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(57) Abstract: A hybrid sweeper-scrubber control method and system are described. The method can include providing power, via
an electrical system alternator, to at least one cleaning function of a selt-propelled hybrid vehicle. The operational load can be mon -
itored, including an operational state of the at least one cleaning function of the self-propelled hybrid vehicle. The running state of
o an internal combustion engine can be controlled to produce a power output based on the monitored operational load and a threshold
charge can be maintained, via the electrical system alternator, of an electrical system battery pack of the selfpropelled hybrid vehicle.
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HYBRID SWEEPER-SCRUBBER CONTROL METHOD AND SYSTEM

CLAIM OF PRIORITY

This application claims the benefit of priority of U.S. Provisional Patent
Application Serial No. 61/477,425, entitled “HYBRID SWEEPER-
SCRUBBER,” filed on April 20, 2011, which application is incorporated by
reference herein in its entirety.

BACKGROUND OF THE INVEMTION

The present invention relates generally to a cleaning control apparatus.
More specifically, the present invention relates to a hybrid sweeper-scrubber
having both fuel-powered and battery-powered modes.

Industrial and commercial floors are cleaned on a regular basis for
aesthetic and sanitary purposes. There are many types of industrial and
commercial tloors ranging {rom hard surfaces, such as concrete, terrazzo, wood,
and the like, which can be found in factories, schools, hospitals, and the like, to
softer surfaces, such as carpeted floors found n restaurants and offices. Different
types of floor cleaning equipruent, such as scrabbers, sweepers, and extractors,
have been developed to properly clean and maintain these different floor
surfaces.

A typical scrubber is a walk-behind or drivable, self-propelled, wet
process machine that apphies a liquid cleaning solution from an onboard cleaning
solution tank onto the floor through nozzles fixed to a forward portion of the
scrubber. Rotating brushes forming part of the scrubber rearward of the nozzles
agitate the solution to loosen dirt and grime adhering to the floor. The dut and
gritne become suspended n the solution, which is collected by a vacuum
squeegee fixed to a rearward portion of the scrubber and deposited into an
onboard recovery tank,

Scrubbers are very effective for cleaning hard surfaces, Unfortunately,
debris on the floor can clog the vacuum squeegee, and thus, the floor should be
swept prior to using the scrubber. Thus, sweepers are commonly used to sweep a
floor prior to using a scrubber. A typical sweeper is a self propelled, walk-

behind, or drivable dry process machine which picks debris off a hard or soft
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floor surface without the use of liquids. The typical sweeper has rotating brushes
which sweep debris into a hopper or "catch bin.”

Combination sweeper-scrubbers have been developed that provide the
sweeping and scrubbing functionality in a single umit.

Prior art sweeper-scrubber systems are available in both fuel powered and
battery powered desigus. One exeruplary fuel powered design 1s the 7765 Rider
Industrial Sweeper-Scrubber from Nilfisk-Advance (http//www.advance-
us.corn/products/industrial/swecper-scrubbers/7765.aspx ). One exemplary
battery powered design s the Captor® Industrial Sweeper-Serubber also from
Nilfisk-Advance (http://www. advance-us.com/products/industrial/sweeper-
scrubbers/captor5400.aspx). More recently, "hybrid” type machines that are
capable of operating in fuel or battery powered modes have aiso been developed,
such as the one described in European Pateut No. EP 1106411 B1.

This overview 1s intended to provide an overview of subject matter of the
present patent application. It is not intended to provide an exclusive or
exhaustive explanation of the invention, The detailed description 1s included to
provide further information about the present patent application.

In an example, power can be provided, via an electrical system alternator,
to at least one cleaning {unction of a self-propelied hybrid vehicle. An
operational load, including an operational state of the at lcast one cleaning
function of the self~propelied hybrid vehicle can be wonitored. A running state
of an internal combustion engine can be controlled to produce a power output
based on the monitored operational load. A threshold charge can be maintained,
via the electrical system alternator, of an electrical system battery pack of the
self-propeled hybrid vehicle.

in an example, a number of running modes of the self-propelied hybrid
vehicie can be alternated between, the number of running modes including at
least an electric mode and a hybnd mode.

