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(57) Abstract: A photovoltaic apparatus for a vehicle including a plurality of solar modules electrically isolated from each other
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adapted to receive solar radiation and convert the radiation to electrical energy.
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SOLAR POWER IN A VEHICLE

BACKGROUND
[0001] The present disclosure relates generally to a vehicle, and more particularly

to a vehicle that utilizes solar power as an energy source.

DESCRIPTION OF THE RELATED ART
[0001] Vehicles, such as a motor vehicle, utilize an energy source in order to -
provide power to operate a vehicle. While petroleum based products dominate as an
energy source, alternative energy sources are available, such as methanol, ethanol,
natural gas, hydrogen, electricity, solar or the like. A hybrid powered vehicle utilizes a
combination of energy sources in order to power the vehicle. Such vehicles are
desirable since they take advantage of the benefits of multiple fuel sources, in order to
enhance performance and range characteristics of the vehicle, as well as reduce

environmental impact relative to a comparable gasoline powered vehicle.

[0002] An example of a hybrid vehicle is a vehicle that utilizes both electric and
solar energy as power sources. An electric vehicle is environmentally advantageous
due to its low emissions characteristics and general availability of electricity as a power
source. However, battery storage capacity limits the performance of the electric vehicle
relative to a comparable gasoline powered vehicle. Solar energy is readily available,
but may not be sufficient by itself to operate the vehicle. Thus, there is a need in the art

for a hybrid vehicle with an improved photovoltaic energy distribution system.

SUMMARY
[0003] Accordingly, the present disclosure relates to a photovoltaic apparatus for

a vehicle including a plurality of solar modules electrically isolated from each other and
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adapted to receive solar radiation and convert the solar radiation to electrical energy. At
least one DC/DC converter is electrically coupled to the electrically isolated modules
and is adapted to receive the electrical energy from the solar modules and boost the

voltage to be delivered to at least one component associated with the vehicle.

[0004] The present disclosure further provides for a vehicle having a photovoltaic
apparatus including a vehicle body with an outer surface, a plurality of solar modules
are mounted on the outer surface of the vehicle. The solar modules are electrically
isolated from each other and adapted to receive solar radiation and convert the
radiation to electrical energy. At least one DC/DC converter is electrically coupled to
the electrically isolated modules and is adapted to receive the electrical energy from the
solar modules and boost the voltage to be delivered to at least one component of the

vehicle.

[0005] The present disclosure further provides for a method of delivering
electrical energy to a vehicle from a photovoltaic apparatus. The method includes the
steps of collecting solar radiation energy on a plurality of electrically isolated solar
modules. Each solar module is adapted to receive solar radiation and convert the
received radiation into electrical energy, The collected electrical energy converted from
solar energy is delivered to at least one DC/DC converter. The converter boosts the
electrical energy, and outputs the boosted electrical energy from the converter to the

vehicle.

[0006] An advantage of the present disclosure is that the solar panel covers a
large surface area of the vehicle. Still another advantage of the present disclosure is
that the solar panel is curvilinear in shape. Yet another advantage of the present
disclosure is that the solar panel includes an integral graphics pattern. Still yet another

advantage of the present disclosure is that the solar panel is split into independent
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modules to maximize efficiency at different solar radiation angles and partial shading
conditions with MPP tracking. A further advantage of the present disclosure is that the
system communicates with and charges an energy storage device. Still a further
advantage of the present disclosure is that the energy generated from the solar panel

can be stored for later use.

[0007] Other features and advantages of the present disclosure will be readily
appreciated, as the same becomes better understood after reading the subsequent

description taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a perspective view of a vehicle having a photovoltaic system
mounted thereto.
[0009] FIG. 2 is a perspective view of another vehicle having a photovoltaic

system mounted thereto.

[0010] FIG. 3 is a perspective view of a solar panel for the vehicle of FIG. 1 or
FIG.2.

[0011] FIG. 4 is a top view of the solar roof panel of FIG. 3.

[0012] FIG. 5 is an exploded view of the solar panel. of Fig. 3

[0013] FIG. 6 is detail view of adjacent solar cells for the solar panel of FIG. 3.
[0014] FIG. 7 is a block diagram illustrating a method of electric power

distribution using the electrically isolated solar modules.

