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(57) Abrége/Abstract:

A combination manual and automatic vehicle windshield wiper control system Is provided which integrates a windshield
moisture-sensing based wiper control system (20, 22) into an existing design of original equipment wiper system (16, 18, 24)
with minimum impact on manufacture and retrofit by using the existing vehicle wiring harness (12) and existing connectors. The
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(57) Abréege(suite)/Abstract(continued):

Invention provides easy Integration of a moisture-sensitive wiper control system (20, 22) into a class of vehicles In a manner
which does not interfere with the operation of the standard or pulse-wipe systems (16, 18, 24) already existing in the manual
mode even If the moisture-sensitive system (20, 22) should fall for any reason. The moisture-sensing mode of operation
replaces the delay or pulse mode.
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windshield mo:sture-sensmg based wiper control system (20,

-22) into an existing desngn of original equipment wiper sys-
tem (16, 18, 24) with minimum 1mpact on manufacture and
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VEHICLE INTERFACE FOR MOISTURE-SENSITIVE WIPER CONTROL
BACKGROUND OF THE INVENTION
I. Field of the Invention
The present 1invention is directed generally to a control
circuit for use with a windshield wiping system ,érr"a métor vehicle
and, more particularly, to an interface circuit which facilitates
the integration of a windshield moisture-sensitive wiper control
system into an eicisting pulse-wipe windshield wiper system control
which utilizes the same wiring harness as and has a circuit
compatible with the existing system. Circuity configurations and
algori"thms in the moist‘ure-—sens;i.tive system even pefmit the system
to use the existing switch of the pulse-wipe system design.
' iI. Discussion of the Related Art ‘
- A windshield wlper control system that senses' mo:v.sture and

.readjusts the operation of the wlpers as m01sture condlta.ons change

is very desirable as it obviates the need for the driver to
o '~'..';:.;cogntinua’l1y .-readjus‘t the wiper system manually. Systems have been

deVeloped which optically sense’thé‘presence of moisture droplets

on the w:a.ndshz.eld and actlvate the ws.per motor and adjust its speed

‘:m relata.on to the 1nten31ty of the prec:i.pz.tatn.on encountered An
| “'earller patent 1n wha.ch the 1nventor of the present J.nventlon is a

’- co-lnventor, U.S. Patent 4 620 141, dlSClOSeS an electronlc control

c:.rcu:.t for a m.ndshleld w1per motor which includes a w:mdshleld

mounted Sensor module utn.l.lzlng a plurality of radiant energy

.sources, such as.LEDs, which are pulsed on and off in accordance
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with a pre-established duty cycle, in conjunction with a further

plurality of radiant energy sensors, e.g., phototransistors, which
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5 sensors are connected in a bridge configuratidﬁ"”euc}{ that when
water droplets impinge on the windshield, the light from the

sources is refracted to unbalance the bridge. The signal
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assocliated with the unbalanced bridge is applied to a window
comparator to produce a binary signal which is integrated and

10 applied to a voltage~controlled oscillator that, in turn, is
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drive the wipers at a rate which varies as a function of the level
of precipitation being encouﬁtered.
A later patent, U.S. Patent 5 059 877, to the inventor in the

15 present application also involves a control circuit for a

v BEE P! LY .
SRR s, T N R

3 e . - * -, >
. a . vt ] - N

. . . . ~ e L4

- . . N i - W, . -, .- - o - - . - Lo - - -
PR UL P I Y N i BPL L P S DT O SN L Al Lt T el S T A 4, S ‘. e - . -
PO G e SR AR- o g AR e G R e A NS i 2 N T e gt BTN Lo il 450 - e

Pl s .
A

A "
A
N GRS AR
ST 3o S et i
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theipreSence:Of-rain.' The last-cited reference deals effectively
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L ool

circuits, in conjunction with bandpass filtering and a differential
amplifier under microprocessor control to linearly reject
disturbances in the sensing system due to changes in ambient light,
making the system immune to such disturbances.

Large motor vehicle manufacturers typic.:a;/i~1‘y‘ in“cofporate a
design of wiper system designs that are common among many different
vehicle models. This is true of General Motors Corporation, for
example, which supplies just two basic wiper systems to cover many
of 1ts models. These are a standard wiper system which has the
ablility to run at either of two fixed speeds and a pulse-wipe
system which has the ability to pause for a variable length of time
between wipes in addition to operating at either of two fixed
speeds. Both systems have mist and wash cycles and employ many

common parts including the same system wiring harness.

Such a system is illustrated schematically in Figure 1 and

in;:ludes a multi-position wiper control switch 10, which 1is

- ;s‘bmewhat different for standard and pulse-wipe systems but

lncludlng a connector 11, wiring harness 12 with voltage supply and

ground 111us.trasted at 14 which ar?e identical for both systems. The

_wlper/washer motor assembly J.llustrated at 16, which :anludes the

--blade parklng mechanlsm and ‘other llnkages are common to bOth

systems wlth the exceptlon that each employs a dlfferent control

cmrcult board 18 which are somewhat different but also have common

’1nterface cennectors with the w:.per/washer motor assembly 16. From

this it ecan readily be seen that the only actual differences
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between the standard and pulse~-wipe

systems are reduced to

varliations 1n the wiper control switch 10 and in circuit board 18,
both of which can be replaced gquite easily as the interconnects are
the same. This degree of commonality or interchangeability makes
it relatively simple for the manufacturer to proyidé both55ystems

in any vehicle made and makes it relatively simple for one to

upgrade from the standard to a pulse-wipe system by retrofit at the

automobile dealer.

/

In addition to the two patents previously discussed, a variety
of other references 1involving moisture~sensitive wiper control
systems have been devised which also use various means to sense

rain and control wiper action. Almost all of these svystems,

however, pay very little attention to integration and compatibility
with existing motor vehicle systems. Such lack of compatibility
and the accompanying need to provide a special wiring harness for

such a system presents a serious drawback with respect to the

pract'icality of incorporating such a system as a vehicle option by

amanufacturar. It clearly would present a great advantage lf such

S a mon.sture-sansxtlve w:z.per control system could be provn.ded Wlth

“the ability to be aasily'- integrated into the scheme of a pre-

existing wiper systam,’such as the pulse-wipe system manufactured

by General Motors. Such a system could read::.ly lend 1tself to

addltlon as an optlon at the manufacturlng stage or as a retroflt

I

on new or oz} the m;lllons 0of existing vehicles having compatible

windshield wiper control systems.
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OBJECTS

Accordingly, it 1is the principal object of the present
invention to provide means to facilitate integrating a moisture-
sensitive wiper control system into an existﬂing design of wiper
system with minimum impact on manufacture and rgt;bfitu

Another object of the present invention is to provide a means
of easily integrating a moisture-sensitive wiper contrcl system
into a class of vehicles using original equipment windshield wiper
control systems manufactured by General Motors Corporation.

