustrate the operation of the converter from the ac line with active
waveshapping to emulate a resistive load.

The current waveform drawn by the charger when operating at full power
(1kW) 1is shown in Figure 2.D.7 (a). The oscillograph also records the input
1ine voltage. The power factor is near unity. The peak current is 13A and is
the larger amplitude trace in the figure.. Figure 2.D.7 (b) contains the
output current of the charger referenced *o the ac line.

Figure 2.D.8 shows the voltage across Q1, Q2, with reference to the ac
1ine current. As shown in the figure, both the duty cycle and the peak switch
voltage is modulated with the charging current and line voltage.

It is interesting to note the effect of the switching power supply used
to generate the control power for the power circuit on the ac line current
waveform. The effect 1is shown in Figure 2.D.9, which is an oscillograph of
the total input (ac 1line) current and its components, the switching power
supply input current, and the dinput current to the chargér power
electronics. The input rectifier on the switching charger power supply

contributes the current peaks to the BC/SCI ac line current. The top trace in
Figure 2.D.9 should be compared to the ac line voltage shown in Figure 2.D.7

(b) to compare the waveshapping performance of the power electronics section.
2.0.2 Charger Control Electronics
The control electronics for the power section is self-contained and

communicates with the microcomputer system via an optjcal]y-iso]ated digital
bus. The power section and its power supply is referenced to the ac line
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(2965)

Figure 2.D.5 Vpe and Vg of Darlington Transistor



while the microcomputer system is referenced to the vehicle battery's minus
terminal.

The control electronics electrical schematic s shown in Figure
2.0.10. The main circuit functional blocks are identified in the following
table with the aid of the Figure.

Circuit Block Function
Feedback Current Amplifier

Soft Start Circuit

Main System Error Amplifier

PUM Circuitry

Current Reference Circuitry

Line Soft Start Circuitry

~N Oy Ny

Power Reset and Overcurrent Protection

Fault protection in the controller 1is achieved by observing the
feedback current and comparing it to a reference. In the event the thrésho]d
is exceeded, all switches are commanded open and a fault indication is set to
the processor via U31 in Figure 2.D.10. Overcurrents in the boost inductor
can be caused by the case when the peak line voltage exceeds the reflected
battery voltage. For an ac input of 120 volts rms, this condition would occur
should the actual battery voltage drop below 85 volts dc. There is no
inherent protection for this condition since the battery voltage cannot be
directly sensed (it is on the secondary side of the isolation transformer).

2.0.3 Microcomputer System Electronics

The BC/SCI low-power electronics has been designed to reside on three
printed circuit boards. The first board (A1) is a low power switching power
supply which generates the required microcomputer system voltages from the
propulsion battery. The design employs a flyback regulator configuration
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Figure 2.D.6 Vcg of Q1 and the Voltage
Across the Snubber Clamp Connected
in Parallel with the Darlington
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utilizing a FET, torroidal transformer and standard PWM regulator I.C. Three
outputs provide #5v and + 13.5V.

The supply can be enabled by one of three inputs. During battery
-discharging, an isolated set of switch contacts in the EV controller slave the
SCI operation to the operation of the EV controller. During charging the
supply 1is enabled when the power circuit switching power supply becomes
energized. The last way in which the system is enabled is when the battery
powered CMOS clock times out.

The second board (A2) provides the high frequency control of the BC
power stage as discussed earlier. '

The third board (A3) contains the signal conditioning circuitry. The
critical battery parameters which are the feedback variables for the SOC
algorithm include the battery voltage, current, temperature, and absolute
ampere-hours. The design of the data acquisition circuitry controls both the
absolute and relative error sources to achieve the confidence in the measured
data. Table 2.D.1 summarizes these specifications. The absolute accuracy
lists the maximum error associated with scaling, digitization and temperature
varjations from one SCI system to another. The relative accuracy is for
measurements within the same system.

Additional inputs on the A3 board include the venicle speed transducer
interface, switch inputs, LED drivers and a digital control port to the power
stage. One potentiometer is required and is used to trim the A/D's voltage
reference when the board is initially constructed.

The final board in the system (A4) contains all the microcomputer
circuitry. A MC6809 microprocessor with 16K of 8-bit EPROM and 2K of 8-bit
CMOS RAM (TC5517AP) provide the basic nucleus of the design. A real time CMOS
clock, a power-up reset circuit and a watch-dog timer complete the design.
The CMOS RAM and clock are made non-volatile by a nickel-cadmium battery
mounted on board Al. This battery is kept charged by a simple zener regulator
off the propulsion battery. It will measure the CMOS RAM non-volalility under
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(a)

CURRENT
VOLTAGE

I = 5A/cm

V.= 100V/cm

(b)

V = 100V/cm

I = BA/cm

(2967)

Figure 2.D.7 Charger Terminal Waveform
(a) input voltage, input current
(b) input voltage, output current



worst case conditions for a minimum of 58 days, more than enough for normal
system servicing. A lithium primary battery may be connected into the system

using jumper J7 on A4. This allows the microprocessor board to be removed
from the card cage without loss of memory but is not normally used.

The watch-dog timer is constructed using a stable multivibrator
configuration., The microcomputer normally retriggers the timer every .133
sec. If not, the timer will time out resetting the microcomputer and related
hardware. This feature insures continued system operation in spite of
occasional noise induced into the logic.

The microcomputer communicates to all peripheral subsystems via the
MC6821 interface adapter. This device, software programmable, provides the

necessary interface latches and buffers between the high speed microprocessor
bus and the low speed CMOS logic circuits.

The remote display is connected to the system using a simple serial
data communications path. The data is clocked sequentially into serial-to-
parallel display drivers. After transmitting 48 bits of information, a strobe
signal latches the pattern which drives individual segments on the display.
The display update rate is every 0.133 sec.

A1l control signals are filtered and buffered using schmitt triggers.
This configuration along with eight error detection bits insures valid data
for the display. A 2.8V regulator supplies power to the display's filament

from the 5V supply. This regulator is externally controlled to blank the
display when it 1is not needed (charge cycle). A photoresistor controls a

simple PWM circuit to vary the displays' intensity according to ambient 1ight
conditions.

Table 2.D.1
Battery Parameters

~ Absolute
Parameter Full Scale Accuracy Relative
Voltage 200 volts %1% F.S. +0.5%
Current 400 amps 3% F.S. +0.75%
Ampere-Hours 200 a-hr . +5% F.S. +1.0%

Temperature -25¢C to 50<C 2<C #0.5<C
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(a)

FET VOLTAGE
50V/cm

lac 10A/cm

(b)

TRANSISTOR VOLTAGE
200V/cm

'ac 10A/cm

2968)

Figure 2.D.8 Switch Voltage Stress during AC Line Operation
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2.D.3.a BC/SCI Software

The software for the BC/SCI employs both 6809 assembly and Fortran
programming languages. The software has been carefully structured to benefit
from advantages provided by each language without sacrifice in overall system
performance.

The real time executive provides the basic data acquisition and
hardware interface functions. These tasks are characterized by being time
critical in nature and are repeated at a fairly high rate (i.e., every .133
sec). Such requirements benefit greatly from the speed and bit manipulating
capability provided by assembly programming.

The state-of-charge algorithm on the other hand is highly mathematical
in nature. Sophisticated arithmetic operations having wide dynamic ranges are

among the technical requirements. Flexibility for algorithm modifications and
future enhancements also favor a high-level programming solution. Fortunately
these functions are not as time critical as the data aquisition for adequate
performance (i.e. every 15 sec). Fortran satisfies these requirements but does
suffer the disadvantage of excessive memory requirements typical of high level
languages.

The system has been structured so that the real time executive is the
primary controlling module. The executive has the ability to call any one of
five Fortran subroutines as is shown by the hierachy chart in Figure 2.D.11.
The chart clearly shows all BC/SCI Fortran modules and how each is called by
the five main subroutines. A glossary is included in Appendix 2 which briefly
describes the specific function of each module.

The flowcharts in Figures 2.D.12 - 2.D.18 illustrate the software
structure. Two interrupt driven programs provide the basic data acquisition
and hardware interface requirements. The first interrupt is synchronized to a

one Hz clock and maintains all the software time functions. The second
interrupt is generated at the end of conversion from the system's analog to

digital converter. After reading and storing the converted data the A/D
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Figure 2.D.9

10A/cm

POWER CIRCUIT CURRENT

AC LINE CURRENT

CONTROL POWER
— SUPPLY LINE
CURRENT

(2969)

Current Waveforms of

(a) the power circuit,

(b) the AC line, and

(c) the control power supply
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Figure 2.D.10 Power Circuit Controller (See appendix 1 for larger version of schematic)



*
EXECUTIVE

CHGFOR
TEMPFN
1
BATMOD
ZONE VDROP
{2994/ *INDICATES ASSEMBLY LANGUAGE

Figure 2.D.11 Hierachy of BC/SCI subprograms

105



901

{IRQ)
EOC A/D

BCSCI MODULE
DATA ACOUISITION — INTERRUPT ROUTINE
10.933 SEC A/D CONVERTER}

(ACONV)
A/D SERVICE ROUTINE

r————777

I NOT USED} I
fn ' ="

|

NPUT)
READ DIGITAL INPUTS

I

{SMODE)
SELECT DROPER OPERATING
MODE

4

{SMOOE)
RUN APPROPRIATE
SUBROUTINE

1

St P
——— e — )
i1 !
9 e __ |
/ r {DISCHG) 1
INCREMENTS |
/ gl NDSEC AVG FLAG
] 27 usEnBY avcroR r
\ | '

O Lo e e

MPL SUBROUTINE

(INVSP)
READ VEHICLE SPEED

|

{SAFETY)

TEST FOR FAULT CONDITIONS

{POUT)
DIGITAL OUTPUTS

1

{DISSEL, CDISP, VFDISP)
DISPLAY SUBROUTINES

BCSCI MODULE
SH0D ASSEMBLY
{XXXX) INDICATES PROGRAM LABELS

(1R 1)
HARDWARE INITIALIZATION

NO

NI
SOF TWARE INITIALIZATION

'S

SYSTEM DIAGNOSTICS

{FIRQ)
1/SEC ~ CLOCK

BCISCL MODULE

REAL TIME CLOCK ~
INTERRUPT ROUTINE
1/SEC (TIME RES. 2 MIN)

INCREMENT SOF TWARE
YIMERS {2 MIN)

%y,
ng, I
e i (CHG MPL) |
\ ~ CHARGER |
N SEQUENCING & r~ (W START)
N\ SETPOINT
\% | coNTRoLioOP |
1 | ™) '
\E o (MIFOR)
\ I p-gurd
- —— - - INITIALIZATION
N T
{EXEC)
\J | J [ —
N ot usen) .o
|
! LEXEC)
e —_—— - 4 MODE CHANGE GRANTED 7 {FMODE = —1)
DATA VALID? (OVALF = 1)
PASS CONTROL
: 70 APPROPRIATE
r..__.__.__..-._-J FORTRAN MOOE
] “REST" J “THINK"
H - s - —— —— __.___._—_...l
1 i ‘DiCHARGEY  ICHARGE H
' (ASTFOR} (DIS FOR) ICHGFOR) (THX FOR)
1 EQUILIBRILM DISCHARGE CHARGE PARAMETER
i VOLTAGE MONITORING MONITORING ADSUSTMENT
READ

Figure 2.D.12

]
(Y S

e _ b ____

{RETURN FROM SUBROUTINE CALL)

Software module interaction

FORTRAN MODULES (XX XFOR}
WRITTEN AS SUBROUTINES !

12920)



( {CHGFOR) )

¢

SELF DISCHARGE UPDATE
{QBAT = IQBAT + IDCTIM * RK1
QDIS = IQLAST - IQBAT

EQUALIZE
REQUESTED
?

A {
RVREG = 2.70v/CELL 12% of 100A-HR RVREG = 2.45V/CELL
IQEQU = TEMPN(ITBAT,18,12) @ 27.5°% IQEQU =0

CHARGE LIMITS:

1Q0VC = ODIS * TEMPFN{ITBAT..12, .08)
1QLIM = IQLAST + iQOVC + IQEQU

VOLTAGE LIMIT:

IVLIM = RVREG + ITBAT » RK3
DISPLAY UPDATE

1QSOC = 1IQBAT

YES

DETERMINE CORRECTION TEMPFN {ITBAT, X1, X2)
FOR CHARGE ACCEPTANCE
CORRECT DISPLAY VALUE

1QS0OC X1

g: X2
UPDATE DISPLAY

IDSOC =10 + (1QSOC-21})/41

7.5° 27.5° 47.5°

13
1aBAT <IQLIM
AND
IFMODE = 0

YES

Figure 2.D.13

BC/SCI Software charge monitor -CHGFOR

(2915) written in Fortran{cont.)
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CHARGER OFF: VLIM =0

IF CHARGE CYCLE COMPLETE
RESET FLAG (IFCHG =0

EQUALIZE
CYCLE JUST
COMPLETED

YES

RE-INITIALIZE VARIABLES CORRECT VARIABLES
IQBAT =0 ; IQABS =0 1QABS
IEQTIM =0 ; IQLAST =0 1QLAST
IFEQU =@ ; IDSOC = 10 IQBAT = 1QSOC
- . ]
RETURN CONTROL TO.
EXECUTIVE: FMODE = -1
IEQUTIM = 2MIN/BIT TIME SINCE LAST EQUALIZE CYCLE
IDISTIM = 2MIN/BIT TIME SINCE LAST DISCHARGE CYCLE
1QBAT =.2421 A-HR/BIT ANP-HOUR METER “NEG OUT OF BAT”
ITBAT = 1°C/BAT BATTERY TEMPERATURE
IVLIM = .050V/BIT VOLTAGE LIMIT DURING CHARGE

IFEQU = @NORMAL; -1 EQUALIZE; -256 DEFER

IFMODE = @ NORMAL; 1 = CHARGE REQUESTED; -1 = CHARGE GRANT
IQABS = A-HR REMOVED SINCE LAST EQUALIZE CYCLE

RK1 =.05A/(30BIT/HR) » .2421 A-HR/BIT
RK3

Figure 2.D.13  (Cont.) BC/SCI Software charge monitor - CHGFOR written in Fortran
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i {CHGMPL)
CALLED BY
BC/SCI EXEC

{(FMODE ¥ 0
OR VLIM < 108v)

RESET CONTROL FLAGS

{WAKEF = 7 DAY}
{FPWR = 0)

YES

(CHGTIM = Q)

FAULT FLAG
YES {EPRCHG : 2-1)

INVALID CHARGER FLAG ?

CHARGER

(CHGM2)

FLAG FAULT
YES (ERRBLO :0-3)

IS VBAT < 40V ?

BATTERY LOW

FLAG FAULT
(ERRBH!1:0-2)

1.

BATTERY HIGH

{(FPWR =1 AND

VBAT < 90V

IS vBAaT < gov?
BEFORE ?

FLAG FAULT
(ERRBOP :0-3)
BATTERY OPEN

Y.

USE SWITCH SETTING FOR LIMIT LINE CURRENT
ILINE LIMIT
(FPWR =1 & ILIM= X) ILIM =2 AMPS

YES

Vo o

IS CHGTIM > 30MIN?

FLAG FAULT
(ERRTF1:0-4)
TIME FAULT No. 1

(2921)

Figure 2.D.14  BC/SCI Software
Charge control module - CHGMPL written in MPL  (cont. )
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FLAG FAULT
IN VOLTAGE NO {ERRTF2:0-5) - J(
LIMIT AFTER 10 HRS ? $ TIME FAULT No. 2 =
YES
(FEQU < -1)
TOGGLE EQUALIZE
EQUALIZE YES YES | ciaG
CYCLE REQUESTED ? - s
(FEQU + 1)
NO J
{CCOUT == 0 AND
FCHGL = 0) INITIALIZE FLAGS
P.S. DISABLED AND YES {CHGTIM = 0)
DELAY NOT YET STARTED 7 Sarmem sl {FCHGL = ~1)
(DCOUNT = 0)
NO J
{DCOUNT> 75) ENABLEP.S.
YES (FPWR2 = 1)
DELAYED 10 SEC YET ? ) (CCOUT ~ $50)
(FCHG = 1)
{DCOUNT = 0)
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q {VBAT>> VLIM OR ILINE>> ILIM .AND
CCOUT > $80)
{DGOUNT > 4 aAND ccouT < 0) DECREASE
CONTROL
0.5 SEC SINCE YES YES | SETPOINT
LAST CORRECTION ? ornncem— ABOVE SET POINTS ? mai>l (CCOUT = CCOUT+1™
IVBAT < VLIM=VHYS
NO & & ILINE <<|L|M—|Hvs &
ccouT <S$FF ) INCREASE
ves | CONTROL
SET POINT
BELOW SET POINT ? el o N COUT + 1
RESET DELAY FACTOR NO§ y
{DCOUNT = 0) pe=
DELAY CORRECTION 0.133 S
(DCOUNT = DCOUNT +1 OISABLE PS
(FCHG -0). ‘ {CHGOFF)
{FCHGL = 0) <t
{CCOUT = 0)
RETURN TO
EXEC
(2922}

{cont.) BC/SCI1 Software
Charge control module -

Figure 2.D.14

- CHGMPL written in MPL
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C (BATMOD) )

INITIALIZE VARIABLES

Ly

RUN ZONE SEARCH

f (AMPS, TEMPO)

TO FIND R1E, R2E, Q2E
AMPZ = AMPS

CALCULATE;
VPRED = VEQ - VDROP
BATMOD = TIME

IF

VPRED < VCUT
OR
TIME > 12 HRS

ABAT = PWR/ VPRED

TWO STEP SIMULATION PRINCIPLE -

FAST RATE: When discharge rate low < 75W/Cell
or not close to knee of profile (i.e. 80% of
Q2E) else slow rate used

IF
PWR > —75 W/CELL
OR

Q> Q2E-08

FAST RATE SLOW RATE
(4MIN — SIMULATION) (18SEC — SIMULATION)
AMPS = AMPS « 0.600 + ABAT «0.400 AMPS = AMPS » 0.952 + ABAT « 0.048
Q=Q+ ABAT » 0.0657 Q=0Q+ ABAT » 0.005
TIME = TIME + 0.0667 TIME = TIME + 0.005

L J

SKIP ZONE SEARCH IF
the current hasn‘t changed significantly
({use old values for R1E, R2E, Q2E)

YES

|amps — ampPzZ | < 1A

2923)

Figure 2.D.15 BC/SCI Software Battery model — BATMOD written in Fortran as a function
|
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‘ (RST FOR) >

|

CONVERT AND SCALE “INTEGER"” DATA
TO “REAL" TYPE

VBAT = IVBAT + BCFV  (V/CELL)
TBAT = ITBAT (°C)
QBAT = |QBAT + BCFQ (AMP-HR)

¥

EQUILIBRIUM VOLTAGE CALC.

VEQ = (VEQ1 + VEQ2 + TBAT)
+ (VEQ3 + VEQ4 + TBAT) + QBAT

¥

VERR = VBAT - VEQ

NO

CORRECT AMP-HR METER

QBAT = QBAT
+0.50 + VERR/(VEQ3 + VEQ4 + TBAT)
|IQBAT = QBQT / BCFQ

4

RETURN CONTROL TO
EXECUTIVE
FMODE = —1

Figure 2.D0.16  BC/SCI Software

CELLS = 54

IVBAT = 0.050V/BIT 16 BIT 2'S COMP

ITBAT = 1°C/BIT 16 BIT 2'S COMP

IQBAT = 0.2421 AMP-HR/BIT 16 BIT 2'S COMP
{NEGATIVE OUT OF BATTERY)

BCFV = 0.926 E-3 V/CELL/BIT

BCFQ = 0.2421 A-HR/BIT

CONSTANTS:

VEQ1 = 2.161 V/CELL

VEQ2 = -5.16 x 104 (V/CELLY/OC

VEQ3 = 1.217 x 103 {V/CELLY/AHA

VEQ4 = -7.42x 10 [(V/CELL)/A-HR]/°C

12524)

Equilibrium voltage read - rst for written in Fortran
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(2917

C (DISFOR) )

SELF-DISCHARGE CORRECTION:
1QBAT = |QBAT + IDCTIM * RK3
IDCTIM =0

y

INITIALIZE VARIABLES

WHILE
(IFMODE =0}
MODE CHANGE

IQBAT = 0.2421 A-HR/BIT (NEG OUT OF BATTERY)
1QABS TOTAL DISCHARGE SINCE LAST EQUALIZE
IEQTIM = 2MIN/BIT TIME SINCE LAST EQUALIZATION
IDCTIM = SELF - DISCHARGE TIME

IFCHG = 0" NO; —1 YES; 1 SPECIAL

IFMODE = 0" NORMAL; “1"* CHANGE REQUEST;
“~1" GRANT CHANGE

RK1 = —0.006884 = —0.05A/(30 BIT/HR * 0.2421 A-HR/BIT)

NOT REQUESTED

CALL AVERAGING ROUTINE (AVGFOR]} -

4

SET EQUALIZE IF NEEDED:
(FEQU = -1)

IQABS + IQBAT = ~500 A-HR
OR IEQTIM > 7 DAYS

¥

SET WAKE-UP MODE FOR 2 HRS:
1IF> 4.8 A-HR REMOVED (IWAKEF = 2)

¥

BATTERY STATE - DETERMINATION
CALCULATE : VEQ, VDROP, VP, RDEL

I T

| ERROR - RECORD UPDATE * ]
l CALCULATE, SORT, STUFF, I
I AVERAGE, ENTRY, SQUEEZE |

L—.————T_.___—__I

PREDICTED VOLTAGE ERROR —
COMPENSATION

IF AMPS <{0.0 AND VBAT — VPRED < -0.02v
CALC: QMEAS

(ZONE)
(VEQ)
{(VDROP)

&

SET CHANGE REQUEST (1FCHG = —1)
IF > 10 A-HR REMOVED
SINCE LAST CHARGE CYCLE

RETURN CONTROL TO
EXECUTIVE
IFMODE = —1

*ONLY REQUIRED
If THINK MODE
USED: NOT IMPLEMENTED
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Figure 2.D.17
BC/SCI Software

Discharge monitor flowchart - DISFOR
written in Fortran (cont.)



| PWR = —185.2 W/CELL I
| VCUT = 1.443 V/CELL |
| | STANDARD
| RATE
CALL BAT. MODEL SUBROUTINE | soc
| (BATMOD)
| TIME = {{PWR, VCUT, QI, TEMP, AMPS) | (BARGRAPHI
| l
[ DETERMINE: SOC (STD) |
IDSOC = TIME * 10 BARS |
| 185W/CELL/200W-HR/CELL + 0.5
|
- -
SKIP ARB. RATE IF
I\ PWRF > 30 W/CELL
——_—— e ———
PWR = PWRF W/CELL
VeUT - flpg) VICELL ARBITRARY
¥ RATE
soc

CALL BAT. MODEL SUBROUTINE
(BATMOD)

TIMEM = f(PWR, VCUT, Q!, TEMP, AMPS

(MILES REMAINING)

¢

DETERMINE: SOC (ARB)

IDMILE = TIMEM =
SPDF/ISPCAL + 0.5

—— ——— o —— —— —— S— — g—

2918)

Figure 2.0.17 (Cont.) BC/SCI Software
Discharge monitor flowchart - DISFOR written in Fortran
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-

[m———— -

C { THK FOR) ’

~

~
- ~
WHILE
¢< MODE CHANGE >m - oD &5 e = —j

~ NoT REQUESTED _ ~

-

~ -~ - -
D:l/(IF MODE = 0) |
-7 ~ '
“ S5~ YES
~~ ADAPTER PROCESS ~ ~
< COMPLETED ? Sum as wn o - - -
~ -
~ -
~o . l

| |

r- l [ SET APPROPRIATE PARAMETERS |
INTERATIVE | FOR EXIT I

l PARAMETER |

| ADAPTER | —_————— e ————

i SCHEME | RETURN CONTROL TO

l_ _J EXECUTIVE FMODE = -1
- = - .'. - - | .
|

—————ad

2925}

Figure 2.0.18  BC/SCI Software

Parameter adapter flowchart THK FOR
Possible structure not presently implemented
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is set up for the next analog signal. Other hardware functions such as
scanning inputs and controlling outputs completes the required tasks. The
typical execution time for this program is approximately 10 millseconds. It

is repeated for each conversion cycle (.133 sec) and thus consumes 7.5% of the
processor time.

The normal program execution starts with the executive performing the
system initialization. [t determines which mode has been selected and checks
for valid data. Since the data acquisition is asynchronous to the main
program execution, the executive must wait until the A/D conversion cycle is
completed after which the data valid flag is set (DVALF=1). The executive
then passes control to the appropriate Fortran subroutine Figure (2.D.12).

To guarantee controlled interaction a simple handshaking scheme was
developed. If FMODE=0, the Fortran program can operate normally. When this
flag is set (FMODE=1) by the interrupt program (i.e., operator requesting a
mode change) the Fortran. program must orderly complete whatever its doing,
acknowledge the request (FMODE=-1) and return control back to the executive.
The executive may then select a new mode, or the interrupt program can shut
the system down depending upon requirements. This rigorous sequence
guarantees predictable system operation whether the Fortran program is written
with a Tlooping (CHGFOR, DISFOR) or sequential (RSTFOR, INIFOR) program
structure.