DESCRIPTION
[0015] Referring to the Figures 1-2, a vehicle 10 having a solar panel 14 is
illustrated. In this example the vehicle 10 is a plug-in hybrid vehicle that is both solar
and electric powered. The vehicle 10 includes a body structure having a frame and

outer panels 12 covering the frame that cooperatively form the shape of the vehicle.
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The vehicle 10 includes an interior space 11 referred to as a passenger compartment.
For a convertible style vehicle 10, the passenger compartment 11 may be enclosed by a
moveable convertible top that covers the passenger compartment 11 in an extended
position. The vehicle 10 also includes a storage space 13 referred to as a trunk or
luggage compartment 13. The trunk or luggage compartment 13 is accessible via a
deck lid 15. The deck lid 15 is a panel member pivotally connected to the vehicle body,
such that the deck lid 15 can articulate in multiple positions. For example, the deck lid
15 may pivot about a forward edge 15A in order to provide access to the trunk 13 of the
vehicle 10, and a rearward edge 15B in order to stow the folded top within the vehicle

trunk.

[0016] The vehicle 10 also includes a power train that is operable to propel the
vehicle 10. In this example, the power train is a plug-in hybrid, and includes an '
electrically powered motor and motor controller. The vehicle 10 may also include a
gasoline powered engine that supplements the electric motor when required under
certain operating conditions. The electrical energy can be stored in an energy storage
device 70, such as a battery. Various types of batteries 70 are available, such as lead
acid, or lithium-ion or the like. It should be appreciated that the vehicle 10 may include
more than one type of battery 70 or energy storage device. The battery supplies the
power in the form of electricity to operate various vehicle components. In this example,
there is a low voltage battery 70 that provides electrical power to vehicle components
(e.g., a typical 12 V lead acid battery) and a high voltage battery (e.g. over 60- V
traction battery) and in this example a 400 V traction battery that provides electrical
‘power to an electric drive motor. The battery 70 may be in communication with a
control system that regulates the distribution of power within the vehicle 10, such as to
the electric drive motor, or a vehicle component or other accessories or the like. In this
example, the high voltage battery receives electrical energy from a plug-in source and a
gasoline engine, and the low voltage battery receives electrical energy from the high

voltage battery or a photovoltaic source in a manner to be described. In a further
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example, the high voltage battery and the low voltage battery can receive electrical

energy from a solar source.

[0017] Referring to FIGS. 3-6, the vehicle includes a photovoltaic apparatus 14.
that receives light energy and converts that energy to electrical energy. In an example,
the photovoltaic apparatus is a generally planar solar panel 14 positioned on a surface
of the vehicle 10, so as to receive radiant energy from the sun. The solar panel 14 is
positioned to facilitate the collection of radiant energy, such as within a roof panel,
deck lid 15 or another vehicle body panel 12. In an example, the solar panel 14 can
define a generally planar geometry, a curvilinear geometry or otherwise corresponds to
the contours of the vehicle outer panel 12. . In a further example, to increase
photovoltaic area, retractable solar panels may be provided that are operable to open

and expose the solar panels to the sunlight.

[0018] The solar panel 14 is operable to collect radiant energy from the sun and
convert the sun’s energy into stored electrical energy that is available for use in the
operation of the vehicle 10. The solar energy is available to supplement that of the
other energy sources, such as a plug in source or fossil fuel of this example. The
supplemental solar energy effectively increases the performance of the vehicle 10, i.e.

increased electric range for use by another vehicle feature or accessory.

[0019] The solar panel 14 includes a plurality of solar cells 20 arranged in a solar
array as shown in FIGS. 3, 4 and 7. In an example, the individual solar cells 20 may be
encapsulated within a polymer layer 18. The solar cells 20 operatively convert
absorbed sunlight into electricity. The cells 20 may be grouped and electrically
connected and packaged together in a manner to be described. Generally, a solar cell
20 is made from a semiconductor material, such as silicon, silicone crystalline, gallium
arsenic (GaAs) or the like. When the solar cell 20 receives the sunlight, a portion of the

sunlight is absorbed within the semiconductor, and the absorbed light's energy is
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transferred to the semiconductor material. The energy from the sunlight frees electrons
within the semiconductor material, referred to as free carriers. These free electrons can
move to form electrical current, and the resulting free electron flow produces a field
causing a voltage. Metal contacts are attached to the cell 20 to allow the current to be
drawn off the cell and used elsewhere. The metal contacts may be arranged in a

predetermined pattern in a manner to be described.

