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(57) ABSTRACT 

A multi-battery charging system for reduced ?iel consump 
tion and emissions for an automotive vehicle. The system 
starts the vehicle With a start battery in a fuel savings 
manner, removing electrical torque from the alternator shaft, 
and alloWs a second (run) battery to provide all or some of 
the current required by the vehicle loads as a ?iel savings 
measure. The system also utilizes an electrically heated cata 
lytic converter (EHC) and a third (EHC or storage) battery to 
provide a 3 to 15 second preheat and/or a 20 second current, 
during vehicle start, to the EHC heater coil, e.g., of a small 
EHC located in series With a standard catalytic converter for 
emissions reduction to reduce emissions during start. The 
start battery is recharged after start and switched out of the 
system fully charged for ?lture vehicle starts. The run bat 
tery is recharged When its charge level drops beloW a prede 
termined level With an on board battery charging device 
powered from a 115 volt or 220 volt ac poWer line source 
external to the vehicle. 
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MULTI-BATTERY FUEL SAVING AND 
EMISSIONS REDUCTION SYSTEM FOR 

AUTOMOTIVE VEHICLES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

More than one reissue applications have been ?eldfor 
the reissue of US. Pat. No. 6,466, 024. The reissue applica 
tions are application Ser. Nos. 11/810,155 (the present 
application) and 10/967, 704 (abandoned). 

RELATED APPLICATIONS 

This is a divisional of application(s) Ser. No. 07/977,921 
?led on Nov. 18, 1992, now issued as US. Pat. No. 5,397, 
991, and a continuation-in-part of US. patent application 
Ser. No. 07/919,011, ?led Jul. 23, 1992 in the name ofWes 
ley A. Rogers and entitled An Improved Battery State of 
Charge Monitor, now issued as US. Pat. No. 5,444,378, 
which is a continuation-in-part of US. patent application 
Ser. No. 07/607,237, ?led Oct. 31, 1990 in the name ofWes 
ley A. Rogers and entitled Apparatus for Monitoring the 
State of Charge of a Battery, now issued as US. Pat. No. 
5,179,340, which is a continuation-in-part of US. patent 
application Ser. No. 07/218,539, ?led Jul. 13, 1988 in the 
name of Wesley A. Rogers and entitled Apparatus for Moni 
toring the State of Charge of a Battery, now issued as US. 
Pat. No. 4,968,941. 

FIELD OF THE INVENTION 

This invention relates to a multi-battery operating system 
for automotive vehicles that provides improved fuel 
economy and reduced emissions during operation and dur 
ing starting, more particularly a three battery system having 
a start battery for starting the vehicle, a run battery for pro 
viding the vehicle load and accessory current, and a storage 
battery for preheating a catalytic converter during starting. 

BACKGROUND OF THE INVENTION 

In the normal operation of an automotive vehicle, a fully 
charged six cell battery having between 2.05 and 2.1 volts 
per cell (hereinafter referred to as a “start” battery) is used to 
start the engine and to operate accessory loads when the 
engine is not running. The conventional start battery is well 
suited to provide large start currents to the start motor on the 
order of 150 to 250 amperes. 

The start battery is provided with thin plates between its 
individual cells that provides for a rapid, large current, shal 
low discharge during vehicle start. Unfortunately, the start 
battery cannot be deeply discharged in a repetitive manner 
without damaging the thin cell separator plates. 

It has long been the practice to provide an alternator 
driven by the engine that can be used to recharge the start 
battery after vehicle start and provide current to both the 
vehicle run and accessory loads. It has also been the practice 
to maintain the alternator charging voltage at a nominal 
value of 14.0 volts at an ambient temperature of 85 degrees 
F. The nominal value is raised to 14.6 volts at minus 20 deg. 
F. and lowered to 13.6 volts at 140 deg. F. This provides 
adequate charge current as a function of ambient tempera 
ture and thereby extends battery life. 
A voltage regulator is used to inject a controlled current 

into the alternator rotor. This in turn provides a controlled 
current in the stationary (stator) ?eld coils. This in turn 
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2 
yields the recti?ed dc output voltage required for battery 
recharge after start and to supply the required vehicle load 
currents. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It has been realized by the inventor that the conventional 
operation of a start battery and alternator based electrical 
system of an automotive vehicle wastes energy. First, the 
alternator requires the engine to provide fuel consuming 
torque to operate the alternator at a nominal value, e.g., a 
14.6 volt dc output level, in order to recharge the start battery 
and provide the required current to the vehicle loads. 
Second, the vehicle electronic circuits contain power con 
suming voltage regulator circuits that reduce the alternator 
output voltage to a 12 or 5 volt level. Third, the alternator 
places a mechanical torque on the engine as a function of the 
alternator output voltage and the current drawn to supply the 
load requirements and to charge the start battery. The fuel 
consumed by the engine to overcome the alternator counter 
torque is an unnecessary expense. Fourth, the vehicle engine 
and alternator are substantially less than 100% e?icient and 
consume a correspondingly greater amount of fuel. 

In addition, the inventor has realized that if the state of 
charge of the vehicle batteries are reliably and accurately 
determinable over their useful life it is possible to control the 
alternator output voltage, as required, either to charge the 
vehicle batteries or to allow one or more batteries to provide 
all the current required by the vehicle loads. 

It is a further object of the invention to increase alternator 
output voltage during deceleration of an automotive vehicle, 
thereby using vehicle momentum to provide an increased 
torque load that is used to charge a battery. 

It is another object of the invention to turn off selected 
vehicle accessory loads when the vehicle is parked and to 
turn off selected vehicle accessory loads when the state of 
charge of the battery providing current drops below a 
selected level. 

It is another object of the invention to provide a storage 
battery for providing the current required to heat an electri 
cally heated catalytic converter (EHC) during or prior to 
vehicle start when the engine temperature is below a selected 
level. 

In accordance with the present invention, apparatus, 
systems, and methods are provided for providing suf?cient 
electrical power to start and run an engine, to reduce the 
energy expended and fuel consumed and associated emis 
sion by-products in starting and running the engine, and 
optionally in operating a battery charging device to maintain 
a suf?cient charge on each battery for the range of operating 
load conditions. 
One aspect of the invention concerns a battery charging 

and run system for starting the engine of an automotive 
vehicle and operating the electrical loads of the automotive 
vehicle with improved fuel economy. 
One embodiment of this aspect of the invention concerns 

a battery charging system for an automotive vehicle having; 
a start battery for use in starting the vehicle engine; 
a run battery for operating the vehicle accessory and non 

accessory loads; 
a battery charging device, such as an alternator, having a 

controllable output voltage when the vehicle is running; 
a ?rst BSOC channel for monitoring the state of charge of 

the start of battery; 
a second BSOC channel for monitoring the state of charge 

of the run battery; and 
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a ?rst circuit, such as a voltage regulator, for controlling 
the output of the battery charging device to provide one 
of a ?rst output voltage that varies in a ?rst range as a 
function of ambient temperature When the sensed start 
battery state of charge level is beloW a ?rst charge level 
and a second output voltage When the battery state of 
charge level is above the ?rst charge level, a third out 
put voltage to recharge the run battery When the run 
battery state of charge is beloW a second charge level, 
and a fourth output When the run battery state of charge 
is above the second charge level. 

Preferably a sWitch is provided to sWitch the start battery 
out of the system after it is recharged. The sWitch is respon 
sive to the sensed state of charge of the start battery and open 
circuits the start battery upon reaching the ?rst charge level. 

In operation, the start battery is employed to start the 
vehicle engine. Its state of charge thus fall beloW the ?rst 
charge level (corresponding to the present charge level). This 
causes the control circuit/voltage regulator to control the bat 
tery charging device to provide a ?rst output voltage to 
recharge the start battery, e.g., betWeen 16.4 and 13.6 volts 
dc, according to the ambient temperature in the conventional 
manner. 

