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SYSTEMS AND METHODS FOR REDUCING PARASITIC POWER LOSSES BY
AN ENERGY SOURCE

REFERENCE TO RELATED APPLICATIONS

10001} This application claims priority to and the benefit of U.S. Provisional Patent
5 Application No. 62/519,282, filed on hune 14, 2017, and entitled “Svstem and Methods for

Reducing Parasitic Power Losses By an Energy Source.” The entire contents of the above-

referenced application are incorporated herein by reference.

BACKGROUND
10002] The past several decades have seen a steady increase in the mumber of unmanned
10 underwater robotic systems deploved for use i the ocean. These systems are also referred to
as autonomous underwater vehicles (AUVs). All of these systems are equipped with energy
soarces or systems including batteries to accomplish their respective mission. Typical
battery power systems use a down converter circuit to provide power to parasitic systeras that
supplement the battery in some manner, resulting in unacceptable power discharge and
15 shortened battery life. Because all batteries have some mternal resistance, any amount of
current drawn from a battery results in some amount of energy loss based on PR power
losses. Also, a typical voltage down converter includes a resistance clement to create a
voltage drop that reduces the output voltage from a power source. Again, such a voltage drop
across the down converting resister results in further IV power losses. Parasitic losses may
20 be mcurred by hotel loads {other low vohage circutts and systems) and circuit components
(e.g., diodes). Even a relatively small amount of parasitic current form a high voltage power
source can result in a substantial amount of PR power losses over a relatively short period of
tume which, i tarn, results m a substantially reduced operational time for an unmanned
underwater vehicle over the course of a nussion.  Hence, there 15 a need to reduce power
25 losses associated with down converting and powering lower voltage parasitic systems within
underwater vehicles to extend the operational up time of underwater vehicles before battery

recharge is required.

SUMMARY

[00063] Systems and methods described herein address the need for reducing parasitic power
30 losses by, for example, implementing a separate lower voliage battery to supply power to

parasitic systems such that the amount of power loss that would otherwise result from using a

primary battery system with a voltage down converter is substantially reduced, enabling
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mnproved battery longevity and AUV performance. Systems and methods are described
herein for a dual-voltage or multi-voltage power systern. In some aspects, a power system
can include a first battery module and a sccond battery module. In some aspects, the first

battery module operates at a first voltage and the second battery module operates at a second

(]

voltage. In some aspects, the first battery module delivers power to a plarality of primary
systems. In some aspects, the second battery module delivers power to a plurality of parasitic

o

systems.

[0004] o one mplementation, a power svstem for an autonomous vehicle includes a first
battery module and a second batiery module. In some aspects, the first battery module
10 operates at a first voltage and the second battery module operates at a second voltage. In
some aspects, the first battery module delivers power to a plurality of primary systems. In

some aspects, the second battery module delivers power to a plurality of parasitic systems.

[0005] Parasitic systeras may include, for example, one or more processors and/or
controllers, one or more sensors, one or more switches, one or more low voltage servos or
15 motors, one or more monttoring or scientific instruments {c.g., camera systems, highting
systems, etc... ), ong or more communications circuits, and one or more electronic systems
using a voltage that s lower than a primary output voltage from a battery system. The one or
more processors and/or controllers may mclude circuitry and/or software 1o control one or
functions of an unmanned onderwater vehicle. In some aspects, the first or primary voltage is
20 nominally 300 V. The first voltage may be any relatively higher voltage in relation to a
secondary or parasitic voltage. The nominal primary voltage may be a factor lugher than the
secondary voltage. The factor may be 2, 3, 4, 5, 10, 20, 50, 100, and so on. The primary
voltage may greater than or equal to about SO0V, 73V, 100V, 200 V_ 300V, 400 ¥V, 500V,
600 ¥V, and 1000V, In some aspects, the second or nominal secondary voltage 15 30 V. The
25 nomimnal secondary voltage may less than orequal to about 1 V, 2V, 3V 4V, 3V, 10V, 20

V, 30V, 30V, and 100 V.

[0006] By utilizing a second battery module having a second voltage that is lower than the
first voltage, the need for using a voltage down converter to reduce the first voltage to the
second voliage is elimimated. Hence, the I”R power losses caused by parasitic current drawn
30 from the first batterv module through the down converter are chmunated, reducing the
parasitic losses of the power system. While the second battery module has its own nternal

resistance, the PR power losses incurred drawing parasitic current from the second battery

2
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module is substantially lower than the I’R power losses that would otherwise have been
meurred by the first battery module using a down converter. Hence, the configuration
utilizing a second battery module to provide power to parasitic components and/or circuits

advantageously preserves more power for both the first battery module and second battery

(]

modules and, thercby, advantageously extends to operational time of the unmanned

underwater vehicle before re-charge of the battery modules is needed.