A common area in RAM has been defined to provide a means of passing
arguments (data) between the assembly language executive and the Fortran
subroutines and functions. This area is defined and represented in Figure
2.D.19 using a common statement for each Fortran routine and CSCT in the
assembly language program. Since the entries in a common area share storage
locations, their order (or memory address) is significant but not the variable
name. [t should be noted that integers occupy 2 bytes of storage while real
numbers occupy 4 bytes of storage.- A unique aspect of the BC/SCI common area
is that variables which are defined by the first three statements (32 bytes)
are initialized to zero during each power-up sequence; whereas the remaining
eight statements (218 bytes) are non-volatile in nature. This structure,
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FIRST MEMORY LOCATION

[1] 1 2 3 4 5 6 7
IFM(:)DE IWAKE F IVLIM IFIN;I
| ; } 1
IBAT IVBAT ITBAT ISPEED
T T $ ;
| AMPSF { 1 TEMPF 1
; } + v :
| PWRF | | SPDlF }
i 1 § T
1QBAT IQBATX IQLAST 1QABS
IFRST IFCHG IFTHK IFE:QU
IRESET ISPCAL IDS(;)C IDMiLLE
IDCTIM IEQTIM ICG1:'IM
T 144 BYTES R1,R2,02  TABLE
T | 1
| RK? I
1 — T t 4 {
! RK2 " ; RK3 |
t -1 t t } —
| RK4 | | VEQ1 |
L (1 i - | L 1
] 1 T T T T
l VEQ2 | I VEQ3 |
" [l 1 L L []
J | T t 1 +
I VEQ4 I | BCFQ !
1 " k) T T
l BCFV | | BCFTIM |
- [ 5 | ] ]
Figure 2.D.19 Common Area — Memory Map
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while being memory efficient also simplifies the task of calling a Fortran
subroutine from an assembly language program since arguments are passed in
this common area rather than at time of call.

Several significant advantages should be obvious from the described
structure. First the data acquisition and hardware functions are transparent

to the Fortran programs. Secondly, each module may be written and modified
independently of the others (except for common statements). And finally,

simple handshaking and variable passing insures highly reliable and
predictable system performance.

2.0.3.b System Operation and Calibration

Discharge

The system has been designed to minimize operator interface and
calibration requirements. The operation of the SCI is slaved to the electric
vehicle controller via a simple two wire interface. The controller must
supply an isolated switch closure to the green and black wire of the interface
cable. (Note: Black wire common to propulsion battery negative.) This set of
contacts should be normally open and close only when the electric vehicle is
enabled. As a safety feature the BC/SCI provides an isolated interlock signal
(white and red wires) for use by the controller. This signal will be normally
open but 1is closed when the ac line cord is attached to the BC/SCI. This
signal should be utilized to prevent controller operation when the line cord
is connected.

The discharge mode will then be selected whenever the front panel
selector is in a normal position (15, 20, or 30 amps) and the electric vehicle
is operated. In this mode the remote display will normally illuminate the SOC
bargraph. The miles remaining display may be requested by pressing the
pushbutton switch marked "miles remaining" on the display module. The display
will now show, to the nearest mile, instantaneous miles remaining (averaged
over the most recent 30 sec of driving). This function is only calculated for
power levels exceedng 30 watts/cell. This mode will be maintained as long as
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the pushbutton is depressed and for five seconds after it is released. It
should be noted that after the unit is switched off the system must terminate

present activity before the display disappears. This results in a varijable
turn-off-delay possibly as long as 17 seconds.

Charge

The charge cycle 1is initiated by selecting the appropriate current
setting, plugging the ac 1line cord into the front panel receptacle and
switching the front breaker from the "off" to the "on" position. This in-turn
supplies power to the fan and base drive power supply and sends a one-second
enable pulse to the system logic power supply.

This enable pulse provides sufficient time for the microcomputer to
start operating and latch the power supply on. The power up sequence is noted
by all front panel lights being illuminated for a short time. If a charge

cycle has been requested (by the charge mode) the "charge" light will begin

flashing at a 0.5Hz rate. This indicates that the power stage will be enabled
after a 10 second delay (5 flashes). Once enabled the "charge" Tlight is

illuminated continuously. During the charge cycle the remote display is
normally blankeu bu. state of charge may be requested by depressing the "miles
remairning" pushbutton. This display will be maintained as long as the
pushbutton is depressed and will extinguish 5 seconds after it is released.
It should be noted :'.at the state of charge displayed during a charge cycle is
not the same as that which is displayed during discharge. The charge cycle
displayed is a simple percentage of ampere-hours normalized for a new battery
at room temperature. The front panel current selector is marked for the
oriainal ac line requirements (15, 20, or 30 amps) for a 3kW charger. These
settings have been appru,riately scaled for the present 1kW rating (3, 6, or 9
amps) .

If the system has requested an equalize cycle (500 A-hr removed or 7
days has elapsed since the last equalize cycle) the "EQUALIZE" Tlight will
illuminate when the charger is turned on. This indicates that the battery
will be equalized during this charge cycle unless the operator defers it by
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depressing the front panel switch marked "DEFER EQUALIZE". This will defer
the equalize cycle until the next time a charge cycle is initiated.

When the charge cycle is completed the microcomputer will extinguish
all indicators and shut itself off. It should be noted that although the
charge cycle is completed the main power breaker will remain on and the
internal fan will continue to operate. A discharge cycle may now be run by
turning the power breaker to the "off" position and disconnecting the ac line

cord. If no discharge cycle is required the breaker maybe left in the "on"
position. This will allow the microcomputer to run an equalize charge cycle

every 7 days, an accepted standard for keeping the battery in good condition.

Wake-up

This special mode is normally transparent to the operator. The mode
will be self-initiated when the battery has rested two hours after a
discharge-cycle of at least 4.8 ampere-hours. The system will power itself
up, read battery data and appropriately modify the system ampere-hour meter if
required before turning itself off. Once this mode is completed, another
discharge must take place before the mode is again requested.

Calibration

The system was designed to minimize initialization and calibration
requirements. Once the SCI has been configured for a particular
battery/vehicle combination, no additional operator interaction is normally
required. To properly configure the SCI, the battery parameters must be
initialized and the speed transducer calibrated. A new equalized battery
should be attached to the system and the inductive speed pickup with magnets
properly mounted to the vehicle. To perform this simple procedure, turn the
front panel selector switch to the un-marked position immediately to the left
of "AUX". Next, turn the unit on for a normal discharge cycle. The unit will
power up and the "warning" indicator will flash with all zeros on the numeric
display. The warning indicator signifies that you are in the "calibration
mode."” The battery parameters have already been initialized, and the system
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is awaiting the transducer calibration sequence. The system has a default
calibration factor which is selected for a vehicle having 13" diameter wheels,
radial tires and sensing a rotating element with a 1:1 speed ratio with
respect to the wheels. If this configuration 'is adequate the sequence can be
terminated by 'returning the front panel se]ebtion to one of the normal
positions (15, 20 or 30 amps). If not, the vehicle should be driven over a
measured mile with the "miles remaining" pushbutton depressed once at the
begining and again at the end. The numeric display will flash and slowly
increment during this calibration interval. Speed is not a factor during this
proceedure since pulses/mile are being determined. Once this is completed the
sequence is terminated by returning the front panel selector to its original
position. Calibration is now complete and the system will "remember" these

factors as 1long as the system memory remains non-volatile (see logic
description).

Diagnostics

The BC/SCI has a high degree of self-diagnostics to assist both the
operator or repair personnel in isolating problems in the system. Tables
2.D0.2 and 2.D.3 list all possible fault codes presently incorporated into the
system« A fault 1is normally indicated three ways. First, the "FAULT"
indicator on the front panel will be enabled for all faults. Second, the
remote display will show an error code using the three numeric digits.

Finally, if the fault corresponds to a particular board the edge mounted LED
on that board will be illuminated.

A complete diagnostic sequence is executed everytime the unit is
powered-up, and a sub-set thereof is performed while the system is
operating. As diagnostics are performed on each board the LED on the
particular board will be illuminated and then extinguished after the test is
successfully completed. [f a fault is detected, the test sequence will be
stopped, and the display will show a particular error code. This code can
then be used to determine the particular test which failed and isolate
possible causes. The fault descriptions provided in the tables primarily

identify the test and make no attempt to outline all possible causes for a
given problem.
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Table 2.D.2
Charger Run Time Fault Description
Fault Error Codes Appear on Display as: 0=X or 2-X

01 ERRBLO - Battery Below Min Value

02 ERRBHI - Battery Above Max Value

03 ERRBOP -.Battery Disconnected During Operation (Opened)

04 ERRTF1 - Time Fault =1 - Prolonged Low Battery Voltage
Operation

05 ERRTF2 - Time Fault =2 - Prolonged Operation Without Reaching
Voltage Regulation

06 ERRSW3 - Invalid Switch Setting for Charger Operation

21 ERRCHG - Power Stage Fault
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Table 2.D.3
System Erro'r Codes

4 MSB Primary - Assembly or Category
4 LSB Secondary - Error Within Assembly or Category

Note: Q0X Indicates Run Time Faults Check MPL Listing
ERRPWR 011 AUX. - Power Defective - RAM, Time Info. Lost
ERRCHG 21 Power Stage Fault Used INLMPL

ERRADC 931 A/D Conversion Invalid

ERROF 232 A/D Overflow Indication

ERRNEG 233 Analog Input Incorrect Polarity
ERRSM1 Q34 Select Mode - Invalid Mode

ERRROM 041 ROM Checksum Error
ERRRAM 42 Bits In RAM Will Not Toggle
ERRCIO 43 1/Sec Interrupt

ERRCLK 944 Real Time Clock Doesn't Advance
ERRPIA @45 PIA A Input Fault

ERRPIB @46 PIA B Input Fault

ERRPOA @47 PIA A Qutput Fault
ERRPOB Q48 PIA B Output Fault (Internal Check Only)

ERRTBS 70 Battery Thermistor Shorted

ERRTES @71 Enclosure Thermistor Shorted

ERRTFS @72 Fet Thermistor Shorted

ERRTAS @73 Ambient Thermistor Shorted

ERRTBO @75 Battery Thermistor Open or Fuse Blown
ERRTEO Q76 Enclosure Thermistor Open

ERRTFO Q77 FET Thermistor Open or Fuse Blown
ERRTA0O @78 Ambient Thermistor Open or Fuse Blown

ERRTBA @81 Battery Overtemp.
ERRTEN @82 Enclosure Overtemp.

ERRTFE @83 FET Overtemp.
ERRTAM 84 Ambient Qvertemp.

ERRBAT Q91 BAT. Below Min. Value
ERRFPI 992 Invalid Switch Setting
ERRSOF Q93 Speed Transducer Calibration Error
ERRSHI @94 Speed Counter Overflow
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Since a given problem may provide multiple fault codes, all codes
should be viewed before a determination is made as to the cause. This is done
by depressing the "MILES REMAINING" pushbutton to direct the system to proceed
with the remaining diagnostics. This sequence should be repeated until all
codes are noted. Care should be exercised since the system will attempt
operation after all faults are identified.

The format of the codes are two digits separated by a hyphen (i.e., x-
X) . The first number corresponds to a category while the second number
identifies a particular problem within that category. For example all codes
with a seven as the first digit correspond to a thermistor related problem. A
7-5 signifies battery thermistor open or fuse blown. This could be caused by
a fuse blown on A3, a bad thermistor (opened) or possibly the battery probe
not properly connected. ‘ ’

A fault that is detected during. normal system operation stops all
activities. The fault will be displayed as long as’ it exisfs or for a minimum
of five seconds. If the problem disappears the system will attempt to
continue where it was interrupted prior to the fault éondition (e.g. 8-2
enclosure overtemperature). Additional information regarding the cause of a
particular operating fault may be obtained from a complete power-up diagnostic
proceedure. o o '

Test

A special mode has been included in the system to brovide useful
information during system troubleshooting. This mode allows you to observe
selected variables during actual system operation.' The mode is entered after
the system is operating by switching the DIP switch No.4 on A3 to the "ON"
position. During discharge this same mode can be entered by turning the front
panel selector switch to the un-marked 12 6}c10¢k setting.

The display will illuminate ,thev warning, bargraph and numeric
elements. The value displayed corresponds to the present software version

number. The mode can display up to ten bytes (8 bits) in decimal form of any
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memory location. The resulting display is non-standard but can be extremely
useful for troubleshooting without any sophisticated test equipment.

The test sequence in the present version (i.e., 1.00) is as follows:

10% - Battery Voltage (8MSB)

20% - Battery Voltage (8LSB) .050 v/BIT
30% - Charging Voltage Limit (8MSB)

40% - Charging Voltage Limit (8LSB) .050 v/BIT
50% - Ampere-hour (8MSB)

60% - Ampere-hour (8LSB)  .2421 A-HR/BIT

70% - Battery Current (8MSB)

80% - Battery Current (8LSB) .1A/BIT

90% - Mode Flag O0=Normal; 1=Request change; 256=Grant Change

The percentage factor corresponds to the bargraph display when the
information is shown. A particular item may be selected by depressing the
"MILES REMAINING" button the appropriate number of times. Scaling factors
have been included to allow conversion to more familar units, but care should
be exercised to proper]y' weigh the most significant bits. For example a
voltage reading of 008 (8MSB) and 112 (8LSB) could be converted to volts by
the following equation. |

[(8MsB)] x 256 + (8LSB)1 .050 = Battery Voltage
or [(008)] x 256 + (112)1 .050 = 108.0 Volts

It should be noted that a number for battery current between 128 and
256 as the most significant byte indicates a negative quantity in two's-
complement arithmetic and should be converted before using the scaling factor
provided.
2.D.4 Physical Description

The complete BC/SCI is pictured in Figure 2.D.20. This photo shows the
main enclosure housing the power section and the control electronics and the
remote display. Figure 2.D.21 shows the comparison interface module used to
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Figure 2.D.21 System Interface Module (2990)
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insert the system transducers between the battery and vehicle controller and
provide the charger connection to the battery. The weights and dimensions of
those three assemblies is summarized in Table 2.D.4.

Table 2.D.4
BC/SCI Assemblies Weight-Dimensions

Assembly Weight Size

Main Enclosure 29.5 1bs 19.0" x 8 13/16" x 10.0"
Display 1.05 1b 6.30" x 3.2" x 2.5"
Interface 3.2 1b 8 15/16" x 4 1/4" x 2 7/16"
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Mechanical Construction of Transformer Connection to Output Rectifiers

Figure 2.D.22(a)



The weight distribution of the Main Enclosure is summarized in Table 2.D.5.

Item

Table 2.D.5

Enclosure

ac Circuit Breaker and Connector

Control Electronics/Power Supplies/Card Nest

Power Electronics
Transformer

Qutput Filter

Output Diode and Heat Sink

Input Diode and Heat Sink

Filter Inductor, Capacitor

Boost Inductor

Darlington Xistors and Heat Sink

FET and Heat Sink
Fan
Base Drive

Bus Bars/Mounting Hardware

FET Drive

Total

Weight (1b)

7.0
0.6

4.0

3.40
1.75
0.92
0.22
0.7
5.0
0.9
0.8
1.0
0.8
2.10
0.5

29.7 1b

The goal of high electrical efficiency impacted the mechanical design

of the charger, particularly the

construction

of the power

circuit

secondary. In order to minimize the leakage inductance inserted between the
~ isolation transformer's secondary terminals and the filter capacitor, a strip
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Figure 2.D.22 (b)

Photo of Stripline Style Connection between Rectifiers and Output Capacitor
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1ine parallel-plate conductor construction was employed. This is illustrated
in Figures 2.D.22 (a) and (b) respectively which show the interconnects
between the transformer and the output rectifiers (a) and between the
rectifiers and the output filter capacitor (b). The parallel plate conductor
construction is mandatory to minimize secondary circuit leakage inductance.

For completeness, the weight of the entire BC/SCI system is tabulated
including all power and interface cables.

Table 2.D.6

Item Weight (1b

Main Enclosure 29.7
Display Module 1.1
Interface Module 3.2
Charger-Interface Cables 3.5
ac Line Cord 10.0
GFI Pigtail 5.0

Module Interconnection Cabling 0.5

Total 53.0 1b
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2.E Test Program

The test program consisted of a series of measurements to quantify the
efficiency of the charger, the 1ine distortion, and the accuracy of the
operational SOC algorithm imbedded in the microcomputer system.

2.E.1 Power Electronics

[t should be noted that downgrading the output power to 1kW did result
in reduced efficiency and increased distortion compared to the original target
goals. The efficiency of the charger was measured at an operating input power
level of TkW. The input power was measured with a Weston Model 432 wattmeter,
and the output power was calculated using the product of the average battery
voltage and the average battery current using 4 1/2 digit FLUKE meters. This
approximation to determine the output power is valid since the battery ripple
voltage is only 2Vp-p. The measured efficiency was 87%. This includes the
loss attributable to the cooling fans, power supplies, and microcomputer
system. The power circuit itself approaches the 90% efficiency level.
Approximately 3% of the power is consumed by the fans and power supplies.

The line distortion of the input current waveform was measured with a
HP333A Distortion Analyzer and a HP3580 Spectrum Analyzer. The measured
harmonic distortion of the line current is 7.4%. This is compared to the
calculated distortion employing all significant harmonics up through the 17th
of 7.98%. Figure 2.E.1 shows the low order current spectrum. However, the ac

1ine voltage used to program the current is not a pure sinusoid, as shown by
its voltage spectrum in Figure 2.E.2. Its calculated Total Harmonic

Distortion (THD), also through the 17th harmonic, is 2.5% and implies that the
charger, if perfect, would also exhibit a current THD of 2.5%. Therefore the
charger introduces a THD of approximately 5% (7.4-2.5) on the utility grid at

the 1kW operating point. Figure 2.E.3 shows the high order current spectrum,
specifically the 40kHz and 20kHz switching noise. The THD introduced by these
spectral lines is only 0.64%.
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LOW ORDER VOLTAGE SPECTRUM

3

Figure 2.E.2 Harmonic Spectra of the applied ac line voltage
1st harmonic = 60 Hz; 3rd harmonic = 180 Hz; etc.
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Figure 2.E.3 Harmonic Spectra of the BC/SCI line current due to
switching noise
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2.E.2 SOC Algorithm

The complete BC/SCI system was attached to a 54-cell battery composed
of Gould PB-220 6V golf-cart batteries. Two complete discharge-charge cycles
were performed and the results presented graphically in Figures 2.E.4 and
2.E.5.

In Figure 2.E.4, the actual battery state-of-charge, the average cell
voltage, and the displayed SOC is plotted as a function of time during a
constant-power discharge of 10kW (185W/cell). The predicted SOC is optimistic
near this end of the discharge. This is due in part to the poor performance
of this particular battery pack (only 148Wh/cell compared with 200Wh/cell
nominally) and the unavailability of a parameter adapter in the implemented
BC/SCI.

In Figure 2.E.5, a constant-power discharge was also performed, but two
six-minute rest periods were included in the test to demonstrate the ability
of the SOC to track battery recuperation. Again, the SOC is optimistic. The
battery parameter adaptor was not included in the SOC hardware and software
due to the time limitation of the contract. The adaptor would allow for more
accurate SOC indications, especially with sub-standard battery packs.
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3. Conclusions and Recommendations

The BC/SCI system designed and constructed during this contract
successfully fulfilled most of the original performance target goals. Some of
the targets were revised during the program due to state-of-the-art
Timitations and the short duration of the program. Overall efficiency of the
charger is 87% at an output power level of 1kVA which is consistent with the
original goal of 90 percent or better at 3kVA. The weight of the entire
BC/SCI system 1is wunder 531b including the pigtails and interconnecting
cables. The charger introduces a T.H.D. of 5% on the utility grid at the 1kW
operating point. Although this 1is more than the original target, it is
extremely low considering the present state-of-the-art. The power factor of
the charger is at the targeted goal of 0.%1.
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The battery SOC algorithm implemented in the BC/SCI is capable of +0,
-10% accuracy only when equipped with accurate battery parameters. The
feasibility -of tracking these battery parameters as the battery ages was
demonstrated under laboratory conditions; however it is not included in the
BC/SCI - software set. The contract program was too short to complete the
development required to implement the adaptor algorithm.

The battery recharge algorithm incorporates depth-of-charge information
obtained while calculating the SOC. This charging information should prolong
the Tife of the propulsion battery since the amount of overcharge is carefully
controlled,

The impact of transformer isolation on circuit efficiencies and
protection circuitry is significant. The inclusion of the transformer in the
charger eliminates the only stiff voltage bus in the system (the battery) and
makes measurements of the battery terminal voltage for circuit protection
difficult. As a result, the transformer must be of extremely high quality,
particularly in minimizing its leakage inductance, since no voltage source is
available for snubbing.

The microcomputer system which exercises the algorithms 1is also
complex. The self-diagnostics imbedded within the system are also mandatory
in a computer of this size.

Some recommendations are suggested for future high performance EV
battery chargers:

1. Elimination of the transformer in the charger circuit topology could
increase the energy conversion efficiency by 3% or more. In addition,
a more foolproof scheme of circuit protection could be instituted.
There is, however, a safety réquirement to isolate the input power line
from the battery charging cables. Alternate means of accomplishing
this isolation could be investigated.
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The goal of Tlimiting the RMS harmonic currents injected into the
utility to 100mA or less is, in Gould's opinion, too strict. The 100mA
limit is equivalent to 0.4% T.H.D. Utilities can be satisfied with
significantly higher distortion. If the injected RMS current was 1A,
the T.H.D. in the line current would only be 4%. This assumes full
current operation of 25ARMS‘ Gould reccmmends that 5% T.H.D. be the
Timit.

An adaptive algorithm is required to insure accurate (+0, -10%) SOC
indication over the useful 1life of the battery.- A significant
development effort would be required to implement an algorithm with the
existing hardware package. Gould recommends that this developmental
effort be initiated.
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BC/SCI Electrical Schematics
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Appendix 2

Alphabetical Glossary of BC/SCI FORTRAN Modules
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Alphabetical Glossary of BC/SCI FORTRAN Modules

AVGFOR - This subroutine performs the required averaging of data for time
constants greater than thirty seconds in duration. Battery current and
temperature are averaged over one battery time constant (6 min), while vehicle
speed and power are averaged over thirty seconds. Proper scaling to common
engineering units is also performed by this routine.

BATMOD - This function models the battery in increments of time using the
input parameters as a starting point and iteratively removes energy at
constant power until the cutoff voltage is reached. The module is called with
arguments for the present current, temperature, and state (amp-hours) of the
battery, in addition to the desired values for the discharge power level and
final cutoff voltage. The simulation iterates until the predicted voltage is
less than the desired cutoff voltage. The function returns to the calling
program with a value for the time (in hours) to cutoff.

CHGFOR -~ The charge monitor subroutine controls the BC/SCI operation during
the charge cycle. The routine calculates the charge required to recharge a
battery for a given temperature and depth of discharge. It also determines
the appropriate voltage limit based upon electrolyte temperature and whether

equalization is required. Charge acceptance and state of charge functions are
also performed by this program.

DISFOR - The discharge monitor tracks parameters during a discharge and
determines the battery state-of-charge for both the standard and arbitrary
rates. Amp-hour meter compensation is also provided by comparing the known
voltage with the predicted values. This error signal is appropriately
“weighted" with a confidence factor.
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EVALZD - This function calculates the battery parameter values from a two
dimensional table. Using the indexes and fractions for each of the two
dimensions of the battery parameter table, a linear interpolation is made to
determine the actual value for a given temperature and current. This general

approach allows the function to be used for all three battery parameters (R1,
R2, Q2) using appropriate arguments.

FDELTA - The function calculates the fractional distance that a given value is
between the two most adjacent elements in-a list.

INIFOR - The initialization subroutine initializes all parameters' normally
stored in Fortran common area (RAM). These parameters include the 'I-T table
“of RI, R2 and Q2 determined for a set of 54-Gould PB220 lead-acid cells.
Fortran scaling factors normally stored in random access memory are also
initialized by this routine. [If requested this program will also initialize
the amp-hour meter using the equilibrium voltage and temperature as a direct
determination for the battery's state of charge. '

RSTFOR - The rest monitor subroutine, uses the battery voltage and temperature
to determine a correction factor for the system amp-hour meter.

TEMPFN - This fixed shaped function is evaluated for a specific plateau and

valley over a 40<C temperature range. The "V" shaped function is centered at
27.5<C and spans *20<C. '

VDROP - This function calculates the. internal voltage term for the battery
model's impedance. This factor is based upon the battery parameters (R1, R2,
Q2) and present conditions (Q, I). The answer is scaled to a volts/cell
basis.

VEQ - This function calculates the eqilibrium voltage based upon battery state
of charge and temperature. The calculated answer is scaled in volts per cell.
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IONE - This subroutine controls the table search and interpolation of the
battery parameters as a function of current and temperature. The boundary
values for the [-T matrix are defined by the subroutine.

IRQQ1 - This function calculates the portion of the battery impedance term
which is dependent upon state of charge, An upper limit is imposed for the
maximum value for this term.