When the sensed state of charge of the start battery is at 
the ?rst charge level, the control circuit/voltage regulator 
may then control the battery charging device to provide the 
second output voltage level to maintain a full charge on the 
start battery. In a preferred embodiment, the sWitch is con 
?gured to respond automatically to the start battery state of 
charge returning to the ?rst charge level and sWitch the start 
battery out of the charging system in a fully charged state. 
Alternatively, the sWitch may be manually operated by the 
operator Who acts in response to a prompt, such as a light, 
audible tone, or battery state of charge display. 
When the start battery is sWitched out, the tWo battery 

system then may operate in one of tWo modes. In the ?rst 
preferred mode of operation, the automotive vehicle electri 
cal load is run off the run battery entirely. In this mode, once 
the start battery is sWitched out (and, as described beloW, an 
ECH battery is sWitched out), the control circuit controls the 
battery charging device to provide the fourth output by 
reducing the ?eld current until the bridge recti?er diodes 
become back-biased. When the control circuit is a control 
lable voltage regulator, the battery charging device is an 
alternator, and the voltage regulator output into the alternator 
rotor coil is about Zero, there is little, if any alternator 
counter torque on the engine and the recti?ed alternator out 
put bridge diodes are backed biased and provide no current. 
Accordingly, the run battery Will discharge to operate the 
vehicle load. During this discharge, the absence of the alter 
nator counter torque results in improved fuel economy. 

HoWever, When the state of charge of the run battery falls 
to the second charge level, Which corresponds to a loW 
charge (deep discharge) level that Will not damage the run 
battery, the control circuit/voltage regulator controls the bat 
tery charging device to provide the third output voltage. The 
third output voltage is then used to provide poWer for the 
vehicle load. 

The third output voltage level may be selected as folloWs. 
It may be a level that Will poWer the vehicle load and main 
tain the run battery at the second charge level. This selected 
level may be adjusted to prevent any further reduction in the 
state of charge of the run battery. In this case, the third output 
voltage may be on the order of 12 volts, as adjusted for 
ambient temperature conditions. Alternatively, the third out 
put voltage may be a level that Will poWer the vehicle level 
and recharge the run battery to a fully charged state, e.g., a 
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4 
voltage betWeen 13 and 14.6 volts dc, as a function of ambi 
ent temperature. Once the run battery is recharged, it is 
alloWed to discharge doWn to the second charge level, during 
Which time the vehicle loads are again run exclusively off 
the run battery. Thus, Whenever the alternator output voltage 
is reduced from the conventional full charging state, the 
alternator counter torque on the engine is less and there is 
improved fuel economy. 

In all cases, the run battery is preferably recharged using a 
conventional battery charger Which is poWered from an 
external line source, e.g., a 220 or 115 volt ac line poWer 
supply. This permits replacing the amp-hour charge that Was 
removed from the run battery by the vehicle loads With a 
source of electricity external to the vehicle. The external 
electricity source typically costs less per unit of energy than 
petroleum and alcohol based fuels and avoids consuming the 
incremental fuel that Was saved during discharge of the run 
battery to generate the poWer needed to recharge the run 
battery. Such a battery charger may be mounted on or off the 
vehicle. 

In another mode of operation, after the start battery and 
run batteries are recharged, the start battery is sWitched out 
and the battery charging device is operated to provide a ?fth 
output voltage level and current for operating the vehicle 
accessory load. The ?fth output voltage level is preferably 
selected to provide just enough current to operate the vehicle 
accessory loads, e.g., 12 volts for a 12-volt system and also 
applied a trickle charge current on the run battery. This mode 
also reduces the energy consumed as compared to prior volt 
age regulator start battery alternator systems that alWays pro 
duced more voltage than Was required by the vehicle loads. 

Switches and control circuits may be used to control auto 
matically and/ or manually the battery charging device and to 
connect selectively the battery charging device to one or 
both of the run and start batteries, and to provide the desired 
output voltage(s) and current(s) to recharge the batteries, 
singly or jointly, to operate the accessory and non accessory 
loads. A microprocessor may be used to control the various 
battery state of charge monitors, control circuits, and 
sWitches. Alternatively, a logic circuit netWork or a state 
machine comprising discrete and solid state components 
may be used as a control circuit. In addition, an operator 
display and manual sWitching system may be used. 

Another aspect of this invention concerns providing a 
sWitch to connect one battery in place of the other battery if 
one of the batteries should fail to hold an adequate charge, 
and to use both batteries in parallel or in series When condi 
tions so require. This is particularly useful in very cold 
Weather When an additional source of start current is desired, 
and Where one battery either fails or is not fully recharged 
before the engine is turned off. 

Optionally, a measure of the amplitude and direction of 
the current ?oW into or out of the run battery or the start 
battery may be included for decision making purposes in 
selecting a voltage level. A large start battery discharge cur 
rent may con?rm a starting operation and raise the alternator 
output voltage level. An increased How of current out of the 
run battery, i.e., a load current that might deplete charge 
from the run battery if the trickle charging voltage Was 
maintained, could result in raising the trickle charging 
voltage, the load current and the battery state of charge. 

Preferably, the start battery is a conventional automotive 
battery having thin cell plates and the run battery is a deep 
discharge, marine or cycle-proof battery. Such run batteries 
have thick cell plates and can be deep discharged to levels 
repeatedly, Without seriously shortening their useful life. 
The thick plate construction also alloWs longer operation as 
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an energy source than comparable thin cell plate starter bat 
teries. However, run batteries typically cannot develop the 
high discharge currents suitable for starting the engine of an 
automotive vehicle. Other types of run batteries Which are 
capable of repeated deep discharge are becoming available 
and may be used. For example, Ford Motor Company has 
announced such a high charge storage run battery for use in 
its forthcoming electric vehicle. Other batteries, such as 
sodium sulphur batteries having increased amp-hour ratings, 
as compared to lead acid batteries, also may be used. 
Further, When deemed appropriate, the siZe of run battery 20 
may be reduced to a ?ve cell battery to have a 12 volt rating 
or increased to 24*25 volt With a DC/DC convector to 
increase the time for running off run battery 20, and to 
reduce the siZe of the alternator. 

Advantageously also, it has been discovered that a fuel 
and cost savings can be achieved by the reduced alternator 
mechanical load on the engine and loWer fuel consumption 
Whenever, and to the extent that, the alternator ?eld current 
is decreased to back bias the output recti?er diodes. Another 
advantage results from recharging a discharged battery using 
loWer cost electricity from a source external to the vehicle. 

Preferably, the state of charge (BSOC) monitoring moni 
tored by a battery state of charge (BSOC) monitoring circuit 
channel. Any device capable of reliably integrating the net 
charge over time may be used. Preferably, the BSOC circuit 
includes a section of the battery return cable as a shunt or a 
shunt resistor in series With the battery negative terminal and 
a circuit having a very large capacitance for integrating the 
current though the shunt continuously. See e.e., the circuits 
disclosed in the aforementioned U.S. Pat. No. 4,968,941 and 
copending and commonly assigned U.S. patent applications 
Ser. Nos. 07/607,237 and 07/919,011, Which patent and 
applications are expressly incorporated herein by reference 
in their entirety. 

Another aspect of the invention concerns apparatus and 
methods for controlling the charging voltage level applied to 
a battery in an automotive vehicle in response to the decel 
eration of the vehicle. Broadly, this aspect of the invention 
concerns sensing the deceleration of a vehicle and causing 
the battery charging device to produce a high level charging 
voltage for rapidly recharging a battery during deceleration. 
When the vehicle is decelerating, the alternator is driven by 
the momentum of the vehicle turning the Wheels, drive shaft, 
and, hence, the engine, and not by the engine burning fuel. 
Thus, during deceleration some of the energy stored in the 
momentum of the vehicle can be converted by the alternator 
to energy Which is stored in the run battery. 