10007] In some aspects, the first battery module comprises a first plurality of battery cells. In
some aspects, the second battery module comprises a second plurality of battery cells. In one
configuration, the first plurality of battery cells are arranged in series to provide a first or
10 primary voltage. At least one battery cell may be configured to provide a secondary voltage
that is lower than the primary voltage. The secondary voltage may be provided to some or all
parasitic systems or components. In onc implementation, the first battery module includes at
least two battery cells arranged to provide the secondary voltage. In this way, 1if the
secondary voltage output from a first battery cell o parasitic systems falls below a threshold
15 woltage, the voltage output can be switched to a sccond battery cell to provide the sccondary
voltage to the parasitic systems. In one implementation, the second battery module includes

at least one battery cell of the first battery module.

[0008] In another aspect, a method for providing power 1o an autonomous vehicle comprises
operating a first battery module at a first voltage, dehivering first power to a first one or more
20 primary systems from the first battery module. operating a second batiery module at a second
voltage, wherem the second voltage 1s lower than the first voltage, and delivering second

power to a second one or more primary systems from the second battery module.

[0009] Other objects, features, and advantages of the present invention will become apparent

upon examining the following detailed description, taken in conjunction with the attached

N
(4

drawings.

BRIED DESCRIPTION OF THE DRAWINGS
[0010] The svstems and methods described hercin are set forth in the appended claims.
However, for purpose of explanation, several illustrative aspects are set forth in the following

figures.
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[0011] FIG. 1 is a block diagram of an exemplary remote vehicle system for implementing at

least a portion of the systems and methods described in the present disclosure.

00121 FIG. 2 is a block diagram of an exemplary computer system for implementing at least
124 plary p 3 p g

a portion of the systems and methods described in the present disclosure.

(v

10013] FIG. 3 is a block diagram depicting an exemplary remote vehicle, according to an

illustrative aspect of the present disclosure.

10014} FIG. 4 15 a block diagram depicting an illusirative example of a pressure tolcrant

energy system, according to an tllustrative aspect of the present disclosure.

1001571 FIG. 5 15 a block diagram depicting an illustrative examaple of a dual-voltage power
10 system with a dual-voltage power svstem, according to an illustrative aspect of the present

disclosure.

[0016] FIG. 6 1s a block diagram of a batiery module mcluding multiple batiery cells,

according to an llustrative aspect of the present disclosure.

10017} FIGS. 7A and 7B are block diagrams depicting exemplary remote vehicles, according

15 to an illustrative aspect of the present disclosure.

[0018] FIGS. BA and 8B are block diagrams depicting exemplary remote vehicles, according

to an illustrative aspect of the present disclosure.

10019} FIG. 9 is a block diagram depicting an exemplary remote vehicle, according to an

tHustrative aspect of the present disclosure.

20 {00207 FIGS. 10A and 10B are block diagrams depicting battery modules including oultiple

battery cells, according to an illustrative aspect of the present disclosure.
DETAILED DESCRIPTION
(00211 FIG. 1 1s a block diagram depicting an itlustrative remote vehicle, according to an

tHustrative aspect of the present disclosure. The system 100 mclades a sonar unit 110 for

N
(4

sending and receiving sonar signals, a preprocessor 120 for conditioning a received (or
reflected) signal, and a matched filter 130 for performing pulse compression and
beamforming. The systern 100 is configured to allow for navigating using high-frequency

{greater than about 100 kHz) sonar signals. To allow for such HF navigation, the system 100