SPECIAL NOTES:
THKFOR - This subroutine is where the parameter adaptation scheme would

normally be implemented. A dummy subroutine is included to satisfy all the
symbol requirements of the linking loader.
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MODULE NAFE:  VECTOR
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XEus T "‘K‘H (] (] + Il f\l

T
{
1
r
T
T
I
T
=T

| H( Iz

*XK SYSTEM EQUATES

,' KK

[]"1‘5. 0 LERH (s PAGED Vsl XD Wk
0452 ROMS SO 000 STERT ol
354 ROME B SEFEE AN ST IR
0466 %

03458 PO CONFTGURATIION  DORCD&ETA DITRECTION REG. & PROPERTFHERSL REG,
a0 %

0572 FTABDR EQL Z00120001 CELOUNY NEG,  — TROQ ENAELEDS CESCQUIT et 0 D
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FAGE

0474
04746
0478
0480
0182
04684
0486
(0488
0490
0492
0494
04924
0494
03500
naEaa
0504
0506
05083
510
0512
0314
N514
0%1.8
0520
0E22
0524
0E36
0oh28

0330 T

053
0534
0534
0538
0540
0G4
0544
03 ‘v} é

l" e
0560
05462
0564
05466
0ne )Ot v
0570
0NH72
0574
0576
0578
0%5a0
0582
NS84
NE86
0583

00%  BCSCY

FILAEFR
FIAADR
FraaFR
DSOM
DSOFF

WK
KK
XX

FTAXAD
HARMEF
FINT
IBECT
MUXFTIR
LVALLUE
DVALF
Gl
FavG

F AL
SF0C
FSHUTD
FMODER
FHMODE
FFLT
FTST
BDELAY
DEFLT
STHTR

2 DFLTC

UFDATE
DSTAT
DSTATM
DENAIR
3iMUM
DIV
OO
BT

(B ) I i)F\l-'

CLOuUT

. FROUT
L AROUT
CHGH
FOHGL.
FR &
FFL.ASH
FL.ASHY
FLASHL,

K
K
XX

EDELAY
X

EQLU
EQU
EQU
EQU
EGU
SEG

L.OCAL.

BSCT
RME:
RMEs
M
RME
Rt
Mk
M
FeMEs
FeME:
[XMER
FeMi
FRMES
Rk
RME
Rl
Pk
Femilz:
ME
il
RME
Feirtlz
RME:
FuiME
eME
FemMs
FaME
FeiMiE:
R
I MI-

[ i"ll“
RME
Fepil
Fupigs
RME
RME
Feiifss
FME
RME
SEC

L.O0CAL

D&CY

i

5A: L

P

%0011.0101 i PR
%00111011 CAL(INY POS. ~ FIRQ ENAELED; CAZCOUT)="1%; DDR
200111111 , i PR
FIAAFRY. $F7 CAZ *0" DEVICE SELECT ACTIVE
FIAAFR  CAZ "1' DEVICE SELECT DISAELED

)
wt

VARTAELE STORAGE AREA - DIRECT MODE ADDRESSING

DUMMY COFY OF FIALAD (P8 REGCISTER)
HARM-STERT FLAG INDICATES WATCH-DOG RESET
THNITIALIZATION Fl.at

INTERRUFT SECONDS COUNTER
MULTIFLEXIER TaABLE FOINTER

TEMFORARY STORAGE OF LAST &0 VallE
DATA VALID FLAG

A CYCLE COUNTER

DATH AVERAGE FLAG

CALTIERATE MODE FLAG

SFEED LOOF COUNTER

SHUTDOWRN DELAY FLAG

ARG CHANGE. FL.AG

FOXNTER FOR FRESENT OFERGTING MODE
FaULT DISPLAY Flae "1 ACTIVE

TEST DISFLAY FLAG "1" ACTIVE,; RUNNING
Fl.aG USED T HOLD SWl REMOTE DI SPLAY BLTTOM
DEFaULT FLa: FORCES DEFALUT SETTINGS
TEST ROUTIME TABLE POINTER

FAULT DELAY COUNTER

TRANSPHTITTED FATTERN SEQUENCE

WARN, AC-ON, WHTER, EQLALTIE:  FAULT, Bak, NUM, GRID
DISFLAY STATUS MASK

EINARY CODED BAR FOSTTION

roos 105 L5

DIVINER WORSFACE

TRANSHMIT LOOF COUNTER

TRANSMIT BYTE COUNTER

FOMER STAGE DISARBLE FLAG

FRONT PaNEL TNPLITS

BYSTEM THNFUTS

ALK THPUTE

CHARGER: CONTROL. QULITFUTS

FRONT FaMNEL DUTPUTS:  HMABK

ALXTLIARY QUTRUTS

CHARGE FLAG & DELAY COUNMTER

CHARGE, INDICATOR

HWARNING TNHDIOCATOR

Fil.AagH COUNT

VD FLASH

LED FlLASH

R X

[ ]
i~

PR X 1

[N

$ . .. PP o s P . Vvt e e s
Y b Y b peb e G L) P ded i O fe R RS e B Rl P o B b

]

) md bbb D Rk el ped B

UVARTAELE STORAGGE aRES - NON-VOLATILE

a2 ELECTROLYTE DELAY COUNT
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FAGE.

4590
0Ed
0594
0394
0598
0400
daDE
0604
0HNG
5600
1619
0612
04614
NHLé
04618
0620
Ug\’ 2

U NUTS

CEGT DHA L

X FROM TIDENTIFIER BYTES

*
1D
CHSUM
KK
HOK
K
K

¥A
THXT

e

() A“M

0636
38
01640
0442

649 o

D&4 o

et

x* N

*® I

s M

‘](‘\ &H2
&4
1Y "-(‘)

U é.f [}
D672
04674
0674
0&7 6
NAEN
0&HE
01684
1488
IFYEES
&%)
D&
0494
1496
[l()( \[ \
070 (]
a7ae
0704

INXTL

 THITLA

FROM FrOM I D, BYTES VERSTON 4
£ 4 FROM SEGUENCE
BEFE CHECK SUM TEST BYTE

FCE
R 1 E1EN

HARDWARE CNITEALIZATION SEGUENCE -~ RESET

QLG EHE0 HsBR TNTERRUPTS  (SWE RE-ENTRY)
LDS FHHTACH  TMNITIALLZE SYSTEM STACH FOTMTER
1oL FELOGAL THITIALIZE GLOEAL POINTER

L.DA RGBT

TFR fre THNITEALTZE DIRECT PAGE REGISTER

LGSR FLAINT THETEALIZE FLa
ORER-UR OR WATOH-DOG RESET

TR L AEOUT NORMAL, FOMER-UP BESETY? HOLD QFF
SEL INITL YES

L1o0 WeiME WaRM-START FLA&G

I, HI i FWART ‘

LEEQR WOTART fl-.-n \Jl WP T s START ENTRY FOINT

ORMaL START-UF o FUN COMPLETE SIAGHNOSTICHS & TNITIALTZE

NITIALLEE SYSTEM FLAGE & SCRATCH FAD SREA

FSFED+HL LOWER ADDRESS LIMIT +1 ONOT FLANAD)
0, X+ CLESR BT

1l CELKZ UFFER ADDRESS  LIXMIT

GET: HOLD .
SEHABLE FOWER

TR0 Fall T,

Gl [ l)lH
FEOFOF .
FEOUT SET: FAULT, CHG, B, WaTER JLED &5
IENINAY

DIOFUT INTALLIE TMNFUTT SWITCH FOSTTIONS

RUM SYSETEM DIAGNOSTIC ~ wi

FLaTeT
RUOMTET
WG

REMTET
CLIKTST

T l l\lll,l~\r1|| l‘l CEYTE UHECKSU
T WATCH-L

- BT TOGGLE

RTCYSR

601 TIMER COMPARE - WéakE-LI MODE
TMITLE:

RTCLDM

CiikA {EB02 LoD OF LOMGERD WEE -~ PEIRICOD
EHS INYITLE YES: DONST RUN FORRST SLIE I\UIIIJNI
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FAGE

0704
0708
0710
0712
0714
0714
0718
0720
0722
0724
0726
nzaee
0730
0732
0734
07364
0738
0740
0742
0744
0746
0748
0750
0752
0754
0756
0758
0740
0762
0744
0766
0748
770
0772
0774
0776
0778
0780
0782
07834
0786
0788
0720
0792
0724
0776
0726
0eng
0802
0804
080&
0808
0810
0812
0814
0816
0818
08320

007 RECSCL

L.DX
8TX
INITLE CLR
x
LESK
L.DD
CHiED
L0
LD
5TD
8TD
*

. 5A:)

-1
FRSET

RTCBEY

TIMEA
EQUTIM
#5040
INTITLC
-1
FEQU
FCHG

SET FLAG FOR REST MODIE
DISABLE STANDEY INTERRUPT

CORRECT TIME COUNTERS FOR SHUTDOWN FERTIOD

TEST FOR 7 DAYS
NO: DON'T EQUALTZE

SET EQUALIZE Flaag
SET CHARGE REQUEST FLAG

X INITIALTZE CONTROL FLAGS

X

TNXTIC LD
8ThA
8TD

LESR

L.DA
BXTA
BiEQ
LDD
BT
b
INITZ  LESR

LIESRKR

TET

EEQ
*

() 4
INITZ2a CLR

CHFX

EL.0
*

-1
FENT
FMODE
DINFUT

FFIN
FHE0
INTTZ
3 N
FCHG

SHMODE
PURTST

DEFL.T
INITEZER

HCELKE
U ’ X‘+

TR AME
THITZ®A

* RUNM DIAGNOSTICS

b
TNETEE LD
ST

LESRK

* INITIALTZE

CLR
L.DA
L&
LDX
FEHS
1.DX
8TX
LDA
BTA
INLITI  CHATL
TST
BEQ
ORCC

P4
- AXOUT
LouT2

RTCICR
FLAaLab
FIALED
FMODE
X
ETELILA
PHMODE
#3501
FMODEZ
FHEF
FAVG
INITS
kB0

SET INITIALXZATION FLAG
SET MODE CHANGE
INFUT SWHITCH FOSTTIONS-CHANGE FLAG INITILZATION

CHECK FOR SPECIAL CHARGE CYCLE REGUEST
EQUALTZE BUTTON DEPRESSED?

N(

SET SPECTAL CYCLE REQUEST FLA&G

DETERMINE REQUESTED OQFERATING MODE

TEST NON-VOLATILITY OF RAM

Rt DATA Val.ID
YES

16T DATA LOCATION IN COMMON aREA
ZERD DATAH STORAGE AREA

LAasT HMEMORY LOCATION-1

NOT YET

-~ GSIGNAL CONDITIONITMG (X700

GET: HOLD, T70 FAULT. : RESET: uC FAULT, LS FalLT
LPDTE Al OUTPUTS

ADC FOR FPROFER DIAGNOSTICS

THNHIETLT TIMER INTERRUPTS
CLEAR FIRQ FL.AG
CLEAR TRGQ FLAG

SAVE NORMAL. MODE FOINTER
GET DIAGNOSTIC MODE

FIL.AG MODE CHANGE TO ADRC ROUTINE
ENABLE TRQ

ALl DIAGNOSTIC INFUTS READ?

MNO)

MASK Akl INTERRUFTS
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FaGE 008 BCHCT Sl

0gez
0824

FELT CHECK FOR ADC FAULTS
ITMXT4 FONE

K EREOR DISFLAY FAULT
FOLHITH |”‘J x«
GTX FHCne RETRIEVE MNORMAL. MODE FOXNTER
TMNC 002 SET MODE CHANGE FLAG
(I DUALEF DAETA NOT WESLITD

0338 LESR ADCTET TEST &0 CONVERTER ON KNOQHN ONEUT
08340 %
0aqe LGSR T™METaT TEST THERMISTORS FOR OFENS OR SHORTS
1344 *x
0346 L12éA {0
¢ QTR CAXQUT SE ST HOLD s RESET: BOARD FaULT LEDCS
LESR OWTE
p
TNXTS LoD b0
5 L FREOUT RESET &bl FROMT FANEL LED’ S
LEGR (BININN

{CL FLNT THMIALTZATION COMPLETE
WAR-STIRT ENTRY POENT

08y U WETHRT L } (f—a]l l) ( 1 | Ah TRA FLAG

LA - " F OF INTERRUFTS
(B2 SR - FLAG
1.DA
ST
1D
ST ;
[ETR I I Ft ril
N PLISTACH
SEC

SET TIMER TNTERRUFT -~ 1 SEL.

» DO

W FORTRAN LISE

THLOTALTEE FORTRASN FROGRAME
AFTER v FOWER LOSS OR SPECTAL REQURTET

7 112 'I ) FCHG
w:n ¥ N b

f\;(h FEQUEST  SFECTAL. CHaRGE CLE

FUN TNLTIALTEATION

(R
05914 ¥
1914 kK FORTRAN ENTRY D RETURN EXECUTIVE
91 %K
P ERER (M IN] FHCIE MODE  CHANGE GRASNTED?
ol - Byt TES - WELT VO EXECTOTIVE T REDDMNIZE
DUELLE DATA VALTD O FORTRANM ROUTINE P
B o MO - WATT FOR MODE  CHANGE 70 BE COMPLETED
DETERMINEG SELECTED MOIDE
SAPPROFRIATE FORTRAN MODE ROUTTNE
T MEW MODE

ﬂ‘) 20

0532

0536 *XK
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FaGE

0938
0940
0e42
0944
0744
D948
0950
0752
0954
0956
0953
0940
0962
07464
0946
0948
0970
0972
0974
0976
097e
09830
ooR2
e84
09846
09848
'| C) (? |']

0792

004
0598
powR
1000
10027
1004
1004
1009
1010
1012
1014
1014
1016
1020
1027
1024
10234
1028
1030

1036
10382
1040
1042
1044
1044
1048
1050
1052

nae

KX
XK
KK
XK
ALK
TRQ

K
TRQL

XK
K
WA
N
KK
K
KK
FIRQ

PRI

FERQ2

XK
WK
KK
KX

ECHCT L 5Ac

INTERRURT SERVICE ROUTIHE @ TRQ

TRIGGERED EY END OF COMVERSXIONM STGNAL FROM AZD CONVERTER

LESR ALTIMY GERVICE ARG, AVERAGE VALLIES . Cal.  ank

THT FINT INITIALLZATION?
Bz, IR YES,  RETURN

LGSR DXNEUT READ DIGLTAL TNFUTS

LR SMODE SELECT FROFER OPFERSTING MODE
LESK THUSE READ VEHICLE SPEED

LESR SEFETT CHECH MISC FaullT CONDITIONS
[MESST [)'.ICESEHES‘EZL SELECT PROFER DISHLAY

LR DOAUT OUTFUT DIGELTAL TNFORMATION

LEDR COISE CONMFTGEURE VACUUM FLUORESCENT ELEMENTS

LESR UFDIGE TRANSHIT INFORMATION TO DISFLAY

Lo HTCTSR SEHNOWLEDRGE MISHED CLOCK TNTERRURFT
RTX

g .
R I )

TINTERRUFT SERVICE ROUTTNE o FIRDG

LABEC TIMER -~ RE&L TIME CLOCK

Ao B K Y SAVE
FLALRAD

r‘lﬁ\ﬂ

...3UNI' yOCOUNTER

nl J'JﬁN["l'" ¢
THCH
Ciif ey
=0
L. l,‘li
LESE
ClLina

5T8 TOECE
FLH.G AR P O
KT

F AL

WisTT & MUNUTES

lf I]UNI ("al")”""l("’l-"{

AL CONVERTER SERVICE ROUTIME - TRTERSIL 7109 aDo

~HOLIRE

EOBYTE RE&DS L BT MAGNITUDE WalUE » FPOLARITY o OVERRSMGE
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1054
10546
1058
1060
1042
1064
10486
1048
1070
1072
1074
1376
1078
1080
1082
10844
1086
1. 088
10920
1092
1094
1006
1098
1LUD
1102
1104
1106
Ling
11140
p I I
1114
1114

1144
1144
ll H}

010 BC5CT Sl

M
K
KK
K
K
XK
R
WK
WK
HK
WK
K
K
XX
KK
WK
K
MK
K
KK
K
XK
K
MK
ACONY

AN

ACONL G

Ow

X

ELL - ED Bl E14

CHECKS FOR QVERRANGE INFUTS @ SETS ValUE TO FuLl SCALE
& SETS FAULT FLAG FFLT TO aPPROFRIATE ERROR CODRE - ERROF:
CHECKS FOR TNCORRECT FOLARITY @ SETS ERROR CODE - ERRMNEG:
MUK SEQUERNCE DEFENDENT ON TABLE LODK-UF OF aPPRrOFPRIATE
MODE.,

MUXKCHG 5 MUEDIS 5 MUXRET 5 MUXTHE

ROUTIEME DETERMINEDS 275 COMPLEFENT OF VALUE FOR NEGATIVE
FOLARITY INDICHTIONS BEFORE SAVING

FRESENT VALUE SAVEL
OFFSET FOURMD XN
CONVERTER XS CONFIGUREL

il ARE F\ l[)LNIL.D T BEY UREG + UARTABLE
= TDENTIFIER
H) i tNUt"Ixf REXT TNPUT

CALCULATIEDR AVERAGE OF 8 MEASUREMENMTS WHEN FaVE SET

CELCULATES WETGHTED aMP-HOURS FOR TEBAT READINGDS USING A/D

CYCLE RATE a8 TIME BASE

NOTE: MODE CHANGE X8 NMOT COMPLETE UNTIL, FMODEZ = 0 & Fays =1
THESE CONDITIONS WILL TMNSURE UalXD DATA HAS BEEN SAVED
O EXTERMAL USE 5 DUALF =L

LA FOATED CLEAR TRQ FLAG

LD FHLORAGL SET U-REG A% GLODEBAL FOINTER

TET FHOneEs CHENGE MODES @

BEQ iR MO

LR FAMG N AVERAGING FOR OMNE COMPLETE CYCLE
LR UNETI RESET CYOLE TOUNTER

LA AT

TS UG AUVERAGIRG STHRTED?

Ead ACONL S NEY

LD FH01

BT DUNLE SET DATA VG THETCATION

f)f-’-\ S IR LOW EBYTE SELECT SO0

gead LNFUY

LAGLUEC L 5AVE 8 L5SE

#6072 HCGH B TE SELECT COLE

0 TPy

STE LAl U SaVE 4 MBE e FOLARTTY + QUERFLOW

LI MU TER
PG X FOLSTTION FPOLINTER OS STACH FOR FUTURE  REFERENECE

VERTFY DOUERFL.OW

= Lk L FEOCALL LAST Ul UE
THE i b3

r ANE :Ihr» oF

’ |‘|l REI

C& OVERFLOW THFORMeTION

PN B OFF I
STY LWL U GET Mnx. UalUE

FERROF

STE FFLT SET OVERFLOW ERROR CODIE
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FAGE

1170
1172
1174
1174
1178
1180
1182
1184
1186
1188
1190
L1922
1194
- 1196
1198
1200
1402
1204
1206
1208
1210
1€12
12214
1216
1218
1220

122%

l"”’f
J l-l:
1228
1230
1232
1234
1236
1238
1240
L2
1a44

LEGE
1254
1256
1258
1240
12682
1264
124 ("\

ized
1582
1264

011

x
¥

ACONVE BITA

®
ACONVS

ACONS S
*

SCONAE
ACTIMNV4

*
K
x

BCSCI

5A: 1

VERIFY FROFER POLARITY

ENE
LoD
COMA
COME
AkND
5TD
CiHiFD
26T
LIDE
BITE
BNE
LD
578

LIDY
THY
BEQ

AVERAGE

LoD
STE
FEHS
L.DA
LoD
LESKR
LEAS
ADDD

LESR

CMED
EEQ
BGT
A
L ]
BUED

THFI
LD
STY

CALOULATE @il -

LD
CMEK
2\
L.0DA
FEHS
1L.DD
LESR
LEAS
Bl
1L.DXK
BRA

ACON4A LDX

#4630
GLONVE
Lyad. UE

#01
LAValLUE
50
AGONVE
1L, X
&0
ANV
HERFNEG
FFLT

LVALUE
UG
ACONU4

TEST POLARITY
FOSTITIVE , O K

FORM 2/9 COMPLEMENT

MORE THAN %S0MY NEGATIVE

NO

[' TPOLAR DESTGNATED INFUT

YES , CONTINUE

SET FOLARITY ERROR CODE

NO AVERAGTING

DATA  (LVALUE + 7{0ValUE? /8

FE0703
IVW

A

£, 57
ALl
l"'NLll
1,8
LAVALUE
QLI

LA LUE
ACOMNSEE
ACONIA
#6011
ACOM3E
k01

D.Y
L0, 81
EYRN]

[P
HTEAT,
ACCINMG
GG

A
LAALUE
Q.
1,8
ACON4H
40

L8
FHEFFF

FRE-SAVE DIVISOR 2AMDIVH

S

I MULTIFIER FOR

AMUL. ROUTINE

RETRIEVE OFFSET TO VARTAELE STORAGE LOCATION
FETCH FPRIOR AVERAGE

CLEAN U STACK AFTER MULLTIFLY
ADD MEW CONTRIBUTION TO GUERAGE

QUICK DIVIDE &Y 8

CORRECT FOR AVERAGING OFFGETS

CTOH UnRIaikLE OF
SEVE NEW AVERAGE

HOURS TF NECESSARY

MPORARY HOLD AVERAGE UALUE

{

GET

RETRIEVE MUX FOLNTER
CHECK FOR BATTERY CURRENT TNEWUT

NI

CLEAN UR §Ta0K
SHET 8MSE FOR FOS.

BET 8MSE FOR NEG.
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FAGE

12846
1288
1290
1297
1294
1294
1298
1300
1302
1304
1306
1308
1310
1312
1314
1316
1318
1320

1322

1324

-J x-(‘)
.l 328
1330
1332
1334
1336
1338
1340
1342
1344
1346
1348
1350
1352
1354

1354
1358
1360
13462
1364
13466

:3(355

L3710}
]. 372
1374
1376
1378
1380
1362
1384
1386
1348
1390
1392
1394
1396
1398
1400

012 &

2SCX

A&DDD
STD
TFR
AbCE:
AapCa
STD
CL.F
ERA

T R

AMFH+2
AMPH+2
K b
AMPH+
AN
AMFH
CADIL
HELORVE

¥ LINEARIZE BATTERY

AL DNV

X
HLONVS

ACOMNYY

L
ALONVE

k'

CHMEX
EHE
LIDX
L.l) N !

jULD
ST

LK
LEAX
T
LD
D
i

| ity
H5TH
STh
LY
Ltex

STX
l 0 t“i
1.2

FTEANT.
SLONUVS

T THIE

TEATE, L)
LT
#4410
TEATL

MURF TR
2N
ARG
0%
FEND.
HEONVE

#5601
FEMG
DUSLE
PO E
ADC, Y

MU TR
A0

1. %
CITFLITY
FHMODES

ACCUMULATE RAM VALUE OF AMP-HOURS

RESET CYCLE COUNTER

THERMISTOR READING

BaTTERY  THERMISTOR INFUT
™0

SET TARLE FPOINTER

GET AVERAGED ReW VALLE
LIMEARLZE  SUBROUTTINE
CORRECT FOR TABLE OFFSET
SEVE RESULTS

ADVANCE FOLNTER
AIPVANCE CYOLE COUNTER

END OF TARLE
MO CONTIHUE

SET AVERAMGE Fl.aG
SEY DaTéa VAl Flas

FOINT TOQ 1767 TABLE EMTRY

GAVE MEW FOIN
HMUX DEVIC
READ MEW |‘)L|‘< rnl.) )I\l"
CONFTGURE a0 CONVERTER
MODE CHANGE COMPLETE

F Ur-’“u L.UE

® O DUFRLITCSTE TTEMS TO COMMON BLOCK FOR EXTERMGL, SCCESS

¥

*K
K
XK
K
HK
K
XK
SMODE

LMD
ST
LIS
ST
TS
FAaGE

5ELEC

DETERMINES AFFROFRIATE QFERATING MODE
TTal. THFUTS

DIG

CON

XF
CLR
CLR
LDk
LDA
EITA

TEAT
KLEAT
VEAT

AVEAT

COFY BETTERY  CLURREMT

COPY BaTTERY VOL l‘H[“ .

T OFERATING MODE - SUEROUTINE

AT FRIN aND FREST AND TH

TROL TO SPECTFIC FROUTINE.

MO VALID N(JI -|~Z [

Fal.

FraT
{b0 1
GYIN
{Fb0E

ERMIHED FOR 3 CYCLES o SHUTDOWN
CALTERATE FL&G
TEST FlL.aG

TEST MODE?
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1402
1404
1406
1403
1410
142
1414
1416
1418
1420
1422
1424
1436
19428
1430
143%
1434
1434
1438
1440
1442

1444

4“6

‘ "‘} [#] D
|. ""}'f.\x..
1464
1446
L4468
1470

SMODLES

013 BCSCX

EAME
BT
EANEE
LDA
ANMDA

HMOADEL

SMONEZ ST
GMODED

B
L.DY
LD

SMODE4

X

2 GMODES QTa

]\,1)(\’1
1908
1510
1912
1514
1516

SMODET B

SHODIES LY

Al

SMOADEZ
504
SiODEL
N
I v
H4010)
SHMOIDEE
P05
SMODEDR
Flal.
SMODES
FTeT
B0
FIR&T
WKk e
FTELIRST
FTHIS
Wy
ETELTHE

FCHG
g
{ETELCHG
P A41)
Koty
FTELLTS

EHODRES
60

SHUT
FACRE

d”“fh
FHHUTD

Hb”1
Fomss
DU
FMODE
P 0

YES
CALTERATE MODE?
S

ST MODE?