Accordingly, during deceleration events, the control cur 
rent to the alternator rotor is increased. This raises the alter 
nator output voltage and results in an increased resistance to 
rotation of the alternator rotor coil. As a result, the charge on 
the battery is rapidly increased Without consuming incre 
mental fuel to do so. Another advantage is that the increased 
alternator counter torque load on the engine aids in sloWing 
the vehicle Without increased brake Wear or effort. 

The deceleration feature is particularly useful in stop and 
go tra?ic such that the battery charging device is turned off 
during steady state and accelerating driving conditions and 
is turned on to provide a high charging voltage during decel 
eration. The recharging during each deceleration Will effec 
tively prolong the time the vehicle can operate solely off the 
run battery. It also is useful When operating the battery 
charging device at a charging voltage just to maintain a 
charge on the run battery, for recharging start batteries, 
Whether in the tWo battery charging system or a single bat 
tery charging system. 
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During the onset of deceleration, it may be desirable to 

ramp the control signal to raise the battery charging device 
output of a high voltage to minimize slippage and Wear on 
the alternator. A sWitch may be provided to disable tempo 
rarily the deceleration feature When desired so that, for 
example, a driver can coast. 
The various aspects of the invention are not limited to 

battery charging systems for automotive vehicles. They are 
applicable to any apparatus having a start battery that con 
sumes energy to charge an electrical energy storage device 
that is connected to operate an electrical load or device, 
including Without limitation, electrically starting combus 
tion engines such as a generator for household (or industrial) 
current, a gas operated laWn moWer, a poWered vehicle or 
device, aircraft, spacecraft, Watercraft, emergency lighting 
or poWer plants. 
A further aspect of the invention provides a battery Which 

provides a very high current to a heating coil of an electri 
cally heated catalytic converter (EHC) unit Which performs 
the emission control functions of a standard catalytic con 
verter that is heated by the engine. This battery is referred to 
as an “EHC” battery or a “storage” battery. The EHC unit 
may be a small catalytic converter that is placed in series 
With a standard catalytic converter, or it may be incorporated 
into an otherWise standard catalytic converter by, for 
example, the introduction of suitable heating coils as a part 
of the catalytic converter unit. 

In operation, the EHC battery is sWitched, for about 20 
seconds, to the EHC unit heater coil during the vehicle start 
operation. This provides a very high discharge current at a 
selected level, on the order of 500 to 650 amps, preferably 
600 amps. The current discharge is high enough for the 
heater coil to heat rapidly at the EHC unit to its effective 
operating temperature and maintain it there during the heat 
ing period. The EHC battery may be disconnected after a 
preset time period, after the engine temperature exceeds a 
selected threshold, or When the state of charge of the EHC 
battery falls to a selected charge level. Further, the EHC 
battery may be sWitched to the EHC heater until the engine 
temperature is suitably high. This provides for preheating 
the catalytic converter so that it reaches an effective operat 
ing temperature sooner than conventional catalytic converter 
systems, Which rely solely on engine temperature to heat the 
catalytic converter. Advantageously, by preheating the cata 
lytic converter electrically, vehicle emissions are substan 
tially reduced during vehicle starting, particularly in cold 
operating conditions. A third BSOC circuit channel could be 
used to monitor the EHC battery state of charge. If a BSOC 
channel is used, the control circuit is preferably responsive 
to the sensed EHC battery state of change (With appropriate 
sWitches) to recharge the EHC battery if its charge level is 
beloW the predetermined level. Provision also is made to 
recharge the ERC battery With an on or off-board battery 
charger from a source of 220 or 115 volt ac line poWer. 

Furthermore, the EHC battery may be periodically 
sWitched to the EHC heater coil during operating conditions 
Whenever the engine operating temperature is insu?icient to 
heat the catalytic converter to its effective operating condi 
tion. This mode of operation may be selectively enabled or 
disabled, and the EHC battery may be recharged Whenever 
its state of charge falls beloW a selected charge threshold. 

Although each of the EHC battery system, the tWo-battery 
charge system, and the deceleration recharging system may 
be used separately, they are preferably combined to provide 
a more fuel e?icient and reduced emission automotive 
vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features of the invention, its nature and various 
advantages Will be more apparent from the accompanying 
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drawings and the following detailed description of the 
invention, in Which like reference numerals refer to like 
elements, and in Which: 

FIG. 1 is a block diagram of a non-microprocessor con 
trolled three battery fuel saving and reduced emission oper 
ating and battery charging system in accordance With a ?rst 
embodiment of the invention; 

FIG. 2 is a circuit diagram of a battery state of charge 
circuit of FIGS. 1 and 7; 

FIG. 3A is a circuit and schematic of a ?rst solid state 
sWitch of FIGS. 1 and 7; 

FIG. 3B is a circuit and schematic of a second solid state 
sWitch of FIGS. 1 and 7; 

FIG. 3C is a circuit and schematic of a third solid state 
sWitch of FIGS. 1 and 7; 

FIG. 4 is a circuit diagram of the thermistor circuits of 
FIGS. 1 and 2; 

FIG. 5 is a circuit diagram of the deceleration circuit 
shoWn in FIG. 1; 

FIG. 6 is a circuit diagram of the non-microprocessor con 
trolled voltage regulator and alternator of FIG. 1; 

FIG. 7 is a block diagram of a microprocessor controlled 
three battery fuel saving and reduced emission operating and 
battery charging system in accordance With a second 
embodiment of the invention; and 

FIGS. 8 and 9 are measured fuel consumption runs for 
tWo different vehicles under different operating conditions 
shoWing load current in amperes versus miles per gallon and 
indicating the fuel savings obtained With the non 
microprocessor controlled system of FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, an apparatus for a three battery charg 
ing system in accordance With a ?rst embodiment of the 
present invention is shoWn. The apparatus includes a start 
battery 10, a run battery 20, an EHC battery 300, battery 
state of charge (BSOC) channels 60a, 60b, and 60c, an alter 
nator 40, a voltage regulator 42, a pendulum circuit 70 and 
vehicle deceleration circuit 90, and an ignition sWitch 30 
including ganged Wipers W1, W2, W3 and W4. When Wiper 
W1 of ignition sWitch 30 is placed in the start position at 
contact 32, current is provided from start battery 10 on line 
L1 to start solenoid 31. Start solenoid 31 is thus energiZed 
and closes contact 52. This sWitches start battery 10 to start 
motor 50 on line L2 and provides the required current to turn 
over start motor 50. 

When the engine (not shoWn) starts, Wiper W1 is conven 
tionally returned to the run position, contact 35. A signal is 
then applied from start battery 10 on line L3 through Wiper 
W1 and line L35 that turns on a solid state sWitch 32SB. 
When start battery 10 is less than fully charged, the BSOC 
channel 60a output on line L25 is loW and sWitch 32SB is 
conducting. Solid state sWitch 32SB connects start battery 
10 to the output of altemator 40 on line L5. This alloWs 
alternator 40 to recharge start battery 10. When start battery 
10 is recharged the output voltage on line L25 from BSOC 
channel 60a sWitches to high. A high signal on line L25 turns 
sWitch 32SB off, thus disconnecting fully charged start bat 
tery 10 from the system. A fully charged start battery 10 is 
one that has an arbitrary high percentage of its actual full 
charge, e.g., 90% of full charge. 