Still another object of the present invention is to provide a
means of easily integrating a moisture-sensiti\fe wiper control
system into a class of vehicles in a manner which uses the original
equipment vehicle wiring harness ' and plugs ‘into existing

connectors.

(4

Yet another object of the present inventioh,is to provide a
me_an_s of easlly integrating a moisture-sensitive wiper control
system into a class of vehicles in a manner which does not

interfare with the Operation of the sta'ndard'or pulse-wipe syStems

'alfeadyinStalled;

It 'j,s also an object of the present in_verition to provide ‘a'

means. of easily integrating a moisture-sensitive wiper control

system into a class of vehicles in a manner which utilizes the

particular electrical configuration of the original ‘equipment

switch thereby eliminating the cost associated with developing and
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tooling a new switch and the associated complexity of retrofitting
an existing vehicle to include the moisture-sensitive wiper systen.
A further object of the present i1nvention is to provide a
means Qf easily integrating a molisture-sensitive wiper control
system 1into a class of vehicles in a manne,rl—r—t&hich ‘does not
interfere with the operation of the original eqguipment wiper
control system in the manual modes even if the computer of the
moisture~sensitive system should cease to function for any reason.

Other features and objects of the invention will occur to
those skilled in the art in accordance with the drawlngs and
descriptions below. :

SUMARY OF THE INVENTION

The foregoing features and objects‘ of the invention are
achleved by providing an automatic moisture-sensitive wiper control
system which uses compatible components and the same eléctrical
cOhfiguration of wiper control switbh as that of the sYstem with
_which it 1s designed to be integrated, namely, the General Motors

pulse-wipe system. In acchdance with the invention, the moisture-

sensitive wiper control unit connects to existing connectors.

Operation of the system in the manual modes of OFF, LOW, HIGH AND

M;ST is essentia;ll_y- unaffected by the presence ‘of the moisture-

~sensitive control unit. The automatic moisture-sensitive mode of

operayion is designed to replace the intermittent DELAY or pulse
operating range in the wiper control switch which can be synonymous

with or renamed "AUTO". Of course, 1t 1s not necessary to modify
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the switch in any way for operable 1nstallation into an existing
vehicle. The system further can be equipped with an adjustable
sensitivity based on the existing pulse rheostat or delay circuit
or variliable resistor.

To operate the system 1n the automatic mg,i_g;ﬁure—sensitive
wiper control mode, the driver simply moves the control switch to
the AUTO or DELAY position.: In accordance with the control
circuit, the wipers will actuate once and from that point on, the
wipers will actuate at the high speed, low speed or intermittently
as dictated by the moisture conditions. The adjustment range
within the AUTO position will control the sensitivity of the system
‘;o moisture .on the windshield. I.n 'the absence of moilsture, the
wipei's are designed to stop at an inter-wipe position, which
situates them on the windshield -just below the driver’s field of
'view butaboVe the concealed or parked pcsitioﬁwhich*is below the

hood for many models. " This alerts the driver that the wipers are

o opexating in the automatic or moisture-sensitive control mode
 réthef»tnan in the off mode. Turnlng off the 1gn1tlon will leave
the wlper posmtlon unaffected and turnlng on the ignition with the
‘wa.per swn.tch :m the DELAY or AU‘I'O pos:LtJ.on wn.l lnl‘clate a single

-actuatlon of the wxper, returnlng the operatlon to the molsture-

*i sens1t1ve mode.

BRIEF DESCRIPTION OF THE DRAWINGS

~In the drawings, wherein like numerals are utilized to

designate like parts throughout the same:
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FIGURE 1 1s a schematic block dilagram of an existing
windshield wiper/washer control system with which the moisture-
sensitive system is designed to be integrated;

FIGURE 2 1s a schematic block dlagram of the control system of
Figure 1incorporatingthe:moisture-sensitive:sysﬁeﬁ:in‘aCébrdance
with the invention;

FIGURE 3A is a key showing the assembly of the circuit
schematic diagram of Figures 3B, 3C and 3D; |

FIGURE 4A shows an alternate circuit form moving the wiper

from the "“park" position;
FIGURE 4B 1s an alternate wash circuit;

FIGURE 5 represents a schematic illustration of several wiper

- positions; and

FIGURE 6 1s a logic block diagram showing a wipe error
algorithm in accordance with the invention.
DETAILED DESCRIPTION

As mentioned above in accordance with the present invention,

the automatic moisture-sensitive wiper control System connects to

existing wiring connectors ‘.in the previoasly-designed wiper control

system. While the illustrative embodiment is specifically directed

to a combination with the pulse-wipe system associated with

vehicles manufactured by General Motors Corporation, it will be

-appreciated that the system is adaptable by those skilled in the

art to other similarly situated systems, and the preferred
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embodiment 1is presented by way of illustration rather than
; limitation.

Figure 2 depicts a schematic block diagram of the moisture-

sensitive control unit integrated into the existing pulse-wipe
o control systemn. It shows a moisture«-sensitive/'i"*c*ontrol ‘unit 20
which connects to a windshield-mounted moisture sensor 22 connected
é to the wiring harness 12 and existing wiper/washer motor assembly
‘ 16. The wiper control switch 24 may be the same or involve a
slight modification of the wiper control switch 10, and the control

10 circuit board 18 is the same as the circuit board of Flgure 1. The
1 ground system 26 includes an addltlonal connected ground wilre not
é used in the original ground 14, ‘ *

The actual 1ntegrat3.on of the combined systems is best
'illustrated ln the.sohematlo wlring.diagram of FiguresBB,3c and

|
; i 3D whlch flt in accordance w1th schematn.c 3A. The mtegrated

_(-" e a N

:eystem lS deslgned to operate in the 'manual modes of. OFF, LOW,
""-'HIGH and MIST and in the DELAY or AU‘I‘O molsture-senm.tlve mode in
» manner such that avallablllty of the manual modes is

. substantlally unaffected by the presence of the automatlc mo:.sture—"

- sensltlve w1per control system. The 'oombined eystem will be next'
L* f exp1a1ned Wlth reference to the Flgures by examlnlng each of the-

'-"’_“d.lfferent modes of operat:z.on for the :mtegrated system. .' Wi‘th-

;Ffw,_;q'respectito the schemat;c wlrlng diagram of Flgures BB 3C and 3D,

A
- . ‘.‘. .
. e * tff .

