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ABSTRACT

A system for washing building windows and other exterior
surfaces. The system uses substantially pure water as the
washing medium, and uses a novel cable restraint system for
restraining an automatic cleaning device against the building

26 Claims, 7 Drawing Sheets
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APPARATUS AND METHOD FOR WASHING
EXTERIOR BUILDING SURFACES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application i1s a confinuation-in-part of copending,

application Ser. No. 334,895, filed Apr. 5, 1989, and now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a system for washing
windows and other exterior surfaces of buildings. In
particular, 1t relates to a window washing system which uses
substantially pure water to clean such building surfaces, and
which uses a novel cable restraint system for restraining an
automatic cleaning device against the building surface.

2. Description of the Related Art

Building structures, particularly tall urban buildings, are
typically washed manually. A scaffolding structure 1s usually
suspended from the top of the building to be washed. The
scalfolding can be raised or lowered so that a person
standing on the scaffolding can wash the windows and
exterior surfaces of the building by hand. After a vertical
section of the building i1s washed, the scatfolding 1s reposi-
tioned laterally so that the next adjacent vertical section of
the building may be cleaned. This procedure may be
repeated until the entire building has been washed.

Manual washing of buildings has proven to be quite
dangerous, especially with respect to tall skyscrapers. Typi-
cal wind and air drafts surrounding a building can exert a
significant acrodynamic force upon a scaffolding structure,
causing 1t to swing out and away from the building, and
placing persons standing on that scatfolding 1n peril. Injuries
from manual window washing operations are common, and
have caused insurance rates to soar. Typically, the cost of
insuring a window washing operation can reach 40% of the
labor costs. Furthermore, the manual washing of building
exteriors 1s slow and labor-intensive.

Effectively removing mineral deposits from building win-
dows has been a problem which has long plagued the
industry. Normal water supplies conventionally used for
wash water contain some amount of dissolved solids, includ-
ing calcium, magnesium, and sodium 1in the form of
bicarbonates, carbonates, chlorides, or sulfates. Regardless
of the type or form of the dissolved solids, when a water
droplet 1s allowed to dry on a surface, the solids typically
remain as deposits on the surface.

When washing a window, a single water drop left on the
surface will typically contain between 300 and 1000 parts
per million of dissolved solids, in addition to varying
amounts of suspended solids removed from the surface by
washing. When water drops evaporate, mineral deposits are
left in “spots”. Compounding the spotting problem 1is the fact
that when a window 1s being cleaned 1n sunlight, the surface
of the window can be elevated to as much as 120° F. Wash
water 1 such circumstances evaporates quickly and can be
seen to “steam” off of the window. Heavy and ultimately
damaging mineral deposits can result.

Surface active agents (i.e. cleaning agents), such as poly-
phosphate and organic detergents, serve to spread adhering,
water drops over a wider area, making water spotting less
noticeable. However, the effect 1s only cosmetic as the
accumulation of hard mineral deposits as a whole 1s unaf-
fected.
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Although various automatic window washing devices
have been described in the art (see, for example, U.S. Pat.
No. 3,344,454 and 3,298,052), the inventor is not aware of
any such devices which have proven to be practical or
accepted 1n use. Such devices typically employ mechanical
techniques to scrub the surface and to remove residual water.
These cleaners suffer from a combination of several prob-
lems. First, many require some form of tracking (e.g.,
vertical mullions) on the building facade to guide the device
up and down and maintain cleaning contact with the surface.
Second, many include elaborate mechanical water collection
and liquid removal apparatus, adding weight and expense to
the overall device. Finally, since 1t 1s difficult to completely
remove all of the wash water from the surfaces, and since all
devices known to the inventor use common tap water (with
or without detergents) as the washing medium, they tend to
clean 1neffectively, leaving mineral deposits from the tap
water 1tself.

It would be an advance 1n the art 1if a window washing,
system were made which would be practical and effective 1n
use and would avoid the need for persons to be suspended
on scatfolding over the side of a building. It 1s accordingly
an object of this 1nvention to provide a washing system
which can address the disadvantages of the prior systems.

SUMMARY OF THE INVENTION

One broad aspect of this invention relates to a window
washing system which uses substantially pure water as the
washing medium. Another aspect relates to a washing sys-
tem which uses a novel restraining system for restraining an
automatic cleaning device against the building surface to be
cleaned. Various preferred embodiments incorporate one or
both of these features 1n the washing system, as explained in
more detail below.

The term “substantially pure water” 1s used herein to
mean water which 1s substantially free of dissolved solids
(i.e. water which 1s substantially deionized or
demineralized). Such water may be obtained, for example,
by substantially purifying water from a public source
through reverse osmosis, 1on bed exchange, or other con-
ventional techniques. Preferably, such water 1s purified to an
extent that 1ts total dissolved solids content 1s less than about
200 parts per million, more preferably less than about 100
parts per million. For optimum cleaning efficiency, the total
dissolved solids content of water should be less than about
20 ppm. As should be apparent, the purer the rinse water, the
better it will serve as the rinsing medium, but cost consid-
crations may dictate the level of water purity desired.
Conventional means may be able to achieve less than about
1 ppm total dissolved solids 1n the rinse water.

In one embodiment of this invention, a system for wash-
ing windows and other exterior surfaces of a building is
provided, comprising a washing unit including scrubbing
means for scrubbing the building surface, and rinsing means
for spraying water on the scrubbed building surface. (The
terms “washing unit” and “cleaning device” are used syn-
onymously herein). Means are provided for suspending the
washing unit 1n contact with the building surface to be
washed, and for causing the unit to traverse the building
surface. Water supply means are provided for delivering
water to the washing unit. Finally, water purifying means are
assoclated with the water supply means for substantially
puritying water delivered to the washing unit.

By using substantially pure water as the rinsing medium,
the water need not be removed from the surface (i.e. the
surface need not be dried) in order to avoid spotting of the
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surface after washing. Thus, this embodiment of the 1nven-
flon may eliminate the need to include a blower or other
mechanical means for removing the water from the wash
surface. This provides a substantial advantage in reducing
the cost and weight of conventional washing units.