4
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mehudes a signal corrector 149 for compensating for grazing angle error and for correcting
phase error. The system 100 alsc inclodes a signal detector 150 for coherently correlating a
received image with a map. In some aspects, the svstem 100 mehides an on-board navigation
controller 170, motor controller 180 and sensor controller 190. The navigation controller 170
may be configured to recetve navigational parameters from a GPS/RF link 172 (when
available), an accelerometer 174, a gyroscope, and a compass 176, The motor condroller 180
may be configured to control a plurality of motors 182, 184 and 186 for steering the vehicle.
The sensor controller 190 may receive measwrements from the battery monitor 172, a
temperature sensor 194 and a pressure sensor 196, The svstem 100 further includes a central
control unit {({CCU) 160 that mav serve as a hub for determining navigational parameters
based on sonar measwements and other navigational and sensor parameters, and for
controlling the movement of the vehicle. In the context of a surface or underwater vehiele,
the CCU 160 may determine navigational parameters such as position {latitude and
longtiude), velocity (in any direction), bearing, heading, acceleration and altitude. The CCU
160 may use these navigational parameters for controlling motion along the alongtrack
direction {fore and aft}), acrosstrack direction (port and starboard}, and vertical direction (up
and down}. The CCU 160 may use these navigational parameters for controlling motion to

vaw, pitch, roll or otherwise rotate the vehicle.

10022] As noted above, the system 100 includes a sonar woit 110 for transmitting and
receiving acoustic signals. The sonar unit includes a transducer arrav 112 having a one or
more transmitting elements or projectors and a plurality of receiving elements arranged in a
row. In certain agpects the transducer array 112 includes separate projectors and receivers.
The transducer array 112 may be configured to operate in SAS mode {cither stripmap or
spotlight mode} or in a real aperture mode. In certain aspects, the transducer array 112 is
configured to operate as a multibeam echo sounder, sidescan sonar or sectors can sonar. One
example of an array 112 inclades a 16 channel array with 5 cm elements mounted ina 12 %4

mch vehicle.

10023] The system 100 may inchude other components, not illustrated, without departing
from the scope of the present disclosure. For example, the system 100 may include a data
logging and storage engme. In certain aspects the data logging and storage enging may be
used to store scientific data which may then be used in post-processing for assisting with
navigation. The systern 100 may include a security engine for controlling access to and for
authonizing the use of one or more features of svstem 100, The security engme may be

3
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configured with supitable encryption protocols and/or security kevs and/or dongles for
controlling access. For example, the security engine may be used to protect one or miore maps
stored 10 the map store 154, Access to one or more maps in the map store 154 may be limited
to certamn mdividuals or enfities having appropriate licenses, authorizations or clearances.
Security enging may selectively allow these mdividuals or entitics access to ong or more
maps ounce it has confirmed that these individuals or entitics arc authorized. The security
engine may be configured to control access to other components of system 100 including, but
not limited to, navigation controller 170, motor controller 180, sensor controller 190,

transnutter controller 118, and CCU 1606

[0024] Optionally, the system may mclude an mertial navigation system, a Doppler sensor,
an altimeter, a gimbhing system to fixate the sensor on a populated portion of a holographic
map, a global positioning system {GPS), a long baseline (LBL) navigation system, an

ultrashort baseline (USBL) navigation, or any other suitable navigation system.

10025] FIG. 3 1s a block diagram depicting an exemplary remote vehicle, according to an
illustrative aspect of the present disclosure. Such an exemplary remote or autonomous
vehicle tnclades a maim body 302, along with a drive wmit 304, For example, the drive unit
304 mav be a propetler. The remote vehicle inchudes wternal components, which may be
located within different compartments within the main body 302, For example, the main
body 302 may house a component 306, For example, the component 306 may be a sonar
gnit. Sinilarly, the main body 302 may house a pressurc tolerant energy system 310, which
may include a computer system, as described for example in FIG. 1 and FIG. 2. In addition.
the remote or autonomous vehicle includes a power generating system 308, For example, the
power generating system 308 may be a stack of battery elements, cach comprising a stack of

battery cells.

[0026] Large batteries use large arrays of cells. A series connection (with or without other
parallel connections) may be required to mect specific power requirements. Any imbalance
between cells may affect batiery performance.  If charging cells i serics, charging is only
desirable until one of the cells reaches its maximum cell voltage — proceeding with charging
beyvond that point would result tn cell damage and/or may cause fire or explosion through the

battery.