In an example, running the electric mode can inclade monitoring the
clectrical systern alternator for an occurrence of au electrical component fault,
and taking protective measures if the occurrence of an electrical component fault
18 detected, protective measures can include at least one of providing a warning
to an operator and shutting down the sel~propelied hybrid vehicle.

2
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In an example, running the hybrid mode can include monitoring the self-
propetied bybrid vehicle for an occurrence of an engine compounent fault and
alternating to the electric mode if the occurrence of an engine component fault is
detected.

in an example, the method can include overriding alternating between the
number of running modes if an overnde mode 1s activated,

In an example, the method can include monitoring the electrical system
aliternator at a designated time nterval.

in an example, the method can include starting the self~propelied hybrid
vehicle via the electrical system alternator, In an example, the method can
include starting the self-propelled hybrid vehicle via an engine alternator.

In an example, controlling the running state can include adjusting a
running speed of the nternal combustion eugiune to a distinct running speed to
produce the power output based on the monitored operational load

In an example, the method can include adjusting the running speed based
o a number cleaning functions with an active operation state.

In an example, the method can include adjusting the runming speed when
the monitored operational load is greater thauo at least a threshold operational
load.

In an example, the method can include adjusting the running speed to an
idle speed.

Iu an example, the method can 1oclude maintaining at least a threshold
engine speed for a number of cleaning functions to operate during a manual
adjustment of the running speed of the engine,

In an example, a self-propelled hybrid vehicle propulsion system can
include an mternal combustion engine operably coupled to an electrical systom
alternator, the clectrical system alternator configured to charge an electrical
system battery pack and the electrical system alternator can be operably coupled
o a number of conirollers. The number of controllers can be operably coupled
to the electrical system battery pack, and the number of controllers can include a
main controller configured Lo control a running state of the internal combustion
engine of the self-propelled hybrid vehicle based on a monitored operational

foad.

(¥
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In an example, the main controller can be configured to monitor the
electrical system alternator to detect failures.

In an example, the system can include a switching component configured
to alternate the self~propelled hybrid velicle between a number of running
modes, the number of running modes including at least an electric mode and a
hybrid mode.

In an example, the system can include a sub-systen from the group of at
icast a sweep sub-system, a scrub sub-system, and a recovery sub-system,

in an example, the system can include a user interface configured to
display a status of the sub-system.

In an example, the system can nclude, a running state override switching
component configured to override an operator initiated running state if the
operator runuing initiated state is below a threshold run state based on the
monitored operational load.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale, like numerals
may describe similar components in difforent views. Like numerals having
different letter suffixes mway represent different instances of similar componeuts.
The drawings illustrate generally, by way of example, but not by way of
fimtation, various embodiments discussed in the present document.,

FIG. 1 is a top perspective view of a hybrid sweeper-scrubber that can
utilize a scrub deck retraction apparatus 1o accordance with the present patent
application.

FIG. 2 1s a bottom perspective view of the hybrid sweeper-scrubber of
FIG. 1.

FIG. 3 1s an mternal perspective of the hybrnid sweeper-serubber of FIG,

FIG. 4 1s a flow chart illustrating an example of a control method of the
hybrid sweeper-scrubber of FIG. 1
FIG. 5 is an cxemplary schematic diagram of various components of a

control method for the hybrid sweeper-scrubber of FIG. 1.
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DETAILED DESCRIPTION OF THE INVENTION

The preseunt juvention relates generally to a cleaning apparatus. More
specifically, the present invention relates to a hybrid sweeper-scrubber that may
be operated in a {uel-powered or batiery-powered mode.

One exemplary but non-limiting envbodiment of the hybrid sweeper-
scrubber of the present invention 1s illustrated in FIGS. 1 and 2. An exemplary
schematic diagram of the hybrid sweeper-scrubber components is ilfustrated in
F1G. 3. The sweeper-scrubber of FIGS, 1-3 provides all of the functionality of a
prior art sweeper-scrubber system through the use of all electric components
{with the exception of hydraulics to operate the hopper for debris collection).