ﬁlllhﬁTF MEIED"?
NU CONTIRLIE
SET CALTERATE FlLAG

TEST MODE Flad
BET O CHVYALLTD MODE FLAG
FEST Fladl ACTIVE

O

SETOREST MODE

THIMK FLal aCTIVE

i-40)

GET THIMNK MODE

G- LTINED OM

()

CHARGE CYOLE REQUESTED
MO

MET CHERGE MO

FL4 DONTROLLER ON

AL l]h l DHHTELE SHUTDOMM
SEOUENCE ¢

AR VALTD MOne
ALTZATION D N0 LI fiOnE
SELECTED MOLE

RETURH

CHECK FOR WAL MO0E
). I

PODE CHANGE COMPLETE &ND W0 HER MO0
PELAY SHUTDOWN FOR 20 SEC /. 1.233)
DALY COMPLETED

CHECK ST WioneE
L CORTINUE

CHANGE ALREADY  REQUESTED

..... S CHEMNGE
-"AUEST MOT

HIEST FLasE
VET ACRRNOVLEDGED

CoalC CHAMGE I TP
T DATS VAL S1
COMEW MOGE |-llI|‘J TER

177



FAGE

1518
1520

1322

152

LE26
1528
1530
1532
1534
1536
1538
1540
1E42
1544
1546

15468
1570
1E7 22
1574
1576
1578
15810
1582
LS4
1586
1E88
1590
15%2
1.5%4
1596
1590
1a00
1602
1404
1604
14608
14610
1612
1614
1616
1618
1680
1682
1624
14626
1628
146340
16372

014 BCSCX .8A:1

SMODEY

®

CHARGE
x
X

*
X
X
X

DISCHG

DISCH

DESCH2
DISCHS
:a:

b

F3

»

*

REST

*

e
=

"HINK

-

K
o
XK
AR
MK
WK
K
K
TNVGH

TNV

GTX FMODE RESET MODE CONTROL. FLAG
LDY FMADE RETAIN PRIOR MODE

JUIF Co.v1 RUN AFFROFRIATE MODE SUBROUTINE AND RETURN

FAGE

CHARGE MODE - SUBROQUTINE WRITTEN IN MPL

RTS

DISCHARGE MODE — SUBROUTINE CALLS FORTRAN
BATTERY AND VEHICLE DATA

TST DUALF DETA VALTD
ENE DISCHIL YES

CHGMIPL.

AVGFOR TO FILTER
DURING DXSCHARGE

LoD -1 GET INITIALIZATION FLAG FOR FORTRAN

ERA DISCHZ

LoD FINTF

EMI DXSCH3 WELT FOR CINITIALLZATION
ADDE E01 TINCREMENT DELAY COUNT
STH FINTF

RTS

REST MODE — SUERROUTINE

RTS

THINK MODE — SUEBROUTINE

RTS
FAGE

20D TNPUT & CALIERATION SUERMIT
Fals=1 FLaks DALTERATION FREDU
FOALAL=1 FLAGYH CaALTBRATION I F
CALTERATION FALTOR = SPDOAL
SWL STARTS AND ENDS CALTERATION FROCEE
OVER CAlLXBRATED MILE COURSE

VEHICLE SPFE

GRESS

TST AL CALTERATE SPEED TRANSDUC
BEQ INvz MN()
THT FCAaL+1 ALREADY STARTED?D
ENE TV YES
LA CAXINFL GWL DEFRESSED?
EEQ THV4A MO
STh FCALAL SET START FLAG
L.DD %0
S5TD SFDCAL
BRA IMV4G
L #4604 COUMTER SELECT CODE
LBSR INFUT READ COUNTER
178
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FAGE

1634
14636
16386
14410
1647
1 a44
1444
14648
1650
1652
1654
1456
1658
146410
1662
16464
1666
16468
1670
1672
1674
1676
L4678
1480
1685
1484
1624
1484
16910
| b5
16%4
1496
14698
1700
17072
l/U4

'l 7 ] &

17z s

1730

-y ey

vy

1742
1744
L1744
1748

[

1734
1736 3
WatisE

1740 ®

013

TNVLA

TNV

TNVILE

TNV

INV3

THWG

IHV4N

TS
THULA

WK

XX

ECSCT . BAL

CLRA CLEAR 4 MSE
TET CAKTIMEL G DEFRESSED?
BEQ TV L& 0
CLR Frab.1 FINISH CALIERATION
ERA TNV LE
I {F2E5
EL.O THVG
f‘.l 100 SFICAL ACCUMULATIE COUNT
TNVLE MO OCZCS COMPL COUNTER OVERFLOW
DB FERMGOF
STE FELT
LISD k1 SET MINMIMUM VsLUE
CLE FiAL+1
ST SFDCAL
ERA BRIV {2
SHDCAL

2 NI~ TNVU3 FaCTOR Wl I
LD #1754 UEE DEFAULT SETTING
STD SFPDCAL
LAod SFC
IMNCA
A {415 G SEC (45X 1335
L0 THVER ML)
||J|I B 04 COUNTER SELECT CODE

N IMPUT

(% #200 COUNTER WETHIN RANGE?
3.0 TNV TES
LA FERFESHI
HTA FELT

CFAULT CORE
AR LOWER BYTE
AR UFFER ERYTI

CLR®
GTH GFEED
L.D#A 505

iR DEVSEL

HHI I"HHF\I COLINTER:
' R R
GFEED COUMTER

SO

ALCAT Uh 3

DE l)J i\‘l 5 .
skl (R t;(ﬁCITl

D iy

ANNMURNCIATORS ARE SET BESEDR UFON FLAGE
OR ASS0CTATED TNEUTS

FLASHING OF DESLIGNATED ANNMUNCIATORE WHEN QCTIVETED

FLUNMCTIONS TRCLUDE
T &) |‘||Ul T MOES
¥ T & FFLLT

CTRMG CONTROL TO DISTST & DISFLY ROUTTNES

SFECTAL

TRANSFE

FSCT
179



AGE 0146  BOSCX NI RE

1750 x
1752 DISSEL TSET
1754 e
1756 CLR
156 57T
17460 LN
1762 TeT CAL
7654 IEHTE L) ('-f AL
L7 édG CLR Fal vl
1768 CLIR Fl.asHL.
1770 CLR FLAGHY
1772 LY FHO0E SET MORE FOXNTER
1774 TST L AXTN
177 IS L) € '*-1 FEMOTE DISFLAY FUSHEUTTON (5W1) -~ DEPRESSED
1778 (M R
17330 FaME
1782 100
1784 Eiluéy
1786 DISI 1L.DaA
LTEE RIse DECA
1790 ST
1792 L0
1794 %
17946 15163 GTé DETAT
1798 '3'> g CFEUTRL
1800 CL~ L FROUT
1802 LA EHFF
1604 ST DETATH EABLE ALk FUNCTIONG
1804 x
1308
18190
12312
1814
1816
1813
1820
1 8'.’ 1'" »

CHECH FOR TEST MODRE

CHECK FOR FSULT MOGE

CHECKH FOR CaliBERAVE MODE

HOLD REQUESTEDR DTS

LY
SELECT NORMaL., DTE )

COFTIERMAT

(38 w0 133y Ll BEILL

SELECT REGUESTED DTSFPLAY FORMAT

CUFD BTATUE
CERONT FANEL LED'S MASK
ET ALL LED/S

ACTFWR AC-0ON THDTCATOR
LW
CHGLED
AL
RTETR R z
SO0 SO0 THDTCATIR
FlmtH FLASH THDLCATONS

LRI ATOR

l.)MIl El MILES

FEMSTHLNG -
CONUVETR ’

T 1O RNy

|INHI’| SET OMYLES T a0
TR INI

1 £33 }
1836 PG
1838 x BFECYAL TELT IS ur RO L

1840
1342 GLSPLaY BCD YEd UL HI

pd THATELTS HORMAL
®

1844 % TABELE o TRLUTST DEFTINES
&
X

CONLIMERTE T

CODIEBFLATED  CGRDER

QST e | |
1846 ®
1848
1050 w
.l.(f;!..‘.(.. K
1854 K
1856 ®

¥

K

S REMOTE DUEPLAY PLEHBUTTON STEPS THECUEH Tai e

Erab--GRAOFH LSED TO O TUNDUCATE DS
C a3 BARS FORO37R0 ELE

1858 *w
18610 o
18R4H2
1844 DISTST TET FTaT+1 TEST ol READY  RUNRNING 7
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FAGE 017 BCSCX BT

1866 BEQ
1868 LK
Hw 0 I

N, CNIT AL LZE

HTE RETAIN LaST FOINTER LOCATION
AXTNEL REMOTE FPUSHBUTTON DEFRESSED?
] I‘;l 1 N

ADVANCGE POINTER 70 MNEXT ENTRY
SHECEND OF TAELE
N

J U/'i;-
1330
1882 DIETO
1884
1884 HTA FTeT 01 SDET RUN FLAG

Ml HpD1

1888 LIy
1890 DISTL  5TX g
1892 LG L0.X1 FETCH
1894 LEGR  ECD CNVERT
189¢ LA WBET BET WERHTN
1899 ST DETAT

700 BT DETATH
lQUm LDE: L) SET WARNENG TO FLAGH
1704 BTE 1L
1904 1D FH0
1508 T CFROUT  BLAMK LED’S
1L9LD LERS  FLAGH FLASH DISFLATS & RETURN
1912 FAGE
1914 #

{ BCD Vel LE
ru B, Nlll'il.:.F\Il GRID "N

SPECTAL. FallLT BISFLAY ~ ROUTINE

*

X

k4

¥ DESFLAYS NMUMERLIC FHULTY CODE FROM FFLT

b 4MERE PRIMARY Y & LSE SECOMDARY CIONE (5

K IN P - 8 FORMAY

L WARNIMG ANG FAally TROLCHTORS FLAsH

I SFLT DA {6 G

; ST DSTeeT
73 ‘* ST DETHETH

J,‘:’\}tt.- 1. Pk E LAGRNTNG FAULT FlLadsH

1938 STE Lk

1940 (] LT FAULT CORE & Flaeas

L7 TFIR by o

194 ey b OF

12496 GTA Dbt SEVE SECQNEaRY COHE

I"‘“‘ LD P 1 ds i

g l'ﬂ..ll... GEFARATE FRLMARY & SECORDARY  CODES

A ) i e GO

b iy WEATINVE STGHR CODE

[RIRINISE R )N‘:I O EETWER S SO0

1758 puaee .

LP4HO R ACTIVESTE F f]l” l"r:\i'\!liiil.. Faldl T TNLCAT LN

19672 FL.ashl., - - .

19464 LS5 R Fl.@iH Fl.agH DISFLA I‘

1964 L. L)l'\ LT

L7488 THNCA AVANCGE FAULLT DELAY COURT

197 f] CME D DEGFLAY 3 S0, 22 w0 133y T

1772 ELLS DSFLL N

1974 CLEF FEily -

1976 CLIé

LO7E DISKFLL 5T LT

17930 RTH

WERNING,  FaUl T, NUMERIC, GRID aCTIvaTED

BT Fabilt o« (ll 1
ESET DELaY C
SAVED DELAY COUNT
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FAGE 018  BCSCT TSN

1992 GG 3
1984
1986
1932
19790
1794 DISCAL LD b33 SELECT WARNYING & NUMERTC
1994 518 DT
17948 STé DETEHTH
2000 LDES PN
200 TST FCH+
2004 BEQ HraClL
2006 LDk 02 FLASH NUMERTE
2008 DISCL  STE FLAasHY

2010 LoD
S0 5T0
2014 LA
2014 LESR
2018 L. A FlLasiH Fl.aSH DISFLAY X RETURMN
2070 FaGE

ST KK
S04 wK
WK
K FORMS FPROFER BT SEQUEMCE FOROLATER WEE BY
K UFIDTS SUBROLITTNE

H

P K TNFUTS D 2ESTAT 50 DeSTaTE 0 DA, DNUMOE
2034 xx P P < T o TRTGE 5 TELHUE
38 kK WIFDETE - U TES

2040 wx

P O 5

2044 CHISH
2045 L.
2048

SHFECTAL CALIERATE DISFLaY
PDISFLAYSE M. S BYTE OF CALIBRATION FalTOR
FLASHING FaCTOR CNDTCATES CALTERATION IN PROGRESS

¥ % oM ¥ X

AGH W NN
AT TONM TN PROGRESSD

EL AN LED  DISFLY
RLGFLEY Mow.

O FAGTOR

~

SOMFTGURE BT FATTERN FOR WV DXEFLAY

al s
) DET

i

MG DISFLAY STHTUS

&,

B0 RETATN ARSLIMCTTATOR STETUS OMLY

ST SR T WEDATS

.y ey
enae

? TIESY  *GRLD EXY
2064

"OEE

b1
CoTSE
Aesb 13-
0, v

2070

2075 =

2074 CDISEL
2074

AL

2080

2082

2089 x

2086 CDISFE BLITA
2088 EEQ

20908 LDX

2O9%E LDE

2094 G

2094 E.5

TEST “FAULY" BT
R

ACTIVATE FauUlT THRTCATOR

TEST Ealt-
NOT DL
CRCIMT TO LCST
L DETA

»/E CHECK FOR MaX., TARLE 125

182
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FAGE

2093
21040
2102
2104
2106
2108
2110
2112
2114
2116
2118
2120
2122
2124
2126
2128
2130
L2132
2134
2134
2138
£140
214
2144
2146
2148

21350

2158
2140
2168
2lH4
2166
2La8
2170
2172
sS4
P )
2LFE
2180
2182
21684
2186
2188
2190
2192
2194
2194
2198
2200
2202
2204
2206
2208
2210

py g o
2212

019 &

X
CDYISFS

CHCT

L.DE
L&SILE
AEx
LDA
L.DE
ORA
STA

STE

FULS
ELTA
EEQ
LOX
LDE
SR
L.DA
MUIL.
ORA
5T
HSYE

L=
S
LDA
ML
R
ST

STE

L2
2SR
LD
MUL.
] )
576
QR
FHHS
1.DA
ADA
LSRE
L.SHA
LoRé&
QRA
576

CDISF4 RTS

k

KX

.S5A01

FOTELEAE-TELEAR) /72 SET Max., GTZE
DOUBLE BYTE TeBLE X 2
OFFSET FOINTER

0, X

1. ¥

3,

3. Y SAVE AT VFDATA+3Z

4. SAVE AT VFDATA+4

A
F£H02
CDISF4
FTELNUM COMVERT BCD TO SEVEN SEGHMEMTS
NUM 1009
TEL.
$:6
SHIFT LEFT FOUR TIMES
n,y
0,%
.Y

Didtdivi+ L 10786
TR
*la

1.
Y
2,
DRHUIMA2 19
TElL.

#32

ry o oae
2.

? ’ \I’
B Y
I

DINLIM
{0 TEOLATE MILES & FaUulT AMNNUMCTATORS

E3Y

TARBLE LOOK-UF SUGEROUTINE FOR 146 ENTRY TARLE

LU

OUTPUT:

ANDE
L.DE
RTS
GSEC

FAGE

IXOREG POINTING TO 18T TakLE ADDRESS
T REG ARGUMENT
EOREG - VALUE FROM TaBLE

FBOF

X

3

183



FAGE 020 BCSCT
2214
2214
2218

WK
*K
. WK
K
K
VEFDXSE

lUM

2208

2E40
2E VUFDISL

ST
L.DX
Lo
DIFEsS
L.ty
5T8
LD
LSINA
O\H

VFDIER

UED TSR3

RIMEIRIH

P X X ® X X X

L.
STA
S5TH
[
e

LLQN(

KK
KX

TRANGHITS
STORED AT

SEQUENCE

FILSE

VaGUILIM WL

ErloaNEE DS

LW PO

SOFETY -

RRCTA RN

T DISFLANY

L5 REFEATED

DETAHT

RTINS
P03
LOCH(;
B DT s
[N NEY A2 1))
FB20

08

B

0, x

NH }IHHV

HET

R Y

AT

#4110
RrA
bR
FEnLa
WalT Soh
PHDF
Pl ah
k20
FLELAD SET
ELTE
UM IS
R

SET

2LO0K

O hﬁ

ORE

LA
MOGE "

671 Fa
ER AR R

Pl

GLIRROUT TN

BERIAL
VE D T a--WF

THREE
CHECK FOF
3

FONT R
00K

. T
SEMENT O

SEGMENT

00K

FLL L B TE

by TG

DU (A TE

FEFEAT TR
BT D
B TLRRRLING

ST

NI B WIS

DAT O+

FLAG DETERMINES WHETHER DISFLAY

v LR

AN
NON \'?

UI)II

I(H

ey it ‘ n

ET BT COUNTER

TFQT B
W DT sy

SN DTS =0

CONEECUTIVE

ACTIVE

[R5

VACUUM FLUORESCENT DISFLAY SUEROUTINE

TIMES

COMMAND

FETLIRN

3VOBYTE TO EE

CF et

(i)

BEFORE CLOCKING

W (] H " F“'l""] '..J :)
o

MOT

> HOT

T LHTO L

R TR O]
QR

LR

T B

G T

AP LT

DFF

COR R E NN

TN P

184
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FAGE

2330

Yy
e332

2334

oy an
L334

23348
2340
2342
2344

2346
2348
2350
2352
2354
23%6
2358
2360

ey g
%l .‘u"

23464
2366
1..3"')8
2370
2372
e
2374
2378
23810
a2 i
2384
2386
28883
””90

}'.) )
DI
5h9b
2300
24010
29402
2404
290 &
2408
2400
Pt B
24914
2414
2918
2420

M S i
4

e Lo da
2424
5

26
“fQU
2430
233
2434
2436
2438
24440
2492

2444

-

021

X
XX
X
XK

SAFETY

SarEl

SAFEZ

SAFES

GAFE4

KK
K
Yok
K
RI8Y
SHUTD

SHUTDL

SY &

BOSCY

RLING

LR
1.DY
LI2X
1.DU
LD
DG
CMFD
BT
CHMFD
BGE
LDk
STE
LD
STE
LLEAX
LEAY
N

1.1DA
ANDA
CHMlFA
BT
LDE
STE
RTS
SPC

R
LA
5T
5T

4[)!;!'
GTA
5T
L.Dé
S8Té
2TA
STA
5TH
LDX
5TX
ClR
517X
Gl

SFECIFIC
FF F\U[;F\(\M EXECUTION AND CaM
FAULT DISFLAY OR EMERGENCY SHUTDOWN

TEM SHUTDOWN
BETS WAIKE-

ao: 1l

a1

FAULT DIAGHOASTICS DURING
TRIGGER SFECLAL
CFONER:

DXSAF RESET DISABLE FLAG
#CTRLTEE-TELTEM+1) /6 SET COUNTER
FTELTEM  FOINT TO 18T TaBLE ENTRY
FGLOEAL  SET GLOEAL FOINTER

0,x READ OFFSET
U FEMAD VALLE
1. X AROVE LOWER
SHFES NO)

3 X AIROVE
SAFEZ 18]

\JJ X
DISAF
T, X
FFILT
b K
=l Y
SAFEL

LIHXT

LIFFER LTMIT

SET DLSARLE FlLaG

SET AFFROFRIATE ERROR CODE

FELN
FB07
F0&
BOFE 4
BERRFET
FFLT

TEST VL LD THPUT CODES

0. K

FOR

SET APPROPRIASTE ERROR CORE

&
SUEROQUTIME

MOE
LOGTLE

ur
P OWEF
650 GET LR Mesk
b7

FLdtAb
rTﬁ'ﬁﬁ

FIRQ &

ELaNK VD

DUPLTCATE TN Rér

ET AL,
T il
D CODMID W

L TOHES

ﬂﬂ'H)l
#60100 1

DAY - 0 HE
ADJLIST Déavs
DS (0300
HOURS 023

DEFALLT
For THETIAL

FH0L00
RTCLDM
R CLH
#4601
RTCLDW
RYCLFD
RTCSEY
RTCICR
{460
WaRMIF
ceauy
. FROUT
. AXOUT

INTITIALLZE LATOHES

ENaEELLE
ENAELE

STAMDEY UNTERRUET
COMPERATOR FLb

RESET RUNNING FLAG
ELLARK LED S
CLEAR HOLD BIT

185
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STAEGE DISARLED)

T ING
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FOINT
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FAGE 022

24946

244948 SHUTD2

2450

2452 wX
a5 KK
P4HELE WX
2458 TIMEA
2460 TIMAL
24422

2464

s Y

2468

2470

2ATE TIMAHS
2474

2976

2478

<880

2482

2984

24846

2488

S0

2492

2494

2A94

TIMAR

K
K
WK
KK
TIME

TXM1

2538 TIMZ
28940

L el
EER b

BECHCT . BAcl

LESK nouT KILL FOWER
BRA SHUTDZ WALT TO DIE

S 3
ADJLIST TIME FOR SHUTDOWN TNTERVAL

[ FRTOCM

1.DY 0, % READ MIN. AND HOUR COUNTER
LA 3. % READ DAY OF MOMTH COUNTER
76T RTCSK COUNTER ROLLOVER™?

FNE TEMAL YES

FHHS Fo Y

LDk #0272

LDA EPRE
LESK L INARY CONMVERT BCD TO BTRERY

[%

e

(B

TIMAL
LD G, G+

SUEA 1 CORRECT FOR CLOCK TNITIALTZATION

LDE 24 CONVERT TO 4YS

MU '

ADDE 1.4 TNCLAZE HOUR COUNTER WL UE
ADCA &0

TFR DY

L.DE g 2

FEHS |5

TFR .0

LIESR QML COMUERT TO HOWRS

ADGE 1.9 THECLUDE COUNTER VAL

AICA +0

L.SRA

RORE LIz

CEGHT TERE FOR Z2MINACOUNT

Beo TEMAZ FOURD  AiNSWER
ARDHD kB0l
LA e CLEAN STACK & Fall, THTD THE

HSEC

EOTTHE COURTERS
FED T 07 REG

U ERTRYY

TER Dy
1.DX ATELTIM
ADDD 10, X1
ECC TIMZ
LD FBEFEF
ST Lo, 1 i
LEAX 2, % TOTIME LOCAT IO
TFR D X AL ALLIE
CHMPYX  #TELTIE
EL G TIM1
RTS

SEC &

LUNEARTZING TABLE LOOK-UP
Va0 U000 (A-A0) 72856
186



FaGE

l_.\ J{)

2564
25466
s --‘.‘)8

KK

LTEL

32 LLTELL

?"'91
")" (" *

Rl

o ‘J? (‘.\
2598
e&00
26072
2404
2606
24608
2610
2612
2614
24616
2618
2820
EHE2
2424
2HEE
2628
2430
P3G Vi
2634
2835
24638
ZE40
2EHAZ
La44
2644
2448
2ZESN
26T
2654
26HH A
2458
2660
LALH2
26649
285456
ShH6HE
2H70
2672
2674
2ETE

LTELZ

XK
KK
WX
KK
WK
K
KK
WA
3 4
MH
HK
KX
K
MK
R
KK
KK
K
KK
*K
K
XK
XX
*K
MK
K
XX
XK
KK

ECSCE . 9A L

"X - REG =
‘e BT LZEY

TABLE Val.UES:

RESULT: W24

TETA

(YN LTELL
ClLRLs .
ERA T2
EXG & B
AR

LDE 0,%
SUERR 1. X
EHS 43
NEGE

L.

TETE

EFLL. Kb
THCA

LDE 0,%
GUEE 1, X
[ RE) K433
NEGA

TFR & B
ADDE 0, x
CLEM

RTS

FAGE

DIGITAL. XNFUTS
FRONT FANEL S

BELECT G
GW3 Eo--Be
A --0N I
EVC-0W Be "

A EVa

RDIF & MISC
SELECT ©

BATTERY TYFE
CALTERSTS MO
TEST MODE
FOWER STAGE
ELECTROLYTE

REMOTE DISFLAY

SWil

FOINTER TO 18T TaABLE LOCATION
T FOSTTIVE VALLE

BELT UNSTGMED NUMEERS
IN "as - REG

NUMBER FPOSTTIVE?
YES: LINEARIZE |IJZ)M TAELE

DEFAULT TO LOWEST TaRLE ENTRY

ADJUST POINTER BY CORRECT OFFSET
READ LOWER YaLUE (Vo
=12

FORM ARSOLLTE
("f] l"I ') fM" 1'11. :

|..JJ..H |...l.|.-NL,E I\!liiﬁ(ﬁ%f'\']'lﬁ‘\)Ei

FOSITIVE SLOFE
NGO CORRECT FOR UNSTGHNED MULTIRLY

WITCHES @ FFIN S$TORACE LOCATION
FRIM+L FLAG BIT CHANGES
OnE oF
0-TEST: 115 Akl 2
e G TR A UNLISE D s 77
o @AC-LINE @
nr By f()NIH)II
L DEFER EQUALTTZE (Z'.‘."r"l'..;... PIEECLIMCED

) Iy [
LirdL)

30 AMP Ae-AlEK CHERGER

THPFLITS - 6T STOFRGE LOCATION
O 08

BO-2 O--GOULD L A INlJ‘.aI...D o 2-UNUSED 50 B UNLISED
COYEP SWIETCH #1282
(B] 1 B2 AT IVI (DXF SHITCH #3230

B3 LY ALTING (DTF SWITOH 40
FAULT Eiéy “0"  FallT
L.OW 374 b A WAL 8

& Al INFUTS @ 0 AKX
CAXINAL O FLAGE A 10" CHARNGE

B "0 DEFRESSED -FILTERED
187




FAaGE 024 BCSCT

K

DINFUT LA
EHR
AMEE:
TFER
FLORE

5T

2678
Pttt
a2
2484
2684
2688
2690
ThHP?
24654
2694

e ey
246798

EER
AN
STE

2700
2702
2704
PR IYa

2705

X
DINZ R
L2
L OMis

IBERNE

FAGE

LSl
s
270

i A

- .
n

i

!ZZ'

K
SOUT

L.é

*
DOLOUTL LIS
.ok
NI

[ERSTEN

2708
S7P0

ro ety ey
P

K

DOUTE  LDA

#07
THPUT
B
=, A
FFIM
FETN

063

TMPUT
1B CF
ST

F il ab

FBE0
DTN

BRI

AN

GLTAL QUTEFU
Fr O
DATH
B

......