Preferably, the system further comprises means for
restraining the washing unit against the building surface to
be washed. The restraining means may comprise conven-
tfional tracking or mullions attached to the exterior building
surface, but preferably comprises the novel cable restraining
system provided by this invention, as described in further
detail below.

The suspension means may take the form of a cable
attached at one end to the washing unit, and at the other end
on or near the top of the building. Alternatively, the unit may
be suspended by engagement with tracking or mullions on
the building facade (the tracking thus serving as both
suspension and restraining means).

Generally, 1t 1s preferable to maintain the wash water
substantially within the peripheral boundaries of the wash-
ing unit during washing operation. For this purpose, the
scrubbing means of the washing unit may comprise a
rotatably mounted brush, having bristles oriented 1n a helical
pattern with right and left pitch, such that upon rotating the
brush in use 1n a downward direction across the building,
surface, the rinse water will be directed toward the center of
the washing unit. The device may also include sealing strips,
strip brushes, or the like around the periphery of the inner
side of the device to keep water from escaping outside its
boundaries.

Also, the washing unit may include a trough or reservoir
for collecting waste water, and the system may include
means operatively associated with the washing unit for
removal of waste water from the trough during use. In this
way, the waste water may be collected 1n the device itself,
and not allowed to flow down the surface of the building
during cleaning operation.

Preferably, the water supply means 1s operable to deliver
water to the washing unit at a rate of from about 0.5 to about
3 gallons per 100 square feet of surface area cleaned. More
preferably, the water supply rate 1s from about 1 to about 1.5
gallons per 100 square feet.

In a preferred embodiment, the washing unit 1s articulated
into a plurality of sections for cleaning adjacent angled
surfaces of a building, including curved surfaces.

As mentioned above, another aspect of this invention
relates to a novel restraining system, which will now be
summarized. In this embodiment of the invention, the wash-
ing system comprises (as above) a cleaning device for
cleaning exterior surfaces of buildings, means for suspend-
ing the cleaning device 1n contact with the building surface
to be cleaned, and means for causing the washing unit to
traverse the building surface to be cleaned. Means for
restraining the cleaning device against the building surface
to be cleaned are provided, said restraining means including
a restraining cable having a free weight attached thereto,
means for attaching the restraining cable to the building at
a point above the cleaning device, and a member for
attaching the restraining cable to the building at a point
below the cleaning device, the member being mounted on a
suction cup adapted to engage the building. In use, the
restraining cable 1s attached to the building at a point above
the cleaning device, then passes over the cleaning device,
and 1s threaded through the member below the cleaning
device, such that the free weight hangs below the member
and exerts a downward force on the cable, and the cable
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thereby restrains the cleaning device against the building
surface to be cleaned. Preferably, the member connected to
the suction cup comprises a pulley. Alternatively, it may be
a loop, a U-shaped piece, or any other structure having a
bore or passage through which the restraining cable can
pass.

It should be understood that the term “cable” as used
herein includes cables, wires, ropes, link chains, and like
structures. Also, when 1t 1s said that a part 1s attached or
connected to another part, it should be understood that the
two parts may be directly attached or connected to each
other, or indirectly attached or connected via intermediate
parts.

In a preferred embodiment, the cleaning device includes
a pulley mounted thereon for the restraining cable to pass
over, facilitating movement of the cleaning device across the
building surface to be cleaned. A compression spring prei-
crably separates the pulley and cleaning device, so that the
pulley can move laterally towards and away from the
cleaning device as the cleaning device traverses the building
surface to be cleaned. As should be understood, the spring
will be compressed to its greatest extent (and the pulley will
be closest to the device) when the device 1s nearest the points
at which the restraining cable 1s attached to the building, 1.¢.
at the upper and lower points of the device’s travel. As the
device descends from 1ts uppermost point to the middle of
the building, the force exerted by the restraming cable on the
spring will generally decrease, and thus the pulley will move
away from the device. Then, from the middle of the building
to the bottom of the descent, the force exerted by the
restraining cable on the spring will increase, and the restrain-
ing cable will thus push the pulley towards the device.

It should be appreciated that the preferred restraining
system provided by this invention provides means for
restraining a suspended washing device without the need for
mullions or other tracking systems to be fixed to the building
facade. Thus, the restraining means of this invention can be
used 1n conjunction with smooth or non-smooth building
surfaces.

In another embodiment of this invention, a method i1s
provided for washing building windows and other exterior
surfaces. A washing unit 1s suspended from a building such
that the washing unit maintains contact with the building
surface to be washed, the washing unit including scrubbing
means and rinsing means as described above. A source of
substantially pure wash water 1s provided and delivered to
the washing unit. The washing unit 1s activated so that the
unit scrubs the building surface, and rinses the scrubbed
surface with the substantially pure wash water.

BRIEF DESCRIPTION OF THE DRAWINGS

This mvention 1s now described by reference to the
appended drawings which 1illustrate particular preferred
embodiments of the system provided by the present inven-
fion.

FIG. 1 1s a building window washing system as provided
by a preferred a embodiment of the present invention.

FIG. 2 1s a partially sectional, perspective view of the
suspended washing device shown 1n FIG. 1.

FIG. 3 1s a side view of the suspended washing device of
FIG. 2.

FIG. 4 1s a fragmentary, end view of the device shown 1n
FIG. 2, illustrating an offset cam adjustment for setting the
brush position.

FIG. § 1s an exploded view of FIG. 4 1n relation to the
brush and the cam adjustment fittings.
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FIG. 6 1s a view of the device from the interior of the
building being cleaned, schematically illustrating the
inverted helical pattern of the brush bristles.

FIG. 7 1s a fragmentary, perspective view of the device of
FIG. 2, 1llustrating an offset support assembly for aligning
the device with respect to the building.

FIG. 8 1s a fragmentary, perspective view of the device of
FIG. 2, illustrating a wheel assembly.

FIG. 9 1s a partially sectional, plan view of an articulated
washer device as provided 1n a preferred embodiment of the
present mvention.

FIG. 10 1s a fragmentary, perspective view taken at the
position shown 1n FIG. 9, illustrating a connecting joint in
the frame between two articulated sections of the device.

FIG. 11 1s a fragmentary, perspective view of the articu-
lated device shown in FIG. 9, illustrating connection of
fender/reservoir sections 1n the device.

