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ABSTRACT OF THE DISCLOSURE

The specification and drawings disclose an electrical
control device for controlling the operation of windshield
wiper blades of a vehicle. The control device includes a
dashboard mounted control switch having three positions
which enables the operator to turn the switch to one posi-
tion for continuous operation of the wiper_ blades, to a
second position to turn them off, or to a third position
for intermittent operation, In the intermittent mode of
operation the wiper blades dwell at the end of each wiping
cycle for a dwell period defermined by the weather with
respect to the car as measured by a controlled sample of
the moisture falling on the windshield. When the mois-
ture on the windshield increases, the dwell period de-
creases. When the moisture on the windshield decreases
the dwell period increases. Therefore on a wet windshield
the number of strokes per minute of the wiper blades in-
creases and on 2 drief windshield the number of strokes
per minute of the wiper blade decreases.

CROSS-REFERENCES TO RELATED
APPLICATIONS

This invention is an improvement of the invention dis-
closed in my co-pending application Ser. No. 532,433,
filed Mar. 7, 1966, entitled Motor Control Device, which,
in turn, is an improvement of the invention disclosed in
my copending application Ser. No. 414,973, filed Dec. 1,
1964, now Pat, No. 3,351,836, and entitled Windshield
Wiper System. :

BACKGROUND OF THE INVENTION

The patents to Amos 3,262,042 and Foreman et al.
3,219,901 disclose two types of prior art, electronic con-
trol devices for operating windshield wiper blades inter-
mittently. However, neither patent discloses any circuitry
for providing the driver with the option of operating the
windshield wipers continuously for heavier rain condi-
tions. Further the controls of both patents will operate in
the same intermittent mode irrespective of whether the

wiper blades slide on the glass or are removed from the

glass.

My later filed co-pending application discloses a sim-
plified control which enables the driver to select a con-
tinuous or intermittent mode of operation for the wind-
shield wiper blades. The control device employs a printed
circuit card fixed on the wiper motor unit in position to
co-operate with contact fingers which rotate with the
output shaft of the wiper motor unit. In the continuous
mode of operation the motor is pulsed on and off with
full power supplied to the motor each time it is turned
on. By manually varying the off time of each pulsing
cycle, the speed of the wiper blades can be controlled.
The percentage of on time automatically varies to provide
an improved speed-torque curve for the wiper motor.

The printed circuit card arrangement provides a sim-
ple and effective way of obtaining a variety of useful
switching functions for controlling the operation of the
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wiper blades, including controlling the pulsing of the
motor. A conventional three position dashboard control
switch is also provided which is connected to the printed
circuit card by a conventional multiple conductor flexible
cable.

SUMMARY OF THE INVENTION

This invention simplifies and improves upon the control
device of my later filed co-pending application by rotating
the printed circuit card while holding the contact fingers
stationary. In the preferred embodiment control rings are
actually printed on one face of the output gear of the
wiper motor unit which gear rotates once for each com-
plete wiping cycle of the wiper blades, a complete wiping
cycle comprising an upstroke and a return stroke. The
contact fingers are fixed within the wiper motor unit in
position to slidably engage the control rings to provide the
desired switching functions.

This change eliminates the need for the two sided
printed circuit card disclosed in my later filed co-pending
application which, in turn eliminates the holes and eyelets
required to connect the opposite sides of the printed cir-
cuit board. In addition the necessary electrical connec-
tions to the individual contact fingers can be made in a -
very simple and economical manner. By printing the con-
trol rings on the face of the output gear, the cost of the
unit can be significantly reduced. Or, if desired, the con-
trol rings can be printed on a thin flexible plastic sheet
rather than a more expensive board material, and then
bonded to the output gear which provides the necessary
rigid backing for the flexible printed circuit,

The present invention also provides a flexible printed
cable which simplifies the connection between the contact
fingers mounted within the wiper motor unit and the dash-
board control switch positioned to be operated by the
driver. Substantially all of the electronic components of
the control device are supported by the dashboard control
switch itself and the components are connected directly to
printed circuitry provided on ome end of the flexible
printed cable. Additional printed circuitry is provided on
the flexible printed cable for co-operating with the dash-
board control switch itself to provide the three position
switching functions in a more simplified manner. .

In accordance with another important feature of the
invention, the control device automatically increases the
speed of the wiper blades at the turnaround points of the
wiping cycles to produce substantially identical wipe pat-
terns on wet and dry windshields. Therefore the wind-
shield wiper drive linkage mechanism can be arranged to
bring the edges of the wipe pattern as close to the reveal
moulding at the bottom of the windshield and the corner
posts at the sides of the windshield as manufacturing tol-
erances will permit.