The preseunt control method and system for the hybrid sweeper-scrubbe
can inchude an internal combustion engine and electrical system battery pack to
power the hybud sweeper-scrubber and operate a nuraber of accessories and
cleaning functions. The present control method and system can include common
components between the engine and clectrical systems. Benefits of such
embodiments can include reduced material costs, reduced component
matttenance, reduced overall size of the hybrid sweeper-scrubber, elimination of
a number of hydraulic compouents, lower emissions, or less fuel consumption.

FIGS. 1 and 2 are top and bottom perspective views, respectively, of an
example of a sweeper-scrubber 30 that can utilize a scrub brush retraction
apparatus in accordance with the present patent application. As tllustrated in
FIGS. 1 and 2, the sweeper-scrubber 30 can include a sweeper system 32 for
sweeping a floor surface and a scrubber system 34 for scrubbing the floor
surface, Thus, as will be discussed i further detail below, the sweeper-scrubber
38 can be operable to sweep dirt and debris from the floor surface, spray a liquid
cleaning solution from an onboard cleaning solution tank onto the floor being
cleaned, and agitate the cleaning solution. Suction means can then be used to
draw the cleaning solution into an onboard recovery tank.

Providing a floor cleaning system having both a sweeper system 32 and a
scrubber system 34 can allow the operator to perform both “dry” and “wet”
cleaning with the same system. These sweeping and scrubbing modes can be
operated etther separately or simultanecusly depending upon the type of cleaning

required.

A
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As further illustrated in FIGS. 1 and 2, the sweeper-scrubber 30 can
include a chassis 36 supporting a machine body 37 and having a forward end 38
and a rearward end 40 joined by sides 42. The chassis 36 can be supported by
one or more floor engaging front wheels 44 and one or more rear steerable
wheels 46. The one or more rear steerable wheels 46 can be operatively
connected to a steering wheel 48 through the chassis 36, Alternatively, the
chassis can be supported by one or more front steerable wheels and one or more
floor engaging rear wheels, The steering wheel can be part of a steering countrol
system {e.g., 360, FIG. 5} as described herein,

A driver secat 50 can be supported by the machine body 37 rearward of
the steering wheel 48 {or use by an operator of the sweeper-scrubber 30, The
operator can sit on the driver seat 50 to operate the steering wheel 48 and foot
operated control pedals 52, such as a brake and an accelerator, supported above a
chassis top surface 54 The accelerator can be included in a speed control system
(e.g., 364, FIG. 3}, as described herein,

In operation, a spray nozzle can spray a liquid cleaning solution from an
onboard cleaning solution tank outo the floor being cleaned. The cleaning
solution can be gravity fed through the spray nozzle, or alternatively pumped out
of the cleaning solution tank through the spray nozzle, The spray nozzle can be
integrated 1nto a scrub sub-syster {e.g., 378, FI(3. 5), as described herein. The
cleaning solution sprayed onto the floor can then be agitated by one or more
ground engaging scrub brushes, such as scrub brushes 364, 568, and 56C. loan
example, the scrub brushes 56A-56C together form a portion of a scrub deck
asscrmbly 59 of the scrubber system 34 adjacent to a bottom surface of the
chassis 36, As illustrated in FIGS. 1 and 2, the cutside scrub brush 56A and an
associated skirt S7TA can protrude from the side of the sweeper-scrubber 30 to
improve scrubbing close to walls and other obstacles. As will be discussed in
detail below, the outside scrub brush 50A can be attached to a pivoting arm that
can allow the scrub brush S6A and the adjacent side skirt 57A to swing around a
vertical axis, such that it can travel rearward and/or inward, to retract under the
raachine and prevent damage to the scrub deck assemubly 59 caused by hitting
obstacles. The scrub brushes 56A, 568, 56( and associated components can be