FIG. 12 1s a fragmentary, partially sectional, perspective
view of the articulated device shown 1n FIG. 9, 1llustrating,
connection of brush sections 1n the device.

FIG. 13 1s a perspective view of a washing system as
provided 1n a preferred embodiment of the present inven-
tion.

FIG. 14 1s a side view of the system shown in FIG. 13.

FIG. 15 1s a plan view of a preferred embodiment of
suspension apparatus designed for use with an articulated
washer device such as that shown 1n FIG. 9.

FIGS. 16-19 are photographs of window surfaces before
and after cleaning by the techniques of this invention, as
explained 1n detail 1n connection with Example 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of this invention combine
mechanical cleaning with specially treated water, thereby
minimizing the need for complete water removal to avoid
spotting.

A preferred embodiment of this mmvention combines con-
trollable brush pressure with a suspension/restraint system
and complete demineralization of the wash water by either
1on exchange or reverse osmosis, thus significantly reducing
the spotting problem. As a result, the need for blowers,
squeegees, and liquid collection systems that make for
heavy and complex mechanical devices may be eliminated.

Prior art systems generally did not address water quality
beyond filtration of recirculated wash water. Mineral depos-
its were thus not eliminated even though massive mechani-
cal configurations were built to minimize residual water.

One aspect of this mnvention relates to the use of substan-
tially pure water as the washing medium. Preferably, the
cleaning water used 1n the system of this invention 1is
deionized by either reverse osmosis or by mixed bed 1on
exchange, reducing dissolved solids to around 1 to 20 parts
per million. By appropriate selection of specific membranes
for the applied reverse osmosis or 10n exchange units, the
low level of dissolved solids may be composed of sodium
salts that leave loosely adhering deposits that are highly
soluble 1 subsequent rain on the glass surfaces.

Preferred water supply rates may vary depending on the
width of the cleaning unit and the drop rate in use. For a four
foot wide unit at a drop rate of 20 feet per minute, 50 gallons
of wash water per hour 1s generally an effective water supply
rate. For a ten foot wide unit at the same drop rate, 120
cgallons per hour 1s typically effective. Preferably, the water
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supply rate 1s from about 0.5 to about 3 gallons per 100
square feet of surface area cleaned; more preferably, from
about 1 to about 1.5 gallons/100 ft>.

FIGS. 1-8 illustrate a preferred embodiment of a washing,
system as provided by this invention. As illustrated 1n FIG.
1, substantially pure (deionized) water is provided to the
device 20 by means of a water supply line 56 which may be
connected to a deionizer 55 at the top of the building. The
deionizer 8§, in turn is connected to a water supply (not
shown) from the building.

The wash water 1s preferably conditioned by the delonizer
55 using reverse osmosis, electrical dialysis, or 1on exchange
resins such that the total dissolved solids are less than about
200 parts per million.

Another aspect of this invention relates to a wire guidance
system for the window washing device. The system func-
fions as a restraining means to guide the washing unit in a
vertical direction up and down the building regardless of
wind conditions, and to keep the unit in continuous contact
with the surface to be cleaned.

In the embodiment 1llustrated in FIG. 1, the restraining
means comprises four components: (1) a wire rope or cable
21 that drops the entire height of the surface 22 to be
cleaned: (2) a suction cup device 23 that is secured onto the
building surface near the base of the building; (3) a counter
weight 25 (or weights) which are attached to the wire rope
21 at the base of the system to create tension on the line (the
preferred amount of the weight may vary based on the height
of the building); and (4) a pulley system 27 that 1s mounted
on the washing device 20.

In use, the wire rope 21 1s extended the entire length of the
surface 22 to be cleaned. It may be secured on the roof to a
davit system 29 and at the base of the building to the suction
cup device 23 secured to the building. The wire 21 functions
to guide the washing unit 20 1n a fixed vertical direction and
also to maintain full brush contact with the surface 22 to be
cleaned. The tension of the wire 21 can be adjusted with
counter weights 25 attached to the lower end of the rope.

Generally, the higher the building, the more weight which
should be attached.

In the embodiment shown, the wire line 21 moves freely
through the suction cup device 23 with the assistance of a
pulley 31 mounted on the suction cup 33. The weight 25 may
be secured to the line 21 with a clip or other suitable means.
The weight 25 should hang freely (not in a resting position
on the ground, etc.) so the wire 21 will experience a constant
pressure.

As best shown 1n FIG. 3, the washing unit 20 preferably
has a block pulley 27 mounted at the center of unit for the
wire rope 21 to travel over. The pulley 27 may be designed
with a spring 39 1n the sleeve, allowing the pulley to extend
or retract according to the line pressure at that particular
location. This enables the washing device 20 to maintain
contact with the surface 22. As should be appreciated, as the
unit 20 1s lowered towards the middle of the building, the
pressure of the line 2 decreases. The pulley 27, with the
assistance of the spring 39, moves outward to maintain a
constant pressure. In use, the spring 39 1s compressed to the
orcatest extent at the top and bottom of the building and
extends outward gradually as the machine 20 approaches the

middle of the building.

As should be appreciated, the cable restraint system 1s
coniligured to cause an mnward thrust on the washing unit 20,
facilitating good brush contact with the surface 22. Addi-
tional weights can be added to the cable system safely at the
oround level to 1ncrease brush pressure, if desired. A safety
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line (not shown) may be attached at the top to the lift davit
29 and at the bottom at ground level.

By using the preferred restraining system, the washing
device of this invention 1s able to clean buildings having a
smooth facade, not requiring vertical mullions or other
tracking to be attached to the exterior building surface. Thus,
use of preferred embodiments of this invention 1s not
restricted to any particular building facade or construction,
nor are modifications or mechanical adaptation to the build-
ing surface to be cleaned required.

Referring again to FIG. 1, the unit may be raised and
lowered by a cable lift mechanism driven by an electric gear
motor affixed to the davit 29 located on the building roof.
For optimum cleaning eifectiveness, the unit drop rate is
preferably less than about 30 feet per minute, more prefer-
ably less than about 20 feet per minute. The davit 29 may be
cequipped with wheels such that the unit can be sequentially

moved around the edge of the building as washing
Progresses.