In prior art windshield wiping systems a compromise
had to be struck between the difference between a dry
wipe pattern and a wet wipe pattern. This compromise is
one of the important reasons why the well known de-
pressed park feature is added to many windshield wiping
systems. Since the control device of the present invention
accurately parks the windshield wiper blades at the end
of the return stroke which, as previously described, is
positioned as close to the reveal moulding as manufactur-
ing tolerances permit, the added depressed park feature
is not needed.

Accordingly, it is the primary object of the present
invention to provide a simpler and more effective con-
trol device for operating wiper blades continuously or
intermittently.

Another object of the invention is to provide a control
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device of the type described above which controls the
windshield washer unit to squirt water on the windshield
in a “machine gun bullets through the propeller” manner.

A further object of the invention is to provide a contact
finger assembly for a wiper motor unit of the type de-
scribed above which reduces the tolerance build up be-
tween the contact fingers and the control rings.

A still further object of the invention is to provide a
windshield wiper control device which compensates for
the predictable dynamic errors of the windshield wiping
system. .

A still further object of the invention is to provide a
windshield wiper control device which is more accurately
responsive to the weather conditions encountered by the
vehicle rather than simply being responsive to the mois-
ture accumulated on the windshield over a period of time.

Other objects and features of novelty of the present
invention will be specifically pointed out or will otherwise
become apparent when referring, for a better understand-
ing of the invention, to the following description taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a wiper motor unit with
the cover plate removed to expose components of the
present invention associated therewith;

FIG. 2 is an enlarged view of the output gear illus-
trated in FIG. 1 more clearly showing the control ring
pattern on the gear;

FIG. 3 is a schematic circuit diagram illustrating one
embodiment of the invention; .

FIG. 4 is a schematic circuit diagram illustrating an-
other embodiment of the windshield washer control;

FIGS. 5-9 are enlarged views of the comb and contact
fingers illustrated in FIG. 1; ,

FIG. 10 is an elevational view of the dashboard
mounted control unit of the control device of the present
invention;

FIG. 11 is a view of one side of the control unit illus-
trated in FIG. 10;

FIG. 12 is an enlarged broken view of the flexible
printed cable of the present invention; _

FIG. 13 is a plan view of a printed circuit board which
is bonded on the back face of the enlarged end of the
flexible printed cable;

FIG. 14 is a plan view of another embodiment of the
contact finger assembly of the invention;

FIG. 15 is a side view of the contact finger assembly
illustrated in FIG. 14; and

FiIG. 16 is a fragmentary view of another embodin}ent
of the contact finger and comb assembly of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, a windshield wiper motor unit. 20
is illustrated which embodies features of the'inventmn.
It comprises a base plate 22 for mounting the wiper motor
unit on the firewall in the engine compartment, an elsc-
tric motor 24 and a speed reducer unit 26. The speed re-
ducer unit comprises a worm 28 rotated by the motor
drive shaft, a worm wheel 30 and output gear 32 rotated
by a small pinion gear (not shown) positioned behind the
worm wheel 30. The output gear 32 drives an output shaft
(not shown) which projects through the base 22 in posi-
tion to be connected to the linkage assembly for actuating
the windshield wiper blades. A removable cover plate 34
is provided for clesing the open end of the speed reducer
unit. All of the foregoing components are conventional,
and therefore, will not be described in greater detail.

A comb and contact finger assembly 38 is mounted on
the inside of the cover plate 34 in position to overlie a
printed control ring pattern 40 on the exposed face of
the output gear 32. One end of each of the ten contact
fingers f0-f9 engages a different, one of the ten Tings
r0-r9 (FIG. 2) on the control ring pattern. The other

[%73

10

15

20

25

30

35

40

60

70

4

ends of the contact fingers are elecirically connected to
one end 46 of a flexible printed cable 36 which has ten
conductive paths printed on the face thereof for connect-
ing the contact fingers to the printed circuit on the en-
larged end 130 of the flexible printed cable. The enlarged
end 130 is connected to a dashboard mounted control unit
154 (FIG. 10), as will be described in greater detail here-
inafter.

Referring to FIG. 2, the control ring pattern on the
face of the output gear 32 is shown in complete detail.
The control rings are made of copper and can be formed
on the gear in several different ways, For example, they
can be printed on'a suitable backing such as a board
material of epoxy-glass, or a phenolic paper. The latter
is less expensive and can be used even though it is flex-
ible since the output gear 32 will provide the necessary
rigid backing. If desired a layer of copper can be cemented
directly to the face of the.gear by ‘a non-conductive ad-
hesive material, and the control ring pattern etched or
printed directly on the gear. By using a thermo-softening
material the gear could be warmed and the copper could
be pressed flush with the surface of the gear to minimize
contact finger wear at the gaps in the rings. Also the cop-
per rings could be die cut from a relatively thick sheet
of copper and stamped or pressed into an insulating mate-
rial.