.-.Fn.gure 3D separated by broken l:me 30 and the part of Flgure 3B
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vehicle wiring harness and pulse wipe system, and the remainder of
Figure 3B together with Figure 3C represent the interconnected
schematic wiring for the moisture-sensitive wilper control system
which can be seen to compatibly connect into the existing harness.
MANUAL (ORIGINAL EQUIPMENT) MODES OF OPERATION g

1. OFF.

As can be seen from the Figures, when the wiper selection
switch 32 is in the OFF position, it connects the conductor 34 to
the power supply or source of 12-volt DC through conductors 36 and
38. This allows current to flow through a blocking diocde 40. In
the OFF position, of course, the wipers are designed to be in the
PARK position, illustrated as 200 on Figure 5. The syStem further
includes an EXIT PARK relay coil 44 associated with conductor 42.

This is a "get out of park" or EXIT PARK relay as 1t enables the

wipers to leave the park position when it is energized. In the OFF

mode, although conductor 42 is not connected and thus park release

relay 44 is de-energized, if the wiper blades themselves are not in
the PARK position, a mechanical cam 46 is provided in the wiper
motor assembly‘which'holds the EXIT PARK relay conﬁacts 48 closed
thereby connecting conductors 50 and 52 to conductor 34 to energize

10w speed winding of the wiper motor 54 at 55. ‘This allows the

' motor 54 to run without-the PARK relay engaged and move the "wipers

into the fully rgtracted or PARK position. The f.u:ther rotation of
the cam 46 allows the PARK relay contacts to reopen and disconnect

the motor.
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The operation of the combined system in the OFF mode is
essentlally egquivalent to the operaticn of the standard and pulse-
wiper systems in the OFF mode. In addition, the microprocessor 56
is prevgnted from intervening or interfering with the function of
the system in the OFF mode. In this regard, a leﬁéT;trénsiator 58
l1s provided which senses the voltage on the conductor 34 setting
the output voltage on the AUTO line 60 low (0 volts). Software in
the microprocessor responsive to this condition inhibits <the

processor from attempting to command any action form the motor,

‘regardless of 1information about moisture conditions detected

elsewhere by’the sensor.
2. Manual LOW and MIST.
As can be seen from the schematic wiring diagtam, wilth the
selector switch in the LOW position, both conductors 34 and 42 are
efnergized, as 1s the EXIT PARK relay 44 closing PARK relay contécts
48, ther-eby enerqizing the low speed winding 55 of the motor 54 via

condﬁctcrs-sc'and 52. Thls operates the wandshleld wipers across

'.the wxndshleld at low speed,,

The'- operatlon .of the system in the LOW mode, as in the OFF

,p051tlon, 15 substantlally the same as 1t would have been w1thout
:.-the ’presence of the automatlc m01sture~sen51t1ve system. As was
-'the case ‘in the OFF posz.tlon,ﬁ the presence of the voltage on
.conductor 34 causes the signal on line 60 to go low and again

precludes microprocessor intervention so that failure of the
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microprocessor in this mode will not affect the operation of the
wiper.

The MIST operation 1is basically equivalent to LOW speed
operation as long as the switch 32 is held in the MIST position.
A mechanical spring provided in the wiper cow&f’él (ﬂno{'; shown)
returns the selector to OFF upon release of the switch. In this
manner, the wipers will again park after release of the switch from
the momentary MIST position in accordance with the operating
sequence 1n the OFF position.

3. Manual HIGH speed.

When the manuai switch is moved to the HIGH position, the
power source 1s connected to conductor 62 via conductor 36. This
turns on transistor 64 after encountering resistor 66 thereby
energizing relay 68 and closing contact 70, thereby energizing the
high speed motor coil at 71 causing it to drive the motor 54 at
high speed. Current from conductor 62 further flows on line 42
through diodes 72 and 74 again energizing the EXIT PARK relay 44,

which enables the motor to run the wipers at high speed across the

windshield. Of course, current from diode 72, through the engaged

‘switch contacts, energizes conductor 34 which, in turn, activates

the level translator 58 which, again, causes the AUTO signal to go
low precluding any intervention by the microprocessor 56. It'will
be noted that b;ocking diodes 40 and 74, respectively located in
conductors 34 and 42, are necessary for operation of the system in

the moisture-sensitive mode. They prevent the back enmf generated

------
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by the motor at the conductor 52 from flowing back through <the
switch and de-energizing the PARK relay which would prevent the

wiper blades from leaving the PARK position.
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In addition, the preferred embodiment uses the relay 68 to
5 supply current to the motor rather than direg‘é-f—éonn"ecting the

conductor 62 from the switch to the motor. This 1s because a
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direct connection would provide a current path from the high-speed

winding to the park relay by way of diodes 72 and 74 and conductor
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42 which would produce a situation which any current to the motor

10 would result in the appearance of an'emf, the high-speed winding
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which, in turn, would engage the park relay thereby disabling the
ablility to park the wipers. The relay also is considerably cheaper

than a diode of sufficient power capacity to operate the motor at
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15 would'prcduge an unacceptable slowing of the'high*SPeéd operation
of ther wiper. .This condition is not only annoying to the driver

‘_but also reduces the rate that the windshield w;n.per can remove
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1. LOW speed.

The automatic moisture~-sensitive mode corresponds to the pulse

or delay setting of the pulse-wipe system, and references to AUTO

A,
Ay
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detection of the occurrence of rainfall as determined by the
moisture sensor on the windshield. The moilsture sensor is again
represented by block 22 connected to the microprocessor 56. The

microprocessor system or circuitry also 1includes a power supply

)

160, sensor excitation and demodulation cirdﬁfﬁry | and logic
identified by the block 162, potentiometer reading circultry 164
and various diagnostic circuit devices in logic indicated by 166.
For the purposes o©f understanding the 1invention of this
application, the details of operation of the moisture sensor need
not be set forth. It should be note-d that additional details
concerning the operation of the molsture sensor and its interface
with the microprocessor and additional information COﬁcerned with
the construction and operation of the automatic méisture«-sensitive
wiper control system may e obtained from the above~cited United

States Patents 4 620 141 and 5 059 877. To the extent any such

.details may be necessary to complete the descriptions and accounts

.neCQSsary'for purposes'of the present application, they are deemed
to be incorporated by reference herein.