part of a sweep subsysterm (¢.g., 376, FIG. 5), as described herein,
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As illustrated in FIGS. 1 and 2, the ground engaging scrub brushes 56A-
36 can have substantially parallel axes of rotation that are generally
perpendicular to the floor surface. The scrub brushes 56A-56C can be rotatably
driven by a suitable motor, and can be configured to agitate the cleaning solution
sprayed onto the floor surface to dislodge dirt and grime adhered thereto. In
addition to the scrub brushes S6A-56C, the scrubber system 34 can further
include a floor engaging vacuum squeegee assembly 58 positioned proximal the
chassis rearward end 40, The agitated cleaning solution and suspended dirt and
grime can be drawn off the floor surface through the sgueegee assembly 58 and
into the recovery tank for disposal, such as with a recovery sub-system (380,
FIG. 5}, as described herein,

The squeegee assembly 58 can be coupled fo a squeegee support bracket
60 pivotally attached relative to the chassis 36, and can be moved between an
operating posttion and a stored position {(wheun not in use}. The squeegee
assembly 58, which can be operable to dry the tloor being cleaned by the
sweeper-scrubber 30, can inchade a forward arcuate squeegee blade 62 nested
within a rearward arcuate squecgee blade 64. In an example, the nested
squeegee blades 62 and 64 can extend substantially across the width of the
sweeper-scrubber 30 and can define a crescent shaped vacuum zone 66. The
sgueegee blades 62 and 64 can be {ormed from any {lexible material that can
sealingly engage the floor, including clastomeric materials such as rubber,
plastic, or the like,

The forward squeegee blade 62 can be configured to collect the cleaning
solution on the floor, and can include notches in 1ts floor engaging edge which
allows the cleaning solution to enter the vacuum zone 66. The rearward
squeegee blade 64 can include a continuous floor engaging cdge in order 10
prevent the escape of the cleaning solution rearwardly from the vacuum zone 60.

As illustrated in FIGS. 1 and 2, a pair of side brushes 68 can be rotatably
mounted proximal the chassis forward end 38 and forward of the ground
engaging agitation brushes 56. The side brushes 68 can be driven by a suitable
raotor controlled by control civcuitry. Each side brush 68 can be votatable about
a substantially vertical axis proximal one of the chassis sides 42, and can be
configured to urge debris towards a centerline of the chassis 36 for pick-up by &
main sweeper brush 69, In an example, the main sweeper brush 69 can be

~r
i
1
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rotatable about a substantially horizontal axis. As illustrated in FIGS. T and 2,
each side brush 68 can extend rvadially from its vertical axis past one side 42 of
the chassis 36 in order to sweep the floor along a wall or other vertical or angled
surface. Sirutlar to the squeegee assembly 58, the side brushes 68 can be
5 wvertically movable between an operating position and a storage position.
FIG. 3 is an internal perspective of the hybrid sweeper-scrubber of F1G,
1. Asillustrated in FIG. 3, the hybrid sweeper-scrubber includes an internal
combustion engine 352 that drives an clectrical system alternator 354 viaa
suitable belt. The internal combustion engine 332 can include a number of
10 combustible fuels including, but not limited to, diesel, natural gas, propane,
ethanol, petroleum, and the like. The electrical system alternator 354 can be
configured so as to start the engine and system of the hybrid-sweeper scrubber.
In an example, the electrical system alternator can include a 42V alternator and
regulator. The electrical system alternator 354 charges an electrical system
15 battery pack 356 and is operably coupled to a main controller 362, a speed
controller (not shown) (e.g., FIG. 5, 364}, and a steering controller (not shown)
{e.g., FIG. 3, 366). The electrical system altornator can provide enough power
30 as to start the engine 352 of the hybrid sweeper-scrubber. The hybrid
sweeper-scrubber can alternate between a number of running modes of the self-
20 propelled hybrid vehicle, including at least an eleciric running mode and a
hybrid running meode, the hybrid mode include running the engine on a
combustibie fuel and powering a number of cleaning functions (e.g., sub-
systems) via the electrical system batter pack or electrical system alternator.
In an example, the clectrical systern battery pack 356 can include a
25  number of 36V batteries. The main controller 362, speed controller, and steering
controller are also coupled to the electrical system batiery pack 352, The hybrid
sweeper-scrubber can provide steering such as a wire steering system. A traction
drive motor/system may be controlled by the speed controller. As described
herein, engine speed can be controlled through the main controller, so as to
30 adjust the engine operation to account for whichever cleaning functions are
operating,
Now that an example of a floor cleaning system has been deseribed that