In the run position, Wiper W2 of ignition sWitch 30 is at 
contact 34. This connects run battery 20 to output line L5 of 
alternator 40, to vehicle run load RL, and to vehicle acces 
sory load R A through solid state accessory sWitch 34ac. In 
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this condition, run battery 20 is being recharged by altema 
tor 40, in the event that it happened to be partially 
discharged, and vehicle loads RL are placed across the output 
L5 of alternator 40. For maximum safety, the vehicle lamps, 
illustrated as HL, are connected directly off both the run and 
start batteries 10 and 20 through manual sWitch S1. 

SWitch 34AC is controlled by a NAND Gate G2 Which 
receives one input from a “par ” position indicator 15 corre 
sponding to the vehicle being parked (a logical high state), 
e.g., the shift lever being in the park position in a vehicle 
having an automatic transmission. The second input is from 
the BSOC channel 60b output line L7, Which indicates When 
the state of charge of run battery 20 is above (logical high 
state) or beloW (logical loW state) the second predetermined 
charge level. Thus, When the vehicle is not in park and the 
run battery 20 state of charge is above the preselected charge 
level, sWitch 34AC is closed and accessory circuits R A are 
sWitched to battery 20. Otherwise, sWitch 34AC is open and 
circuits R A are sWitched out. In this embodiment, accessory 
circuits R A are noncritical accessory devices the loss of 
Which Will not impair driving safety. A Warning alarm device 
ACW is connected to the output of NAND gate G2 to pro 
duce a visual or audible alarm When sWitch 34AC sWitches 
out accessory circuits R A. Critical accessory load are alWays 
connectable to a battery and manually operable, e.g., head 
lights. 
When run battery 20 has been recharged in accordance 

With ambient temperature requirements, the output voltage 
on line L6 from BSOC channel 60b sWitches from a loW 
state to a high state. BSOC channel 60b also has output line 
L7 Which indicates, by changing from high to loW states, 
When run battery 20 discharges beloW a preselected charge 
level. 
When EHC battery 300 is fully recharged, the signal on 

output line L306 from BSOC channel 60c sWitches from a 
loW state to a high state. At this event, the three signals on 
lines L6, L7 and L306, Which are inputs to logic NAND gate 
G1, are in the high state. NAND gate G1 is a part of voltage 
regulator 42 (see FIG. 6) of Which only a portion is illus 
trated in FIG. 1. (If no BSOC channel 60c is used, NAND 
gate G1 may have only tWo inputs, i.e., lines L6 and L7.) 

Referring to FIGS. 1 and 6, the above set of high state 
input conditions causes the output of NAND gate G1 in 
voltage regulator 42 to sWitch to the loW state. This reduces 
the ?eld current IF in altemator 40 to Zero and back biases 
the bridge recti?er output diodes. This prevents alternator 40 
from delivering current to output line I5, Which connects to 
run battery 20 and the vehicle loads RL and accessory cir 
cuits R A. With altemator 40 unable to provide current to line 
L5, run battery 20 is required to provide all the current to the 
vehicle loads RL and R A until run battery 20 discharges to a 
predetermined level. When this occurs, the voltage on output 
line L7 from BSOC channel 60b drops from a high to a loW 
state. A loW state on line L7 causes the output of NAND gate 
G1 to sWitch to the high state, thus increasing the ?eld cur 
rent IF of alternator 40 from Zero to its normal operating 
level. This forWard biases the recti?er diodes. Alternator 40 
is noW able to recharge run battery 20 and provide the load 
current required to operate the vehicle. During this time, 
sWitch 34AC Will remain closed When the vehicle is not in 
park and the run battery is above a predetermined charge 
level. 

In summary, the folloWing task sequence is accomplished 
by the system: 

I) started the vehicle With start battery 10 When ignition 
sWitch 30 Was placed in the start position; 
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2) recharged start battery 10 to its original state, recharged 
run battery 20, if necessary, and recharged EHC battery 
300 after it has provided a 20 second duration 600 amp 
heater current to an electrically heated catalytic con 
ver‘ter (EHC) 320; 

3) sWitched the alternator 40 out of the system after 
recharging batteries 10, 20, and 30 by reducing ?eld 
current IF to Zero, thus preventing it from generating 
current to output line L5; 

4) alloWed the run battery 20 to provide all the current 
required on line L5 to operate vehicle loads RL and R A 
under all operating conditions (except as noted); 

5) sWitched alternator 40 back into the system after run 
battery 20 Was discharged to a predetermined level by 
the vehicle loads RL and RA; and 

6) recharged the run battery 20 and provided required load 
currents With alternator 40 in its normal operating state 
until an external poWer source can be obtained. 

Preferably, run battery 20 is recharged as soon as possible 
With a conventional battery charger 91, also referred to as a 
“line poWer charger”, Which is optimally mounted on board 
the vehicle, after the charge level of run battery 20 drops to 
the predetermined charge level Where a recharge is required. 
The normal battery recharge procedure from a conventional 
external 1 15 or 220 volt poWer outlet 90 Would be to connect 
a poWer cord 93 betWeen outlet 90 and a vehicle connector 
92 and provide battery charge current With on board battery 
charger 91. 
Run battery 20 may be recharged using alternator 40 When 

an external source is not available. HoWever, this essentially 
eliminates the fuel and cost savings obtained by using run 
battery 20 to poWer the vehicle loads RL and R A. The output 
line L7 of BSOC channel 60b may be used to provide a 
recharge Warning signal for a display located on the instru 
ment panel, e.g., illuminating a lamp, tone generator, or 
other indicator (not shoWn). This Warning signal advises the 
vehicle operator that run battery 20 requires a recharge and 
that an external Wayside or garage poWer outlet 90 should be 
located to recharge run battery 20 as soon as possible. 
Altemately, the recharge Warning Would be activated based 
on a charge level that is above the predetermined charge 
level or Which causes output line L7 to sWitch to a loW state, 
thus giving the operator time to locate a poWer supply before 
alternator 40 is automatically sWitched in to recharge run 
battery 20. Further, a charge level gauge, similar to a fuel 
gauge, could be used to display the state of charge of one or 
more batteries. 

Non-Microprocessor Three Battery Version 

Advantageously, a considerable emissions reduction can 
be realiZed by heating a small insulated electrically heated 
converter (EHC) that operates in series With the conventional 
catalytic converter (not shoWn) or a standard catalytic 
converter, collectively illustrated as EHC heater coil 320 in 
FIG. 1. The problem With heating the EHC coil 320 during 
start With conventional battery charging systems that have 
only a start battery is that approximately 600 amperes of 
current is draWn from the battery during and after start for 
approximately 20 seconds. This current load Would prevent 
start motor 50 from turning over. 

It has been realiZed by the inventor that by using a dedi 
cated heater storage battery, e.g., EHC battery 300, a 600 
ampere current draW for tWenty seconds reduces the amp 
hour charge level in such a battery by only four amp-hours. It 
also has been realiZed by the inventor that a 24 volt 120 
amp-hour very high discharge EHC battery 300 can produce 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
such a four amp-hour charge, Which charge can be replaced 
by a normal alternator 40 or by an externally poWered bat 
tery charger 91, in a relatively short period of time, e.g., 
betWeen ten to forty minutes, more typically about ?fteen 
minutes. 

Both the non microprocessor and microprocessor based 
systems described herein can be con?gured to either 
recharge EHC heater battery 300 after each 20 second heat 
ing period during vehicle start, or alloW EHC battery 300 to 
be deeply discharged (i.e., doWn to a preselected charge 
level) before recharging it, preferably from an external 
poWer line source 90, or from alternator 40. 

The EHC heater system of the present invention also 
could be used to inhibit vehicle start for 15 seconds, as is 
done With diesel engine vehicles to preheat the gloW plugs, 
to apply a preheat to the EHC coil 320 for this period and for 
a 3 to 5 second period after start. The Table I beloW indicates 
the relatively reduces emission levels obtained during 
vehicle start With normal operation and With the preheat 
operation of the EHC 320. 