As can be seen from the diagram, placement of the wiper

.¢ontrol switch in the DELAY'or AUTO positicn applies 12 volts to

. the conductor 42 from the switch which, of course, energizes the

25

' §arkre1ease relay 44 via diode 74. This momentarily removes the

voltage on line 34 from the level translator 58 which now sets the
AUTO signal to the micrbprocésSOr on line 60 to HIGH (IS volts).

This provides information to activate and alert the microprocessor
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that the wlper control switch is in the moisture-sensing control or
) AUTO position.

The microprocessor 56 detects that the wiper control has, in
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i;ff_?f;;!- fact, been in the AUTO or moisture-sensing position upon receipt of
5 the HIGH signal on input line 60. Thereafter it E6mmands a single

actuation of the wiper. This 1s acconmplished by bringing the

signal on the conductor 76 '(Figure 3C) which i1s normally at 5 volts
down to 0 volts at the SLOW output of the microprocessor so that
the invertor 78 will transform this signal to 5 volts or a high
. 10 output, This results i:n a potential through diode 80 and resistor

82 and continuing on line 84 in the moisture-sensitive control
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relay 94 thereby closing contacts 96 and re-energizing the

13 conductor 34 beyond diode 40. The EXIT PARK relay 44 contacts 48
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are closed thereby allowing the wiper blade to begin to traverse

the windshield. The resistor values are selected such that the
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The appearance of a 1l2~volt voltage on conductor 34 below

dicde 40 produces a corresponding voltage on line 108 which causes
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go low (to 0 volts). The signal on line 112 informs the algorithms

25 within the microprocessor +that the wiper motor is in fact



Bt . ty T . . -~ . - " + - .
4 , o LA LT v ’ o ce -
K 1 [ R S o - . .
RPTRYE TIET 45 A B -t oA e
LVRFIRERSY PR UL, | i D I § - -

e ETR
I cate '_,-","
- b . - -
P L . P 2L S gy

-, .- - ol
T AR T —_ e e -

v v.""v:"'\'
iy iy o . By A i »

A @ e wNm L e .
LAyl S g Sl T I 2 JRL S i D

..' -
‘..fq...- -, - "lM'_‘,',O* - -

L Yy a e _."-5., '. D S .
- 2t L P _ oLt L - -
- CR Rl Mvmm’-\‘w‘k—v'-ﬁ-: ————. —

b, LY T
-

- -
- -t el A
. fvm 7 Wn-
ad ‘e

oy
ONLY
wire Qe gl g

e TTer TN Loy by e " . *~ - Y & - -t a0s P - &~ ™ML, &8 . T A, " & g e,y

= The "-.{' .:r'-"" "'\! .l; - >Ny . 1')- "- v'-‘ T '.r‘-. .-: 0.'0.5" 4. s -" ".'- .' & . .,-‘-:
- . - . - - - - - - N

oy N LTS eSS SRt ; : T . P -a, A Yo " - RN D

««««««

R -;.*1_; -
AN

.......

.,..0. . o.- .
T A
‘\‘ - = v

e
PRI

.-: a D g . ey s - . 3t o . ...'|.\:,"-.'~.J._’.' "": -r" -'-\‘.." .
- T L . . A e e e T T L e e
AL .. = .l - . R T S e S S A R S P .
P o . - e s ’ . . ~; . e +" e [SPEEEE "I L SR S R |
. Lo Lo PRl .. ’.- . ' L e . . w _tar . - y
TR ST SPRVICICMIR - S A UL AP TR VT LT 4 Ny LA NG Qb S JF A NP S-L P ity i P UG, 5. T A

_ . ..-
. PR v v . e
P YR - S T
VAT e .".-v{"\“{. o5 Tay
ol PR A s el WY e e W W R - 4
b

BTV 4
-.r,‘\_o_" - -
o JREALY P

. -
PR = b, T T Y

S L A e T e e et A W LT ek
A N T LW SRR SR S JURre TR SN CES V PRORIE* o

._.':’.\-.' ’.’._*A\.ﬂ P
Uy W T AT T

10

15

- 25

WO 93/17897 PCT/USS3/0234%,

2109200 :

L .
* '% '. : -

operating. This feedback may also provide useful diagnostic

-

information inasmuch as were the STOPPED line never to go low, the
algorithms in the microprocessor preferably set the diagnostics to
indicate that a hardware error had occurred.

Whén the feedback signal on the STOPPED l;ﬁ@?llz“ihaicating
that the wipe cycle is under way is received by the microprocessor,
1t removes the wipe command. ' By this time, however, the wiper is
well up on the windshield and a cam (not shown) in the timing
circult 98 continues to hold the engaged relay 94 keeping the relay
contacts 96 closed until .the wiper reaches the end of the wipe
cycle. At this point, the cam of the timing circuiﬁ releases the
contacts of relay 94, and the potential on the conductor 34 to the
motor assembly drops to zero. This, in turn, causes the motor to
stop and the level translator 110 to- bfing the s.ignal on the
STOPPED line 112 to high (5 volts). The microprocessor then uses

this information to precisely set the dwell time between wipes,

‘thereby allowing the wiper blades to remain in the inter-wipe

position as illustrated at 202 in Figure 5.

In thi.s manner, in the presence of a light mist, the
microprocessor will repeat the abovewdescribed single actuation at
intervals several seconds apart depending on the intensity of the
precipitation. Sh'o‘uld, the am.y’ount of rainfall justify actuation of

the wipers at a steady slow speed without pauses between wipes, the

microprocessor will simply continue to hold the SLOW line 76 low.

In this manner, at the end of each wipe cycle, the capacitor 90

v
lllllll



.l . .

t‘!"f'
[ ] S 8
i N
-4 (.’.
4 .