6
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100271 A vehicle, for example an underwater vehicle, may be powered by an array of battery
packs, each battery pack comprising batiery ¢ells. These battery cells may comprise any
suitable battery for providing cnergy to a vehicle, including, but not limited to, any suitable
batterv chemistry, a lithium battery, lithium-ion battery, lithiurn polymer battery, or a lithrum
sulfur battery. The batterv cells may be in a matrix, or the battery cells may be arranged,
aligned, or positioned in any suitable arrangement. [n some aspects, the battery cells may be
stacked on top of cach other. In such aspects, the battery cells may include a separator
between cach vertically-stacked cell. The one or more batiery cells may be positioned on a
tray, wherein the tray provides structural support, alignment, and electrical insulation for the
one or more battery cells. A backplane may connect the battery cells to management
circuitry, described n further detail below. In alternate aspects, battery cells may be divectly
connected to the management circuitry. In some aspects, the battery cells may be connected
to management circuitry through a communication network. A communication network may
be any suitable network for communicating control signals. The management circuitry may
comprise a pressure tolerant circuit board that may be manually programmed using any
suttable programming language. In some aspects, a temperature sensor may be connected to
the battery cells, either directly or through backplane. The battery cells may be configured to
communicate cell health information, including at least a voltage and temperature, to the
management circuitry. The management circuitry may include a water-intrusion detection
circuit board, which may comprise a conductive trace that drops in resistance in the presence

of water.

10028] The pamary factors that affect mission duration and sensor payload capability of an
autonomous vehicle include the performance of the battery modules, including their abihity to
charge and discharge. Hqually important for certain cell chomistries {(c.g., Lithiam Ion) is
circuitry used in the management of the battery components. A battery manager (BMGR)
may be configured to mterface with the outside world and to protect the battery (by
disconnecting the charge input and/or discharge output) if voltage or temperature safety himits
are exceeded. The BMGR may shut down the battery immediately if it detects any individoal
cell voliage above the max cell vohage, or of any mdividual cell temperature ¢xceeds a
manutacturer recommended maximum temperature. The BMGR may disable charging of the
battery svstem if anv cell temperature is below a manufacturer recommended minimum
cmperature. The BMGR may disable discharging of the batterv system if any cell

temperature is below a manufacturer recommended minimum temperature for discharge,

7



WO 2018/232183 PCT/US2018/037640

which may differ from the charge hmit temperatare. An over-discharge protection feature
may be activated at any time, which will also st down the battery if any individual cell
voitage drops below a manufacturer recommended mimimum cell voltage. To prevent an

over-current condition, the battery system may be equipped with a pressure tolerant fuse in

(]

series with the positive terminal, and the BMGR may provide a controllable dual disconnect
thigh and low side switches). Further details regarding an exemplary pressure tolerant fuse
are provided in U.S. Patent Application Publication No. 2012/0281503, the entire contenis of
which are incorporated herein by reference. This provides a safety feature by requiring two
concurrent failures to happen before an uncommanded output voltage can be presented at the

10 batterv output.

100291 FIG. 4 is a block diagram depicting an iHustrative example of a pressure tolerant
energy system, such as the pressurce tolerant energy svstem 310 depicted in FIG. 3. The
pressure tolerant energy system 310 may comprise one or more battery cells 402, tray 404,
clectrical connections 406, backplane 408, communication network 410, management
15 circuitry 412, a temperature sensor 414, and a multi-level battery protection system 416, and

a suttable enclosure.

[0030] The battery cells 402 may comprise any suitable battery for providing energy to an
underwater vehicle, mcluding, but not himuted to, a lithium battery, hithium-ion battery,
hEthiom polymer battery, or a lithium sulfur battery. In some aspects, the battery cells 402
20 may be neutrally buovant {¢.g., compared to fresh water or sea/ocean water). Although the
batterv cells 402 are depicted m FIG. 4 in a 3x2 matnx, the batterv cells 402 may be
arranged, aligned, or positioned in any suvitable arrangement. In some aspects, the battery
cells 402 may be stacked on top of each other. In such aspects, the battery cells 402 may

mclhude a separator between cach vertically-stacked cell.

N
(4

10031} The battery cells 402 may be placed inio trav 404. The tray 404 may be made from
any suitable matenal, such as thermoformed plastic. The trav 404 may provide structural
support, alignment, and electrical insulation for the battery cells 402. The tray may be place

i an enclosure to support multiple travs stacked upon each other,

[0032] The battery cells 402 may be electrically and/or structurally connected to backplane
30 408 The backplane may provide both structural support and alignment for the battery cells

402. The backplanc may also connect to an cnergy distribution system, such as cnergy
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distribution system 312 depicted i FIG. 3. In alternate aspects, the battery cells 402 may be

connected directly to an energy distribution Sysiem.