TABLE I 

Preheat Time Post Heat Hydrocarbons Carbon Monoxide 
seconds Time grams/mile grams/mile 

0 18 0.025 0.5 
15 3 0.017 0.42 

In comparison, the emission levels during start When the 
same vehicle engine is at ambient temperature are: 1 gram of 
hydrocarbons per mile, and 29 grams of carbon monoxide 
per mile. Thus, during the period until the vehicle engine 
temperature reaches the steady state temperature level Where 
the conventional catalytic converter properly functions, the 
EHC battery 300 and coil 320 provide for substantially 
reduced emissions. 

EHC Battery Control System 

When Wiper W1 of ignition sWitch 30 is turned to the start 
position at contact 32, a high state voltage tum-on signal is 
sent to a timer circuit 352. The tum-on signal initiates a 
tWenty second output pulse on output L52 of timer 352. The 
tWenty second pulse has a high state Which turns on a solid 
state sWitch 332EHC for the duration of the tWenty second 
period. 

At this time, the engine temperature is monitored by a 
thermistor circuit 350. Circuit 350 provides a loW state out 
put voltage When the engine temperature is beloW a predeter 
mined level Which is not high enough to heat suf?ciently the 
catalytic converter and a high state output voltage When the 
engine temperature is above the predetermined level, e.g., 
500° F. In the instance Where the engine temperature is loW, 
engine thermistor circuit 350 sends a loW state signal on 
output line L18 to solid state sWitch 331EHC, Which turns 
sWitch 331EHC on. Assuming that the tWenty second period 
has not ended, this completes the path for current ?oW from 
ECH battery 300 Which energiZes EHC solenoid coil 323. 
The solenoid coil 323 pulls in contacts 322 and 324 Which 
are ganged together. EHC battery 300 is preferably a 24 volt 
battery and closing contact 322 delivers 600 amperes of cur 
rent (IEHC) to EHC heater coil 320. Closing contact 324 
shorts the shunt 303 in series With battery 300 to avoid over 
heating shunt 303 during the period that battery 300 is deliv 
ering 600 amperes. When shunt 303 is a length of Wire 
betWeen tWo contact pins, or When no BSOC channel 60c is 
used, contact 324 may be omitted. 
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At the end of the twenty (20) second timing period, the 
output voltage on output line L52 of timer 352 drops from a 
high to a loW state. Consequently, solid state sWitch 332EHC 
is turned off and contacts 322 and 324 both open. This 
removes the EHC heater current I EHC to coil 323 and 
sWitches out battery 300. 

In the event that the engine temperature is above the pre 
determined level, it is not necessary to apply heater current 
to EHC heater coil 320. In this case, although the output 
voltage from timer circuit 352 on line L52 is in the high state 
(during the pulse period) and sWitch 332EHC is on, solid 
state sWitch 331EHC is turned off. This inhibits current How 
to solenoid 323 and leaves contact 322 open. 

The release of contact 324 also places shunt 303 to EHC 
battery 300 in the line. The voltage across shunt 303 can 
therefor be monitored during recharge of battery 300 by 
BSOC channel 60c to determine When battery 300 is fully 
charged (e.g., When a 4 amp-hour charge per EHC 320 heat 
ing event has been restored), and apply a high state input to 
NAND gate G1 in voltage regulator 42. Because the load 
current draWn from ECH battery 300 by coil 320 and the 
time period are knoWn, the amp-hour charge lost can be 
simulated by a suitable “start” circuit in BSOC channel 60c, 
Which removes an amount of charge from the BSOC integra 
tor capacitive storage element corresponding to the heater 
current delivered. Alternately, BSOC channel 60c may sim 
ply measure When either a 4 amp-hour recharge has been 
delivered or the charging current to battery 300 has dropped 
to a trickle charge, after each start operation. 

The high state voltage output line L306 from BSOC chan 
nel 60c also is transmitted to solid state sWitch 334EHC 
Which turns it on and allows the recharge from alternator 40 
to be stepped up by circuit 340 from 12 volts dc to 24 or 25 
volts dc, in order to recharge EHC battery 300. 

Module Circuit Descriptions 
FIG. 2 illustrates a schematic of the battery state of charge 

circuit channels 60a, 60b and 60c, Which are preferably 
identical. The circuits shoWn on the schematic of FIG. 2, 
except current monitoring ampli?ers A1 through A4, may be 
constructed as described in the aforementioned U.S. Pat. No. 
4,968,940, and application Ser. Nos. 607,237 and 919,011. 

The integrator ampli?er 361 in each BSOC channel is an 
analog type that integrates the battery charge current ICH and 
discharge current IDC through its shunt (i.e., shunts 11, 21 
and 303 and shoWn in FIG. 1), over time. The voltage drop 
VS across the shunt is proportional to the current ?oWing 
through it. An arbitrary shunt may be selected, e.g., to pro 
duce 2.3 millivolts per amp of current, more preferably, a 
length of battery return cable betWeen tWo contact pins. A 
battery charging current ICH through the shunt produces a 
positive output voltage V5 and a discharge current IDC pro 
duces a negative VS as illustrated in FIG. 2. 
A positive voltage VS causes the integrator output V A to 

rise as the battery charges. A negative VS causes V A to drop 
in the negative direction over time as the battery discharges. 
The battery state of charge can therefore be displayed on a 
meter in the same manner as a fuel gauge displays the 
amount of fuel in the tank. Any type of integrator, including 
digital types, Will operate equally Well in the circuit. 

The integration slope of each integrator circuit 361 has 
been arbitrarily established to provide a 2 volt dc output 
signal to the vehicle display on the output line (lines L361, 
L362 and L363) When its battery (batteries 10, 20 or 300, 
respectively, in FIG. 1) is fully charged and an arbitrary loW 
voltage output When the associated battery charge drops to a 
level Where a recharge is required. 
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The integrator output voltage V A ramps up and doWn very 

sloWly over time and therefore cannot be easily used to oper 
ate circuit devices that perform command functions etc. 

Consequently, it is necessary to employ sWitching circuits 
that either rise from a loW to a high voltage or drop from a 
high to loW voltage When the output voltage V A is at prede 
termined points on the rising or falling voltage ramp as the 
battery is being charged or discharged. 

Ampli?er A4 sWitches from Zero volts to 10 volts dc When 
the battery is fully charged and the integrator output voltage 
V A is 2 volts dc. This signals voltage regulator 42 (FIGS. 1, 
6) that the battery being monitored is fully charged. 
Ampli?er A3 sWitches from 10 volts dc to 0 volts When 

the state of the battery being monitored drops to an arbitrary, 
e.g., 50% for a run battery 20, discharge level. This occurs 
When the integrator output voltage V A drops to 1 volt dc. 
This signals voltage regulator 42 that a battery is discharged 
to the point Where alternator 40 must be used to recharge it. 

Ampli?ers A1 and A2 provide a dc output voltage propor 
tional to the charge and discharge currents through the shunt. 
These currents vary quite rapidly and consequently produce 
a rapidly changing positive and negative going output volt 
ages at the output of A2. The integrator smooths these rapid 
changes over time and thus provides a sloWly moving output 
voltage V A. 