[0020] The solar panel 14 is divided into four sections or modules 22 that form
electrically separate zones. The solar cells 20 are position within each module in a
predetermined arrangement or pattern, such as an array. For example, each module
may contains a 5 by 4 array of cells. The modules 22 themselves are connected by
cross connector 24, or bus bars as shown in FIG. 6. Further, each cell 20 within a
module is electrically connected in series by a cell connector 26 or stringer, as shown in
FIG. 6. The dimension of each cell within the module and the corresponding array is
sized to fill-up the available space. In a particular example, the array defines a partially

and generally splayed pattern.

[0021] The solar panel 14 may be fabricated using various techniques, the
selection of which is nonlimiting. In an example, the solar panel is fabricated from a
glass panel having a laminate structure. In another example, the photovoltaic system
can be mounted or incorporated within a composite structure, such as integrally formed
within a polymer or composite material. The solar module may be laminated within a
durable polymer, such as a scratch resistant polycarbonate. In a further example, the
solar modules 22 are mounted in a thin film, such as amorphous silicon or the like. In
an even further example, the photovoltaic system includes modules 22 that are formed
in other exposed vehicle structures, such as in a window. An organic solar
concentrators or specially dyed window may be used that channels light to solar cells at
their edges. Accordingly, the solar panel structure will influence characteristics of the

vehicle such as weight, cost, packaging or the like.
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[0022] Referring to FIG. 5, an example of a laminate solar panel structure is
illustrated. Accordingly, a first layer 16 may be a backing material, such as a foil
material. A second layer 18 may be a polymer layer. An example of a polymer material
is Ethylene Vinyl Acetate (EVA), or the like. A third layer may be a glass material. The
solar cells 20 may be contained within a polymer material. The second layer 18 may
include another layer of the polymer coating, thus sandwiching the solar cells 20 and
connectors 24 and 26 between the polymer layers. In an example, the solar panel
further includes a third or top layer 28 of glass (FIG. 5). This top layer 28 may include
various coatings that may be decorative or functional in nature. For example, an inner
surface of the top layer 28 can have an antireflective coating since silicon is a shiny
material, and photons that are reflected cannot be used by the cell 20. In an example,
the antireflective coating reduces the reflection of photons. The antireflective coating
can be a black-out screen applied over all areas of the top layer except over the cells 20
that collect solar power. The antireflective coating may be black in color. For example,
the black coating may be a material such as an acrylic or frit paint or the like. The top
layer 28 may include additional graphic coatings 32 that visually enhance the
appearance of the solar panel. In an example, an additional gréphic pattern 32 may be
applied to the top glass layer, such as by a paint or silk screening process. In a further
exémple, the graphic pattern is in gold paint. The layers may be bonded together by the

application of heat to the glass forming the layers together as a single unit.

[0023] The solar panel 14 is operatively in communication with a solar charging
system 34. To maximize solar energy, and thereby offset fuel usage, the energy
generated from the solar panel 14 is stored. Typically, the energy is stored in the low
voltage battery 70. Further, the solar charging system 34 may operatively be in
communication with a vehicle charging system in a manner to be described. Each of

the modules 22 in the solar panel incorporate a maximum power point (MPP) tracking
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feature that maximizes power output for various solar radiation angles and partial
shading conditions of the solar panel 14 in a manner to be described. This feature
assumes that if one cell 20 in a particular module 22 is shaded from the sun, then the
performance of other cells on the module can also be diminished. Since each module
22 is electrically separate and isolated from the other modules and thus independent, .

the energy collection operation of the other available modules 22 may be optimized.