RONT  EaNEL.
CHARGT
ECUALL
WATEF

FaULT

MIBC 0
L. F

-y
).

LAY Fey

4.

L. I,

b 01D
CLOUT
QUTELT

B0 &

S FEOUT
CFFOUT L
CLTELT

b 0

ur

FsbLT

FRONT FANEL SELECT CODE
READ CURRENT ValLE
MESH OFF USED THNPUTS

FORM CHAMGE XNDTCATION
SAMVE NEW VAl & CHANGE TNFORMATION

CHTEM INFUT
SA UALLE
ECT USED

L MALUE R

SELECT COBE

THFUTS
CHANGES

TEREKCAUTTOMoRKMAY CLEAR FIRO
MBE; "L =DERFRESSED
TS 7

Fl.fl
. l:.‘; 7

SN

SAVE

JUEST SRR S SR

Y5
VALLIE CHEMNGE

Y
49

T&

IR COOUT
Er AR
TV

D GELECT CORED

" ’ 1]

CFROUT CA
"Lt ON

"L O

CIM

oM

LILISE D

+1 SELECT CODED

THILCATORS
P D

’
R
2L

i T

“ l "

[l l H

R
PUTS

CAXIDLT R SELECT
LT ()

O
i
i
UMLIGER
AETIMVE

AR LED S
D OLEDS

BOARD LEDS

L] ~l. i

Wy

S
Wy

¥

[
LT I
¢
¢

O

PENVTCE SELECT COnE

DEVTCE ¢
FROWT
FiMa gL

COBE
BTER R

DEVMYCE SELECT
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CODE



FAGE

2794
2794
2798
2800
2802
2804
2806
2808
2810
28172
2814
2816
2018
«.sff’(]

ﬁBWq
2834

2834
2840
2E42
2844
$34%4
28443

2858
284610
286E
28364
2866

=880
2882
”fﬁBW

£
DESY
2894
289G
2RYE
2900
2902
2904
2004
)(‘["

0

x..«?é*'

l)r"

BCSCX

LI2E
SR
RTS
FAGE

Sl

Lo

L FEOUT
OUTHEUT

FXen DUTELT

LUTFUT 1L.DX

INEUT

FHHS
LA
IRt
(i
STA
LDA
STA
LA
STh
LD
STé
STF
(I BTA!
5TH
LA
ST
KT
BEC

XA

FiND
ORA
5Ty
LA
ST
LR
(IR
STH
LIDA
STH
[T
1L.DE
i =]
TS
SFC

TNFLT
ENTER
RETURN

ENTRY -

ALK OUTEUT

"ot DEVICE

NOM-TNTERRUPTIELE O &4 CYOLES 2

1, X
1. X

FFTALAD

I}'\I

kb0
LA XD
0, &G+
0, X

TR

3,
LHFF
2, %

S X
FDSO
1. X
FOEOFE
1. X

L] 'E: H
f-REG DEVICE COLE O pMOR-LISED
E-REEG DATE READ

FIalab Sa X FIALEDR
FaLse IC TG SN WD N

SET FUA REFEREMCE TR,
VELGE GO

TEMP.  SEVE DE

SELECT "B2* DATA DIRECTION REG.

CONFIGEURE &b OUTFUTS

LECT R PERIFHERAL REG.
DUTELT DadnTe

LATCH Bava QUTFLTED

DEVICE DESELECTED

.
L

SIDE ¢ WHONM INTERRELUFTIERLE

FUALAD 0, X
F L !:\f‘ X

Lt Al

1
ﬂ%lﬂ

Hklnllh
4
1#[)$§le4
1. X
LSO
::l /\

1.

3

2y X
K
SET P REFEREMCE FTR
TEMFP SaVE DEVTCE

CONFIGURE "B A%
SELECT B FERIFHERSL, REG,
DEVIGE SELECT aTTIuE

READ DATH
DEVTCE SELECT "DUSARLED"
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FAGE 0Z4

2710
2912
2914
2716 K
2918
2010

WDOG

2922 DEVSEL

-)t.)hv

ey (: S

S K
: L. 0OW

3unu
2002
2004
30A
a300e
3010
2017
3014
L It
2014
30E0
D022
3024

ELOWL

FoL022

FULTEL

BCSCT T E

WATCH-DOG RESET -
FALLS TNTO DEVSEL

GEYS "AY

LA EEOF
SFC ]

Fra-SELECT CODE QUTFUT
ENTRY © REG "A" DEVICE
NON-TNTERRUPTIELE

FSHS 3]

DA PHFD
AMNDA B U—s)‘ Al
DA
STH
LA
ST
LD
ST
RS
GG 3
FAGE

SAVE DEVICE

T

R

HELECT

DEVTCE

B T¢~‘J A

ELECTROLYTE LEVEL SENSTNG -
FILTERS LE
BETS OR RE

a IMFUT X
APRLATE

Rz,

EGL) HTSHT FILTER

(AR

15 HIN\1IHF
SET WaETER
DRA
LA
ORE
By
L.DA
ANDA
LDE:
AiNDE
5Th
ST
LEax
(DT
EaimiX
LEMX
CiMFX
BT
MY

GET WATER

RESET WED

FRESET LED
SAVE VR STATUES
SAVE LED STATLE
ICE DEL&Y

tFUUF
l;\
ST

% +<4+

...)

ARV RN

CMENT
[NRNLD

Hbﬂl
ELOW3S
HFETLTE LR

TEST

Max.
190

REG.
TO TOGGLE

SELECT URNLSED DEVICE

(DEVICE
CODE

CODE

N tﬁx*?ﬁ% bIHTUC

CONGTANT

TGO TOR

TMETCATOR

L
LAY
DOUNT

WITH DUMMY SELECT CODE

DEVICE SELECT LINE

CODE

SELECTY ¢ 43 CYCLES D
YR OREDG UNGLTERED

AlTIVEY

PO TNE

I |
GLSFLAY

THDICATORS ACCORINGL.Y

LETOFAK 1A GECY=LE MIN

AT

O - YED

SN - LED

LD TOR

THRYCSTOR

CUNT

LHDTEATION
1 COUNT

COANT



FAGE 027 BCSCT CBAC

3026 EGT ELCIWA YES

3026 STX EDELAY  SAVE NEW COUNT
2030 ELOW3  RTS

3032 GF 3

3034
3036
3036
20410
3047
044
2044
3048
300 X

3052 EQUAL TET FEQU+L  TEST EQUALTZE REQUEST FLAG
3054 Q) EQUALL  TMDICATORS "OFF® & RETURN
3056 LA #10 PEAUALLZEY ON = UFD

B05E (IR BSTAT

040 LA H$0% PEOUALTZE* ON ~ LED

D062 CIRE: CFEQLT

30464 Fify EQLIALS

3066 EQUALL LDA FHEF EQUALTZEY OFF - UFD

3068 AMDA  DSTAT

30790 L.DE: PHED TEQUALTIE" OFF - LED

a0re AMDE . FROUT

BO74 EGUALSE STA BSTAT SAVE VED STaTUS

2076 GTE CFEOUT  SAVE LED STATUS

3073 RTH

EQUALTEE 8TATUS INDICATORS

SETS OF RESETS UF aND LED INDICATORS
ENDING URFON STATUS OF FEMSL 5 0 - RESETS , ELSE- SETS
INFUTS @ FEQU+1, DSTAT, . FPOUT

USES © &, B, REG

OUTFUTS © DSTAT, . FROUT

X X X ¥ X X %

2080 aFc 3
308

»
3084 x AC FOWNER
308L % Fl.éas
J08H w Tt
3090 % L
NP2 K
204 ACPWE LA
304 T
3098 Faidl
3100
JC RN e
3104
LA AUPWRDL LIDG
3108 A
3110 ACFWRE ST
BN I 4 TS
3114 SR 3
3Lls %
3118 x CHAERGIING i THNDTCNTOR
BLE R aNs '
sz}
)
< ()

A FOMER CFF
AN O D

3188 x

D130 CHGLED TET

3197 FEQ .

2134 LD L FREOUT

3136 ORA P01

3138 STA . FROUT SET LED ON

3140 TST FHGL. FOSTTIVE @
191




PFAGE 028 ECSCL  SA: 1

3142 EFL. CHGL2 YES

144 LA FLASHL

3146 ORA F4601

3148 STA FLASHL SET LED TO FLAa9H
3150 3 CHGLZ

3152 CHGLL  LDA FPFOUT

3154 ANDA RBFE

3156 STH FFOUT TURN LED QFF
3168 CHELZ2  RTS

2160 SEC 3

i B N Yed
244
3166
3148
3170
3172
3174
3176 WARN TEY FWAIN

3178 =EQ WaRN L

3180 LDA DETAT

3182 ORA H4H80

aig4 STA DETAT SET WaARNING ON
94186 TaT Fllakn

3184 EFL. WARNZ

3190 L.D#& FL.ASHY

3192 ORA TR

13194 STA FL.ASHY SET FLASH ON

3194 ERA WARNZ

3198 WakML  LDA DETAT

3200 AMNDA b 7F

3202 5TA RDSTAT TLURN WaRMING OFF
32049 WARKNZ RTS

J204 SeC 3

AZ208 x

RE1L0 x SOC - SUBROLTINE

I3217 % DISFLAYS BARGRAFH 0-100%
2214 % FLASHES TF DSOC =0 TO 207
Ha2lE ® DEOC La BIT FORTRAN INTERGER
RE1LE w DEAR 8 BIT DISFLAY

WARNING TNDICATOR
Floal o FHARN
=0 QFF
=000 ON
=00 FLASHING

K o¥¢ ® %

¥ ® X

REE2 (IR DEOC DISFLAY STATE OF CHARGE

3224 EFL. w3 DON/T DISFLAY NEGATIVE WallE
3E8A CLRE

JEEY GTh DESR O BAR-GRAEFH ~ SLSE

3230 CMPE L2 0, LO%, OR 202

3232 EHE 5001 MO

3234 1L.DA FLASHY .

3EBE OR& 604 GET FLASH CODE

3238 S5Té FL.ASHY

3240 S0C1L RTS

Ja42 SEC 3

3244
3246
3248

3850

FLASH — SUBROUTINE

FLASHES AFFROFRIATE TNDICATOR ON WD QR LED

3252 BASED UFON FFLASH+L, FFLASH+Z, "1" FLASHES

2254
J2B6

FLASH RATE DEFENDENT ON SETTING AND RESETTING OF FFLASH
192




FAaGE 0129 BCBCE TS §

FFLASH, FFLASH+L1, FFLASH+Z, DETATM, | FROUT+1
A B REG.
RSTAETH, . FFOUT+L

3E0H

FL.ASH  TST FFILA8H FLASH REQUIEST?

FL FLASGHL )
L
E:

ES

DETHTHM

L CFPOLT+]

EORA FlatsHY UFD -~ BLANK NORMALLY ONM ELEMENTS

B LN FLASHIL. LED ~ BLANF NORMALLY ON INDICATORS
5Th DETHTH

STE CFREOUTR

D FLASHL RTS

FAGE

SUERDUTINE © QUICK MULTIPLIER ¢ RE-ENTRAEGNT )
Gy B) % BTACK (S 11s CYOLES ~ FOS.
A Ld BT SXGNED WNUMEER 170 CYCLES -~ NG,

ELT

REGULT 0 8TaCH. A B 29 BIT STGHED NUMEBER

B R )
0,45

SHERVE WORKSFHCE ON §TACK
T NEGATIVE 4 Floai
O FOR MEGATIVE 4

THETA

. R IV T
NI 0., %

L OM™

GET NEGATIVE FL.AG

5 DOMPLEMENT
COMER COMPLIHENT
GO 1. &8 COMPLE
Ukl BTE 1.4 TEMP. SAVE 27MND BYTE
A B MUL. TIFLITER

1,8 ZOND EBYTE

Ay X ADD RESULTS T
1.9 DAVE 24 BYXT

CHECK FOR NEGATIVE ¥
.2 MHC
1.8 COMPLEMEMNT 24 BITS

L0 SO
FR ]
o
(S N |

oo
LI B

41, FORM 2% COMPLEMENT
2,8 SaVE COMPLEMENT

QMU

éas SaVE 4 MEE TN STACH O RETURN
L.O0D 2.9 SAVE 1o LB TN & B OREG

LENS 4, & CLEAN & .
RTS

S 3

SUEBRODUTINE © QUICK DIVIDER
TRUE ROUND OFF OF A, B /727D
193

MULTIFLTER FRESAVED ON STACH(S) POSTTIVE NMUMEER <= 13Z

Ias

e




FAGE

3374
3376
2378
3360
ARH2
3384
3386
3368
3390
3392
3394
FA9
3396
3400
3402
3404
3406
3408
341.0)
3412
3414
3416
B4R
3420
B4R
3424
3426
3428
3430
3432
3434
3436
3438
2440
3442
3444
B4k
3446
3450
A
3454
3454
348
3460
3942
3464
2466
BAGE
3470
3472
347 4
BT
23476
3480
3482
2464
3484
3468

030 ECSCL . S5AL

* ENTERS WITH DIVISOR FRESAVED AT DIVW
X DIVUW+L WORKSFACE

® (G, BY 16 BX

*

(RIRNAY CLR DI+
TGTA

il QADIVL
INC DIUWH1
SRR COMLé
HRA

ROEE

BEC EVK
BGT QADIVL
E{ N QLY
ADDD S TINE
VW1
QanIVA
COMl &

QAHIVL

QADIV2

@DLVA
GG 3

x

* 16 ELT %7

»

COMLS6  COMA
COME
ADDD 401,
RTS

FAGE

s

®

TNFUT . NOME
USES: Y, A

%

TRISK  LDY FUFDATA
LDA FHAD
ST 0,
LR

STA 1Y
STA Y
STA <P
STA 4, Y
LD FB0A
STA 5,
RTS

GFC 3

T SIGNED MUMEER

CLEAR  WORKSFACE
NEG NUMEETR?

NQ

SET NEGATIVE FlL.ab
28 COMPLEMENT

"
// L

5 COMPLEMENT OF CALED

L8 COMPLEMENT OF 8 MGE
178 COMPLEMENT OF 8 LS&
208 COMPLEMENT OF 16 EITS

ROUTINE TO INILTIALTIE LISPLAY S BIT PATTERNG

FOR ELAaNK DISFLAY -~ :
& SETS PROFER SEQUENCE CODE TO BRACKET
SERIAL DATH O START & FINISH )

CITFUTS . VFDATACE)
RETURNS:  "Y* REG POINTIMNG TO WFEDATIL

GET POENTER T L9ST DETAH

SET FINISH CORE
BLANK all. ACTIVE ELEMENTS

BET START CODE

* CONVERT 8 BIT EBEINARY VALUE aA-RED,

b S TO 3 BCD UALLES

T

* DNLUM,  DUM+1, DUM2

ECD CLR DNLI

CLEAR RESULT LOCATIONS
194



FAGE 031 BCSCX BTSN !

3490 CLR DNUM-+1

349E BCDL HBUBEA %100

'H",“i BCS BCD2 LESS THAN 100

: TNC (>NUM INCREMENT HUNDREDRS DIGIT
ERi ECID1

BCD2 ADDA #1040 RESTORE 0

D3 SUEA #10
=095 EoD4a LESS THaM 10
T DL+ TMOCREMENT TENSG DIGLY

] ERA 2OD3

D4 YDA #1090 RESTORE #

SBTA DiMUM+2 SET ONE’S DIGYT

RTH

S a2

¥
K FCD TO EEINARY CONVERSXOM
. X EMNTERS S-REG WITH BCD NUEBER
* 2T FIZG WETH EINARY  CONMVERSTOM
* .

R &
SOTES MO OTHER REGISTERS

e
x =

ELNARY FEHS B
TF B DUFLICATE A-REG
ANDE  #50F SEFERATE BCD DIGITS
AMDE BED
FEHS B TEMPORARY SAVE
LDE: #1160 K10 & SHIFT 4 POSLITIONS
MU,
ADDA G+ SUM LOWER DIGLT
FULE B RETRIEVE ORGINAL CONTENTS
RTS
FAGE

HHK EREOR SUBROUTINE -

SPECTAL FAULT DISHELAY

R ERTER @ 7R REG, CONTAINING ERROR CODES

XK OUTFUTS @ DISFLAYS Fally CODE ON VED

K Hid TS F RAM EXECUTION UNTIL FaULT TS AClk |J()NI LDGED EY
WX DEFRESSING REMOTE DLSPLAY FUSHEUTTON WMHEREUFON EXEL
K RETLIRNG & TRIES T CONTIMUE

EFRROR PH T FRE-GET FalllT Flai

PESEFLT
o

ERRL Re
D“L\U
‘IK I N+l REMOTE PUSHEUTTON DEFRESSED

CFAULT FlLaG

FRR2 RTS
s

Y
R’

FIa INITIALIZATION SEQUENCE

3H%4
3598
3600
3602
BaH0A

Fal-FAa3d  DEVICE SELECT (OUT)
Fivd-Fad RATA, CLOCK, §TROEBE & ELANK (OUTY  REMOTE DISPLAY
Faz SWL CIND REMOTE DISPLAY

195
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PAGE 032 BCSCE . HA

360é&
3608
361D
34612
3614
B6LA
34618
3620 X
3622 FIALNT !
3624 STk Lol SELECT DATA DIRECTION RE
BbHEA LD#A P FED-FEZ,  CONFTGURE A% OUTE
3628 5Th FLALEBD
24630 LIE FRLABFR CEL-XNFUT - TRQ EMARLED -~ CEZ CQUT) =0
B632 HTE PR v
3634 LD FLSLED CLEAR TRG FlLAG S
3634 LDk PEETadiR Oal CIRDY - FIRO ENARBLED ~ Ca@ (OUT) = vl
34638 STE FL&ELAC SELECT PERIFHERAL REGISTER Y
3640 LDa RHE Frag-Pad="1" (ELAMEK DISFLAY )
26422 STd FEaLAD FRE--SET QUTELUTS
3644 8TA FLAXMAD GUFLICATE TN R
Je64é L RN RATIWIAN
34648 STE Flaai SELECT DATA DIRECTION REGLSTER

y 5Te Lol Fal-ad OUTHFUTS 50 Fad TNFOT
LADE A S N TSN
STE FLaLal SELECT PERIPHERM. REG
L1y FUALAD CLEAR TRE Flad

Gl TIMER INTERRUFT (IN) FIRG
A2 ARESDY COUT)

PRO-FEZ  CMOS DATS BUS CO8 OR OUT)

{INY TRA

bW SYSETEM DYAGENOSTICS — SUERCLITINES

® ROMA TEST 0 CHECKSUM L3 CrOLES BN TE
*
ROMTET

FFRCMS+Z 1B T ROM SDDRESS SFTER D & CHECHESUM BY TS

&8 ROML

LT ROM @aDDRESS COMPLETED

DEFEATED CEREQ WORMAL, ERGSHTH Y s

R
JEFPE ROM2
3694

34696 X

36789 w TEST ot 13 TOGLLONG ALl BITS & CHECHTNG FOR CHAENGES S048 5y TEs
B0 %

3702 FAMTET LI kb0

A704 RAMZ LY 0, s

I706 iy = COMPLEMENT  Ra LOCATTION

3708 ADDE 0. x

13710 (MNIEE B CHEGK FOR VALTD RESULT

B7LVE EEQ EYTE TEST Q0 K, WNEXT LOCHTION

3714 LDE GET ERROR CODE

B7LA LI
3718 RAM3 20 RETURN RaM 7O ORCGEUNAL. VALLE
J7E0 CMF X FEE00 CHECK 2048 BYTES
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FAGE 033 ECSCTE . 5A:1

3722 ENE M2 O

724 RTS

1 VAT See 3

3728 *

i Vac {4 TEST REAOL TIME CLOCK BY SEEING IF MILLISECOMD COUNTER aDVANCES
A7 M

3734 CLKETST LDX {46 1) FESET SOFTWARE COUNTER

3736 LKL L.0DA RTCCTS READ CLOCK COUNT

3738 LDE RTCHBR CHECGK FOR VALLID READ
3740 ENE LKL READ AGAHTIN

J742 FSHS A

3744 OLK2 LEAX 1. X

746 CHFX {0 11 CYCLES B 3,58 mHe
3748 ENE LR WATT L. 1m$

3750 CLE26  LDE RTCOCTS Al COUNTER AGATN
3BrE2 1L.DA RTCSR CHECK FOR VAL RESD
A754 BNz CLEZA NG RE&D AGATN

BTG4 MR 0, 5+ DD CLOCIK alvaHcE?
37E8 EiME CLK3 YIRS
3760 LDE PERRCLK
B7HZ LSRR EERROR
AB7E4 CLIKS RTS

A74H4 SEG ]

B7AE X

A770 x TEST RaM & CLOCH NON-QOLATILLYY alx. FOWER
BF7Z X

DTFA PRRTST LDG kL3 TEST WalJE

Y THT FOAL CALTERATE REQUESTED
3778 EiNE e YD

3780 M [ eTa I T BOTTOM OF  MEMORY
3782 BN IR, FaTlLED

2784 CHFA FedME TEST TOR OF FMEMORY
AT BEQ W3
ATBE FHRL P RE R

7Y 8] DLSFELAY Fally

BTOE LR 2O CONTINUE BUT DONT RESET
D79 FWRE FeAMs SETOKNOWN TEST Yol Ul
DA S5Ta FedaiiEs

JFPE FURZA LDA B

3800 OTd EFLT SET O DEFSULT o

3R3n02 R | RTCORE RESET - CLOCK

38049 FRR3 RTS

DE0G S 3

AR0e
3810
3B
3814
B8LE FIATST LDA FIis1ab

318 EXTA L8 TEST A SLDE TNFUTS

3320 EaE FXal (154

3B2E L.DEs FERRF IO

3834 LESR ERROR DISFLAY ERROR CODRE

382G L.DA FIALaD .

3828 FIAL oM FIA1LAD TOGGLE A& QUTFUTS

B30 ADDA FrLatab

3832 COM FIa1AaD RETURN QUTFUTS TO ORTGINAL STATES
3834 ANDA A$7F TEST QUTFUTS BO-EG

ezt CMF'A {7 OQUTFUTS TOGGLED

197

EREOR CODE

2?0

FL&a TEST SEQUENCE -~ A8 COMFIGURED TN BOSCT
NOTE: B SIDE mMUST BE & T BE OUTEUTS UFON ERNTRY

EGE

x*




FAaGE 034 BCSCT Lo
3E348 EEQ e Q. .
3840 LDE K '
aR42 LRSI EREC
3844 FIAR LDA '
3846 5T NN
3(}’1 L.DE b F F
I ST P D CONFTGEURE B QTDE AS OUTPUTS
L.DA P N
5T Pl 1]! i
LD CLeLED
M PLELED TOGGLE & DAaT REG.

)oﬂ AdDA FrALED
Jﬂ‘ui (R 41 M l
3864 FEQ A3
386HG (S
TS Tate LESR
AEF0 FIAS LA )
387E 5T llnl'3
53874 L s e

ATER TOGGLES
TG

CONFITGURE B STDE A5 TNPUTS

2874 L.DA Y ABRFR
3678 STH Pl ec

3860 l. |)(\ N AN R EH )

38872 :
3084
AB86
)E:N.\L

#‘M s EOINFUTS FULLED HIGH
g YES

Fra4

* o TEST anallds 70 DIGETTAL CONMVERTER

ARDCTST l l"'Jl"*

5T REFEREMTE

fei L n >
304
BN

(l(}

OUT OF FANGE
LOWER LIMET
O

AL SET ERROIR CODE

4 ADCE

TEST O THERMIS TOR CNPUTE - FOR GFENS O GHORTS

COTMETET LD TR TS

y THF L L0y . LOOFFHET

3930
295 3(

ORI
. :' . I l LN

LAY SHORTERD BRROR CODE
COMERCT O XMPLIT

FROM Tkl

3"‘% 2T
3544 CrMrD TEST FOR OFENS

3944 BT il 0. H.

3748 Lok 2, FETOH ERROR CODE FROM TaBLE
3950 -GG

EROR DISFLAY QFEN ERROR COGE
198
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FAGE

3954
A5
3958
3960
3942
39264

3PHE

3PLE

3970

JPF2

BT
APV
3O7E
3980
3007
3P4
3966
3988
A9P0
3992
3994
390&
3998
4000
4002
1004
4006
4008
4010
R 1V S
4014
4016
4018
4020
ANEE
A40e4
4086
4028
AN30
4032
4034
40384
4038
4040
AN47
444
4046
4048
4050
A08EE
4054
4054
4058
4060
4043
4064
“A0&Hé
4068

035 BCSCT
FLLS
LEAX
CMEFX
.5
RTS

SPC

THF3
TMF4

2K
¢ GOFTWARE
*

K.
TREF  MACK
GWI
W
GLET
NI
FAGE
K
K
WK
KK
KK
KK
KK
WK
i
X CHARGE
X

MUXCHG  FIE
FDE
FIDE:
FIE:
FIE:
FDE
FIE:
F O
I
FE:
Ik
FIE:

Pk

TaRLE

M

® DISCHARGE

X

MLIXDLS Fi
FDE:
FE:
FDE
FIE:
FDE
FIE:

K

X REST

b3

MUXRET

MODE

FIE:
FDE
FIE
FDE

TRAF -

MULT TR LEXER

18T BYTE -

2D BYTE -~

C8a0l

X RETRIEVE LAST
2 X MEXT TABLE ENTRY
FTELTOE  TEST FOR LAST ENTRY
Tk

IR
P

MAGRO

SEQUERNCING FOR

OFFSET
ANALOG THPLT

ADDRESS FOR

AMULT TP LEXER

MODE

TEAT.
LIEAT.