In addition to the rings r0—r9, a power ring P is pro-
vided at the center of the card which is slidably engaged
by suitable brush contact (not shown) to connect the
power rirng P to the negative terminal 'of the vehicle bat-
tery. A portion of the power ring P extends outwardly
and forms arcuate portions of the rings r7-r9. Therefore,
when the contact fingers f7-f9 engage these portions of
the respective rings, they will be connected to the nega-
tive terminal of the battery, .

An arcuate segment 50 of copper forms a portion of
ring 19 and is electrically isolated from the remainder of
ring r9 and the remainder of the control ring pattern. The
purpose of the arcuate segment 50 is to enable the contact
finger f9 to ride on copper when it is travelling over this
portion of ring r9 rather than riding on a plastic material
which might be wiped on to the other arcuate portion of
ring r9 and impair the electrical connection between this
portion of the ring and the finger f9. The copper arcuate
segment 50 also improves the wear roller characteristics.

Similar arcuate segments 52 and 54 are provided on
the rings r8 and 6 respectively. A short, electrically iso-
lated arcuate segment 65 interrupts rings r6 and r7 so
as to electrically interconnect the fingers f5 and f6 when
they engage this arcuate segment, as will be described
hereinafter. :

Ring r4 is a complete ting which is maintained at
ground potential by the contact finger 74, as will be de-
scribed. The ring r5 is formed by two groups of fingers
58 (five fingers per group) which project inwardly from
the ring r4, The remainder of the copper material form-
ing ring r5 is electrically isolated and provided for wear
purposes. The ring r3-is formed by a plurality of fingers
60 which project radially outward from the ring r4 and
fingers 66 which project inwardly from the ring r2. It
will be observed that the ring r4 also has a projecting
arcuate segment 62 which forms a portion of the rings
r2 and r3. The arcuate segment 62 also defines the por-
tion of the control ring pattern hereinafter referred to
as the 6 region. When the contact fingers f2—f4 slidably
engage the arcuate segment 62 they are shorted together
and are all at ground potential since the contact finger
f4 is connected to ground as previously mentioned,

An extension 64 of the ring r2 is connected to the
power ring P so that the ring 72 and the radially inward
projecting fingers 66 which form part of the ring r3 are
always connected to the negative terminal of the battery.
Therefore, as the contact finger f3 rides on the ring r3 it
is connected alternately to ground when it engages a fin-
ger 60 and to the negative terminal of the battery when
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it engages one of the fingers 66. Electrically isolated
arcuate segments 68 and 70. are also -provided on the
ring r2 for wear purposes. When the finger f2 rides on
one of these arcuate segments it is not connected to the
negative terminal of the battery. However the fingers 66
adjacent thereto still are connected to ‘the negative ter-
minal. : :

A portion of the rings 70 and r1 is formed by an arcu-
ate segment 72 that spans rings 70 and r1 so that the
contact fingers f0 and f1 are shorted together when they.
slidably engage this arcuate segment. The ring r0 has

eight arcuate segments 80-94 having radially projecting

tabs. The tabs are electrically interconnected by resis-
tors 81-93 (FIG. 3) which fotate with the control ring
pattern on the output gear 32, "The arcuate segments 80
and 94 are elongated and the arcuate segment 94 spans
rings r0 and r1 as does the arcuate segment 72.
Referring to FIG. 3 a complete schematic circuit dia-
gram of the control device of the present invention is
illustrated and will now be described in detail. The vari-
ous contact fingers f0—f9 are each indicated schematically
as switches and the four switch sections of a dashboard
control switch 168 (FIG. 10) are shown as three posi-
tion switches S1-S4. As illustrated in FIG. 3, the mov-
able contacts of each of the switch sections is engaged
with the extreme left hand contact C.. When the driver
turns ‘the dashboard control switch to this position the
wiper blades will be operated continuously, as will be
described. The middle contact O of each of the switch
sections is the off position and in this position the wiper
blades will be stopped automatically when they reach
the park position as will be described. Wheén the mov-
able contact of each of the switch sections is turned to
the extreme right hand contact I, the windshield wiper
blades will be operated intermittently as will be described.