can utilize the control method of the present patent application, the method and



WO 2012/145635 PCT/US2012/034465

10

15

20

structure of an exemplary control method 430 will be described in detatl with
reference to FIGS. 4-5,

FIG. 4 illustrates of an example of a control method 430 of the hybrid
sweeper-scrubber of FIG. 1. At 432, power can be provided, via an electrical
system alternator (e.g., 354, FIG. 3), to at least one cleaning function of a self-
propelied hybrid vehicle, A cleaning function can melude a mumber of
accessories or sub-systems, as deseribed herein in connection with FIGS. 1-3 and
5. Accessories can include a head light, signal hights, break lights, a hom, and
the like.

At 434, an operational load can be monitored, including an operational
state of the at least ove cleaning function of the self~propelled hybnd vehicle.
Operational load can include an engine power output threshold for the at least
one cleamng functional to be operational. Operational state can include on/off or
a percentage of full operational speed, power, torque, and the like.

At 436, a running state of the wternal combustion engine {e.g., 352, FIG.
3} can be countrolled based on the monttored operational load, so as to adjust the
running speed of the internal combustion engine to a distinct running speed, so
as to at least produce the monitored operational load. In an example, the ranning
speed can be altered according to a number cleaning functions with an active
operation stale, so as to dictate an engine power output threshold for the at least
one cleaning function to be in the active state. The running speed can be
increased to provide greater power oulput than the monitored operational load
due to a number of additional environmental impacts on the load, so as to
provide enough power for the at least once cleaning function o remain in an
active operational state. Environmental impacts can inchade, but are not limited
to, inclined or declined surfaces, surface types (e.g., smooth, rough, uneven,
gtc. ), or ambient temperature.,

The running speed can include an idle speed, so as to provide power
output sufficient to charge the electrical systern battery pack or operate an
operational accessory. A threshold engine speed can be maintained for a number
of cleaning functions to operate during a roanual adjusttoent of the running speed
of the engine, such as by an operator of the hybrid sweeper-scrubber. For

example, the operator is able to increase and decrease the engine speed at will,
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but the main controller will not aliow the engine to run slower than a power
output needed for the operational cleaning functions.

More particularly, the control method and conirol system can regulate
cugine speed or revolutions per minute (RPM) at a namber of settings based on
the number of operational cleaning functions, such as by monitoring the active
cleaning functions that are in operation. The RPMs can be set at distinet values,
For example, if only the sweep sub-system (e.g., 376, FIG. 5} 1s operational then
a lower sweep RPM setting (RPM Sctting #1) of the engine can be activated,
such as about 1700 RPM to about 2500 RPM . However, if both the sweep sub-
system and scrub sub-system {(¢.g., 378, FI(. 5) are being operated then a RPM
setiing { RPM Setting #2) higher thau the lower sweep RPM setiing ou the engine
can be activated, such as greater than about 2700 RPM.

The control method and system can regulate the engine speed based on a
number of modes, including but not imited to: optional high pressare washer
option can cause the engine o run at least lower RPM mode (RPM Sctting #1);
if the engine is in idle (RPM Setting Idle), the engine will can run at Jeast lower
RPM mode (RPM Setting #1) when sweeping only or vacuuming only; if the
cugioe is 1o idle or run, the engine can ran ju a higher RPM mode (RPM Setting
#2) when scrubbing only or scrubbing and sweeping; if an operator override is
activated, the operator can chaunge between higher RPM ruode (RPM Seiting #2)
and lower RPM mode (RPM Sctting #1) at the operator’s discretion; or, if the
operator override condition goes away {e.g. sweep sub-system turns off) and the
operator has not changed the engine mode, the engine can be returned to the
maode before the forced override.