Referring now particularly, to FIG. 3, the washer device
20 1s shown suspended and restrained against the building
surface 22 to be cleaned. The entire mechanism 20 may be
encased 1n a housing 24 that collects dirty wash water which
may be drained to the base of the building for disposal. The
housing 24 has an mner side 26 facing and in contact with
surface 22, and an opposed rear side 28 facing away from the
building in operation.

The housing 24 preferably comprises a cover mounted on
an anodized aluminum frame, which may be made of, ¢.g.,
1 mnchx1 inch box tubing. Aluminum 1s preferred as the
material choice for the frame for its low-cost, light weight
and resistance to oxidation. Steel may alternatively be used
but 1s heaver and susceptible to rust. Other materials, such
as magnesium, may be used as a matter of design choice.
The housing cover 1s preferably made of a thermoplastic
material, such as Xenoi, to provide high resistibility to
impact and temperature changes and allow for vacuum
forming the shape of the cover into aerodynamically supe-
rior designs. Xenoi 1s also a particularly suitable material as
it will easily bond with paint.

The overall dimensions of the device 20 may be, for

example, on the order of 4 to 10 feet 1n length and 3 feet 1n
height.

As shown 1 FIGS. 1 and 2, the device 20 1s suspended by

a cable 32, or other suspension means such as rope, chain,
or wire. Any conventional means may be used to attach the
cable 32 to the device 20. Preferably, as shown 1n FIG. 2,
cable 32 splits into two sections 35 for attachment to the
upper corners of the device 20. Alternatively, the device 20
could be suspended by two or more cables 1f desired.

As shown 1n FIG. 7, means may be provided for adjusting
the alignment of the device 20. For this purpose, each cable
section 35 may be attached via link 61 to a wheel 37, which
1s rotatably mounted to a plate 65 fixed to the upper corner
of the washing device 20. The wheel 37 includes several
holes 68, and the plate 65 1ncludes a similarly dimensioned
hole 69, through which a locking bolt 71 may be inserted.
The other cable section 1s similarly attached to the other side
of the device 20 (see FIG. 2) via another wheel 37. The two
wheels may be connected by a crossbar 63. By removal of
the bolt 71, the wheels 37 may be rotated for alignment of
any of the holes 68 with the hole 69, and the bolt 71 may be
reinserted at the desired position. As should be appreciated,
this enables the alignment of the machine 20 relative to the
surface 22 to be washed.

The cable 32 1s wound around a spool 79 of the davit
system 29, so that it may be rolled out to lower the cleaning
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device 20, and retracted to raise the device. The water supply
line 56 may also be spooled in the davit system, but for
simplicity 1s preferably allowed to hang over the building
freely, being connected at its lower end to the machine 20.

For cleaning operation, a brush 34 1s contained within the
housing 24 and exposed at the open portion of the inner side
26 of the housing. Referring particularly to FIG. 5, the brush
includes a shaft 36 with bristles 38 extending therefrom. The
shaft 36 preferably comprises a one-inch hollow aluminum
core which holds spiral wound polypropylene bristles 38
having flageed ends. The bristles 38 may be, ¢.g., approxi-
mately five inches long.

As 1llustrated in FIGS. 4 and 5, the brush contact pressure
against the building surface 22 may be adjusted by means of
an olf-set support of the brush shaft. FIG. § illustrates the

components rotatably connecting a shaft 36 to housing 40.
Shaft 36 extends through a keyed flywheel 54 into a bearing
42 which 1s held 1n a bearing housing 44. Bearing housing
44 1s composed of two 1dentical disks, 44a and 44b. Bearing
42 1s located approximately one and one half inches from the
cecometric center of disk 44a and 44b such that rotation of
disks 44a and 44b causes shaft 36 to move closer to or
further away from surface 22, thereby changing brush con-
tact pressure on surface 22. Disks 44a and 44b are held 1n
bearing assembly 46 which 1s integral with frame 40.

FIG. 4 1s an end view of bearing assembly 46 which
illustrates how it functions as an offset cam to adjust the
relative position of brush 34 and surface 22.

Referring again to FIG. 2, brush rotation 1s driven by a
motor 48 mounted to the housing frame. An electrical line 50
1s connected to a power source atop the building to provide
power to the motor 48. The motor may be, for example, a %
Hp/120 v, single phase, 120 rpm motor, belt driven. As with
the water supply line 56, the electrical line 50 may be
spooled at the top of the building, but for simplicity is
preferably allowed to hang freely along the side of the
building.

The drive motor 48 1s connected via a grooved belt 52 to
a flywheel 54 (see FIG. 5). The flywheel 54 is in turn
connected to the shaft 36. An 1dle arm may be provided to
take up slack 1n the belt 52 during use. As will be
appreciated, rotation of the motor drive shaft effects rotation

of the brush 34.

FIG. 6 1illustrates a preferred design of the brush bristle
pattern. The device 20 1s seen 1n FIG. 6 from the interior of
the building being cleaned as 1t 1s descending the building.
As 1llustrated, the bristles of the brush 34 are arranged 1n two
strips, one strip 41 spiraling from the left end of the core to
the middle of the brush, and the other strip 43 spiraling from
the right end of the core to the middle. The spiral direction
of the two strips 41 and 43 are inverted (i.e. mirror-image)
relative to each other, such that the strips meet 1n an upside
down V at the center of the brush, as shown. In this way, as
the brush rotates downward (as shown 1n FIG. 6) across, the
building surface during cleaning operation, water from
nozzles 60 will be directed by the bristle pattern in an inward
and downward motion, as shown by the arrow in FIG. 6.
This minimizes water being sprayed outside the left and
rigcht ends of the device during use.

In a preferred embodiment, the cylindrical brush 1s rotated
such that the cleaning motion 1s downward across the
building surface at a brush tip speed of 4 to 12 feet per
second. (Typically a 12 inch diameter brush driven at 135
RPM.) The brush may be constructed using 3 to 4 inch
bristles oriented 1n a helical pattern with right and left hand
pitch such that brushed wash water migrates toward the
center of the device for disposal.
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As shown 1n FIG. 2, substantially pure rinse water from
the delonizer 55 1s sprayed onto the building surface 22 by
an ejector assembly which includes a spray tube 58 mounted
to the housing frame and running the length of the device 20,
preferably about 3 to 10 inches above the brush contact
point. The tube 58 includes a plurality of spray nozzles 60.
The nozzles 60 may be spaced apart at. e.g., 10 inch intervals
down the length of the spray tube 58. The spray nozzles 60
may be provided with wide angle jets to eject the supply
water as a wide spray.