Lo
1

. .-
a wide
. . .
. o

L. " L .v"'. - ce . =" " ~
- . .2 et .. - e ‘"
. e, - - L DR N

-;‘-.L-p-‘-’-k—h’qu..-‘-o.-5ﬁ"i'ol P A N

.
- .
s . - - &% D ‘ ae -
. . - REp— A 4" - 1 4 - s - . L - -
PR G NN T L N T R o . D L R A Y tat e S eSS ‘ " - *

.. . . \0 -~ . .
- . .
- - . . . .. - - S . - .
S AT .. e M-,.- - =7 -, o L SN e - -."'\
BT N R R Y I S SV PP S R A TR L PO P R . §

' ".’ '*. "y /'. e, - T TR d T 4T
. x7-"ra R .
d e e Ay ':_'\ -~ ."’.‘h ) \'ﬂf,,"?.z\..‘ -
* (I l,\-ﬁ ° ""." . ..-. "‘{c"*‘ - \..J~ u..—".r ..'u
L P ey T Al s R T
. P~y N A T e, g - R D Ya L v
o gy A 2 e T A g & cam” o % yr
o .

®. - '-

- a.

., lv. -

oy TN s s

L= TEVTSE S QRLE S e N

- ..' .
“" .
ey
- i, Wk . v

,,,,,,
)

I
. -
BiAF )t g

- s ..
.*1" S o
FIV T SR VN

.
DL

LTy Yo Tar 'l m < T v’ ‘- - .
- . " .."-: g ., \q“_’ - . ‘,*’._' R TR Y ,. -._ -
N LY v ¢ RN LN L A 2" Ve @ 74 T ..
R . T A T, APt e e Tt K e

. gl X o Ly . - Y e M- o .
puZ%ulies. hwwﬂﬁwdaé'w.N-'m-f-oﬁ’w\%- ERAE

: . a +fF 2% i e = v e LI )
. . P . - \ .
C ..'.,‘(‘-\ ‘el L = -'-.'.
_ . g + v -, € .. . I Y S
& PAS SN G e e i gl i pa "y vy TN WL PV RPN PP IR -, -t

10

15

b

..“

-‘;.}‘:':- . .
e -

N

l/:: \.'f‘

" l:i;-..-l )

Ny

A ’
- -

WO 93/17897 PCT/US93/02348

’
A}
N
t . -
‘. f
' AR '

9203

wlll discharge and recharge rapxd%ﬂ and the cyclé will repeat.

This causes a delay of but a few milliseconds between wipes which

is not perceptible to observers so that the wilpers appear to run at

a continuous rate of speed. While not objectionable, this pause

may be eliminated by incorporating an additional .resistor in the
Phenan

motor assembly in series with capacitor 90 on conductor 88. For
one motor, a value of 270 ohms produced smooth operation without
pause between travels of the wiper across the windshield.

2. Operation at HIGH speed.

The detection of heavy rainfall by the windshield sensor will
cause the unit to operate the wilpers at HIGH speed. This is based
on algorithms within the microprocessor which dictate that this is
necessary when the input from the windshield sensor is above a
certain pre-set threshold value. When this occurs, the
microprocessor 56 sets the potential on FAST line 1314 to a low
state (0 volts). This signal is inverted by level translator 116

an.a the signal, after passing through resistor 118, turns on

the full 12-volt potentlal to be applied to the high speed motor

_w:u.ndJ.ng 71 v:!.a conductor 63. Of course, as noted previously, in

‘the AUTO Or moisture-sensing mode,' the conductor 42 is energized by

way of diode 74 thereby energizing the relay 44 and engaging the
contacts 48 releasing the wipers from the PARK position.

a | r s |

it should be noted that the blocking diodes 40 and 74 make it

possible for the motor to run at HIGH speed with the switch in the
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AUTO or moisture-sensitive position. They are necessary because
when the motor is powered by way of the HIGH speed winding, it
develops a rather large back electromotive force of up to 20 volts
on the LOW speed winding, which is present on conductor 52. During
5 portions of the wiping cycle, a cam (not shotgm; in-the timing

circuit 98 closes the contacts 96 of the relay 94 thereby applying

this large amount of back emf to the conductor 42. 1In the absence

of either diode 40 or diode 74, the back emf would be connected
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motor to slow down and draw excessive current which, in turn,

causes the motor brushes to wear out prematurely. The blocking
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20 user had, for example, selected manual LOW speed when <the
microprocessor was selecting HIGH speed. The addition of diode 40
allows the processor to have a single input AUTO that reliably

informs the microprocessor connected algorithms that the user has
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e

3. Exiting from the Steady SLOW.

A careful analysis of the operation of the system described
reveals that 1t 1s possible to remove the command to the slow line
76 at a time that would cause the wipers to stop partway up on the
windshield out of the inter~wipe position as s@ggn’in~Figure 5 at
204, which 1s designated as the "error" position. This can occur
because it 1s possible to remove the command on the conductor 76
after the wiper has left the inter-wipe position 202 but before the
wipe cam 93 (Figure 3D) has caused the contacts 95 to remain
engaged. While this might not happen often, ,occasionally the
wipers would stop partway up the windshield in the error position.
Of course, a subseguent actuation of the wiper wilill move the wiper
off that error position, but e?en a momentary pause of the wiper
within the driver’s field of view would be both distracting and
annoying.

Accordingly, the system has been designed so that the slow

command is removed only while the wipe cam 93 1s in control. This

is done by immediately sensing a slowing down of the wipers upon
removal of the slow command on conductor 76. Thils rapid detection
of motor slowing is alded by a differentiator circuit including
serial resistor 126 and capacitor 122 in parallel with resistors
124 and resistor to ground 126.

An .algorithm which can be ﬁsed with this system to prevent the

wiper—-error condition is illustrated in the schematic logic diagram

of Figure 6 which operates to change the mode of operation from
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steady slow at 220 to ivntermittent wiplng at 222 via the logic loop

including blocks 224, 226, 228 and 230. Note that 1f the motor has
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restarted at 230 for 0.5 second which i1s plenty of time to return
it to the inter-wipe position for the pause cycle at 222.
It will further be appreciated that the potentiometer 130
10 (Figure 3B) associated with the delay setting on the pulse-wipe

control switch which corresponds to the DELAY auto mode for the

. wt -, . v . * - X
PLIE ol s . v A L S
oty cm t T Lo, m =T v as s T AL e
- - . Sl . - .t N
e e R R Mt Ay il s drdw v atiy v e - ol Bl gV b o N} o

moisture-sensitive control may conveniently be used as a
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sensitivity adijustment setting for the moisture-sensing mode

control. In this regard, it is desirable that a sensitivity
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software that corresponds linearly to the mechanical position of
the sensitivity adjustment control. Ideally, this reading of the
potentiometer positibn should be unaffected by supply voltage or
ambient temperature, and should provide good resolution of small
“7‘ 20 ' differences inpotentiometer settihgs.