TEAT.
TEAT.
VEAT,
TLIMNE.
TEMNC.
TEAT.
VEAT.
TLIME
TFET.
EHID.

MODE

LEAT.
LEGT
TEAT.

END.

VEAT.
TEAT.
TENC.
END.
199

EACH

FOINTER LOCATION

EalH OFERATING MODE

TO STORAGE LOCATION FOR EACH

ANALOG TNFUT



FaGE

4070
407
4074
4074
ANTH
40830
4082
4084
/:'l. { ; o

(8}

4020
4092
.-’{. 0 (;) 'f‘
4094
4098
<4100
102
4104
4104
AL
4110
R it
4104
4116
18
A4LE0

G123

41238
A4

GLAE

AL

4144

4178
410
189
4164

036 BCSCT RRSTA R )

®

w THINK

N

MU T FI2E
F D

MODE

TENC.
EARINS

. DIAGNOSTIC MODE
x

LD A TREF.
TFET.
TENC,
TAME,
TEST.
TEST.

END.

FIDE

Fiok
FaGE

WK

Ha THlRLES
K

WK 0
K

K

WK

K

WK

M
Al
XS

Lot

FTR

FUR TR
AR

FTH
‘1 NORMAL

DIHFE

G o
EARIN] “4
[EXELN &
2 EQU L

CHAERGE MODE

# DCHTHARGE rODE
w '
TELDIS F

IZ

H
* FEST
A

TELRST

MODE

. THIMK

K

TELTHE FIDE
FOE

MDE

THIMIK
THEFOR

SELECT

TO EXECUTIVEHMEL.
TO FOR
O MULTTFLE

DIEFLA"
OFTTOMAL,

MODE LRI

MOGE FOUTME
A ROUTIME
R TelELE

DIGFLAY O SWL DEFRESSED 5

FORTRAN ROUTINE
ML TIFLERER  TAEBLE

3 OF
0F

BLE - LED7S
GRID -

ELANK -

ST TN

VD G ENA
WM .

Exeabe, W

BraRGRAFH - LD
MUIMERTG ~ WED

B it LT
Eboaibe LLELD

Eraambe - WD
ErnaRGERAGFH -
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Erloidbs -

ALLOW FatilT
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4184
4188
4190
1192
1194
41946
4198
4200
4Z02
4204
4E04h
4208
4210
N Vi
4Z14

214

423
4236
Spaals
4240
Az
4294

HEAS

'*.C..' AL
4274
,:"’, * Ay

4290
“429%

4294

AE98

4309

037

*
>
%

BECSECT

FDE
o
FDE

DIAGNOSTIC MODE

TELDIA FE

KK
WK
XK
WX
KX
XK

KX
&E
MK
*K

TELE &R

TELE®E

K
K
WK
K

FDE
FE
e
Fidiz
FAGE

TARLE:
BEXTF -0

TARLE

E-EYTE

MEXIMUM LENGTH,

EINARY

RCT- N )

FLIXTHIE
#0008
0508

0
0
MUXDTA
0
0

Oefedcnas

A00110010
“000002110
#01001011
worondl
201000110
A0Lntioln
2021110010
#o0onnonL
P I e T A e
KoLLoGLt
ALe00000
400000000
“00000000
Aonnunaonn
A00000000
400000000
3

ER-GREFH FERCENT

$0=H00
0L

TEST

ADDRESSE

ELANK -
EARGRAFH

TO BEVEM

DISFLAY

0OF

UIF2

= USED DURING

(0 0

L I
(23 2
By 3
{4y 4
Sy oy
(A &
oy 7
(8 @
9y ©
(o -
D

(i

<o

(ko

) BLAME

0%

VARTAGLE
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- VFD

GEGMENT
T DESTENATIION

ST
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i BELANK

DECORER:
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&

LOCHTION

TEM CHORANCTERS

-~ LED
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R GE

;
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i

ALLOW FAULT

i

FALLOW FAUL
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4302
4304
“430&
4308
4310
4312
4314
4316
4318
43240
4327

4324
4374
A4R20
4331
4332
41334
4336
4335
43410
4347
4344
4246
4345
43%0
.(.} s J":;‘

3340
4367
42344
4364
43468

47 wn
4392

q\;wu
4400
4402
4404
1306
44013
4410
4412
4414
444 &

G0El WK
42354

- TELTEE
(

038 BCSCE 49
KK

TELTST
FDE
FE
FDE
FiE
FOE
FiE
FhE
FioE
FDE
SEC 3

I

TELTSE

KK
K
KK
K
MK
TELTIM FOE
IDP

TOME TAEIE:
ENTRIES

TO BE

TELTIE

X
P 4
KK
K

Ters b
1L76T
27D
BRI

CF
BYTE

B TE
K
TELTEM

XK
*K
WK
K
WK
K
TELTOS F""

lmT l“lk
S BN TR
AR BEYTE

TELTOE F

KK
K
KX

I=1h

THE

EYTE -
= BECOND LIMIT

TEETS
1060

T»\Hl liw ERRT
3

TRl E OO
THERMISTOR
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VEAT
VEAT+L
A N
UL LM+ 1
i H
AR
TEAT
XE&T e
F 0L

I+

YEA,

USED BY TIHME
ARE SDDRESSES
MIANCED

ROLTCNIE
OF GO

EQLTITM
TS TIM
CHETXM

RMISTOR LITHMITS

=~ OFFSET TO VARIAELE

FIRST LIMIT CAUSES

CAUSES
THERMISTOR -~ 2
11

THERMISTOR -~ Mo
65 1

J0 €

THERMISTOR
o

80 C

THERMISTOR
s

E ST

OF R

JI"I.
LT NE AR

LATEON
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- AT TERY

T ADVENCE
NTERS

ADDRESS  STORMGE
FauLT INDIH&TIOV
FOWER STAGE

TTERY ELECTROLYTE

T ENCLOSURE

T HEATEINK
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FAGE LOCEHTION
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4418
4420
4422
4424
4426
4428
4430
4432
4434
4436
1438
4440
44432
4444
4444
44483
4450
440528
4454
44056
4454
4460
444
4464
4466
4446H8
4470
4472
4474
K47 &
4478
4400
1482
4484
1486
<4468
1490
.(.} .('.} » :3
P4
4496
K.} 4} (;," }3
AE00
450%
4504
S04
a0g
45910
4512
4514
4514
1.8
4520

4aL2

.(4} € ’74
4526
45883
4530
‘}:J\.}

039 E

KK
XK
KK
XK

TELTHE

K
K
XK

WK

WX

K .

* ND)
b 4
ERRFWR
X
ERRCHG
b4
ERRADC
ERROF
FERRNEG
ERRSML
K
ERRROM
ERRRAM
ERRCIO
ERRCLE
CRRETA
ERRFIE
ERFEFOA
ERRFOE
x
ERRTES
ERRTES
ERRTFS
ERRTAS
ERRTEQ
ERRTEQ
ERRTFO
ERRTAQ
x
ERRTEA

CHCY L BAl

STERRAN-WESTERN #1M100Z-A
VEEF=4. 000 V ; R=10K EJﬁhING
OFFSET BY 40 C

FCE 189 145 C 0. 00V ACTUAL. TEMPERATURE
FCR L40 100 C ¢ 2546V)
FCE 11 79 G E2wm
FOE 101 &L T 768U
FCE 91 S1 6 (L 024W)
FOE 83 43 C L 280V)
FCE 76 346 G (L G836
70 30 G (L 7RV
&4 24 C (2 048W)
N8 18 G CE 3040
g2 12 € 2 GaH0W
¢
¢
(a
¢
<
¢

=) b6 € CBLAVY
FCE 40 0o
FOE 3% -8 G
FCE 22 -18 ©
FCOE G ~3% C
FCE ] -40 €
FAGE

LJ.?‘»:}"J‘

072
328V
.uJ4U)
3. 84003
1. 096W) “OFF SCALE"

Fa

Gl WS

EQUATE TABLE OF SYSTEM ERROR CODES

4 MOBE PRIMARY — ASSEMELY NUMEER
4 LSE SECONDARY - ERROR WITHIN aASSEMBELY

TE.: H0X THRICATES RUN TIME FALLTS CHECH MPL LIST

EQL 11 AUX. -~ POWNER DEFECTIVE - Rart,  TIME INFOQ
EGLU $21 FOWER STAGE FaULT USED THLFML.

E(3L $3 AZD CONVERSION ITRVALID

EQU 32 AZD QUERFLOW TRDICATION

EGL $33 ANALOG TNFUT  ITNCORRECT FOLARITY
EXRIN] 334 SELECT MODE - TNUVALID MODE

EQL 1L ROM CHECKSUM ERIOR

EQuU 42 BEXTS TN RAM WILL NOT TOGGLE

EQU $43 L/SEC INTERFRUPT

EQU F44 REAL TIME CLOCK DOESHNST SDUSHCE

EQU E R FIA A TNFLT FaULT

EQU 46 P BOXNPLUT FaulT

EQU 47 Fhd A QUTEUT FaulT

=Qu 48 FIA B OUTFUT FAULT CINTERNAL Y CHEDK ONLY)

EQU $70 BATTERY THERMISTOR SHORTED

EQU $71 ENCLOSURE THERMISTOR SHORTED

EQu $7E FET THERMISTOR SHORTED

EQu ®73 AMBITENT THERMISTOR SHORTED

EQL) $75 EATTERY THERMISTOR OFEN OF FUSE BLOWN
EQU 76 ENCLOSURE THERMISTOR OFEN '
EQL $77 FET THERMISTOR OFEN QR FUSE BLOWN
EQu 78 AMEBTENT THERMISTOR OFEN OR FLUSE BLOWN

EQL $81 BATTERY OVERTEMF.
203
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4334 ERRTEM EQU $8< ENCLOSURE OVERTEMP.

4536 ERRTFE EQU 683 FET DVERTEMP.

4538 ERRTAM EQU $834 AMEIENT OVERTEM™.

4540 x

342 ERREAT EQU H91 BaT. BELOW MIN VALUE

4544 ERRFFL EQU P2 THVUALIED SWITCH SETTING

G496 ERRSQF EQU H93 SFEED TRANSDUCER CALXERATION ERROR
4548 ERRSHI EQU 94 SFEED COUNTER OVERFLOW

IS0 ERR EQu $RY

A55E END
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FaGE 001 VECTOR | SA: 1

o0in NAM VELCTOR

0nzo0 QFT FEL, CRE, F==58, Gy LLE=1710

on3o0 TTL. RIS 6 S VECTOR TaBLE BCSOY

0040 ®

05 x LLAG/782 ASHEMELY DETE @ J R M

G040 %

IR I 4 DISK 200 (BEaCHEUF o #2100

nooan = VECTOR. Sa SOURCE FILE

o2 o« VECTOR. ™0 QBIECT FIILE

Lo x

n11n KIREF IHIT, FIRQ, TG

L0 wx

0130 xx THNTERRLIFT VECTOR STORAGE

07140 #x

81%0 ABCT

1140 CIRG VD

0L70 ®

071230 FioE IWIT GWIZ VECTOR CLINUSIED S

n1en FDE: RENN) SWXE VECTOR  CLURISED)

0zZ00 FIoE F Ol FahT TNTERRUPT VECTOR (TTUMER 1750

0210 FOE: TR MORMAL TMTERRUFT VECTOR  CEGC -alls
0 Fiok INLT QLI VECTOR TR STERT Y

] FDE IHXT HML VECTOR CLINUSETD

0240 ik THNIT RESTART WVECTOR CPOWER-LIFP & WATOH-DOG)

0250 M

I~
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oo0lLn
0020
35030
0040
NeE50
0040
0070
0030
0020
n100
0110
ToLam
0130
0140
0150
0140
0170
0180
1140
0z00
0210
0220
0230
0240
0250
0260
0z70
0260
0EP0
ozoe
0310
(3320
0330
(0340
0350
073450
N30
0360
0390
0400
04310
0460
430
0440
04510
3440
0470
048R0
0450
0500
0530
0520
0930
0540
NHE0
03460
0570
03830

a0l

X

.
)

CHGHMFL.:

CHGMFL

. 8A: 1

CHGMEL.
CHARGER CONTROL. SU
THIS FROGRAM CONTR
OFR DECREMEMTING TH
CeOuUT BT == Eha s

REGULATEING ALG
T XLIM
T THE

THIE
REGULATING
CHARGING LI
THE CONTROL.
GETFOINT LUNTIIL.
THAT THE CHARGE

THE
Ly
FOMER STAGE STATUS
STATUS TNDLCATORS
AFPROFRIEATE DURTNG
*CHARGE" — WILL FL
- STEADY
"EQUALTZE" - REQU
(R

THIS ROUTINE &L80
AENCIRMAL
L.OwW

HLGH

TLHE

TLE

BT TER
BATTER
)
LIMLT
VERSTON 1.0 28

FILE: CHEMFLY

Néiv CHEMFL.

FROCEDURE
LOTO CHGML

SEALTTMG
L0

I R
TIMER

Al
FéallLT

CONSTANTS:

LINLESS  OTHERWIS
AND AL (.,lJIt.F\I..i\!I.‘..

YHYS
VHYSZ -
LHYS -
TLOW -
UMIN -
YMAX -
VILOW -~

i

I l l)ll
MINI
Mmx X
AENCERMALLY LOW VAL TAGE
206

ALGIIRI

CONDITIONS:

U

CLIRRENT -

EROUTINE CALLED EBY EC/SCTL EXECUTIVE
OLS THE POMER STAGE BY INCREMENTING
EOCONTROL, SET POINT CCOUT A8 REGUIRED.
LE 5 BETO-&H=MaGNLTUDE

DRETHM FOLLOWS & CONSTANT POWEIR FROFTLE
CELINE MAX) DEFENDENT UFON FRONT PaiNEL.
ULITM SET BY THE CHARGE MONITOR al.GORXTHM.
FHM WILL THEH REGULATE AT THIS VOLTAGE
CHERGE MONITOR ALGORITHM DETERMINES

CLE IS FINISHED, By SETTING VLIM=0)

SWLTCH

MAYEE VERIFIED BY CHECIKING FOHG C1=0N : 0=0FF3
¢ "CHARGE" &
THE CHARGE

AGH DURTNG PONER ON DELAY
WHEN FOWER STEGE ENARILED
ESTED OMLY Y ALGORITHM BUT
TOGGLEDY BY DEFREGSIHNG SWZ

"EQUALTEE" )
CYOLE.

SRE CONTROLLED &%

MAYEE DEFERED

FROVIDES FOWER FROTECTION FOR

[

STAGE THE
- LIMET MaxX CURRENT

MO TAGE TNHIBETT CHARGER OFERATION

- FOR OFERATION AT RELOW NORMAL VOLTAGE
- T VOLTEGE REGULATION FOINT

Y WVOLTAGE

LEVELS

837
1174782

JOHN B MEZER®

PO SROUND COMSTENT  TaABLE

LTEAGE — 50 MYy 2 6
N1 I AT | S

- 2 MIN B

i)
BT
T

CEFTED @l VOLTAGIES REFIER
T @0 LTNE CURRENTS

TOBATTERY

HYS
L HTE
TOHYS
(l DO LLINE CURR
MUM VOLTAGE
MM VO T AGE

3RO
Ok
O
EMT ¢
FORER
EEF ORI

REGULATION SETFOLNT
FAauLT TIFMER
R GULETION
CTFOIHT FORLOW EATTERIES
GTEGE WILL CHERGE
FauLT DESALLE

WHERE CHARGE CURKRENT

530G

SETFOGNT

VOL TAGET

)

FOLLOWTMG

IH LITHIOTE
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0G0

0A0G0 FTIML - FAULT TIME FOR LOW VOLTAGE OFERATION

0610 FTIMZ - FAULT TIME BEFORE VOLTAGE REGULATION FOINT
0620 x/

0630

1440 DCL. FPECT VHYS  STGNED BXNGZY TNITEG
Nasn DCL FSCT VHYS2 STGNED BINCGZ) TNITCL00
04640 DCL. PRCT THYS  STGNED BXNGEY INLT 5D
0679 DCL FSCT ILOW  STEGNED EINCE) INITZ002 3 AMPS /L D1LA/BXT
014680 DCL. PSCT WMIN G STGNED BINOZ) INXT(1800) P0 VOLTS . 0S50V BLT

P o2u Vv /0 0S0V/ETLT

|
i
|
!

063 /% Tems=. changed  From norvmasl 3002 Eoan UOLTS /0 09S0V/RIT %/

{
|
]
I

B/ UQUU/ELI
. 0% hMFQ S0 DIRSELT

14690 DCL FSOT WMAX  STENED BINCGZ) TNIT3100) L35 VOLTS /| 050V ETT
gro0 DCL FSCT ULOW  STGHED BINCGZ) THITO1E8002 0 MOLTS /L 0S0V/RTT
07]0,‘ DCL FSCT FTIML BNy TNIT (135D 30 MIN /7 Z2MIN/ELT
N7 20 DUL PSCT FTIM2 EIMNCZY IHNITSGD0) 20 HOURS /7 2MINJELT
0730
0740
0750
Q760 % COMPILE TIME CONSTANTS:
0770
67aa0 ERRELD - EATTERY BELOW MIN YALUE
N790 EIRREHT, - BATTERY AEOVE MaX UalLLE
0300 ERREQF BATTERY DISCOMNECTED DURING OFERATION C(OFENED)
0810 ERRTF TIME FalULT 4L - FOROLOW. VOLTAGE OFERATION
083240 ERRTFZ TIME FaULT #2 - BEFORE VOLTAGE REGULATION
0830 ERRSWI - INVALLID SWITOH SETTING FOR CHARGER OFERETION
04540 ERIRCHG - FOMER STAGE FAULT
nEs0 %/
12460 .
Q70 Ix FALULT ERROR CODES AFFEAR ON DISFLAY &5 @ 0-X QR 2-X W
(30
0&E?0 DEI CONSTLH0L)
4900 DL FeRE CONST RO
010 DECL. EthUf CONST (503
0920 BCL ERRTFL CONST CEO4G
0930 DAL - ERRTFE CONST(H035)
0940 GO ERREW CONSTCENS S
(0550
1?40 DL ERECHG CONSTISH21D)
nern
0vaa
09N
100 7%
1010 UERTARLES
10E0 JLIME -
1030 coour - R IUNIhOI SETEOLHT MORMAL CONTROL RaMGE
1040 = BFF 5 BRI B B0 - MGG TLIDE
1050 DEOUNT  ~ INTERNAL DELAY COURNT I"' (P OINT UPDaTIE
1060 T IM = CLURRENT REGULEATION LCIMEY
1070 FHIN - FRONT O FENEL SHOTCH TNPUTS CLSY EBYTE DATA CHFORMETIOM)
1080 HYIN = GYSBTEM YHPUTS (BUTS = PORER STAHGE FAULT?
1090 FTR = TEBLE LQOK-F FOIRTER
1100 %/
1110
1120
1130 DCL DSCT  TLINE  STGNED EINCGE)  EXTEF
1140 POL BSCT  COOUT  GLGME NOLY EXTER
1150 DCL BT DCOUNT EINGCL Y
207

H

dval. 1 FORTRAN & EXECUTIVE
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FAGE 003 CHGMPL | Sa:l

1140 DCL. DBCET  XLIM STGMED BIMCE)

1170 DCL BBCT  FPIN BINCLY EXTERMNAL P EXEC, DMLY QPFFER BYTE
1180 DCL. BSCT  SYIN EINCLY EXTERMNAL | EXECUTIVE

1190 DCL BBCT FTR BN

1Z00
210

1240 Fl.aGs: MODE FL.AG.
250 FOHGL o~ CHARGE LIGHT CTINDTCATOR FLAGD

1240 0 = "OFFY;  1="0N" § —l=FLASH
1270 FEWR - FULL POWER FLAG SET IF POME
1280 EEEN FULLY ENABLED DURING P
1290 FRWRE - FOWER STAGE 16 OR WAS EMABLED :
1300 FOHGS =~ CHARGER STATUS FLAG 1="0N"; 0" QFF ;
13140 FELT = FaULT FLAG ERROR CODES L
1320 */

1320

1340 DOL. ESCT
1350 DOL BSCT
1340 DUL ESE
1370 DOL EBSC
1380 DOL BSET
1390

1400

1410

1420 /K A
1430 COMMOM SECTTON WITH FORTRAN AND EXECUTIVE MODULES
14440 BLAME GOMMON WERTAE

1450 FMODE  ~ #ODE FL
1460 el

STAGE Hab e
ENT CHARGE CYCLE

EXTERMAL.

HEXECUTTIVE

FIWR2
T

EXTERAL

0 = NEMaL, Los EXECUTIVE REGQLEST CHarGE;
3 CHGINGE

1470 WiskEF - WGKE U FLAaG LD CDAYS HOURS)

1480 VLT - MOLTAGE REGULATION LIMIT

aid G

14940
A6 KX K =R BCTES MOT LESED BY CHGMIFL.
1510

18 Ui T = EETTERY VO TG
KX H I EYTES MOT O USED B CHGHMPL

FEL ~ EQUALTL
B CHeRGE SONTTOR
FREQ+L - LOWER CTED O pEDY
U FRONT FPanEL DE

3
1y
—
-
-
St
=,
m
vl
et
-
i
s

SET THITUELLY

COD D L

TOLFFY OR R
BUITOH

HHEX oA BYTES MOT DSED BY CHGHPL

14230 CHGTTM ~ UHARCGE CVRLE TR
LAAN %S

it

1&4é0

1470 2L
1680 (BI
1470 U,
1700 %

1710 %

177240 .
1720 4%

Fnies PRGN & EECUTIWNE
LA

VILEH

POFORTRGM & EXECU I

4
YT SULEMNELD TN POFTIRTRAN & FEXECUTIVE

208
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1740 4% KM 34

1750 DCL CsCT FEQU SIGNED EBXN(Z) P EXECUTIVE

1760 % CBCT

1770 % M 12

1780 DCL. CSCT CHGTIM EIMNC2)

17920

1800

1810

1820 /% TARLE  LOOK--UF MAX  LINE  CURRENT XX, XX &S fRMS x/

1830

18340 DCL. PSCT TELAMF (L, 4) SLGNED BIN(Z) TNIT300, 600,900, 00
1850 PCL. PDATA SIGHNED BINC2) BASED

1840

1870 -

1880

1890 CHGMI:

1200 /x TEST FOR FROFER STATUS EBEFORE ENAGBLING OFERATION

1910 DISARLE XF MODE CHANGIMG DR SETPOINT NOT YET VALID X7

1720 :

1930 IF FMODE # 0 O (VLIM < 21800 THER !CHANMGING R XNUVALIDL?
1940 DO I YES

1950 WAKEF $R700 PSET 7 DAY WAKE-UF TIME

1240 FRWR = 0 U INITIALTZE FLAGS
{
\

ii

1270 CHET L= 0 INETYALTZE /7 RESET TIMER

19860 GO TO CHGOFF DISABLE POHER STAGE AND RETURN
17990 EMND

2000

2010

2029

2030 /% TEST FOR POWER STAGE FAULT HOTE: FAULT BIT (SYIN EBITS)
2040 L=FAULT ~ IF POWER STAGE MEVER EMASELED

2050 0=FAULT -~ GNCE PORER STaGE ENARLED ®/

2060

2070 % LDé SYIN

2080 ¢ ANMDA  F440 Masl OFF Al BUT FallT BXT

2090 4 LDE FIWR2

2100 F  CHFD #60

2110 o BEQ CHGHM2 OK:  FOR DISABLED STATE

R1EQ 4% CMPD #$4000

2130 % BGT CHGME O FOR ENGEBLED STETE

2144)

2150 FFL.T=ERRCHG UOSET "CHARGER" ERROE CODE

2140 RO TO CHGOFF U RIGARLE CHARGER AND RETLIRN
2170

2180

2190 CHGMEZ:

2200

2210 /X TEST FOQR ABMORMAL CONDITIONS AND FlaaG FallLTs xy

2220

2230 IF VEAT = VMIM THEN L
2244 DO

2250 FFLT = ERRELO PYES, SET EATTERY LOW* ERROR CODE
2260 G0 TO CHGOFFE

2E70 END

2280

2290 I VEAT - Ukcdal THEN LIS BATTERY ABOVE tMAX VALUE

2300 0]

2310 FFLY = ERREHT VOYES, SET "BATTERY HXGH* ERROR CODE

209

ey
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2320 30 TO CHGOFF

2330 END

2340

2350

23460 L

2370 /% TEST FOR LOW VOLTAGE CHARGER OFERATION & LIMIT FERFORMANCE X/
2380 .
2390 TF VEAT < VLOW THEN PLOW VOLTAGE MODE?