The device 20 may include a fender or trough 64 con-
nected to or integrated with the housing 24, to reduce water
cascade that might make perimeter sidewalls wet. The
fender 64 may be made of polypropylene or other suitable
material. The lower portion of the fender 64 1s shaped to
create a waste water reservoir 66 for collecting waste water
during use. As shown, the fender substantially surrounds the
brush 34 and spray tube 58 so that water sprayed by the
rotating brush during cleaning operation is directed into the
reservolr 66.

In the preferred embodiment shown, the fender 64 has a
double lip sealing strip 67 attached thereto at the lower edge
thereof. The strip 67 preferably runs the length of the device
67, and forms a secal with the building surface 22 during
cleaning operation. Thus, water flowing down surface 22
during use will be directed into the reservoir 66. Preferably,
the double lip 67 1s sliced with the slits being staggered, as
more fully explained below 1n relation to FIG. 11.

Also, as best shown 1n FIG. 2, the device 20 may include
a narrow strip brush 77 at each side of the device to prevent
water from spraying outside the lateral boundaries of the
device during operation. Thus, 1n the preferred embodiment
shown, the strip brushes 77, the sealing strip 67, and the
inward-spiraling pattern of the brush 34 all combine to keep
the rinse water substantially within the confines of the
invention during use. This helps keep the surfaces of the
building adjacent and below the one being cleaned from
being dirtied by waste water during cleaning operation.

Waste water may be removed from the device 20 via a
flexible waste water line (not shown) attached at its upper
end to the bottom of the waste water reservoir 66, and at its
other end spooled around recoil apparatus anchored to the
oround. A dramn line 1n turn may be connected to the recoil
system to deliver the water into a street drain. In operation,
as the device 20 1s lowered, the recoil system may rotate to
take up the slack i the waste water line, and as the device
20 1s raised, recoil system may rotate 1n the opposite
direction to allow the waste water line to be pulled by the
device 20. This type of waste water drainage system 1s
particularly useful 1n association with relatively short build-
ings (e.g., 20 stores or less), which often do not have
centralized roof drainage systems.

The device 20 may include a plurality of wheels 73, which
support the device against the building surface 22 during
use. As shown i FIG. 8, ecach wheel 73 1s preferably
mounted to an adjustable box 75, which 1n turn 1s slidably
mounted to the frame 40 of the device. The wheel 73 may
be adjusted vertically or laterally as desired.

Alternatively, the wheels may be universal wheels
attached to the housing frame by a swivel assembly capable
of rotating 360°, so that the wheels can rotate when the
device 1s raised, lowered, or moved laterally.

Preferably, the wheels are made out of a non-marking
balloon cushioned rubber, and are supplied with a grease
fitting for ease of maintenance. Their dimensions may be, for
example, 7V 1mnches 1n height and 6 inches in diameter.
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In operation, the device 20 begins at the top of the
building. Water supply from the deionizer 55 is turned on to
begin the flow of substantially pure water through supply
line 56 to the device 20, where the water 1s ejected through
nozzles 60 for rinsing the building surface 22. Drive motor
48 1s switched on to begin rotation of the brush 34 to scrub
the building surface 22. The device 20 1s lowered by rolling
out suspension cable 32, so that the device cleans a vertical
section of the building.

During operation, waste water may exit reservoir 66 via
a waste water line to drain to the ground. The slack 1in waste
water line may be taken up by a recoil apparatus during the
device’s descent, as described above. After the device 20 has
completed its descent, and thereby cleaned a vertical section

of the building, the water and electrical supply may be shut
off and the device may be moved laterally to the next

adjacent section of the building to be cleaned. The device 20
may then be raised to the top of the building and the cleaning
operation repeated.

FIGS. 9-12 illustrate a preferred embodiment of an
articulated washer device as provided by the present mnven-
tion. This embodiment 1s particularly suited for washing
buildings having adjacent angled or curved surfaces.

Referring particularly to FIG. 9, the device includes three
sections, 90, 92, 94 pivotally connected to one another at
joints 96 and 98. The sections may be pivoted at the joint to
conform to an angled surface of a building to be cleaned.
Each section includes cleaning means (similar to that
described in connection with the unarticulated embodiment)
operatively connected at the joints 96 and 98. Thus, each
section includes a brush section 100, a spray tube section
102, and waste water reservoir sections (not shown).

A single drive motor (not shown) may be provided in
assoclated with one of the end sections 90 or 94 to rotate all
three brush sections 100 as will be further described below.
The articulated device may be suspended from the top or
upper portion of a building to be cleaned by attaching
suspension cables to each section 90, 92, and 94.

Referring now to FIG. 10, the connecting joint of the
housing frame 40 1is 1llustrated. A hinge 104 is mounted to
the adjacent sections of the frame 40 so that the angular
relationship between sections 90 and 92 may be adjusted as
dictated by the geometry of the building surface to be
cleaned. Preferably, the hinge 104 1s releasably lockable at
various angles to provide rigidity to the joint during use.
Universal wheels 78, similar to those described above, may
be provided for supporting each section of the articulated
device onto the surfaces to be cleaned.

FIG. 11 illustrates connection between fender sections 64
of the articulated device. Each fender section 64 1s similar in
design to the fender described above 1n connection with the
unarticulated embodiment. In the articulated device, fender
sections 64 are connected by a flexible accordion rubber
piece 108 suitably attached to each fender section 64.

FIG. 11 provides a good view of the preferred double-lip
rubber seal 67 provided along the top edge of waste water
reservolr 66. The upper and lower lips 112 and 114 are
preferably slit to provide a better seal when the building
surface to be cleaned has ridges or other wrregular protru-
sions from a flat surface. The slits 1n the upper lip 112 may
be staggered 1n relation to those in the lower lip 114.