- In thisregara; a ratiometric sensitivity reader.cirCuit is

provided which generates a value corresponding to the sensitivity
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the charging circuit which gives an output on 1line 136. A
discharge circuit 1is provided that 1ncludes a maximum discharge
signal input 138, comparator 140 and resistor 142 connected to
common line 132 which 1is, of course, 1in series with the
potentiometer 130. JLAVEREE

First assuming that the timing capacitor, c¢., 1s discharged,

t/?
the operation of the circult will next be described. The current
flowing through the sensitivity control potentiometer 120 will

charge capacitor ¢, through line 132 in a manner such that the

capacitor will be charged to Vcap at a rate which exponentially

approaches V+ or :

Vecap = V+ (1 exp(-t/Rpot*C,))
where Rpot eguals the potentiometer setting and t 1s time 1in

seconds. At this point, comparator 134 signals the microprocessor

on line 136 that the timing capacitor has reached a threshold

voltage, Vth, which is:

Vth = K V+, where

K = Rb/(Ra + Rb).

"Thus, in the time it ‘takes for the voltage across the timing

capacitor, C, to reach the threshold is given by solving V = Vth

- for time, or :
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-y

t = Rpot * Ct(-Ln(1-K))

Since C, -~ Ln (1 - k ) 1s a constant, the time for the timing
capacitor to charge to the threshold is linea{;x;proportioned to
the sensitivity potentiometer setting. It 1s independent of supply
voltage and temperature. The microprocessor can measure this time
to obtain a value for the sensitivity potentiometer.

Conversely, after the microprocesspr measures the time for
Vcap to reach Vth, the microprocessor sets the DISCHARGE signal on
conductor 138 high which, 1n turn, causes the open collector of
conmparator 140 to d—ischarge C.. The micrbprocessor delays a
sufficient time for this to happeh and then restérts the charging
cycle. 1In this manner, the system of sensitivity potentiometef,
sensitivity'reader circuit and microprocessor, in effect, forms an
OScillatcr'that continuously reads the setting of the sensitivity
c'ontrol ‘and applies it to control the molisture-sensitive wiper

The conductor 132from the switch, in.addition to controlling

the sénSitiVity of thé,system, is connected directly to the input

' .Voltag{e" on line 36 via' conductor 151 When the user presses the WASH
~ button 150. Thisactivates the wash activation network including

diodes 152 and 154,-zener diode 156 so that current'flows.through'

152, 156, 154 and resistor 158 through the wiper motor asSembly

through washer timing circuit 98 which, with cam 99, performs a
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windshield washing function as the timing circult times out. This
manual function, like other manual functions assoclated with the
pulse-wipe system, again 1s performed without any intervention by
the microprocessor. In thls regard, the microprocessor detects the
5 wash condition by noting that the DISCHARGE line“‘iéss can no longer
cause the charge line 136 to go low. It should be noted that zener
diode 156 together with diode 152, resistors 157 and 158, allow the
sensitivity reader to remain unaffected by the circuit below a
fairly high Vcap (i.e., about 5.4 volts). An alternative circult
10 shown in Figure 4B uses a 4.7 V zenér diode 170 and resistor 172.
The wvalues of the circuit elements are selected so that <this
condition does not occur unless the user, in fact, presses the WASH

button 150. In addition, 1t can be seen that the SLOW command

generator also 1is not affected.

15 The embodiment that has been described operates 1in a manner

such that the wipers are parked in the INTER-WIPE position rather
than the PARK position anytime that the control knob 1i1s in the
DELAY or AUTO position. This avoids potential safety hazards

associated with the possibility that the concealed wiper blades

- 20 would traverse the windshield suddenly upon the detection of

moisture rather than only in response to some conscious manual

manipulation of the switch.
In an alternative embodiment to the one previously described,
the system can be implemented by providing a separate arming

25 button. The arming button would function only when the switch 1is
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in the OFF mode and would initiate the single swipe repositioning
sequence in which the wiper control unit would actuate the wipers

once leaving the wipers in the INTER-WIPE position during

subsequent operation of the system 1n the AUTO mode. In this

manner, operating the arming button would have the’ same effect as

putting the system into the AUTO mode without that button. An
additional timing circuit or program in the microprocessor could be
used to produce a signal to shut the system off and return the
wipers to the fully parked position after the passage of a pre-
determined amount of_ time, say 15 minutes, in which no rain 1is
detected. In this manner, the moisture-sensitive mode associated
with the arming button would preserve the.function of the delay or
sensitivity adjustment involving the potentiometer ‘and existing
éoftware . Of course, an indicator could be used to display the
ARMED status of the systen.

The abm}e modifications would require some modification of the
inta_rface wiring to accommodaté. provisions for exiting the park

position while wiper control switch is still in the OFF mode upon

' actu,ating ‘the A.‘RMINGmode; Such modification is illustrated 1in

.Figure 4A 1in which the diodes 40 and 74 are moved in the system

close to the park ‘relay as diodes 240 and | 274 and, whereln an
additional OFF DETECT level'trgnslator 276 1s added.

In Operati:on, it will be recalled that the microprocessor
leaves the EXIT lPARK relay de-energized for operaticn in all*manual

nodes. The DELAY or AUTO mode of the wiper switch is detected by

- 2 -



,. BN oA e L ", ¢ . . I - .. -~
( » ” ' ow " 4 L. '. . . o - . s : . - - -';' . - - - - -

et . - (RPN ° o = L A -0 . Pt . C et e . 4 . wmiaty -Fe S . - : L N . - = )

f-ﬁma-&::#-p'-ﬁ:*:w“ i et A Al e ey Sl e PNl Wk 2l ranT e’ A e Ul 4 e s e L : -

. AR A, .
'
.- . . I~ . oah
A P I v & A el et
A gy . " . s o Y gl i 0 it st

~ - * . Y -
B 1 4

. :

R - . L

N N i, T

Ve N W s . - g

e o - r 7 - & - r. - . . -l PRI
- g .. s - o - % - . - - - N - - .
~ W T -m . .t e sy - R

. - .' ." - . . . .