2400 DO tOYES .
2410 TFCFPREE= L) AND (VEATVLOW-UHYS2) THER 1WaAS TT IN NORMAL MODE?
2420 DO bOYES 0o
2430 FFLT=ERREQF POSET *BATTERY OPEN* ERROR CODE:,
2440 GO TO CHOOFF oo
2450 END : : SN
2460 o
2470 ELSE L0 o
2480 DO , S
2490 TLIM=TLOW POCONTROL TO LOW CURKEMT LIMIT,,
2500 : s
2510 TF CHETIM & FTIML THEN | LOW VOLTAGE OFERATION TOU, LOMG?
2520 : DO bOYES L
2530 FFLT=ERRTF . bOSET CTIME FAULT #1"ERROR CODE
2540 GO TO CHGOFF e
2550 D D
2560 )
2570 ELSE GO TO CHGM3 ,

ik END

END
2600 L SE

2410 10

2620 F Frhafss 4 COGET NORMAL OFERATION

26230

24640

26350

2&H0 /K TABLE LOOK-UF FOR NORMAL CURRENT LXMLT X,/
2670

246810 TFCFFIN & $07=0)0R(FFIN & $0754) THEN

2691 DO

2700 FRLT=ERRGWE UOTMUALLD SWMITOH SETT NG
2740 GO TO CHEOFF bODTSABLE DHARGER

2720 END

2730 \ Frrfes ADDRCTELAME Y + COFFTNESO 710 %10 1 TNDEX TO FROFER ENTRY
2740 TLIH=R TR DATA PGET CLIRRENT LIMIT
2750 EIMD

2760

2770

27H0 CHEMS:

2790

R0 /x TEGT FOR CHARGE TIME FAULT .

2810

2820 TF (VEATVLIM-UHYS2) AND (CHGTIMFTIMZY THEN

2830 0 ,

2E40 FELT=ERRTF2 bOSET FAULT TIME 2 ERROF CODE
2650 GO TO CHGOFF L DISAELE POWER STAGE &ND RETURN
2340 END

2870

2280

2690

210
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2PA0 sx DEFER EQUALTZE CYCLE BY OFERATOR REGUEST %/
2010

2970 TF FEQU <= —1  THEN b ALGORITHM REQUESTS EQUALTIE CYCLE
2930 D UCHEDK FOR OFERATOR DEFERAL
2940 % LOD FEIN TH SW2 DEFRESSEDD

2050 ¢ EREL CHEOTL )

2940 E BITE 580 JUST
2070 4 REQ CHECTL D)
2ER0 F COM FEQU+1 TOGGLE EQUALIZE STATUS

2O END

2000 COELSE  FEDU=0 U OTMSURE VALTD EQUALLZE FLAG

3010

ool

20730

234N K DELAY IMITIAL  CHARGER TURM-ON

3050 TF PONER STAGE OFF AMD DELAY SEGUEMCE HOT aALREADY STARTED =
2040

3070 CHEOTL.:

ANHY TF CCOOUTH=0) AND (FOHGLE=00 THEM | START DELAY?

2090 [30) :

2100 ! : CHET IiM=0

3110 , FOHGL -1,

QL0 DOOUNT =0

3130 EMD

QL4 0

3150 IF DOOUNT = 75 THEN
39160 DO

3170 COUT=$60

3160 Sl
2190
3200 FPMRRE
210 DOOUNT =0
322n MDD

o CHARGE TIOMER
L TNDICATOR
DEL.AY COUMTER

MLTTALLZE

VODELeT COMPLETE?
| YRS

L X NHH B FOWER STAGE
POTURN CHARGE LIGHT 0N
oo

t

I

SET O CHARGER STATUG
LD COMDITION
T DELAY COUNTER

FLass Bl
P GE”

A CONTROL, SETFOINT UFRATE ONCE EVERY 4TH CYCLE w7

TF O CReEnUNT=4)  AND CCCOUT-C0x THEMN Y ATH CyoLE?
) bOVES

LMy SHD CRCQLT
FEMEMT CONTROL. &

TF 0 eREATEVLIM Y (R (LY
THEN CCOUT=CO0UT-1 o

TR CUIRAT-VL (l"l AMHTE D GNMD CNLEETTL UM~ THY )Y AND
2360 e UHT THERN OO ...'.f.'.‘,i‘)l.H AU TRICREMENT SETEOTMT
az370 Bl

3360

33P0 DEOUNT =0 PRESGET CVCLE COUNT
3400 D

3410

3420 DOOUNT=DRCOUNT . PoaADUAMCE DELSY  COLNTER
3430 GO TO CHGENG ' U RETURRN

3440 '

3450

3t6H0 CHGOFF FOHGE=(0 POogET CHORGER STaTUS

3471 FOHGL =D VOTURN OFF CHARGE THDYXCATOR
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3480 COOUT:=( EODTSAELE POMER STAGE
340
35040
BEL0 CHGEND:  RETURN
BHE20 END
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Pzl 001 CTINIFOR . 9Sa:

C
[
C

i

ERR RN

P}

S

YT T

i
-

-
L

)¢

TNTFQR Moct.orol a-&809 ity 29

Wi thern v - Maidl D Herbert, A (R R s
Comeoter & Softwazre Sugagbems
Gould EFElectronmics Laboratorsa
Gowldh, Trne . Rolling Mescows. TLL
JLESH4D- 4172

Modificaetions:

SR A TR XK SO S0 R RS0 300G S 0 A R S R T A A RO AR XK KO
Iritialize Varidziles Vg 0. 0
S0 TS XK S 0SS XS XS S R XS R K S 3 3000 S R RO K A

Descristion:
TF nec
JTE LISnen

the bhatterwe vollbade samdd Lemseratore
!0 cletarnirm L abahe of civarss,

toezmpe b e,

Trwates Eattere vol asa

N TR TR VR Correctec Ames-ncar meter valoe,

Subwerodgrams oalled: L

SUEROUTINE  THOFOR

INIFOR

A sunerehe e )

Starcdara Formats:

Declarstions:

COMMON LFMODE . LAk,
0P TTIE HI ' J VL
MMM
COMMOM
COMPMON
U.]Hi"ﬂ H‘\‘

v LEGT M TG

l MMM
[ZOMB0 . L L U
COMMON ECFOY BCFY, BCFTIM

Foretlorn Definlbions,

Mesiim Erowce:

Maesisr dmitial values Lo COMMON varishles
TSPCal.=1745
RLCL, 1)Y=2, 7E93E
1R, L vss), 82821
el ¢33, Ly, AE44E
(R T "='-"L G320
L1, 2yl GEGRE- ’-

213
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FAGE 002 INIFOR

=~

C

-
L

c
C
[

R1¢2, 2)=1.
RLC3, L=,
LG4, )],

L CL,

-’_7

AN
R1(2, 3)=1,
1R, Byl

H2L0E -2
EB00E

374

AN

LA Bl 3
RZCE, L =05
(R, 1)=0. 137k

R2 (30 120,
Rz 4 1)),
R CL 20, 37
R, 200, 17
R 30 200,

RECA, 2y,

[

201 Dl 218

FECE, s, 174

R2C3. Do), 130

R4
2L, 1=
Qe L=
JRISIRE FIN

Q24 1=
Ry ( Ly P hes
Qi (i,
(3203, 2

Qe

s LT maduaetmerct ot
TFOTFTDHG, LE Dy BDTO

Corvert s
LU
TE#

SeE

3 =),

QEAT=TORATREBIF

Caloculete Eaodlioeiom Yolles

(RO LD FRAZLA e sa
LR OCh%eel e DS/

TO00A. He o

T A

ey

PO He Sl
pvolte/cel L it
st o,

cracifiec: slkis Qi

200

le "Inteser" dats Lo "Resl
TUEATHECE
TEET

i ldes Clonit

a ] Voltaste Evvor

VERR=UEST-UERCEAT, TEATY

I Voltaste Ervor <= Smy/cell then slkir correction
TFABRSIVERRDY. LE. 0. 005> GOTD 200

Correct & hr meter
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QEAT=QEAT+L, BRVERR/ (VEQS3--VEQAEXTEAT)
TEBAT=QEdT /BCFQ
i
Y00 CONTINUE
Coteebuern Comtrol To Exeoutive
RETURN
LMD
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FaGE 001 ROSTFOR . S L

[ FETFOR Hotoral a-4809 ity 27 -Ser-32
™

C Writter Dw - Nedl D Herbert, 2oH- - 0BE

o Comeuter & Soflwzre Susbhoms

9 Gowldg Electromics Laborstory

™ Gouwla, Tmel » Rolling Mesdows., L1111
[ A1E/ 60472

w

C Modificaetiorns:

: Acided more COMMON a2s reeded For DISFOR.

™ MNail D Heriered, 3¢
-

[ Made calculation of VEQ am externel furnckion.

r Nadl D Hecebert, 08--Bee 0272 rciiee N0z
C ‘

[ e lacod some drbeser variables with rceal irn COMMOM.

o Covractions from J Merera. '

C acded some cornsternts Lo the COMMON

o Neil D Harvberet 13- Bepe- 32 ruwdh- 010
C

[ Eeidted for Motorola-a209)

i Nedl D Herberet, 27 =Sop--572 redtv- 020
-

(I TS RC SIS R S G S XA XS0 XS T R S K 00 X S K MG DK S B S K S5 O S MK K R

£ Roat Monitor Vear 2.0

o S O 4 O T 3 3 TS 3 00 K04 3K S8 XSS A KK S 3K TR AK B S S8 0K R S AR SRR XK K XS

-
L

- recdtvy -0 01

C Descrirtion:

[ after a Z-nour rest, bthe aattery voltaste znd temcerature
o Are ugacn Lo detormire Lhe state of chargsge

C 172 e difference 16 then adced to Lhe Ames--boor meter.
[

CoLrerts Batlterw voltease & temsorsture

r

Z Dhaleat e Corrected Ams-hour meter value,

[

C Sabwrosra2ms oalled: VEGE

r

[
SUEROUTINE RESTFOR

b ROTHFOR

e

oG somercts I STIN TN

C Stardara Formabs:
C Declaretions:

Srdie- 010 pessEie
COMMOM TEMODE, TWAKER, TULIM, TFINT
COMMON TIEAT TVEAT, ITEAT, THFEED
COMMON AMFSE TEMPE, FRIEREF SPDF
COMMON TAEAT, TABATX, TOLAST, TRARS

ZOMMON TFRST, TFCHG, TFTHKK P00

COMMON IFEQY, TRESET, TSFCAL.

ZOMMON TDSOC, XDMILE, TDCTEM, TEQTIM, LCGET M
COMMON Ri¢4, 3), R2(4, 3),Q2(4, 3)

COMMON R, RKZ, RK3, kK4
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COMMON VE@QL, VEQZ, VEQ3, VEQ4
{ZOMMON EOFQ, BOFW, BCFTIM

S Fumction Defimnttions:
C Main Bode:

C Cormvert andg Sesle "Tntbeser” dats to "Res)®
S TRECFY

AT i Ldes, CAobvit
REAT=TRESTRECED

C Caleulate Eeodliibriom Voltass & Voltade Errore
VERR=JBEAT-VERCQEAT, TEAT?

COLF Votltsdge Error <= Suescell then skis corvection
TFCARBSCVERRY. LLE. 0. 005y GOTO 00

C Dorrect A e meter
GEAT=0EATH0. SRUERRS CVEQBHVEQARTEST
YOEAT=QEATARCFR

[
0o CONTIMUE

C Retuer Cormbrol To Execubivs

YFRST=0 PREST owucle comeleteod
TFMODRE -1

RECTURN

D
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sreftv=-020

P L0, 0250

irdne g Lln, 050

incty-002

IRt taE I MY

PR TR R R



FaGE 001 CHGFOR | SA:

C CHGF Ok Motorola-—-&809 ndin: 27 -Serr-82
[

-

S Wrditter nw - Meil 0. Herbert 2o -81E
o Comruter & Sofltwsee Swustoms

o Gould Electronics Laboratore

. Gould, Tre. , FRolling Mesdows, I11

2 ALZE /& 4472

—

C Modificatiarns:

- Cheanged
i [N

t

iz of TOERAT to -=out of bhatterw

LD Fleeberet 27 g B2 rciv-001

staruee  alsritim,
1, e | R =TT S e it 00 3

[ Mocii Fied Chay
[ Nad o D Bee s

[ Acicied adaustbment of TOLAST for temser
Aasune rmone of Lhe Yover-oteedget s
: Heil D Heroert

=X ARN N C)
irto the Dableew,

-0 073

- New Chasrge Correcbion
C Heal D Herbert i T A YW= S Ve g -0 04

(W Moverd sll correction code into chaedginsg loos
o Lo lmear State-0f-Uharse dndicatoe we Lo dabe.
C Meil D Hevrpert 0 Z=Ser-82 rieiie-0 05

C aeoided more COMMON 2e reeded Por DISFOR.
[N Moveod wedate of TRARS From LSFOR.
> Heil . Hertert OB Geay- -0 04

[ Cranged fumction TEMPF o TEMPFN.

" Rearlaced son r owvariabhles wibtih reszl in COFMON,

[ Corvections from J Mesers,

r: Acdciedd some oonsts < ho e COMMOM.

C Hell ). Herbert 13-Say-83 ron-010

"

e

[ Faited for Motorols
U Meaal D Hee
[

(i SRS T X RO S A0R 4 R RS SR S S 0 T X6 A M S S0 G R RO S X
o Cvarvas Mord bor Vep 2 1)

> O XKL XCSK TR M0 D S R XK A UG R IR R S A A S0 TR XS S XS0 0K S M XK A0 0K
(I
C Descristion:

[ Sebta onaedirs

-~

rudh- 020

) - amelers,
» Whan cnarsing cons,  sets
[
C Tnrwuts:
o

-~

matbery dme--our meter value.

value,

EA VWL AR R ET) TS I MY
B Laew benreratoree,

H ohusrsie,
Loses,

YTiwmit oo
e meater v

C Qutets:
[
«
o Subwerograms oalled: TEMFFN i vy -0 0

-
L.

¥
SUEROUTINE CHEFOR
218
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G- CHGF R
[
C Argomervts: Crirme )
C
C Sterdard Formats:
C
C Daeclasrations:
C
[ srcite-010 bhesiin
COMMON TFMOE, TWakER, TVLIM, IFINI
COMMON TXEAT, TVEAT, XTEAT ., ISFEED
COMMON AMPSE s TEMPF, PWRF, SFDF
COMMON TAEAT, TQEBATY, TOLAST, LRaES
COMMON TFRST, IFCHG, TFTHIL smeli-020
COMMON TFEQU. TF Ty LEFCaAL.
COMMON ITRSOC, IDMILE, IDCTIM, TEQTIM, TGTIM
COMMON LA 3, RZ4, 3), Q2{4, 3)
COMMUON KL, B2, RES, kK9
COMIMON VEQRL, VEQZ, VEQS, VEQS
COMMOMN SOFQL BOFWV BEFTIM

(8 incin-010 erd
[

i - 0EQ

leBw el
LS FAP AN A

D Function Definditions:

Yy T
AR

Maiim Boow:

-
[P IR Y

TQAEAT=TARAT+IDCTIMERKY ; Adaust for self-discharse nodh-020
ERYS=T0LAST-TARAT  Total discharze i iy 001
ITDHCTXM=0 i Reset. Self-Dischsrde Limer ;ndn 0005

-
L.

C

(T Eesirn Chargimnsg loor .4,.‘.....q..+.4..}..¢.+.§..§..{....)..§..‘..+..}..Q..q..,;...4.4..*..+.+.§..Q..;.‘.4..{..‘...@..§..*..Q..{r...}..Q..(,..{...Q..Q..'..

200 COMNTINLIE
TFCIFEQU. EQ. 1) GOTO Z20 Equalize Recuestad?
LOEDL= i I,
FMVREG=26446. 0 5 2, 29v/cel Lxddcel lass Q850w L - 0L G
GOTO 300
L2E0 CONTINUE i YIS,
CTREMUI=TEMPFFNCITEAT, 74, 3, 49, &) 3 LE Lo 18% St 005 010
RUREG=E916. 0 2 70vseellxBdoellas. 050w 00t s 0Ln

[

300 CONTINUE

L Calceulate Charste-TN Limibs
TAOVC=RDTSRTEMPFNCLITEAT, 0. 12, 0. 08) Prcih-01.0
IONLIM=TALAST+IR0MC i rekh-0N0%
TRLIM=TONL ITM+TQEQU s 00

L Casloulste & SET Voltaege Limit
TVLEHM=RVEEGHITEAT RIS s 020

[N
C CFraseaitale locetion For THEIFGR)

e i rciv-00S hesiin
IASOC=TOEAT Plledate State-Df-Char s

C Calculate Charde Accertazmce Foinlt &t curvernt Temnrersture

QAACC==-TEMPFNCETEST, 72, 3, 62 0) 3 17 519 0% 5 rnedin--002, 004, 010, 0550
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TARA==TOLASTRQACL /&2, 0 5 Addust, for temserstore r'u:.ﬂ'ﬁ-u(l 03, 020

)
i

XF CIQEAT. LE. QaCC) GOTO 400 ; Lf mo add. needed s ndh-001, 008, 004
Caloulate Amne-Hour Corrections

o0

Py 0004 testin
QCOR= CIOBEAT-QACC / CLALTIM-- Qa0 )
TOE =T QAT+ QRS incine-02 0
TFCLAES. LT, Q3ACCYy INBE4=0ACC ; Limit of IALAST

C Correct fatterwe Shetoe-0f-Charde
TFCLQLIM. GT. TOMLIM . ARG TOEAT. 6T, TN
H 4 LEEA=TARA (L, L, ORXQEAT--TORLIM? / CEALIM-TONLLIMY 2 G migdble-020
[ i 005
TASQC=TQE4-- C IOEY-0ACCY XL, ~QCOR)
[ Srwdth=- 004 wred
400 CONTINUE
THSOC=1 04+ THsSQC~-21 741 5 Urdste State-QFf-Charsge Dicrlaw
[ irweite- 005 e
TFCLARAT. LT, TELTHM . AaFD. TFMODE. Q. 0y GOT0 200
CIF mok dorme chardging sod o mo nosde ohanss reogest,

C thern rereat chersing loow S
C Erud ohersting loos anmmimi IEE NI IS N IEIN S BRI S ISR SR BRI ST I T I aR e s S T n

C
(3
TYL I M=0 i Charvger (FF
TFCLREBAT. GE. Ty TFCHG=0 § CHARGE comeleted @ rdn-0010, 020
«
IF (IH (JU NE. ~1 . OR. XREAT. LOLIMY  GOTO &00 s Eau comsletea?
; ll"‘ .

i fee
T J.l‘1 () iR
TFEQLE() i Reaet T O W
TOL&AEST=0 i makive 00
TRSAC=10 dlmget H-0-0 Diswlawy redh-005
GOTD 00 i P-4

it (-lul @ mn.u ‘-~Hul-u

C
AU CONTINUE i L
0 Usdate Lol -;J 2 Laleen from battore sivce last eauiLizstion
R G4 LS00 Prciieen0é
Qave oall W =prarse novnslolaecd Fore Lameer atontm
XQLSE T Koy, (] AENGE P03, G4, GO, 050
TOBRAT: ‘L(J' »

.
L

[

A CONTIRUE

C Grant Mode Chanste Reooasst
LFMODE =1

RETURN

ErD
(2 ACHCICKIK XK XOHK S SRR A XA I R SRR S G K TSGR SG SRR KA RO SR AR IO
C TEMPFMN

C Descrirrtion:
C Feturne the value of 8 tenrersture derendant veriable of Lhe form:
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[ Flateau

ﬁ Vellew Voo L. L

rm s smssans e e s on ese sma b o smen 2 scnn srm s tome s e smn ssen o ot Sasm 00 covs mm o 0028 snss e wen sme
C .0 OR2TB 4705 desraes

C Tnreuts: Temrerature, Flateaw, Valley of tLhe Ponotion

C Outrats: Evalusted function of temroerature
[N petweer Platesy and Valleow

C Subwerodgrams coalled: {rione)

c

FUNCTION TEMPFNCXTEAT . FLATOH, YalLLEY) =010
$H TEMFFN
<
e
C Ardgumerts: ITiRAT = Temprerabure of betters (G0
[ FLATOM = Max value of function nelow 705
™ or apove 47959 destrees
[ ValLEY = Mimdmern valoe of function
C al, &7.% e
C
C
T heclarations:

2y

-

C
i
oMt Boc:
0

'y

FAaRG=LTEAT-27. & s

B UELLEY  CPLATOR-VALLEY ) 20, makEs (Fafis s Frwite- (0
AMER L =L T O

TFOAZ LT, aMINLy  AaMINL=AZ

TEMPFN=aMINL s LG
RETURM

END
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FAGE 001

C
0

DISFOR | G4

DISHFOR Hotorola-s809 ndi: 27 -Ser-82

C Wrditten bw - Nedil D Herbert 03-Gep-32

C
e
o
C
L

S Mogdifia

-
l-l

[
C
C

-
o

c
C

-
o

X
El
-
:
.
C
-
=

C

—

-
-

Y

.y
"

S PDeseri

Comestter & Software Sustems

Gould Electromics Laboratory
Goulc, Xme , Rolling resdows, Y11
ALE/HA0 4478

catiors:

Rerlisced some inteser variasbles with real in COMMOM.
Corvections From J Mosoera
Acded some cormstents to the COMMON

Nadl D Herbert, 13- Sep-82 ricdt- 010

Correctians from J Meosoers
Neil D Herbert 16~Ser 82 (RO Tu Rl (A

Correctiorn for UMIN from J  Mezers
MNail D Herbert L7 Bag--32 rcfin-012

Jo Mezers ohensied TRESET flag snd addedg IFCHG flseg sebtins
lel D, Herberd, : 20— Gevp 52 riefiv-013

Removed usdate of TOAERS andg test for TABEAT Limit.
“ictcded check for SORT (nes. ars)
Medil D, Herbert LE-Ser-82 rici-0 L4

or nest. currend bw orerator,
sl sredunant Instantaneows Batlery Corrernt

Allowed
Feamoseand
Trom EaTHOD
Skir BATMOD For wsdst
Af filtered srower = 320 watle.

Mail D Harbeet 23-Eew--32 o015

-

0 of TOMILE

Eadited (ur Motorola-a809.
o Herpert 27 B2 i 07220)

Acided Ualls Lo AVCEFOR rowtine Lo Filter verienles
- bt )

. FMeseras 7D -2 S 27

Mocdi fied Omess glgoritim Lo sreaed o @recurtiorn
i oustnE oa larder dtterstion slor gioe amcd oecatims
From last caloulated value,
Jdonm R Menevs 2800182 ) SN (R VAN

Changed Qmeas algorithm Lo save best correction
last caloulated dleso added setbing of wslea-oe mooia.
John R Mezeraos J6 B R [ TWERR & 3

dreine- 04

S RO K AR A R S TR ST S R SR IS S DK S 3030 0 SR N NS A Kk
RDischarde Monitor Yar 2.0
S SR A SIS 0TI R MK S 0SS KK S K 8 S K K 3G R S S SR S 0SS S S 4 R

whion:
Moarmitors discharding sarameters & srovidee state of ohardge
arnd miles Tor disslsy,
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C

%
C
C
[
-

L

el

IZ)
C

—
i

o
]

—

AGE 002 DIGFOR | SA: 1

Trwewls:

M & TR) VPTG -

Eattory Ame—-nour metor waloe,
Batterwy temrerature, current, wvoltasie, sower.
Vaehicle seeeen.