The control device includes three transistors T1, TZ and
T3 connected together to act as one transistor. By using
three transistors rather than one or two, the circuitry
will remain cool even when the motor draws stall cur-
rent, and the additional gain provided results in a quicker
switching action, makes the circuit more efficient, and
enables the transistors to run cooler so that a smaller
Heat sink can be used. The electric windshield wiper mo-
tor 24 is connected in series with the emitter-collector
circuit of the transistor T3. The emitter is connected to
ground and the other side of the motor to the movable
contact of the switch section S4. -

The contacts C and I of the switch section S4 are con-
nected directly to the negative terminal —B of the bat-

tery, and the contact O is connected to.the negative ter- ;

minal of the battery through the contact finger f7. The
motor 24 and switch section S4 are shunted by a circuit
including the contact fingers f6 and f7 which are shorted
together when the contact fingers engage the short ar-
cuate segment 56 which spans both of the rings r6 and
/1. This immediately brakes the motor to a stop as will
be described in greater detail hereinafter, _

The arcuate segments 80-94 are illustrated schemat-
ically in FIG. 3 adjacent to the contact finger f0 which
slidably engages these segments, The resistors 81-93 in-
terconnecting the tabs projecting from thede segments are
also shown. The entire string of séries connected resistors
81-93 is switched in and out of the circuit by the con-
tact finger f1. The arcuate segments 80 and 94 are illus-
trated as being longer than the remaining segments since
they are longer on the control ring pattern as previously
mentioned. The remaining components of the circuit are
capacitors C1 and C2, a potentiometer P having a re-
sistance element 100 and a wiper arm 102, and fixed re-
sistances R1-R5. :

When the driver of the vehicle turns the dashboard
control switch to the contintious position to operate the
wiper blades continuously, the movable contact of each
of the switch sections S1-S4 is shifted to the contact C
as illustrated. In this position the base circuit of the tran-
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sistor T1 is connected to the —B potential through the
fixed resistor R2, the potentiometer P and the contact C
of the switch section S2. When the transistors are turned
ON full current is delivered to the motor 24. As the con-
trol ring pattern rotates with the output gear 32, the con-
tact finger f3 alternatively engages the projections 60 pro-
jecting from the ring r4 and the projections 66 project-
ing from the ring r2. Since the ring r4 is uninterrupted
and the contact finger f4 is connected to ground, the con-
tact finger f3 will be connected to ground when it en-
gages a projection 60. Since the ring r2 is connected to
the power ring P1 (FIG. 2) as previously described, the

_ finger f3 will be connected to the —B potential each time

it engages a projection 66. This forms the fictitious switch
illustrated wherein the contact finger f3 will cycle 24 times
per revolution of the control ring pattern. Since the out-
put gear 32 rotates once for each complete wiping cycle
of the wiper blades (a complete cycle comprising an up-
stroke and a return stroke), the contact finger f3 cycles
24 times per wiping cycle.

When the contact finger 3 is connected to the —B po-
tential through the ring r2, the capacitor C1 charges and
the transistors are even more ON since another path is
provided between the base of the transistor T1 and the
—B potential in addition to the path through the resis-
tor R2 and potentiometer P. When the contact finger {3
is connected to ground through ring r4, a positive poten-
tial is imposed on the base of the transistor T1. This is
so because the charge on the capacitor C1 cannot change
instantaneously. Therefore, when the negative side of the
capacitor is raised from —B to ground, the positive side
is raised the same amount. This biases the transistors
OFF and de-energizers the motor 24. The capacitor C1
discharges through the fixed resistor R2, the potentiom-
eter P and the switch section S2. When the potential on
the base of the transistor T1 again becomes negative the
transistors turn back ON to again energize the motor.

Then contact finger f3 switches back to the ring 2, the
transistors will be turned ON immediately, even though
the capacitor C1 has not discharged sufficiently to turn
them ON. In this manner the motor will be pulsed on and
off as the contact finger f3 passes over the ring r3 and
alternately engages the projections 60 and 66 connected
to the rings r4 and r2, respectively. The rate at which
the capacitor Ci discharges when the contact finger f3
is connected to the ring r4 is determined by the position
of the wiper arm 102 of the potentiometer P, this posi-
tion in turn, is controlled by a suitable knob on the dash-
board control switch, as will be described. When the
wiper arm 102 cuts out the resistor element 100, the mo-
tor remains on for a greater percentage of time each puls-
ing cycle, and therefore, the motor operates the wiper
blades at their maximum speed. When the wiper arm 102
cuts in the entire resistor element 100, the motor oper-
ates the wiper blades at their lowest speed. The motor
speed will adjust itself to just about give the capacitor
C1 time to discharge sufficiently to turn the transistors
ON. If the motor starts to slow down due to increased
drag on the wiper blades, the transistors will turn back
on before the contact finger f3 switches back to the ring
r2. This automatically increases the percentage of ON
time of each pulsing cycle to resist slowing down of the
motor and maintain constant motor speed.

When the operator actuates the dash board control
switch 158 to turn the wiper blades off, the movable con-
tact arms of each of the switch sections S1-S4 are
moved to the middle contact O. In this position the motor
is connected to the —B potential through the contact
finger f7, and the contact finger f0 is connected to the —B
potential through the contact finger f7. If the contact
fingers f0 and f1 are engaged with the arcuate segment 72
when the dashboard control switch is turned off, they are
connected together and complete the circuit from the base
of the transistor T1, through the contact finger /7 to the
—B potential.
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