At 43%, a threshold charge can be maintained, via the electrical system
alternator {¢.g., 154, FIG. 3}, of the ¢lectrical system battery pack {e.g., 156,
Fi3. 3). For example, the amount of voitage stored in the electrical system
battery pack can be maintained or optimized while the engine is running or the
hybrid sweeper-scrubber i operational,

The electric mode can include monitoring the electrical system alternator
for an occurrence of an electrical comaponent fault, such as a voltage below a
threshold voltage or an indication of a belt fatlure. The electrical system
alternator can be monttored per a set time interval or continuously., Protective
measures can be taken if the occurrence of an electrical component fault is

10
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detected, such as providing a warning to an operator, shutting down the self-
propetied bybrid vehicle, or the like.

The hybrid mode can include monitoring the self-propelied hybrid
vehicle for an occurrence of an engiue component fault, such as the engine runs
out of fuel, if the engine fails, il the engine generator fails, if the belt from the
engine to engine alternator faus, cte. The rununing mode can be shifted to the
electric mode if the occurrence of an engine component fault is detected. As
described herein, the running mode can be altered by an operator if an override
mode is activated.

If the machine is operating from the electrical system battery pack only,
such as due to a failure in the engiue or engine alternator as discussed herein or
by operator override, the control system can monitor battery voltage of the
clectrical system battery pack until a threshold voltage condition i1s met. At such
point, the control system can protect the hybrid sweeper-scrubber by shutting off
machine cleaning functions and shutting down the hybrid sweeper-scrubber,

FIG. 5 iHustrates an exemplary schematic diagram of various
components of a control method for the hybnid sweeper-scrubber of FIG, 1. An
internal combustion engine (352 can be operably coupled to an electrical sysiem
alternator 354, such as via a belt 353. The electrical system alternator 354 can
be configured to charge an electrical system battery pack 356 and operably
coupled to a number of controllers 362, 364, 366. In an example the clectrical
system alternator 354 can be operably coupled to or through a fuse box 360, The
number of controllers 362, 364, 366 can be operably coupled to the electrical
systern battery pack 356. Controller 364 can mclude a speed controlier operably
coupled to a drive system 370, so as to control the speed of the hybrid sweeper-
scrubber. Controller 366 can include a steering control operably coupled to a
steering system 372, so as to steer or provide directional capabilities to the
hybrid sweeper-scrubber. Controller 362 can include a main controller
configured to control a running state of the internal combustion engine 352 of
the self-propelied hybrid vehicle based on a monitored operational load. The
raain coutroller 362 can be operably coupled to a user 1nterface 368, an
accessory, or a number of sub-systems 376, 378, 380, 382, The user interface
368 can be configured so as o indicate a status of 4 sub-sysiern, a measurernent,
an alarm, a time, or the like. The main controlier 362 can be configured to

it
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monitor the electrical system alternator 354 to detect failures, as described
herein.

The sub-systems can inciude a sweep sub-system 376, a scrub sub-
system 378, or a recovery sub-system 380, as descnibed herein, Further, the
control method and system can include an engine sub-system 380, such as an
engine controller controlied by the main controller 362 or a computer processing
unit associate with control fogic for operation of the engine 352.

An engine alternator 358 can be operably coupled to an engine battery
360, so as to start the internal combustion engine 352, as described herein.

A switching component (not shown{ can be configured to alternate the
self~propetied hybrid vehicle between a number of running modes, the number
of running modes including at least an electric mode and a hybrid mode, as
described herein. A ranning state override switching component can be
configured to override an operator initiated running state if the operator ranning
inittated state 1s below a threshold run state based on the monitored operational
ioad, as described herein,

In an example, the hybrid sweeper-scrubber can nclude a regenerative
braking method or system to 1mprove fuel efficiency, such as providing charge
to the electrical system battery pack. The hybrid sweeper-scrubber control
method and systern can include a data acquisttion system, so as to provide a
number of measurements used in charge algorithms, running speed algorithms,
farlure mode detections, and the like.

in view of the foregoing, the hybrid sweeper-serubber of the present
invention provides nurnerous advantages imcluding, but not hmited to, fuel
savings, lower emissions, and lower sounds.