FIG. 12 1llustrates connection between brush sections 100
of the articulated device. A flexible power shaft arrangement
1s provided through the brush sections 100 so that rotating of
one of the brush sections by the drive motor will in turn drive
rotation of the adjacent brush sections. Thus, all three brush
sections may be rotated with the use of a simngle motor.
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As 1llustrated 1n FIG. 12, each brush section 100 includes
a hollow shaft 116. Inside the shaft 116, a drive wheel 118
1s rigidly mounted to the interior surface. A hex fitting 120
extends through a hex shaped hole 1n the drive wheel 118.
The hex fitting 120 1s free to slide laterally relative to the
drive wheel 118. The hex fitting 120 1s connected to flexible
drive cable 122 which leads out of shaft section 116 to the
next adjacent shaft section, where it 1s similarly mounted to
another hex fitting. As will be apparent, rotation of the shaft
116 by a drive motor will rotate hex fitting 120, which will
rotate tlexible drive cable 122. The tlexible drive cable will
in turn rotate the hex fitting 1n the next adjacent section,
which will rotate the brush section of that section. A similar
flexible power shaft arrangement 1s provided between each
adjacent sections of the articulated device.

Since the hex fitting 120 1s slidable relative to drive wheel
118, adjacent sections can be pivoted without providing too
much tension on the drive cable 122. Thus, if it 1s desired to
bend a joint of the articulated device, the hex fittings 120

may slide laterally to provide or take up slack in the flexible
drive cable 122.

Referring back to FIG. 9, adjacent spray tube sections 102
are connected end to end at the joints by a flexible hose. The
housing cover may be provided with a flexible accordion
piece so that the sections can be pivoted mmward or outward,
similar to that described above in connection with FIGS.
1-8.

FIGS. 13 and 14 illustrate a preferred suspension and
fracking system for use 1n connection with the present
invention. As shown, a washing unit 124 1s suspended from
a building top 126 by suspension apparatus 127. The wash-
ing unit 124 1s similar 1n structure and operation to the
washing device 1llustrated in FIGS. 1-8.

The washing unit 124 1s suspended by means of suspen-
sion cables 128 coiled around recoil spools 130. The spools
130 are securely mounted to a wheeled platform or shelf
134. Each cable 128 1s directed through a pulley system
mounted onto a davit 132 (as shown in FIG. 14) so that the
suspended washing unit 124 may be raised and lowered
along the building surface 136 to be cleaned. Each davit 132
1s securely mounted at one end to the platform 134.

Substantially pure water may be supplied to and returned
from the washing unit 124 by water supply and return lines
138 and 140. The water and supply lines are coiled around
a recoil spool 142 mounted to the platform 134.
(Alternatively, separate recoil spools could be used for the
water supply and return lines). At the top of the building, the
water supply line 138 may be attached to an 1onizer leading,
to a water source (not shown), and the water return line 140
may lead to a drain (not shown). An automatic valve (not
shown) may be provided in connection with the water
supply line for controlled adjustment of water flow to the
washing device 124. A lateral extension and pulley wheel
144 are attached to one of the davits 132 at its upper end for
ouiding the water supply and return lines 138 and 140 to the
washing unit 124.

A recoil spool 146 and clectrical cable 148 are also
provided to supply electricity to the washing unit 124. The
clectrical cable 148 1s fed over a lateral extension and pulley
wheel 150 which 1s connected to the other davit 132. The

recoll spool 1s mounted to the wheeled platform 134.

As stated above, each of the spools 130, 142, and 146 are

anchored to platform 134. The platform 134 1s 1n turn
slidably mounted into a tracking system which will be
described below. The tracking system 1s anchored to the
building top proximate its top circumferential edge.
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The washing system includes a variable speed motor 152
mounted to the platform 134. The motor 1s connected to a
drive shaft which extends throughout the axially aligned
spools as shown 1n FIG. 11. The motor 1s operable to rotate
the drive shaft and therefore roll out or roll in the suspension
cables, water supply and return lines, and electrical cable.
This resultantly raises or lowers the washing unit 124. The
motor may be, e.g., a 1 Hp/120 v, single phase, variable
drive motor.

The tracking system, which allows convenient lateral
repositioning of the washing unit 124, will now be
described. Platform 134 1s supported upon a pair of drive
wheels 156 and a pair of free wheels 158. The wheels are
positioned between two tracking rails 160 and 162 which are
securcly anchored to the building top 126. Tracking rail 160
1s “S-shaped,” and the top flange anchors the suspension
apparatus 127 by resisting the torque rotational force exerted

by the weight of the suspended washing unit 124.

Means for imndexing or transporting the suspension appa-
ratus 127 laterally within the tracking system 1s provided in
the form of a tracking motor 164 connected via drive belt
166 to wheel axle 168. The motor 164 1s mounted to
platform 134, and 1s operable to rotate drive wheel 156 to
move the suspension structure 127 laterally. Wheel 158 1s
freely mounted to axle 168, since in operation 1t will rotate
in the opposite directions of the drive wheel 156. This will
be apparent since free wheel 158 actually rides along the
upper flange of tracking rail 160 in motion, due to the torque
force exerted on the suspension apparatus 127 by the weight
of the suspended washing unit 124.

The washing system also includes a controller 166 which
controls the electrical and water 1nput 1nto the system. The
controller may be programmed to sequentially control the
cleaning operation as follows. The system begins 1ts
sequence with the washing unit 124 raised to the top of the
building surface 136 to be cleaned, as shown m FIGS. 13
and 14. The controller 166 begins the cleaning mode by
switching on the water supply valve to begin water flow to
the washing unit 124 through water supply line 138.
Concurrently, the controller 166 switches on the electrical
supply to electric cable 148, to activate the scrubbing brush
contained within the housing of the washing unit 124.

At this point, the roll-out motor 152 1s switched on and
rotated (in the clockwise direction in the view shown in FIG.
14) to lower the washing unit 124, thereby traversing a
vertical section of building surface 136. The washing unit
124 operates to clean the vertical section of the building
surface 136 as the unit descends.

When the washing unit 124 reaches the bottom of its
descent, the controller 166 shuts off the water supply, and
turns off the brush and roll-out motor. The controller 166
then activates the tracking motor 164 to imndex the suspen-
sion structure 127 laterally within the tracking system a
distance approximately the width of the washing unit 124.
This effectively repositions the system so that the washing
unit 124 may traverse the next adjacent section of the
building surface 136.