[0024] Referring to FIG. 7, the maximum power point tracking feature is
described. The solar charging system 34 includes an electrical converter, such as a
DC/DC boost converter 36, also referred to as a DC/DC converter, that is in
communication with at least one of the solar panel modules 22, to adjust the module 22
output current. For example, each module 22 is coupled to a DC/DC converter 36 to

- adjust the voltage output from that module 22. The voltage from the modules 22 is
lower than that which is needed to charge a low voltage battery 70. In this way, the
output voltage of each module 22 is maintained and so the solar energy can be used to
charge the low voltage battery 70. In an example, each solar panel module 22 can
output up to 3 Amps, i.e. a total of 12 Amps for four modules 22. In this example, the
power booster 36 is a DC/DC Energy Booster converter 36 that receives current from
the solar module 22 and converts the voltage to a range usable by the vehicle. Typical
ranges include14-16 V for a low voltage battery, or about 216-422 V for a high voltage
battery. In this example, there is a DC/DC Energy Booster corresponding to each
module. In a further example, the module 22 output voltage is between 10-12 V and the
DC/DC converter output is 14-16 V. The low voltage battery 70 is typically a 12 V
battery, although the voltage may fluctuate.

[0025] Each module 22 includes electrical lines that deliver the voltage to the
converter 36. The energy storage device or battery 70 includes a positive terminal 71a
and a negative terminal 71b. The voltage from the module 22 is delivered to the

converter 36 through a positive voltage input line 79a and a negative voltage input line

8
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79b. The output of the converter 36 includes a positive output voltage line 79¢ and a
negative output voltage line 79d that correspond to positive terminal 71a and negative

terminal 71b respectively.

[0026] Depending on the available sunlight with respect to the vehicle position,,
the solar modules 22, or photovoltaic modules, can experience partial or full shading.
Shading of a single cell can cause performance of the corresponding module to
decrease. For example, a 3% shading can cause a 25% reduction in power. To
minimize partial shading losses, each module 22 is electrically isolated from the others.
Each module 22 includes its own maximum power point (MPP) tracking. MPP is the
point on the current-voltage (I-V) curve of a solar module 22 under illumination, where
the product of current and voltage is maximum (Pmax, measured in watts). The points on
the | and V scales which describe this curve point are named Iy, (current at maximum

power) and Vn, (voltage at maximum power).

[0027] If the solar panel has a compound curvature (i.e., curving in multiple
directions as shown in FIG. 1), one corner of the roof will receive more radiation than
another portion at various solar radiation angles. Thus, the cells 20 may be arranged
within the module 22 to maximize radiation reception. Since the solar panel 14 is split
into a plurality of modules 22, such as four in this example, partial shading conditions
affecting only one module may be alleviated. For example, an object laying on the solar

cell contained in one module 22 will not affect any other modules 22.

[0028] The hybrid vehicle may include other features conventionally known for a

vehicle, such as a gasoline motor, other controllers, a drive train or the like.

[0029] Many modifications and variations of the present disclosure are possible
in light of the above teachings. Therefore, within the scope of the appended claim, the

present disclosure may be practiced other than as specifically described.
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WHAT IS CLAIMED IS:

1. A photovoltaic apparatus for a vehicle comprising:

a plurality of solar modules electrically isolated from each other, where each
solar module includes a plurality of solar cells for receiving solar radiation and
converting the solar radiation to electrical energy;

a plurality of DC/DC converters, each electrically coupled to the corresponding
solar module, to receive the electrical energy from the corresponding solar module and
convert the received electrical energy to an output voltage; and

an energy storage device electrically in communication with each of the

converters for storing the output voltage.

2. The apparatus of claim 1, wherein the energy stokage device is a member
selected from the group consisting of a low voltage battery, a high voltage

battery, a capacitor, and a combination thereof.

3. The apparatus of claim 1, wherein the solar modules are mounted in solar panel
defining a laminate structure having a backing layer, a first polymer layer, a solar

module layer, a second polymer layer, and a glass layer.

4. The apparatus of claim 3, wherein the solar modules are formed within the first

and second polymer layers as an integral unit.

5. The apparatus of claim 4, wherein the solar module is laminated within a durable

polymer material.

6. The apparatus of claim 1, wherein each solar module is mounted in a solar panel
formed of a material selected from the group consisting of polymer, composite

polymer, thin film amorphous silicon, and combinations thereof.

10



10.

11.

12,

13.

14.

15.

16.

17.