- . -.‘ Tt - * .' =
M ST L S I i R e i It Y ;;. AT TR i i Tta e rle . -, . i e = et T ¥ X
A X L, EEYRG S, T P RPN Y mwmcﬁﬁvhw*mwf-.m,wﬂnm e o " 8 Mt B - P -

‘‘‘‘‘

- -
-
. Dby

b 4, e b
« ", -

a vy o ol . "

. Gmg mamid Tl aod

- . - ' - - -, . '

2 A - e e R

PP P DR R L A o ar
r— g e Y by e s e e Al bk

: Qf
'y

.A.... y /’
= ‘.s ‘=. ‘hf T

rd .. . .‘ " . .'

aaa N IS -2

- ‘.‘_(.:r‘ » e N
2 D WP e AW

. . . . . . . .‘
Wt = . N® e 1A ..-‘?&n L L a s I
o & - _h._'g- ".a...,-._.qﬁ..lmxhi.._.:,:a,ﬂqu.m‘.*‘._.._.-:,\

10

15

20

WO 93/17897 PCT/US93/02348

2108209 .
the level translator 58, and the OFF DETECT level translator 276
looks for low input to signify that the wiper switch is still in
the OFF position. When the operator then engages the moisture-
sensing mode by pressing the AUTO button, the microprocessor pulls
in the EXIT PARK relay. From this point, operapiaﬁ is similar to
that previously described in the preferred embodiment of <the
interface. After about 15 minutes without sensed moisture, the
microprocessor will diséngage the EXIT PARK relay and the wipers
will park, shutting down the system. Thus, it can be seen that the
entire system involved ‘ wilth the automatic moisture-sensitive
windshield wiper cohtrol in accordance with the invention can be
integrated with the existing pulsemwipe windshield wiper control by
simple connections integrating it with the existing wire harness of
the pulse-~wipe control without the néed to change any electrical
elements in that system. The systems are entirely ¢ompatible and
the retrofit requires the making of only a few electrical and
mechanical connections. This includes thé use 0f ground wire 159

as a common ground connection.

This invention has been described herein in considerable

detail in order to comply with the Patent Statutes and to provide.

H.thosé,skilled in the art with the information needed to apply the

novel principles and to construct and use embodiments of the
examplg as required. However, it is to be understood that <the

invention can be carried out by specifically different devices and
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that various modifications can be accomplished without departing
from the scope of the itself.

. . .. = I ) ) . - K . i B . ) . i . . . . i . . o
‘T‘;’ig ‘Qv.& L s Vv A s, . . « LT T S g & R TN T ow e W AR gl - L o b \‘Q.‘?i{.‘ -\..i l‘l-ii...xp.i}‘.ﬂi‘. ‘mu‘!‘ufﬁfn‘l‘ Aadnghgt, vy YA T A T ' lﬂl..d‘\. A Twhm wiy gyt -
V. LA ERARN ..w_ 4. v . n. o, :...U.-..... Y .c..t.?..” PRI - h.‘..aﬁ-).- R N NP I » .6......& J.q!nl#.p S T e L e .a&.r. o W AW vy e Ay g hodé ew o M, v w A T2 .A! B

WY e LA e »a " AR L0 PR NN Y . . .\ . W T N T e NRTON PRI NS St B e -\t}l}. L] AR e s . a0 . . -

Janga - . Y. = w - -~ -t v " ? N tae, Tawe Y . . . - -
O .- . - . X e . - 7 S S . . -
L. DI ) g o “ L g P L v a el . " N . - . .

- . " . - o L] - ——
R R T T o ——— = la!l.l..\ u-wﬁl!ﬂ. -, \-413‘\4&‘&‘4‘-}-\‘!“1 !‘.\’4\ 1.)0 aaw-ln.f.lb warrm e e -4 b.l...'. b }u..l..‘.n(( \.1; .tc.lr.. .dils. \J“%jél{)&‘ﬁ" l‘l(l\. ..\ = .]-T.-'Nl. - s " o y
. e a:e’ v . FERRY B PO LI L LAY I A - .- - . ' 1 . . L S - re - ATV om g T . TR RO . T R L N at E
B . . .. A - . - LA . . - - - T - =i . . o N T T R -
. - . 3 - , a> * z RN PR o "y . - 8 . 5 > » P ‘ . . .t - .. an e - -‘ . ' . ; e v : JeTiea N et = e : : o MR N ” . ’ . 20 X . .
. .o . "= = . . i Ty . 8 - . - . - . - B s e M . . - ‘ -~y . . - s - - - ATt U Lottt = . . - . Ve A Py e L e it AP -, e, P R . - - — ] .- wrloq Ty e N LI B e - - - -,
. * - . - v S . . - . - = = . 3 . -, - O e T e . o 4 . om L y V. ' oo P ar . . Yar L getrlre Pl T P . e et SFY, L] .- * .% A, Par B it . . ’ . -
- Lot e rs . ORI T B T .. 2" . . = p A o - h’q . ¥ 0.\. x SR SR PPl . k e = @ 0" New g N - - .. S LA v o8 N -, oA Ve A.—,J. oo A" Wl S . « . . .
. . . . - . L, = 'Y .. . . - . " . RSN S A e T P "t . .7 . e Tl - o e N v=_ v Vi i P .o O " R T B S R A v . Lo

. - ® 2 ." e P e a D - all N * -



10

15

20

25

30

CA 02109209 2002-09-12

CLAIMS

1. A method for combining an original multi-function

manual/automatic windshield wiper control system with an automatic

system which operates based on the sensing of windshield moisture
comprising the steps of:

providing an original wilrilng harness 1including a source of
direct current and an available ground to supply a windshield wiper
control system which i1ncludes at least one manual wiplng speed and
an OFF position and at least optional provision 1n the wiring
harness to connect a time varliable delay pulsing system;

connecting a molsture-sensitive windshield wiliper control
system 1n place of a delay pulsing system 1n the wiring harness;
and

providing 1interface circult means compatibly connectable in
the circuitry of the original wiring harness to prevent operation
of the moilsture-sensitive windshileld wlper control system from
interfering with manual cperation of the wiper system in the manual

positions of the original system.

2. The method of claim 1 comprising the further step of replacing

a switch controlling the original wiper control system.