10033} The backplane may connect the battery cells 402 to the management circutiry 412, In
alternate aspects, battery cells 402 may be directly connected to the management circuitry

5 412, In some aspects, the battery cells 402 may be connected to management circuitry 412
through commumication network 410, Communication network 410 may be any suitable
network for communicating control signals. The management circuitry 412 may comprise a
pressure tolerant circuit board that mayv be manually progranumed using any suitable
programming language. In some aspects, a temperature sensor may be comnected to the

10 battery cells 402, either directly or through backplane 408. The battery celis 402 may be
configured to communicate ccll health imformation, including at least a voltage and
temperature, to the management circuitry 412, The management circuitry 412 may include a
water-intrusion detection circuit board, which may comprise a conductive trace that drops m
resistance in the presence of water. The battery cells 402 may be connected to the multi-level

I5  battery protection system 416, The multi-level battery protection system may comprise fuses
at the junction box and at each battery cell as well as a current limiting circutt (CLC) and a

MICIOPICCEasor Circuit,

[0034] FIG. 5 15 a block diagram depicting an illustrative example of a pressure tolerant
energy system with a dual-voltage power system, such as the pressure tolerant energy system
20 310 depicted in FIG. 3. The pressure tolerant energy system 310 may imchide management
circuitry 412, communication network 410, backplane 408, clectrical connections 406, tray
404, primary battery module 302, and parasitic battery module 504. Other components
tHustrated by pressure tolerant cnergy system 310 in FIG. 4 have been omitted for case of

explanation.

N
(4

10035] The prnmary battery module 302 may operate at a voltage suitable for providing
power to primary svsiems. The nominal operating voltage of the primary battery module 502
may be 300 V. The primary battery module 302 may comprise multiple battery cells 402 as
shown in FIG. 4. The parasitic battery module 504 may operate at a voltage suitable for
providing power to parasitic systems. The nominal operating voltage of the parasttic battery
30 module 504 may be 30 V. The parasitic battery module 5304 may comprise multiple battery
cells 402 as shown in FIG. 4. In some aspects, the parasitic battery module 504 may

comprise one battery cell 402
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10036] The primary baticry modale 502 and parasitic battery module 504 may be placed into
tray 404. The tray 404 may be made from any swiable material, such as thermoformed
plastic. The tray 404 may provide structural support, alignment, and electrical insulation for

the primary battery module 502 and parasitic battery module 504, In some aspects, the

(]

primary battery modiule 502 and parasitic battery module 504 mayv be placed mnto two
separate trays o order to provide further electrical insulation due to the large differcnce in
operating voltages between the primary battery module 502 and parastiic battery module 504.
These separate trays may be stacked in either the same enclosure (as shown m FIG. 9), or n

separate enclosures (as shown in FIGS. 7 and 8).

10 [00O37] In one aspect, the primary batterv module 502 and parasitic battery module 504 may
be connected directly to an cnergy distribution system {(an clectrical “bus™), perhaps by a
junction box. In another aspect, the primary battery module 302 and parasitic battery module
504 may be comnected to two different energy distribution networks.,  FEach energy
distribution system may distribute power to the primary systems and parasific systems,

15  respectively, either from within their own encloswre or via connections between the

enclosures (as shown m FIG. 10).

100381 In one aspect, primary battery module 502 and parasitic battery module 504 may be
directly connected to the management circuitry 412, In some aspects, the primary batiery
module 502 and parasitic battery module 504 may be connected to management circuitry 412
20 through communication network 410, Communication network 410 may be any suitable
network for communicating control signals. The management circuitry 412 may comprise a
pressure tolerant circuit board that may be manually programmed using any suitable
programming langoage. In some aspects, the management circuitry 412 may manage the
power delivered from the primary battery module 502 and the power delivered from the
25 parasitic batiery module 504, In some aspects, the management circuitry 412 may comprise
two sub management circuitries in order to separately manage the power from the primary

battery module 502 and the power delivered from the parasitic battery module 504

100391 FIG. 6 1s a block diagram of a battery module 600 including multiple battery cells
606, 608, 610, 612, 614, and 616 according to an illustrative aspect of the disclosure. In one
30 configuration, the first plurality of battery cells 606-616 are arranged n series to provide a
first or primary voltage output 602, c.g., 300V (between leads 602 and 622}, At least one

battery cell 616 may be configured to provide a secondary voltage output 604, g, 30V