The current ampli?ers are used to provide display infor 
mation that indicates the direction and magnitude of current 
?oW into and out of the batteries. The output of ampli?er A4 
could be used to provide an indication of battery charge level 
if desired. The charge current ICH into a battery from altema 
tor 40 is very high, approximately 30 amps at the start of 
recharge, and drops to a level of approximately 2 to 3 
amperes When the battery is fully charged. The shunt volt 
ages VS corresponding to these currents could therefore be 
monitored by ampli?er A1 and the output voltage to ampli 
?er A4 used to indicate ful battery charge to voltage regula 
tor 42 in FIG. 1 if desired. 
Bad battery cell circuit 364 sWitches from a Zero output 

voltage to 10 volts dc in the event that the battery being 
monitored has a bad cell. The operation of this circuit is 
explained in the referenced patent applications. 
The automatic turn on-tum off circuit 362 senses When a 

small charge or discharge current produces a small positive 
or negative voltage VS across the battery current shunt and 
applies battery voltage (e.g., 12 volts) to all the battery state 
of charge channel circuits. In the turn off state (standby 
state) each BSOC channel 60 draWs approximately 1 milli 
ampere from the battery, e.g., run battery 20. This alloWs the 
BSOC channel 60 to be permanently Wired to the battery 
terminals. When the BSOC channel senses current through 
the battery, the turn on circuit 362 energiZes an internal 
BSOC poWer supply that provides approximately 50 milli 
amperes of current from the battery to the remainder of the 
BSOC channel circuits. 

Battery capacity versus temperature circuit 365 provides a 
signal corresponding to the change in battery capacity With 
sensed ambient temperature. This is a conventional circuit 
that is commonly used in existing voltage regulator systems. 

Start circuit 363 ensures, during vehicle start, that the inte 
grator ampli?er 361 of BSOC channel 60a measures the 
proper amount of charge removed from start battery 10 by 
starter motor 50. In the case that shunt 303 is a resistor in 
series With EHC battery 300, a similar start circuit 363 may 
be used to simulate the discharge of current across shorted 
shunt 303 for EHC battery 300 so that integrator ampli?er 
circuit 361 of BSOC channel 60c measures the proper 
amount of charge removed from battery 300 by EHC coil 
320. 
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Referring to FIG. 3A, solid state start battery switch 
32SB, includes tWo pop transistors 3AQ1 and 3AQ3 Which 
are in the on state When both npn transistors 3AQ2 and 
A3Q4 are conducting. This occurs When the input on line L3 
(i.e., the input from Wiper W1 of ignition sWitch 30) is high 
and the input on line L25 (i.e., the output from BSOC chan 
nel 60a) is loW. SWitch 32SB is off for all other input condi 
tions. 

Referring to FIG. 3B, solid sWitches 332EHC and 34AC 
each include a pnp transistor 3BQ1, Which is in the conduct 
ing state When npn transistor 3BQ2 is conducting. This 
occurs When the respective input, line L52 from timer circuit 
352 or line L34 from NAND gate G2, is high. 

Referring to FIG. 3C, solid state sWitch 331EHC includes 
transistor 3CQ1 Which is in the on state When transistor 
3CQ2 is conducting. This occurs When the input on line L18 
from engine thermistor circuit 350 is loW. 

Engine thermistor sWitching circuit 350 is shoWn in FIG. 
4. Circuit 350 senses the temperature of the engine housing 
near the electrically heated catalytic converter. The ther 
mistor TR2 is a negative coe?icient type device having a 
series resistance that reduces as engine temperature rises. 
When the engine temperatures has reached a predetermined 
level, the resistance of thermistor TR2 drops to the point 
Where the voltage on line L51 drops beloW the reference 
voltage on line L49. This causes the output line L18 of 
operational ampli?er 4A1 to sWitch from a loW to a high 
voltage state. The reference voltage may be provided in any 
manner, e.g., a voltage divider betWeen a +12 volt source 
across a 10 k9 resistor and a 4v Zener diode as illustrated in 
FIG. 4. 

Pendulum circuit 70, shoWn in FIGS. 1 and 5, includes a 
potentiometer 71 having its Wiper W-71 operated by a pen 
dulum 72. When the vehicle decelerates, pendulum 72 
sWings in the “vehicle forWar ” direction and moves Wiper 
W-71 of potentiometer 71 in a direction that produces a sud 
den change, e.g., an increase in both the rate of change and 
magnitude of the voltage output on line L45. The sudden 
change in magnitude and rise time of the voltage on line L45 
is sensed by deceleration circuit 90 and the output voltage on 
output line L46 sWitches from a loW state to a high state 
output voltage. 

Proper selection of the resistive and capacitor components 
in deceleration circuit 90 Will cause the output of sWitching 
ampli?er 5A3 to sWitch When vehicle deceleration exceeds 
any predetermined rate. In this regard, capacitor C1, resis 
tors R1 and R2 and ampli?er 5A1 comprise a conventional 
differentiator circuit that Will not produce an output voltage 
unless the vehicle decelerates at a rate greater than a prede 
termined level. The magnitude of the voltage at the output of 
ampli?er 5A1 is given by: 

Proper selection of component values in the differentiat 
ing equation Will produce an output voltage having the 
proper magnitude for a predetermined vehicle deceleration 
rate. 

The voltage at the output of ampli?er 5A1 is ampli?ed by 
ampli?er 5A2 and applied to the non-inverting input of 
ampli?er 5A3. When the applied voltage exceeds the refer 
ence voltage provided on the inverting input of ampli?er 
5A3, ampli?er 5A3 sWitches from a loW state to a high state. 

Altemately, pendulum circuit 70 can be replaced With any 
type of vehicle deceleration detection circuit device, includ 
ing Wheel speed pickoff types, that can be modi?ed to pro 
vide an output voltage having a magnitude and rise time 
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suf?ciently proportional to vehicle deceleration to operate 
With deceleration circuit 90. 

Referring noW to FIG. 6, voltage regulator 42, in accor 
dance With the non-microprocessor controlled version of the 
present invention, is similar to many off-the-shelf type of 
voltage regulators that control the magnitude of the output 
voltage V A of alternator 40. The regulation principle is Well 
knoWn and has been in use almost as long as the automobile 
has been in existence. Early voltage regulator circuits sensed 
the level of the output voltage V A from the alternator 40 and 
commanded a relay contact to remain closed for a longer 
period of time than open When the output voltage V A Was 
beloW a preset level, such as 14.0 volts dc. When the sensed 
output voltage V A Was above the reference level, the contact 
Was commanded to remain open for a longer period of time 
than closed. This sWitching action maintained the output 
voltage V A in the vicinity of 13.6 volts dc in a reasonable 
manner. 

The voltage regulator circuit also sensed the ambient tem 
perature and modi?ed the on-off sWitching time as a func 
tion of temperature. It also modi?ed the sWitching on-off 
time to cause the contact to remain on for a slightly longer 
period When ambient temperature Was loW and to remain off 
for a slightly longer period of time When the ambient tem 
perature Was high. This raised alternator nominal 14.0 volt 
dc output level to 14.8 volts at loW temperatures and reduced 
the nominal 14.0 volt output to 13.6 volts dc at high ambient 
temperatures. The nominal output voltage, When raised to 
14.8 volts dc, provided more current to the alternator rotor 
coil 44R at loW ambient temperatures and less current When 
it Was reduced to 13.6 volts at high ambient temperatures, 
thus maintaining a proper charging current to the start bat 
tery under all driving and ambient temperature conditions. 

Relay contact controlled voltage regulators have been 
replaced With more reliable transistor sWitching types that 
control the alternator rotor, and thus ?eld current, in much 
the same manner as described above, i.e., by changing the 
duty cycle of the current. 