In surnmary, the main alternator in the hybrid sweeper-scrubber 1s sized
to provide power 1o all of the cleaning functions of the machine, with the
exception of the engine system, and for maintaining a charge on the main system
battery pack during operation. The main system battery pack provides a "buffer”
to handle the inrush currents and heavy load currents that exceed the capacity of
the mawn alternator. Such "heavy loads” may be caused by sweeping/scrubbing
up inclines, etc. Additionally, the main system battery pack is not merely a

"bacl-up" source of power. Rather, the sweeper-scrubber 1s fully operational 1n
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the battery operated mode for an extended period of time, such as the duration of
the charge.

The above detailed deseription includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show, by
way of tlustration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as “cxamples.” Such
examples can include elements in addition to those shown or described.
However, the present inventors also contemplate examples in which only those
slements shown or described are provided. Moreover, the present inventors also
contemplate examples using any combination or permutation of those elements
showu or described {or one or more aspects thereof), etther with respectio a
particular example (or one or more aspects thereof), or with respect to other
examples {(or one or more aspects thereof) shown or deseribed herein.

fn the event of inconsistent usages between this document and any
documents s0 incorporated by reference, the usage in this document controls,

In this document, the terms “a” or “an” are used, as is common in patent
documents, to include one or more than one, independent of any other instances
or usages of “at least oue” or “one or wore,” In this document, the term “or” 1s
used to refer to a nonexclusive or, such that “A or B” includes “A butnot B,” “B
but not A,” and “A and B,” unless otherwise indicaied. In this document, the
terms “including” and “in which” are used as the plain-English equivalents of
the respective terms “comprising” and “wherein.” Also, in the following claims,
the terms “including”™ and “comprising” are open-ended, that is, a system,
device, article, composition, formulation, or process that includes elements in
addition to those listed after such a terny in a claim are still deemed to fall within
the scope of that claim, Moreover, in the following claims, the torms “first,”
“second,” and “third,” etc. are used merely as labels, and are not intended to
impose numerical requirements on their objects.

The above description 18 intended to be illustrative, and not restrictive,
For example, the above-described examples {or one or more aspects thereof)
riay be used wn cormubivation with each other. Other embodiments can be used,
such as by one of ordinary skill in the art upon reviewing the above description.
The Abstract 1s provided to comply with 37 C.F.R. §1.72(b), to allow the reader
to quickly ascertain the nature of the technical disclosure. ¥t ts submitted with

13
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the understanding that it will not be used to interpret or limit the scope or
meaniog of the claims. Also, in the above Detailed Description, various features
may be grouped together to streamline the disclosure. This should not be
interpreted as intending that an unclaimed disclosed feature is casential to any

5 clama. Rather, inventive subject matter may lie in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby
incorporated into the Detailed Description as examples or embodiments, with
cach claim standing on its own as a separate embodiment, and it 18 conternplated
that such embodiments can be combined with each other in various combinations

10 or permutations. The scope of the invention should be determined with

reference to the appended claims, along with the full scope of equivalents two

which such claims are entitied,

14
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WHAT IS CLAIMED:

i. A method, comprising:

providing power, via an electrical systern alternator, to at least one
cleaning function of a self~propelied hybrid vehicle;

monitoring an operational load, including an operational state of the at
least one cleaning function of the self-propelled hybrid vehicle;

controlling a running state of an internal combustion engine to produce a
power output based on the monttored operational load; and

maintaining a threshold charge, via the electrical system alternator, of an

electrical system batiery pack of the self-propelied hybrnd vehicle,

2. The method of claim 1, finther comprising alternating between a number
of nimning modes of the seif-propelled hybrid vehicle, the number of running

maodes including at least an electric mode and a hybrid mode.