The roll-out motor 152 1s then again turned on by the
controller 166, but 1s rotated in the opposite direction (i.e.,
counterclockwise in the view shown in FIG. 14) to raise the
washing unit 124 back to the top of the building. The
cleaning mode 1s then reactivated and the steps are repeated
until the system has been indexed a selected distance around
the top circumierential edge of the building, cleaning the
desired surfaces.

FIG. 15 1llustrates suspension apparatus for use with an
articulated washing unit, such as that illustrated in FIGS.
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9—12. This suspension apparatus 1s similar to that illustrated
in FIGS. 13 and 14, except that 1t 1s articulated into three
sections 172, 174 and 176 to conform to the geometry of the
building top. The drive shaft 173 1s similarly segmented mnto
three corresponding sections, and the shaft sections maintain

rotational power throughout the drive shaft by universal
joints 175.

It should be noted that the suspension apparatus 1llustrated
in FIG. 15 also differs from that shown in FIGS. 13 and 14
in the location of the roll-out motor 152. In FIGS. 13 and 14,
the motor 152 1s positioned proximate the middle of the
apparatus between the recoil spools. In FIG. 15, the motor
1s positioned proximate one end of the apparatus on one side
of all of the spools. Location of this motor 1s a matter of
design choice.

EXAMPLES

The following examples are designed to 1llustrate certain
aspects of the present invention. The examples are not
intended to be comprehensive of all features and all embodi-
ments of the present invention, and should not be construed
as limiting the disclosure presented herein.

EXAMPLE I

In connection with developing this invention, a detailed
study of the mechanism of water borne deposits was con-
ducted. The photographs of FIGS. 16-19 illustrate the
deposition process, and compares cleaning results with and
without treated wash water.

FIG. 16 shows typical water borne mineral deposits
commonly known as “water spots.” Initially the deposits are
barely visible. However, after repeated wetting the solids
build up and are difficult to remove.

FIG. 17 shows the same surface after it was re-wetted.
The residual water droplets were attracted to the old water
spot configuration and upon drying left additional solids in
substantially the same pattern of the previous spots.

FIG. 18 shows a window cleaned and dried by a conven-
fional mechanical device using city water. The water spots
remained.

FIG. 19 shows one section of the same glass cleaned with
the technique of the present mnvention. Cleaning water was
not removed from the glass, but due to special treatment no
solids were left, and much of the old deposits were removed.
The right hand section of FIG. 19 shows an area cleaned
with the technique of this invention, while the left hand
section shows an area cleaned by conventional mechanical
means.

EXAMPLE II

Table I compares mineral content and other physical
characteristics of a typical public water supply, water con-
ditioned for use as provided by this mvention, and condi-
tioned water after washing a building surface as contem-
plated by this invention. The wash water in the second
column was conditioned by processing through a mixed bed
lon exchange unit containing strong acid cation and strong
base anion resins. The third column was actual water col-
lected from the surface of a six story all-glass building.

Comparing the first and second columns shows that the
mineral content of the public water supply examined 1is
significantly higher than the conditioned water. Also, com-
paring the second and third columns indicates that signifi-
cant amounts of built up mineral deposits were removed
from the surface by the cleaning process of this invention.
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TABLE 1
Typical
Public Water Conditioned Disposal
Supply Wash Water Wash Water
pH 8.1 6.5 6.4
Hardness 180 <0.02 22
(PPM CaCO,)
Calcium 140 <0.02 18
(PPM CaCO;)
Magnetium 40 <0.01 4
(PPM CaCO,)
Alkalinity 125 <0.01 32
(PPM CaCO;)
Chlorides 24 <0.01 5
(PPM ClI)
Sulfates 3 <0.01 41
(PPM SO,)
Total Solids 430 <(.3 250
(PPM)
Dissolved Solids 445 0.0 30
(PPM)
Suspended Solids 5 0.0 170
(PPM)
Conductictivy 480 0.6 125
(Micromhos)

This 1nvention has been disclosed i1n connection with
specific embodiments. However, 1t will be apparent to those
skilled 1n the art that variations from the 1llustrated embodi-
ments may be undertaken without departing the spirit and
scope of the invention.

What 1s claimed 1s:

1. A system for washing windows and other exterior
surfaces of a building, comprising:

a washing unit having wheels on one side for rolling
engagement on the exterior surface of a building and
containing a drive motor operatively connected to a
power supply, water spray means connected to a water
supply for spraying water onto the building surface,
and brush means operatively connected to said motor to
be rotatably driven thereby for scrubbing the building
surface;

deilonizing means connected between the water supply
source and said washing unit for delivering substan-

tially deionized water to the water spray means;

at least one suspension line connected to said washing
unit for suspending said washing unit 1n vertically
movable relation to the building surface to be washed,;

raising and lowering means operatively connected to said
suspension line for raising and lowering said washing
unit relative to the building surface to be washed;

a restraining cable extending above and below said wash-
ing umit and passing slidably over an outer surface
thereof to maintain said washing unit firmly engaged
against the building surface to be washed 1n horizon-
tally biased vertically movable relation, said restraining
cable connected at its upper end to the building to be
washed;

lower pulley means releasably secured closely adjacent
the exterior surface of the building to be washed at a
position below said washing unit for receiving the
lower end of said restraining cable; and

a free weight attached to the lower end of said retaining
cable below said lower pulley means to apply suificient
tension 1n said restraining cable to exert pressure
against said washing unit to bias said washing unit
against the building surface to be washed 1n vertically
movable relation.
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2. The system of claim 1, wherein

said lower pulley means comprises a pulley secured to a
suction cup which 1s adapted to be releasably secured
to the exterior surface of the building to be washed.

3. The system of claim 1, including

a tensioning pulley mounted on an outer side of said
washing unit for receiving a mid portion of said
restraining cable;

a compression spring connected between said washing
unit and said tensioning pulley urging said tensioning,
pulley and washing unit apart to compensate for chang-
ing forces 1n said restraining cable and irregularities 1n
the building surface and constantly maintain said wash-
ing unit firmly engaged against the building surface to
be washed as it moves vertically on the building
surfaces between the upper and lower ends of said
restraining cable.