In accordance With the present invention, referring to FIG. 
6, voltage regulator 42 includes an on-off sWitching circuit 
comprised of a logic NAND gate G1, a pnp transistor Q606, 
temperature sensitive diodes 6B1, 6B2, Zener diode 6Z1, 
operational ampli?er 6A1, voltage driver resistors 6R1, 6R2 
and darlington poWer sWitching transistors 6Q1 and 6Q2. 
When Wiper W3 of ignition sWitch 30 is placed in the run 

position (contact 37) prior to start, an exciter current from 
start battery 10 is delivered through rotor coil 44R of altema 
tor 40 and series transistor 6Q2 to ground. This provides 
suf?cient current to overcome the residual magnetism in 
rotor coil 44R Which alloWs coil 44R to develop the required 
current to operate properly alternator 40. 

There are a variety of solid state sWitching voltage regula 
tors in operation at the present time. Most of them can be 
activated and deactivated to sWitch the current into rotor 44R 
on and off by grounding a key signal line in the circuit. This 
can be manually done With a sWitch and automatically done 
With inputs of the type illustrated in FIGS. 1 and 6 or With a 
microprocessor. 
When the output voltage V A of alternator 40 is beloW a 

nominal 14.0 volt dc level, Zener diode 6Z1 does not contact 
current. Consequently, the voltage at its base on top of resis 
tor 6R3 is Zero. The second alternator output voltage V A is, 
hoWever, present at the non-inverting input to ampli?er 6A1, 
thus causing it to sWitch to a high state output voltage level. 
This causes transistors 6Q1 and 6Q2 to turn on. This in turn 
causes current to How through rotor coil 44R Which raises 
the current in ?eld Windings 703. The increased current in 
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?eld Windings 703 (stator coils 44S) raises the alternator 
output voltage V A above 14.0 volts. The output voltage V A is 
produced by the phase recti?er bridge comprising diodes 
7D4, 7D5, 7D6, 7D7, 7D8, and 7D9 (and the feedback out 
put voltage V A2 is provided by an exciter bridge comprising 
diodes 7D1, 7D2, 7D3) in a conventional manner. 
When output voltage V A rises above 14.0 volts, Zener 

diode 6Z1 conducts current and a voltage appears at the 
inverting input of ampli?er 6A1 that is higher than the volt 
age on the non-inverting input. This causes ampli?er 6A1 to 
sWitch from a high voltage state to a loW voltage state, thus 
turning transistor 6Q1 and 6Q2 off. This reduces the output 
voltage VA beloW 14.0 volts. 

This on-off sWitching action maintains the alternator out 
put voltage V A at 14.0 volts dc, regardless of changes in the 
alternator shaft rotational speed. 
The forWard voltage drop of diodes 6D1 and 6D2 

decreases at high temperature Which increases the voltage 
level at the top of Zener diode 6Z1. This causes Zener diode 
6Z1 to turn off the voltage regulator 42 earlier in the sWitch 
ing cycle. This causes the nominal altemator output charging 
voltage to drop to a selected level beloW 14.0 volts. 
The forWard voltage drop of diodes 6D1 and 6D2 

increases in a loW ambient temperature Which decreases the 
voltage level at the top of Zener diode 6Z1. This causes Zener 
diode 6Z1 to conduct later in each sWitching cycle. This 
causes the nominal alternator output charging voltage to 
increase above the 14.0 level. 

Diode 6D1 could be placed near start battery 10 to obtain 
a better measure of battery temperature. Altemately, a more 
suitable temperature sensitive circuit could be used in its 
place. 

The voltage regulator circuit 42 described above is dis 
abled by reducing the base voltage of transistor Q606 to 
Zero. This occurs When all the inputs to NAND gate G1 are 
in a high state and the input on line L46 is a loW state. This 
set of conditions causes the output of NAND gate G1 to 
sWitch to the loW state and turn transistor Q606 on. When 
transistor Q606 sWitches on it reduces the voltage level on 
line L606 to the non-inverting input of ampli?er 6A1 to Zero. 
This prevents ampli?er 6A1 from turning voltage regulator 
42 on. 

When the overriding deceleration input from circuit 90 on 
line L46 goes to the high state during vehicle deceleration, 
the base of transistor Q606 is raised, regardless of the input 
signal levels to NAND gate G1. This causes transistor Q606 
to turn off, thus alloWing ampli?er 6A1 to operate voltage 
regulator 42 as required. When any of the lines L6, L7 and 
L306 are in the loW state, the output of NAND gate G1 
sWitches high to the state, thus raising the base of transistor 
Q606, and enabling voltage regulator 42. When all three 
lines L6, L7 and L306 are in the high state, regulator 42 is 
disabled (unless overridden by a high state input on line L46 
from the deceleration circuit 90). 

Logic NAND gate G1 can be replaced, if desired, by a 
manual sWitch operated by the driver. A manual sWitch can 
be used to turn voltage regulator circuit 42 on and off in 
order to sWitch altemator 40 in and out of the system. A 
second manual sWitch could be used to turn solid state 
sWitch 32SB on and off to sWitch start battery 10 in and out 
of the system. 
A meter indicating the state of charge of each battery 

could be located along With manual solid state sWitch con 
trols on the instrument panel of the vehicle or in another 
suitable location. It is to be understood that all of the func 
tions described above and illustrated in FIGS. 1-6 could be 
performed by manually operated sWitches if desired. 
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MICROPROCESSOR SYSTEM CONTROLLED 

EMBODIMENT OF THE INVENTION 

Vehicle Run and Battery Charge Control With a 
Microprocessor 

The non-microprocessor embodiment of the invention 
described above does not require the sophistication of a 
microprocessor to control the level of alternator current 
required to provide recti?ed output current to the batteries 
and vehicle loads or alternately to alloW the run battery to 
provide all the vehicle load current. 

Nevertheless, there are advantages afforded by using a 
microprocessor controlled voltage regulator including the 
ability to operate a complex voltage regulator, to operate a 
complex display, complex decision making capability, 
reprogramming ?exibility, and a less complex vehicle instal 
lation (both as original vehicle equipment and as an after 
market retro?t apparatus) than the non-microprocessor ver 
sion. 
Most four to sixteen bit microprocessors having suitable 

memory capacity can be used to replace the discrete circuit 
non-microprocessor based voltage regulator described in the 
non-microprocessor system version of the invention, as Will 
be clear from the folloWing. 

Referring to FIG. 7, one suitable microprocessor 200 is a 
16-bit microprocessor, Model No. 8397-90, Which is avail 
able from Intel. This model microprocessor includes a 10-bit 
analog-to-digital converter, interrupt source inputs, a pulse 
Width modulated output port, a 232 byte register, memory to 
memory architecture, a 16x16 bit multiplier, a 32 by 16 bit 
divider, a full duplex serial port, ?ve 8 bit input/output ports, 
Watchdog timers, four 16 bit timers, tWo external 64K (8K 
by 8 bits) memory devices, a one milliamp standby current 
drain, and a display driver interface including an eight seg 
ment liquid crystal display 80 and a 6x6 button keyboard 82. 
One suitable memory device 845 for use With micropro 

cessor 200 is EPROM Model P27C64/87C64, Which is 
available from Intel. This device includes tWo 64K (8K><8 
bit) memory units Which are conventionally connected to the 
Intel model 8397-90 microprocessor. The pin designations 
are those provided by the manufacturer. Instructions for pro 
gramming the Intel Model 8397-90 microprocessor can be 
found on pages 19-10 through 19-27 of the Intel Automotive 
Handbook, part order number 231792-002, available from 
Intel. 

In the preferred embodiment, microprocessor 200 is pro 
vided With suitable softWare program instructions in 
memory so that the vehicle operator can obtain and display 
information regarding time, date, an alarm function, esti 
mated time of arrival, time on remaining fuel to recharge 
station, time on remaining fuel to an empty fuel tank, the 
remaining distance to go on a trip, the distance to travel since 
the fuel tank Was last ?lled, and the distance to travel on the 
remaining fuel. Many of these functions may be pro 
grammed in a conventional manner by a person of ordinary 
skill in the art. Devices commonly referred to as trip 
computers, Which incorporate many of these functions, have 
been commercially available in automotive vehicles at least 
since 1986. 