3. An integrated manual/automatic windshield wiper control system
comprising:
a) an original equipment wiper control system comprising:

a wlper set 1ncluding one or more windshield wipers
having wiper blades,

a multi-position switch for controlling the operation of
a wlper drive motor at one or more manually settable ON
running speed positions, and having an OFF position,

the wiper drive motor being mechanically connected to

drive the wiper set and including a blade parking mechanism to

~D7 -
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cause all blades to park when the multi-position switch is in

the OFF position and to release the blades from park when the

multi-position switch 1s in an ON position,

a wiring harness having a plurality of conductors for
electrically 1nterconnecting the wiper drive motor, the
multi-position switch and a source of direct current, the
wiring harness further including pulse-type conductors
designed to optionally allow operation of the wiper drive
motor 1n an i1ntermittent PULSE-TYPE mode, and

clrcuit components associated with the original equipment
wiper control system; and
b) a molsture-sensitive and responsive automatic wiper
control system electrically connected directly into the wiring
harness between the multi-position switch and the wiper drive
motor 1ncluding the blade parking mechanism, in which the
molsture-sensitive automatic wiper control system connects
into the wiring harness replacing the optional PULSE-WIPE

mode, the molisture- sensitive automatic wiper control system

further being configured such that the original eguipment
wliper control system requires no change in the wiring harness
or exlsting original equipment circulit components to
compatibly recelve the moilsture-sensitive automatic wiper
control system.

-
et

The apparatus of c¢laim 3 wherein the moisture-sensitive

automatic wiper control system includes interface circuit component

means such that 1t does not interfere with the normal operation of

the original equipment wiper control system in all modes other than
PULSE-WIPE.

5.

The apparatus o©f c¢laim 4 wherein the molisture-sensitive

automatic wiper control system includes a microprocessor controller

._..28.....
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and wherein the i1nterface circult component means includes means to

prevent the microprocessor controller from 1interfering with the
operation of the original egulpment wiper control system 1n other

than the PULSE-WIPE mode.

0. The apparatus of claim 5 wherein the 1nterface cilrcuilt
component means further includes level translator means to control
microprocessor control input signals during manual operation of the
original equipment wiper control system and blocking diode means to
control 1input voltage to the level translator means and back emt

from the wiper drive motor.

7. The apparatus of c¢laim 6 wherein the 1interface circuit

component means further includes a relay capable of engaging the
wiliper drive motor 1n high speed operation, operatively connected to
the multi-position switch allowing manual override of the moisture-

sensitive windshield wiper control system.

3 . An integrated manual/automatic windshield wiper control system
for a motor vehicle comprising:
a) an original equlipment wiper control system comprising:
a wiper set 1ncluding one or more windshield wipers with
blades;
a wiper drive motor connected to drive the wiper set and
including a blade parking and parking release mechanism;

a multi-position switch for operating the wiper drive

motor at a plurality o¢f manually settable ON running speed

modes, MIST mode, an OFF mode, and optional PULSE-WIPE

automatic mode;
a wliring harness having a plurality of conductors for

electrically interconnecting the wiper drive motor, the multi-

position switch and a source of direct current; and

circult components assoclated with the original egquipment

-0~
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wiper control system; and
b) a molsture-sensitive automatic wiper control system
including:

mlcroprocessor control means electrically connected into
the wiring harness between the multi-position switch and the

wiper drive motor using a manner which requilires no change 1n

the wiring harness or the exilisting circuilt components;

wherein the moisture-sensitive automatic wiper control
system 1s connected to directly replace the optional PULSE-
WIPE mode; and

wherein the moisture-sensitive automatic wiliper control
system includes interface circulit component means such that
the moisture—-sensitive automatic wiper control system
including the microprocessor control means does not interfere

with the normal operation of the original equilipment wiper

control system in all modes other than PULSE-WIPE.

9. The apparatus of claim 8 wherein the 1interface circuit
component means further includes level translator means to control
microprocessor control input signals during manual operation of the
original equipment wiper control system and blocking diode means to

control voltage input to the level translator means and back emf

from the wiper drive motor.

10. The apparatus of claim 9 further comprising means to prevent
stalling of the wipers on the windshield 1n an error position when

operating in the MOISTURE-SENSING mode.

11. The apparatus of claim 10 wherein the means to prevent
stalling of the wipers in the error position comprises a Wwliper

drive motor control algorithm.

__.30....
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12. The apparatus of claim 10 wherein the means to prevent
stalling of the wipers in the error position comprises a contact-
closing cam and a differentiating circuit which detects stopping of

the wiper drive motor.

13. The apparatus of claim 9 further comprising sensitivity
adjustment control means for adjusting sensitivity of the moisture-

sensitive automatic wilper control system.

14. The apparatus of claim 13 wherein the means for adjusting the
sensitivity of the moisture-sensitive autcomatic wiper control

system is a manually adjustable variable resistor means associated

with the PULSE-WIPE original eguipment mode and a sensitivity
reader circuit which with the microprocessor control means
continually monitors the variable resistor setting and applies 1t

to control the moisture-sensitive automatic wiper control system.

15. The apparatus of claim 14 wherein the means for adjusting the
sensitivity of the moisture-sensitive automatic wiper control
system includes linearizing means assocliated with the sensitivity
reader circuit that produces a value 1n software that corresponds
linearly to the mechanical position of the sensitivity adjustment

control.

16. The apparatus of claim 10 including means for moving the
blades from a concealed position to a visible position when the

moisture-sensitive automatic wiper control system 1s activated.

17. The apparatus of claim 16 comprising a separate arming control
to reposition the wipers and to 1ndicate that the moisture-

sensitive automatic wiper control system has been activated.

18. In a dual mode combination windshield moisture responsive

-3 -
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automatic and manual windshield wiper control system equipped with
a pulse delay setting wherein a moisture responsive operating mode

replaces the pulse delay setting and includes a system for

control system which uses a manually mechanically positioned
variable resistor rheostatic device associated with the pulse delay
setting of the manual control system, the improvement comprising:
M1Croprocessor means;
a sensitivity reader circuit which, with the
microprocessor means, continually monitors the variable
resistor position and applies i1t to control the moisture
responsive wiper control system; and
wherein the means for adjusting the sensitivity of the
moisture responsive wiper control system includes linearizing
means associated with the sensitivity reader circuit that
produces a value 1n software that corresponds linearly to the

mechanical position of the sensitivity adjustment control.

19. The apparatus of clilaim 18 wherein the linearizing means
assoclated with the sensitivity reader circuit comprises a charging
circult comprising:

a timing capacitor;

'&-

a palr of parallel connected resistors in parallel with

the capacitor and a comparator connected to produce an output
Lo the microprocessor means indicative of the state of charge
of the capacitor; and

a discharge «c¢ircuit including c¢ircuit means for

discharging the timing capacitor in accordance with a discharge

signal from the microprocessor means which occurs at the time the
timing capacitor reaches a threshold voltage determined by the
position of the variable resistor thereby causing the
charge/discharge operation to cycle at a duty cycle proportional to

the mechanical rheostat setting.

-3 -
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