4. The system of claim 1, wherein

said brush means comprises a brush having bristles ori-
ented 1n a helical pattern with right and left pitch, such
that upon rotating said brush in use 1n a downward
direction against the building surface, the water will be
directed toward the center of said washing unit.

5. The system of claim 1, wherein

said deionizing means and the water supply source are
operably connected to deliver deionized water having a
dissolved solids content less than about 200 parts per
million to said washing unit at a rate of from about 0.5
to about 3 gallons per 100 square feet of surface arca
cleaned.

6. The system of claim 1, wherein

said deionizing means and the water supply source are
operably connected to deliver deionized water having a
dissolved solids content less than about 200 parts per
million to said washing unit at a rate of from about 1 to
about 1.5 gallons per 100 square feet of surface area
cleaned.

7. The system of claim 1, wherein

said washing unit includes an outer housing having a
trough for collecting waste water, and

drain means assoclated with said washing unit trough for
removal of waste water during use.
8. The system of claim 7 wherein

said washing unit outer housing has a seal element along
one side facing the building surface being washed to
form a water seal therewith for directing waste water
into said trough during the washing operation.

9. The system of claim 1, wherein

said washing unit 1s articulated into a plurality of hinged
sections movable with respect to one another and
releasably lockable at various angles for cleaning adja-
cent angled surfaces of a building.

10. The system of claim 9, wherein

said brush means 1s articulated into a plurality of brush
sections movable with said hinged washing unit sec-
tions for scrubbing adjacent angled surfaces of a build-
ing.

11. The system of claim 1 wherein

the water used in the washing operation 1s purified such
that 1ts dissolved solids content 1s less than about 200
parts per million.

12. The system of claim 1 including

brush adjustment means operatively connected to said
brush means to move same relative to said washing unit
and to the building surface to be washed for selectively
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adjusting the brush contact pressure against the build-
ing surface to be washed.

13. A system for washing windows and other exterior

surfaces of a building, comprising:

a washing unit including scrubbing means for scrubbing
such a building surface, a spray tube having a plurality
of spray nozzles for spraying water on the scrubbed
building surface, and a pulley system mounted on an
outer side of said washing unit;

at least one suspension line connected to said washing
unit for suspending said washing unit in vertical mov-
able relation to the building surface;

at least one restraining cable extending above and below
said washing unit and passing slidably over said pulley
system to maintain said washing unit firmly engaged
against the building surface to be washed,;

means for causing the washing unit fto traverse the
building surface to be washed;

water supply means for delivering water to the washing
unit; and

water purifying means associated with the water supply
means for substantially purifying water such that the
water delivered to the washing unit 1s substantially
detonized or demineralized.

14. The system of claim 13, wherein the scrubbing means
comprises a brush rotatably mounted in the washing unit,
the brush having bristles oriented in a helical pattern with
right and left pitch, such that upon rotating the brush in use
in a downward divection when going down and in an upward
direction when going up against the building surface, the
rinse water will be directed toward the center of the washing
unit.

15. The system of claim 13, wherein the water supply
means is operable to deliver water to the washing unit at a
rate of from about 0.5 to about 3 gallons per 100 square feet
of surface area cleaned.

16. The system of claim 13, wherein the washing unit
includes a trough for collecting waste water, and the system
further comprises means operatively associated with the
washing unit for removal of waste water from the trough
during use.

17. The apparatus of claim 13, wherein said pulley system
includes a pulley and a spring connected between said
pulley and said washing unit thereby causing said pulley to
extend or retract in response to pressure exerted on said
pulley by said restraining cable.

18. The apparatus of claim 17, wherein said washing unit
is articulated into at least two hinged sections movable with
respect to one another.

19. An apparatus for washing windows on other exterior
surfaces of a building, comprising:

a washing unit including a pulley system mounted on an
outer side of said washing unit, spray means for
spraying water on the building exterior surface, and a
scrubbing means for scrubbing the building exterior
surface, said spray means including a spray tube
having a plurality of spray nozzles, said scrubbing
means including a brush rotatably mounted n the
washing unii, said brush having bristles oriented in a
helical pattern with right and left pitch, such that upon
rotating the brush in use in a downward direction
against the building surface, the rinse water will be
directed toward the center of the washing unii;

means for suspending said washing unit in contact with
the building surface whereby said stray nozzles are
oriented above said brush,
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a restraining means including at least one restraining
cable extending above and below said washing unit and
passing slidably over said pulley system to maintain
said washing unit firmly engaged against the building
surface to be washed;

means for causing said washing unit fo traverse the
building surface to be washed; and

water supply means for delivering substantially deionized

or demineralized water to said washing unit.

20. The apparatus of claim 19 wherein said water con-
tains less than about 200 parts per million of dissolved
solids.

21. The apparatus of claim 20 wherein said water con-
tains less than 20 parts per million of dissolved solids.

22. The apparatus of claim 19 wherein said water con-
tains less than 100 parts per million of dissolved solids.

23. The apparatus of claim 22 wherein said spray tube is
3 to 10 inches from the porint said brush contacts the building
exterior surface.

24. The apparatus of claim 19, wherein said pulley system
includes a pulley and a spring connected between said
pulley and said washing unit thereby causing said pulley to
extend or retract in response to pressure exerted on said
pulley by said restraining cable.

138

25. The apparatus of claim 24, wherein said washing unit
is articulated into at least two hinged sections movable with
respect to one another.

20. A system for washing windows and other exterior

s surfaces of a building, comprising:
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a washing unit including a brush for scrubbing such a
building surface, a spray tube having a plurality of
spray nozzles for spraying water on the scrubbed
building surface, and a pulley system mounted on an
outer side of said washing unit, said pulley system
including a pulley mounted on a compressible member;

at least one suspension line connected to said washing
unit for suspending said washing unit in vertical mov-
able relation to the building surface;

at least one restraining cable extending above and below
said washing unit and passing slidably over said pulley
thereby causing said pulley to move in response to
pressure exerted on said pulley by said restraining
cable to thereby maintain said washing unit firmly
engaged against the building surface to be washed,;

a lift mechanism connected to said suspension line; and

water supply means for delivering water to the washing
Unit.
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