In accordance With the present invention, microprocessor 
200 also may be programmed to provide information regard 
ing fuel ef?ciency and fuel being consumed in the fuel tank 
(based on the octane reading of the fuel). This Would indi 
cate average fuel ef?ciency and miles per gallon, the instan 
taneous fuel ef?ciency, the total fuel used on the trip since 
the trip began, the fuel used since the tank Was last re?lled, 
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and the fuel left in the tank. Also, the microprocessor 200 
may provide information regarding hoW long the vehicle 
may continue operating until an external battery recharge is 
required, the time required to recharge run battery 20 after 
alternator 40 is sWitched back in to recharge run battery 20, 
and hoW long the vehicle may safely operate in the run state 
before requiring a recharge. It is noted that in the run state 
refers to alternator 40 being either sWitched out or operating 
at a reduced voltage output that merely maintains a trickle 
charge on run battery 20 Without attempting to fully recharge 
battery 20. 

Also, microprocessor 200 may provide information 
regarding average vehicle speed and may includes an anti 
theft capability, based on requiring the driver to enter a code 
on the keyboard 82 prior to starting the vehicle. Micropro 
cessor 200 also may be utiliZed to monitor vehicle inputs not 
indicated above for vehicle diagnostic purposes. By sam 
pling the alternator output load conditions, battery current 
levels, battery state of charge levels (in amp-hours), and 
alternator voltage levels, in addition to other vehicle sensory 
inputs, microprocessor 200 can perform many useful diag 
nostic functions. For example, a gradual inability to recharge 
properly any of the batteries, or for any battery to provide 
appropriate load currents upon demand in certain situations, 
can result in a diagnostic message indicating a problem With 
either the given battery, alternator 40, the Wiring harness of 
the vehicle, vehicle loads (RL and R A), or even battery termi 
nal connections. Microprocessor 200 also can be pro 
grammed to identify the folloWing diagnostic conditions: a 
bad battery, a malfunctioning alternator, a short in a vehicle 
accessory or Wiring harness causing excessive current drain, 
a bad diode bridge, the onset of a load dump condition, and 
other related diagnostic matters based on sensed states-of 
charge, voltages and currents over time. The bases for these 
determinations are more fully described in the copending 
and commonly assigned application Ser. No. 07/919,011. 

The input/output circuits 744, 745, 746, and 747 Which 
interface microprocessor 200 and the vehicle sensor signals, 
are standard scaling, gain, and reset circuits. The design and 
construction of these circuits as Well as the programming of 
microprocessor 200 are Within the abilities of the person of 
ordinary skill in the art, are Well knoWn, and do not require 
elaboration. 

In this embodiment, a pulse Width modulated signal is 
output on line L39 at pin 39 of microprocessor 200, When it 
passes through input output interface circuit 747. The corre 
sponding pulse Width modulated output from circuit 747 on 
line L747, Which is input to the darlington drive transistors 
7Q1 and 7Q2, is a pulse train having a ?xed period of 256 
state times and a programmable Width of from 0 to 255 state 
times. Pulse Width is programmed by loading the desired 
value for optimum fuel economy, as determined by micro 
processor 200, into a microprocessor pulse Width modula 
tion (PWM) control register (not shoWn). The varied number 
of state pulses over the 256 pulse period determines the aver 
age current provided by drive transistor 7Q1 and 7Q2 in 
FIG. 7 to the coil of rotor 44R of alternator 40. Rotor 44R 
generates a conventional three phase electromagnetic ?eld 
voltage in the stator coils 448 (see also coils 703 in FIG. 6) 
having a magnitude proportional to the level of the dc input 
?eld current IF. The alternating ?eld current of the stator 
coils 448 is then recti?ed by diode bridges 740 (diodes 7B1, 
7B2, 7B3) and 742 (diodes 7B4, 7B5, 7B6, 7B7, 7B8, 7B9) 
to provide the dc output voltage V A on line L5. 

Preferably, microprocessor 200 is programmed for receiv 
ing and processing the various sensor input parameters and 
controlling the alternator 40 output voltage V A on line L5 
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betWeen alternator 40 and run battery 20 over the range of 0 
to 17 volts, according to a set of de?ned operating conditions 
stored in a look-up table or an algorithm. Preferably, look-up 
tables are used Which comprise data curves of, for example, 
alternator output voltages (start and run conditions, includ 
ing EHC preheat operations) versus various vehicle load and 
ambient temperature conditions, states of charge, and other 
data useful for the aforementioned diagnostic purposes. The 
data curves preferably correlate the range of sensor param 
eters and predetermined operating conditions and, in 
response to the determined inputs, provide a suitable output 
voltage to maximiZe fuel economy. The look-up tables uti 
liZed by the microprocessor may be empirically derived 
according to the speci?c vehicle operating conditions, oper 
ating mode, and battery characteristics. 

In this embodiment, microprocessor 200 may monitor 
ambient temperature conditions and engine speed and regu 
late the bias of the alternator output voltage in a conventional 
manner. In accordance With the present invention, micropro 
cessor 200 also may monitor the charging current ICH by 
sensing the voltage signal representing the deceleration of 
the vehicle, and the state of charge and current signals 
charge/discharge from BSOC channels 60a, 60b and 60c. 

These sensed parameters are then compared to data in the 
look-up tables and an appropriate output voltage is selected. 
The look-up table and data stored in memory device 845 
provide fuel economy calculation information. SoftWare for 
microprocessor 200 and the look up tables and algorithms 
may be created in a conventional manner using an emulator 
board and stored in memory 845. 

A Watchdog circuit (not shoWn in FIG. 7), is located 
betWeen pins 55 and 45 of Intel model 8377-90 micropro 
cessor 200 and provides a graceful recovery from softWare 
errors. In this regard, a 16 bit counter in microprocessor 200 
Will count state times until it over?oWs. If an over?oW 
occurs prior to correction of an error, microprocessor 200 is 
reset. A clock 204 is used for state timing and other signal 
processing functions. Preferably a 12 MHZ clock 204 is 
employed. 

Referring to FIG. 7, the interconnection betWeen micro 
processor 200, keyboard 82 and display 80 is shoWn. In this 
embodiment, keyboard 82 is a conventional 6><6 keyboard 
having vertical and horiZontal contact lines laid out in a 6x6 
grid, and an associated eight character LCD display 80. Such 
keyboard devices can be readily implemented using the Intel 
8397-90 microprocessor. Six of the keyboard lines are con 
nected along line L32B-A, Which is a parallel data bus, to 
pins P2.6, P2.7, P47, P40, P01, and P00 on microproces 
sor 200. The pin numbers are not shoWn in FIG. 7 for clarity 
of illustration. The other six keyboard lines are connected by 
line L32B-B, also a parallel data bus, to pins P4.1*P4.6 on 
microprocessor 200. The key designation of keyboard 82 is 
selected by appropriate programming of intersecting contact 
lines. 

Outputs P1.0*P1.4 of microprocessor 200 are connected 
by line L24B-A, a parallel data bus, to a binary coded deci 
mal digit driver circuit 81, Which in turn is connected to 
display 80. Also, microprocessor 200 outputs P3.0*P3.7 are 
connected along line L24B-B, a parallel data bus, to segment 
driver 83, Which, in turn, provides information to display 80. 

In this driver interactive system, the driver may select 
Which condition of the vehicle or Which diagnostic param 
eter or trip computer function to display at any given time. 
Accordingly, speci?c keys in keyboard 82 may be dedicated 
for displaying state of charge of run battery 20, start battery 
10 or EHC battery 300 upon actuation. Alternatively, the key 


