74 Stete--Qf--Charde arad Miles left.

Subrrodrams ocalled: ZOME, VEQS VDR, BATMOD

SUEROUTE

H DISFOR

Ardumervts:

NEE DISFOR

CriQre )

Standardg Formats:

> Reclarations:

COMMON
COMMON
COMMON
COMHON
COMMON
COMMON
COMMON
COMIMON
COMMON
COMMON
COMMOM

S Furnetion Defi

S oMaitrm Boci:

IDCTEFe:0

THEL TH==10

inci= 010 besin
TEMODE, TWakEr, TUVLIEM, TEFIHL
TXEET, TVBAT. TTEAT . ISFEED
AMPGEF, TEMPF, FURE, SP0F
TAEAT, TAEBATX, TOLAST, TQAES
TFRET, TFCHG, TFTHK Fmicfih- 020
TFEQU, TRESET, TSFCAL.
TOSOC, TRMILE, IDCTIM, TEQTIM, TCHTIM
LG4, 3Y L R2GH D), Q84,3
R, B2, RS, R4
VEQL, VG2, VEQR, VEQS
FOFQ BOFY, BCFTIM

Poeciin-01 0 e

i recin--0E0

reibd o,

sed L0 st
FRURT T Bt £ A Y T

soGhdust For Self-discherse

TERAT=TABAT-+ XD

LML i =080

 Tmdtialize variabhles

.0

QMEAS=TABATKECFN

RCOR=0, )

> Begin Dischear
200, CONTINUE
> Run Adverasse Rowtine L reeeded

«f I. g L CACIE PP SEE VR TOT WS YOF DI D0 SR 2L LN L0 o TRY TRY SRLEE OY SHY BE RN SPF S0 SPE P ERE DR TN P R I S Ak ot TY TELOPO0F 20 SRR N

CALL AVGRDR idrme VT

> I enarge removedd = 500 A M o or dbe beon s 7 dsue,
obihver et causlize flasg
TF ¢ CXQAE

S+TABATI. LT, 20465 | OR.  TEQTIM. GE. 504407
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TFEQU==-1 ; Time to Eaualire? Jrmcit-01.0, 014, 020

Set Wake-or mode for 2 houre if at least 48 A-br have
tean removed since last chardge ouele
YFOCTQLAST-TABEATY, GT. 20) TWakEF =2 i 24

(]
~e

C Determirm BEastlerae State incrr=-010 hesin
Call ZONE CAMPSE, TEMPF, RILE, R2E, Q2E)
TEME==TEMMF
PP S EnMEe G
TEAT=LTEAT
HBATMIOHmTMH&FQ

"ﬁThTTDﬁTHﬂ

VB TRENCE
UPL»D =R Unhl-llnl)-UhIUanMIS,Flh,hhl,de,Nlul,uln]r s e QE0
VDB L = BEAT =P ED

«C i i 010 e

U Error cacord wwechabe Tor owmme b YLhiok® o mooie

(N RIDE L =UREL /M S i QLo

o

rror & Comeensste &n He vasloe for bebtevw moddel
UW SOTH 400 Prudiv-0 LS
Qi3 GOTO S70 it LE, 080, 0
"Hl lf UUIL La o more regstive bhaee ~M0mv ety 0L
FaRG=aMPS-—-dimaT
G2, 077ZRQGL CL. 0, Q2EL QRAT ) +aESFaRGIY 75, 0
THEL TE=0. 7/00 0+50aMMa) it S
TFOTHELTE. LT, THELTA-. 05) GO TO G450
THEL T A=THEL TE i i| w029 e
UFRIME=VEQCOMEAS, TEAT ) -VDROP CAMES, RLTE, REE, s IME A, BEET 3
STEF=1L 10 i lu..ih"'f." 1l
XFOUFRIME. GT. WEGTY  STER=-1, {0

—
L7

IP(UDEN
o Only coreaodt 3

D50

= AIRROF CaMP S, RLE, B
YT RETIER. l._L.. 0.0 GOTO S
S-GTEFRZ. )
HEL TR CEME AS- QRS T
WLT. FaRG) GO TO 5N
QUOFE=FEEG faarme G
NI LN MUE
G&G CORTINLE A
571 LU TN
(.\fJ { - DONTIHUE
DAL= T+ 0R i D24

Ul ‘l-\J.i‘II
L VP
Gk A

TS TR U R

[
o« csl(,l.llcsh—\ 45 t'-‘s‘l'e* D -CiavsEse &t "Standerd" Rate Tor
: i1
ndhmﬂdﬂ
.:|u.5h LD et
'ru"ih HJ.‘;’j
i .h"’-'_‘.‘f-'*'L'I/ CEOOW M Ao ]
TLiE=1.0. I el varsge
IDHUINTIHU:U ,ruund Lire b e e

C Calouwlaste State-0F -Choavdge st "Deivimg” Fate for Miloes Diseslaw
JFOPWREF, GT, 30 0y GOTO 220 ) i -0
C U filtered =ower oot of babberwy ie less than 30 wetls,
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FAGE 004 DISFOR | SAl

C

C Ered discharsing loos

abkoir BATHMOD 5 ncih-013S
FWR=RWREF

FaRa=1. 0+2 77E-3%PWR
TFFARG. LT 0. 0 FARG=
VELIT=0. 885x (L. 0+50QRT(FA

]
REGY)

P01 bestin

s ndn-014 erd

Sdmd, FO0wv/oel laCLESART (L4, 002v/ca lLAAMP/PWRA L, 7XK2)

SR Averase Rowtine 17 rneeded

CALL AVGFOR

pJdrme0232

TIMEM=BATMOD CAMFS, TEMP. QL FRiR, VEUT) i -0 19

20 CONTXNUE
TDMILE=3FDFRTIMEM/TSFCAL+0. 5 ;i (pulses/hour )/ (ol ses/mila)

TFCUFHAODE. EQ. ) GOT0 20
TF mot dorne dischardgins,

]

incii-01L 0 @

el Cherse Flag if LA~ or more removed

TF CIMLAST-LOEAT. LT, ~41)

S Grarmt Mode Chansie Reaueast,

IFMOMDE==-1

RETURN
D

TFGHG=1
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GEE 001 THHFOR . 94:1
THHEFDR Moborola-6809

Writtern by - John B Mezeras SeNov-82
Gould Electromics Laborstore
Gould, Ine » Rollimsg Meadows, T1.

Modifications:

SIS X KR RS S KSR XSS SHC S K A S S 3K K I A M IR0 S8 TS XS KKK
Truinke Mormdtor Ve 1.0
KR RO SRR RIS SR 0K S 0K SIS K RS S SISO K I K XSS K SECC SR SRR S RN,

Descristion:
Trmats:
Qutruls:

Subwrosrams called:

SUEROUTINE THKFOR
THKFOR

Argumeryts Crcare )
Staendarda Formats:
Declarstions:

COMMON LFHODE . THAKEF . TVLIH, TFTNI
COMMOM TIBAT, TVEAST, TTEAT, TOMEED
COMMON AMESE s TEMPF, FWRF, SFDF
COMMON TABEAT, TQEATK . TOLAST, TOARE
LOMMON T, IH HG XF Illl’

L2OMMOM ; "‘EE'T'J IHPCe

COMMIN . iE 1
COMMOM
COMMON
COMMDM
COMMON

LM, TOGTIM

Foretiorn Defirnitiors:
Mair B

Meturn Corbrol To Executive
TFTHI=0 P THIME  owele comsletad
XFMODE:=-1
RETURN
EEND
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FAGE 001 BATMOD

C EATHMOR . Hotorol a-6809 nct: 27 -ser-82
o

G oWritten by - Nail D Herbert 09— Gar--37

[ GLEER Comeuter & Software Suystems

C Gould, Ine » Rollirmg Mesdows, 111,

> 2L2/640-447 2

(™

C Modificatiorns:

(8 Chandged irteder arzsiuments to real.

(™ Chsnsted from Suorovtine Lo Funetion.

(I Correctiomns from J  Mezers

C Neil D Herbwerd, 13- Bop--02 0110
«

[ Correctiorns from J  Merers

C Nedl 1 Herbert, Lé-
C

(- Change ffrom J Mezers which smes LONE Lo sreed us

o Aldgritihum Lf curvant hasnt onareEsed by more Bnan Lans

c Neil D Hernert 17 -8 er-82 =000 E
>

C Chanded test for elir ZONE Lo svoid disvi
o MNeil D Herbert, 228
C

[ Removed arsiumert. Instarnterneouns Batterwy Currert ABRATOQ.

C fidded Returm A7 time Lo Dobtoff Volatdge execesds 12 hours.

o Neil D Herbert E3-Bew riedin-- 6 1%

N ricdi- 0L

1ETG BrTOTr,
e riedh-013

e Eoited for Motorola-a809,
L Mail D Haerbert

ricfin--072210

~4
- Acided Lwo ster simalation rate derercims oson dischnarse rae
o or wihen simalation mears krnee of voltadge srofile This decressod

(I eMaction btime with wirmdmal desragstion i simalation LT EC,

0 Jonm B Mezers 7o Qi 52 Sreme et

(I R KA XK S 4 X R IR AR XA G K A A3 K K0 NS S G OIS 4 A S S
0 Eathery Model sy 2.0
¢ TS K S, R K A 0 K S A K S KGR 4GS A SR e 4G 0K 0 A 0 S 4 e A RO

-
L.

> Descristion:

[ Models the bhelbers dn of bime

o s AnE L Lot rarvame by slhavrbineEg soint
™ ancd thergtively remove 2 Locrorstaret P
[ vkl e cotor o volbase i SIRLIN R

ztlerws currerdt, s ahore, shate, saver,
ot o woltage

™ PN ATt B § R I B¢
G Oubraks: Houwres bo custoTf volbads

C

C Subwrogramns ol laed: SONE  VEQ, VDO

G

C

™

C Tt s

FUNCTION BATHMODCAMPS0, TEMED, QX FWR, YCUT)Y
HH BATHMOD
¢
C Arduments: i im0 4
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FAGE 007 BATMOD . Sadt

C AMFR0 = BHattery Current. Fillterad over & min.

[ TEMFO = Bathere Temsarztore filterod over & min
(M X = Modified Stete of chisrdge

M (BTN = Power Rate Tillhered over 30 wseo

C ueuT = Qoo Yoltage

C Stardara Formetes:

C Declaretions:

o i - 0EQ

C oMair Boowe:

AMPFS=AMPS D
ARST =AM S0 itufih- 014
(=00

TLmE=0. O

C  Besinmiunsg of Tterstion Loos e ebeobeode b b bbb bbb bbb b e debeogode
200 COMTTNUE
C FPrecicot BEastters Voltase

CAlL, ZOMECAMPS TEMPO, RIE, RZE, QZE S i -0,

RN AT 2Ta [ 2e Plast currert wead dr TOME 5 ndihe-012

L
C Trmer loor Lo slole ZONE R R I A A R R A S R R s
300 CORNTIMUE i redine- 0L

U FE D= OEQ CQ, TEMP O -UDROF Capbs, ROLE, REE, Q2EL Q. ABAT)Y 5 rcdin-011

»
B TICID == T LME
TF CURRED. LE, VEUT) RETURN Pt 0L, im0l
TFOTIHE. GT. 12 00 RETURN 5 irwe-021

e Uonpote

Craeyamt,
Ak :

g
by
o X,

sl Latd om
raater LT clibsaoihira
rabe ab lrwe of

Twmaltbasdcel )

#ge rate low (OF
crarantheriastin Cwhtihviee G0 ofF e

EO0) GOOTO 400 s drmenil
VA0, S0y G0 T a0 Podre02

« HBlow | N 13 ae s st o

gaiil TR A T, O3 AL LT 0 s CLAT ALY G ridinv-- 00
C Imeremert Time

(B @mEaT= 005 5 mociel o LY i iy 00
STLME+ 00% ;L P00
S0n

A wekre o stmeslation

r F
400 CONT
AMSAMPERO, SO0-+ARATKO, 400 A&/ 01+0L T +a/d1+TA 0 5 drm—021
CoTmoremsarl, Time
FEJRE Y= L AGT s mocdel howes 'L Padein-0E
TIME=TIME+ 0667 1 PR STIET A DO
SO0 CONTINUE

C

FaRGEnME S Al Z Prcith-020
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FAGE 003  B&TMOD | S&e

C

IFCARSFARGY. LT, 1. 0 GOTO 300

If owvrreaert hasrm’t ocharstad Dy move

thern skis ZONE 5 rch—-012, 013

GOTO 200
Era of Tterastion Loos

END

229
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FAGE. 001 AVGFOR | Sa: 1l

SUBROUTINE AVGFOR
*
b AVGFQOR
COMMON TFMODE, TWAKEF . IVLIM, IFINT
COMMON TTEBAT, IVEAT, ITEAT, LSFEED
COMMON AMPFSE, TEMPF, FRIRF, SFDF sREAL DATA TYFE
COMMON TQBAT, TORATHK, TALAST, ITRABS
COMMON TFRST, TFCHG, XTHE
COMMON TFEQU, TRESET, TSPCAL
CL. 40N XHESOC0, THMILE, TDCTIM, TEQTIM, TCHTIM
®
X TEST FOR TINITIALLZATION
IF (XFINT. GEL 0) GO TO 100
TEMPF=TTERAT PIHTTIALTZE TO RESL ValUE
YFINT=0 P RESET REQUEST FlLad
100 COMTINUE
bt CHECK FOR FYLTER DELAY

TFOCLFINT. LT 75 GO 70 200 DELEY 10 SEC
TFINT=0
X AVERAGE CURRENT AND TEMFERATURE OUER A& BATTERY TIME CONSTANT <6 MIN )
AMPFSF= (0, 973AMPESF )+ (0. 00Z7RITEAT) 3 BCALE & AVERAGLE TO AFFS (0 1as/ELT)
»

TEMPF= (0, Q73%TEMPF Y+ 0. 027%LTET ) P AVERAGE TO DEGREES (1 C/BIT)

AVERAGE FORER ARG SFEED OVER 30 SEC. TEIME XNTERYAL

X

FdlRF = ZE0WFWRE Y+ 02 B1EE--Sa TS TR IVEATY; SCALE & AVERAGE TO HBoCELL
® (0, LE/BTTR, @EHE-3V/CELL AT

HPDF =0 ZEORSPFOF Y+ 0 50, DKISFEED) ;SCALE & AVERAGE TO FLULSES/HOUR
® : CRULSES S 4 BEC. D

200 CONTINLE
RETURM
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FAGE 001 VDROF . 85A L

C VRROF Motorola-—-éR09 ricih: 27 ~Ser—-82
o

C Writter iy - Nedil D Herbert, 08-Sep-32

C SLEER Comsutor & Software Swshems

[ Gowld, e, . Rollims Measdows, TLL.

L BL2/640--44772

C

C Modificetiors:

0 Corraections from J. Mezers

¢ HNeil D. Herbert 13-Ser-88 a0 10
C Corraction in value of RO from J Mezers

= Nedil D, Herbert Lé-Sem—8 reciin-011
o

> Editead for Motorola-—-o6209.

[ Nerdl D Herbeet, BT Seape 37 rieii-02 10

" ORGSR K SR K 3G TS S0 0S8 0 SR DK X T K XSS SRS G SIS IR OO R RO
i Vol tase Dros Var 2.0

™ AR SR ML SR S S K8 SIS XK S A S K S SR 4 G 30 T S8 SRS S X 0SS RSSO XS
o

£ Descrirstion:

> Czloulates voltadge droe for givern internel resishance,
C atate of charse, arct ourrent values,

C Tt s Irterral bhattery resistance, cnardge, ard ourrernt

> Dutruts: Caloulsted Voltase dror

> Subwrogsrams called: ZIRAGR1L
L
C

FUNMCTION VRO CAMPFS, KL K2, G2, (B dEaT)
R VDIROF
C
o Arduomerrts: AMEE = Filtered Dorrent
i 1 = Lrvberral : el
[ 2954 = Ievberrel R S
[ (2 = Rathera
L Q = Rattere etate of oharse
w “ilsAT = Tostantsreous Coeraent
C
[
C Declaretions:
[
C
[ =050
[
C Mailrn Bods:

-
L,

VDROF == (0, Z7EE-3-F1~-ZRAAL (RE, G2, (1) yxaMP G- 0, ZEE-2aBEAT § rodiv-010, 020
RETURM
LI
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FAGE 001  ZOME kT |

o ZONE Motoroles-680% redhy E7 - Ser-8%

[

C Writtern v — Madl D Herbert Q8- Seape--§332
G GLEER Com=uler & Software Systems

C Guoald, Tne o Rollinsg Meadows, 11

e 31.2/640-3472

C

C rModificatiorns:

L

C e come intedger varizbles with real i COMMON

[ Corvachtions from J  Mexora,

(- Adced some comnstsrts to Lie COMMON

| Mol O Herberet 13S0
C

[ Edited for Motorolas-a809.

| MNedil D FHerbert, 27 S8
C

richtv-01.0

ricftr-

020

[ IR RCHC A X AR O O IR A KK RO A A R KRR XK S0 A RO AOK R XK

C Zorne Toterrolation drn 2D Vearr 2.0

. SR XA A XK KA XX AT R XK R XM R CXC I G K0 RO K AR

|

C Descrirtion:

C Camtrols tne table sesrch snd intersolastion for RI1,
o 3% functions of curcent asnd Lensevatore,

C

¢ Trwwts: Bettere current arod temserstore,

o

C ot s Interrcleated values for RL, RS, & Q2.

G Subwrodgrams ocalled: FEEL T BEVal. 20

SUEROQUTINE ZONE AMPS, TEM,  RLE, REE, Q2
$H ZONE
C
C Arsumerts: MR
[ TEMP e
C hlr i
M S 2
c

o~

s

C Sterciard Formaste:
[

> Declarestions:
C

dmbters currert
fnmnmrslnle
l"'l '[“
. : A lum ol
= fnlnrhn]alon wialue of

—

R,

R RTa iRt
iy

c - P L0 besiim

ZOMMOM TFMODE, TWAKEF, TULIM, TFINE
COMMON LTEEAT. TVEAT. TTRAT, TSPEED
COMMON nM&Ql;TlhrF,rNhr SO
COMMON ) ST, TOLAST, TRAES
COMMON CHG, TFTH
COMMON TFI UU TRESET, T&FCAL

i rdiee

COMMOM ' TRS0C, THMILE, IDCTIM, TEQTIM, LCGTIM

COMMON RLOCAH 30, RECH, 3), Q24,1
MMM RI<L, RIE RIKE, R4

COMMON ’ VEQL, VIEGE?, VEQR . VEQS
ZOMMON FOFQ, BOFWV BCFTIM

232
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FAGE

e

|

"

002 ZONE . 9A)

incit-010

DIFMENSTON LISTACH, LISTT (D
ZIMENG 0N FRACTCZ, 2

i meiry-0EQ
;i 010)
LXSTACL ) =~20
LISTACZ =10
LIGTACE) =-130
LISTa Ay =-200
;=010
LISTT (L) =9
LISTT(E =20
LYISTT =40

,o

i mcin-0Z20

C Main Boow:
T RS R TR srethe-010
LTEMP=T M i ridt=-010

C Determine wiere we z2re i b banle

120

140

N
L

G Yrlersol st

e,
DO 120 T=%,3

a1mi)

Lyerssim
Dasin

e

(EIWA

IFCLaAMPS, LE. LISTAE )Y WJ=l ‘ it (520

CONTINUE

DO 140 Xe=Z, 2
TFOITENP. GE. LXSTTOIY » 0 ==X
CONTILNLIE

e Values within table

GO L=FDELTACTAMPFS, LISTAG)), LISTA)IL) )
TOEL=FRELTE CETEMF LISTT O S LXSTT ALY 2
FRACTCL, Lrs=Cl-AREL» x (L--TDEL

FRECT L s 2= 0L -@AlEL ) XKTDEL.

FRACTC2 Lr=alElx (1L -TREL?

ITRAGT 2 a@DELRTDEL

oL E=EMELED CFIRACT B, o0, KD

L EAML 20 CFIRAT s 2, Ja 10D

AL D OFRACT, 2, 0, 1o

FRESTLINN

=40

.....
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FAGE

-
o
«
(Y
C
o
C
™
C
©
.
C
C
C
™
C
C

-
L

C
C
C
<
o
C
<
C
(B
C

C

HH

C

SO0

001 VEQ . 85A:1

VEQ Motorols—-6809 i 27 ¢

Wyitten e - Meil D Herbert 08-S --32

GLEER Comeuter & Sofbware Sustams
Gowded, Tne » Rollimnsg Mesdows, 111
31276404472

Modificetions:

Rerlacad some inteder variables with real in COMMON,

Added some constants to the COMMON.
Neil 0. Herhert 18882

Edited for Motorolas-—-o6809.
Neill D, Hevbeet, 27 Soe—-02

Y02

ricin--01 0

et 020

KK XK ACK RCK KK RO KK R MO A MK MK SR R XA ACHCR OO AR HCRRCOK R RCRCKHCKXOR

Eauwiliorium Voltaste Vey 2.0

SR RO RO GG SR AR N A KA AR R A XK K ARG KK I A XK AOK K

Descrirtion:

Calouwlates e ilibreium voltade Dased on
sthate Of ohsarde and temsarature

Ireuts: Battery state of chnarse arnd temseraturs

Qutruts: Surected aaudlibrium voltsdge of battera

Subwerodgrams called: RO )

FUNCTION VEQOQERAT, TIRAT)

VEQR

S oArsiuments: QAT = Fabterye shate of chardge

TEAT = FEaltery temsarzbore

Declareations:

s Main

i L0 e

COMMON TFMQRE, TWAREF, TWVLLIM,
COMMON TLEAT TVEAT, TTEREGT, 1
COMMON AFPGE, TEMPF, FRRF, 8
COMMON LEEAT, TABATY, TALAST, TOAERS
COMMOMN
COMMON IFEQU. TRESET, LSPCAL.

TFINT

COMMON TDSOC, THMILE, TDCTIM, TEQTIM, LEGTIM

COMMON RLC4, 3, RE4,3).Q204,3)
COMMON R, RIK2, RK3, RIK4
COMMON UEQRL, VEQZ, VEQD, VEQ4
COMMON BOFQ, BOFY, BCFTIM
srcan=0L 0 ered

Eiociys:

VEQ=(VEQL+VEQZXTEAT) + (VEQI+VERAKTEST ) xQEAT
234

TFRSGT, TFCHG, TFTHIK i mcdbe
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FAGE 002 YEQ CBal

RETURN
EMD
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FAGE 001 FDELTA | SA:l

[ FDELTA Motorala-&809 gty 27 -Seaye-82
o

obirditter by - Neail D Herbert (8-Sep--37

o CLEER Comeutor & Softwsre Sustoms

C Gould, Ine. » Rollimg Mesdows, 111,

© B2/ H0-4472

C Modificationrs:
I Corrections From J. Me
C Nelil D Herbherter-32 ciciie- 0L 0

[ Eciited for Motorola-—-a809.
i Nadil D Harbeebor-82 mcine- 070

(i I SRR SIS RS S5 X 30 0 DS 4 5K K T XK 4 SR XS 46 SRS S0 3K K SRR MK S 34 R MR MO
[ FRELTA value belwaern list soinbs Vg 200

(1 0K RS 8RR, A AC R XS 0 R I K XK A R A XK 40K S S A0 0 S0 S S 4G S K M 636 S
S Descristion:

[ Caeloulate the fractiorn of cistance thaet the divern value e
o from Lhe sSiven soint Ln Lne List Lo Lhe rmenst soind

C Irnrots: Value wsed in searoh, bthe List Lo sesrcoh,
C & Liwa list drvles

> Oubruts: The fraction of the disteance from Ti) to T+

C Subercodrams oaslled: {rore )

C
FUNCTTION FDELTACTRFARAM. L1, L2
B FOELTA
-
C oArguments: T kAt s War Lo
Lowsesr areay elanert of List
= Uprer arraw elemanlt of liat

C Deaeclasralions:

—

S oMaim Bocis:

FDELTAs (L, DRIFERAM-1.1) 7 (L2-1.1)
RE
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FAGE

C
L
C
C
C
o
C
C
£
i
™
e
(™
[

C

C

$H

[

—

-
L
C
-
L,
P
i
.
-

-
L

oni

Eval2l

Wit tern e

- Madill D FHeebert e

EUALEE L Ga

> Motoral a-—-&s809 mctr: 27 - Ser 80

GLEER Comeuter & Software Hustoms
Gowlad, Trme. s Rollimst Meadows, 11,
2126405702

Mociifications:

LLed for Motorola-af

G rucdiy- 05210

ypreed

Nzd L D Herbert 27k

SR XN R X S RO K X R I A XE A AR A R R XK RGHUR K RCGR K XK K

e Viap 2.0

Evaluste =avambter of 2 dimernsionsz) L

A NCHCH K XGRS A XA K OO AL RO S A RO A0 R R XK ORGSR RO R RO K

Descristion:

L d g
twn o

Lmersions of L

s andg Fractiomns For es
bl ramatoar b T stivern,

the drade

imtersalete the achbusl velue from the Z2-dimernsionsl srraw

Trosuls:

Choabyut e

SubrErosrans

FUNGT

EVEL20

A gmerebs

le arvew of Praeoticons,. FParamebter areags & Tndeses,

Irnterrolated value From Z-dimensionasl arrasw,

called: IO )

A EVALZD CFRAECT s FARAM, J, 1K)

FRasT = P mrraw of Pracetiorns

FaRAM w0 e of marameter Lo e dnberslostend
uJ = Tcdess for el chimension
I Trwheye For Zrcd cadimersion

Declarvetions:

e

DILRENS

Ereiv:

EVaAL.20

RETURN
D

TOH FRACTCE 20 PARSMCG, 3 i ET

=FRACT L L slakarM ol KO

HFRACT CL, 2 wPalati o), Ka1
HFRECT 2 LywPPaRiam o1, HO
AFRACT C2L 2 mPaRam G L, Kedd
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FaGE 001 ZRQAL T §

C JROGL Motorola-—-6809 mcih: 27 - Sere--832
N

C Writter iy - Meil D Herbert, 09— Sepr—R2

o GLEER Comsuter & Sotftware Swustams

C Gould, Ine . Rolling Mesdows, L1

; BVR/E40-347 7

> Modificatiomns:
. Corrections from J. Mezers
> Heil [ Hernert 1 8-Sarp—-8d mciine-010

-
L

[ Ecited for Motorals-»o809.

Y

o iMerd L L Heeieret

ricdih- 0290

[ SIS XS R TR R XS SR A 38 S K XK 0 A AR R RS K 3R 56 K IR AR A XK K K XK S K 3¢ M S S R RCHOK,
U Tmsedang 2loolation Ve 2.0

T HCSHCROM K K KA R TR XK S S R 0 SR XK S 30 MG 8 4 S SKC S0 D S XSS S M S A X
C

2 Descrirtion:

(™ lovliates betlhoery dmeedance Feom intermel resistance.
[ e d b, & e of oiuese,
i

= Yrwewrls Eiztlerse irbermal reosicetance, caraell,
C & shtalte of charss

C

G Oubrote: Fatlbery LmPredasrnce.
[

C Subherodsramns oalled: e )
C
ﬂ

“
L

FUNCTTION ZIRCHL R, o, (D
$H PANKIRN]
C
Codrstumerts: 2
[ (32

G Q

C Declaratiorns:

C Mair Bodwy:

QL=0

TF Q. 999xE, GT. 1)y =0, 999x¢QE 5 Limdt derncominstor rc-01Ln
FRAO L =R2H02 0 CR2-31

RETLUIRN

EnD

2
2U.S.GOVERNM T PRINTINGFOFFICE:1984 -746 -081/ 10072 REGION NO. 4
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