3. The method of claim 2, wherein running the electric mode further
COMIPrises!
monitoring the electrical system alternator for an occurrence of an
electrical coruponent {ault; and
taking protective measures if the occurrence of an electrical component
fault is detected, protective measures including at least one of
providing a warning to an operator; and

shutting down the self-propelied hybrid vehicle.

4. The method of claim 2, wherein running the hybrid mode further
conmprises:

monitoring the self~propelled hybrid vehicle for an occurrence of an
engine compounent fault; and

alternating to the electric mode if the occurrence of an engine component

fault is detected,

3. The method of claim 2, further comprising overriding alternating
between the number of rununing modes if an override mode is activated.

15
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6. The method of claim 3, including monitoring the electrical systern
alternator at a designated time interval.
7. The method of claim 1, further comprising starting the self~propelied

hybrid vehicle via the electrical system alternator,

8. The method of claim 1, further comprising starting the self~propelied

hybrid vehicle via an engine alternator,

9. The method of claim 1, wherein controlling the running state inchudes
adjusting a running speed of the internal combustion engine to a distinct running

speed to produce the power ouiput based on the momttored operational load.

10, The method of claim 9, further comprising adjusting the running speed

based on a number cleaning fumctions with an active operation state.

1. The wethod of claims 9, further comprising adjusting the running speed
when the monitored operational load is greater than at least a threshold

operational load.

12, The method of claim 9, further comprising adjusting the running speed 1o

an idle speed.

13, The method of claim 9, further comprising maintaining at leasta
threshold engine speed for a number of cleaning functions to operate during a

marual adjustment of the running speed of the engine.

14, A self-propelled hybrid vehicle propulsion system, comprising:

an internal combustion engine operably coupled to an electrical system
alternator, the electrical aystem alternator configured to charge an electrical
system battery pack and the electrical system alternator is operably coupled to a
number of controllers, the number of controlicrs are operably coupled to the
electrical system battery pack, and wherein the number of controllers include:

16
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a main controller configured to control a running state of the internal
combustion engine of the self~propelled hybrid vehicle based on a monitored

operational load.

15, The system of claim 14, wherein the main controller is configured to

monttor the electrical system alternator to detect fathures,

6. The system of claim 14, including a regenerative break sub-system

configured to charge the electrical system batiery pack.

17. The system of claim 14, 1ocluding a switching component coufigured to
alternate the self-propelied hybrid vehicle between a number of running modes,
the number of running modes including at least an electric mode and a hybrid

mode.

18.  The system of claim 14, including a sub-system from the group of at least

a sweep sub-system, a scrub sub-system, and a recovery sub-system.

19, The systern of claim 1§, including a user interface configured to display a

status of the sub-system.

20, The system of claim 17, including a running state override switching
component configured to override an operator initiated running state if the
operator running inttiated state 1s below a threshold run state based on the

monitored operational load.

17
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PROVIDING POWER, VIA AN ELECTRICAL SYSTEM
ALTERNATOR, TO AT LEAST ONE CLEANING FUNCTION
OF A SELF-PROPELLED HYBRID VEHICLE

l 434
MONITORING AN OPERATIONAL LOAD, INCLUDING AN
OPERATIONAL STATE OF THE AT LEAST ONE CLEANING
FUNCTION OF THE SELF-PROPELLED HYBRID VEHICLE

l -436
7
CONTROLLING A RUNNING STATE OF AN INTERNAL
COMBUSTION ENGINE T0 PRODUCE A POWER OUTPUT
BASED ON THE MONTTORED OPERATIONAL LOAD

l 438

WATRTAINING A THRESHOLD CHARGE, VIA THE ELECTRICAL
SYSTEM ALTERNATOR, OF AN ELFCTRICAL SYSTEM

BATTERY PACK OF THE SELF-PROPELLED HYBRID VEHICLE

FIG. 4
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