WO 2010/083408 PCT/US2010/021188

The apparatus of claim 1, wherein each solar module includes a plurality of solar

cells arranged in a predetermined configuration.
The apparatus of claim 7, wherein the predetermined configuration is an array .

The apparatus of claim 7, wherein the solar cells are mounted on cross

connectors within the polymer layers.

The apparatus of claim 1, wherein the solar modules form a solar panel having

four solar modules.

The apparatus of claim 1, wherein the solar modules form a solar panel defining

a curvilinear geometry.
The apparatus of claim 11, wherein the solar panel curves in multiple directions.

The apparatus of claim 1, wherein each solar module is electrically coupled to a

corresponding DC/DC boost converter.

The apparatus of claim 1, wherein each solar module is electrically coupled to a
corresponding DC/DC converter having electrical pathways within the converter

that are electrically isolated from each other.

The apparatus of claim 1, wherein the solar modules are mounted on a roof of

the vehicle.

The apparatus of claim 1, wherein the solar panel is mounted on a deck lid of the

vehicle.

The apparatus of claim 1, wherein the solar cells within each solar module are

arranged to maximize radiation reception.

11
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18. A method of delivering electrical energy to a vehicle from a photovoltaic

apparatus said method comprising the steps of:

a. collecting solar radiation energy using a plurality of electrically isolated solar
modules, wherein each solar module includes a plurality of solar cells arranged to
receive solar radiation and convert the received solar radiation into electrical energy;

b. delivering the collected electrical energy to a plurality of DC/DC converters,
each converter corresponding to a solar module;

c. boosting the collected electrical energy by each converter; and

d. outputting the boos‘ted electrical energy from each converter to an energy

storage device for use by the vehicle.

12



00000000000000000000000000000




WO 2010/083408 PCT/US2010/021188
2/7




000000000000000000000000000000




WO 2010/083408

Hb—Jd o e g

bl i
I

—1r—‘——|r——1Hr_.”____1
[T T
[T A
1] iy

I =S == —

4/7

20

14
32

|
[t I}
\__JI “L_JI___II__I [N | G+ )

[t Tt Tond

1
! I
! [ 1l :
g o i
i |
(N R A I
._JIL__I'I _:1”:. _’L_._”__;I ;___n___.u__lhl.__n__.n___v
=t == r—1r—~—u——1“r—~u———“——‘
[ I A (I 1/ o
T TR A T R o oo
I e
I A A e o
RESRIENEEEE
L—-—_’"E:’j}!.—JIL__:IL_;I L_Jl__.__ll__l}l._._!l____n_._!
7 —— = m=E=oSE=== .
r=am——r— e m ey [(f=Tm—=FT r—ae ===
Lo gy T I S T H T S T R |
Nlowoono A T R AN B
I A RN T I A T S | R
o [ T O A R
fion ol T N | T O S R I
g IR | T N T TR A S TR R
” [P ) T [N § SO | | ”L_..H_.__Jl__l [ S | I | S|
B e e B " T B it Pk Tt
[ I I T R
i noy!
I I I TR T
1 I T S
[T T TR
W ooy

P o [ SN | N

PCT/US2010/021188

FIG-4




PCT/US2010/021188

WO 2010/083408

57

14<

FIG-5



WO 2010/083408 PCT/US2010/021188
6/7

26

'R ~1

FIG-6

e




PCT/US2010/021188

WO 2010/083408

1

llllllllllllllllllllllllll

IIIIIIIIIIIIIIIIIIIIIIII

2 14
20
>

e e e e e

De

De
De

De

71b
3| FJ’

FIG-7

\r

H e

DC
36‘J \79d
71a

79



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2010/021188

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO1M 6/46 (2010.01)
USPC - 429/162

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8) - HO1M 6/46 (2010.01)
USPC - 429/162

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

MicroPatent, Google Patents

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2003/0038610 A1 (MUNSHI et al) 27 February 2003 (27.02.2003) entire document 1-3, 6-18

Y 4-5

Y US 5,252,139 A1 (SCHMITT et al) 12 October 1993 (12.10.1993) entire document 4-5

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority ciaim(s)_ or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

26 February 2010

Date of ma1§'m§)f the international search report

MAR 2010

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report