1
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{between leads 604 and 622), that is lower than the primary voltage output 602, The
secondary voltage output 604 may be provided to some or all parasitic systems or
components. In one tmplementation, the baticry module 600 includes at least two battery

cells 614 and 616 arranged to provide the secondary voltage. In this way, if the secondary

(]

voltage output from a first battery cell 616 to parasitic systems falls below a threshold
voltage, the voliage supply can be switched to a second battery cell 614 to provide the
secondary voltage (between output leads 618 and 620) to the parasitic syvstems. The
threshold voltage may be set at, for example, 25 volts or 20 volis. A processor, such as
central control unit 160, may monitor the secondary voltage output 604 and, m response to
10 the voltage dropping below the threshold voltage, switch 1o battery cell 614 to provide the

secondary voltage via leads 618 and 620,

100401 FIGS. 7A and 7B are block diagrams depicting exemplary AUVs 700, according to an
tHustrative aspect of the present disclosure. In one configuration, as shown mn FIG. 7A, AUV
700 mclades a 300V battery pack 702 that is ased to deliver power to a thruster motor 706,
15 inertial navigation system (INS) sensor 708, and motor controller 710, In this configuration,
a DPC-DC converter 712 converts the 300 V output from the battery pack 702 mto a 24 V
mput for the INS sensor 708 and motor controller 710, The conversion from 300 Vio 24 V
using the DC-DC converter 712 results in parasitic loss. The configuration as shown in FIG.
7B reduces parasitic losses by clininating the need for down conversion of voltages. In FIG.
20 7B, AUV 700 mchudes a 30 V battery pack 704 1n addition to the 300 V battery pack 702 m
separate enclosures. The 30 V battery pack 704 can be used to deliver power to the INK

sensor 708 and motor controller 710.

100411 FIGS. 8A and 8B are block diagrams depicting exemplary AUVs 800, according o an
tHustrative aspect of the present disclosure. Sumilar to AUY 700, as shown in FIGS. 7A and
25 7B, AUV 800 mcludes a 300V battery pack 802 that 1s used to deliver power to a thruster
motor 306, INS sensor 8308, motor controller 810, and depth sensor 816, In this
configuration, a DC-DC converter 812 converts the 300 V output from the battery pack 302
mto a 24 V input for the INS sensor 808 and motor controller 810, In one aspect, AUV 830
meludes an additional DC-DC converter 814 that converis the 24 V output from the DC-DC
30 converter 812 mto a 12 V input for the depth sensor 816. The conversion from 3060 Vio 24 V
and 24 ¥V 1o 12 V using the DC-DC converters 812 and 814, respectively, results in parasitic

fosses. The configuration as shown m FIG. 8B reduces parasitic losses by ¢liminating the

il
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nced for down conversion of voltages. In FIG. 8B, AUV 800 includes a 30 V battery pack
804 and a 12 V battery pack %18 in addition to the 300 V battery pack 802 in separate
enclosures. The 30 V batiery pack 804 can be used to deliver power to the INS sensor 708

and motor controller 710, and the 12 V battery pack 818 can be used to deliver power to the

(]

depth sensor 816,

100421 FIG. ¢ 13 a block diagram depicting an exemplary AUV 900, according to an
iffustrative aspect of the present disclosure. AUV 900 1s similar to AUV 700 and AUV 800,
except that the batteries are in the same enclosure. AUV 900 includes a dual voltage battery
pack 902 that delivers power to thruster motor 906, INS sensor 908, and motor controller
10 910, Dual voltage battery pack 902 includes battery managers 912 and a number of batteries
914 that can be connected in series to deliver power at 300 V 1o the thruster motor 906 or
arranged such that one of the batteries can deliver power to the INS sensor 908 at 30 V and
another battery can deliver power to the motor controller 910 at 30 V. As discussed m
relation to FIGS, 7B and 8B, this configuration reduces parasitic losses by eliminating the

15 need for down conversion of voltages.

100437 FIGS. 10A and 10B are block diagrams depicting battery pack including muliiple
battery, according to an itllustrative aspect of the present disclosure. FIG. 10A shows a 300V
battery pack 1000 that includes a battery manager 1004, a DC-DC converter 1006, and
batteries 1008, The batteries 1008 can be connected in series to deliver a power output at 300
20 V. Each battery 1008 inchides multiple battery cells and a microprocessor that requires a 3.3
YV power source. The DC-DC converter 1006 converts the 300 V output of the series-
connected batterics 1008 1nto a 3.3 V input for powering the microprocessors of each battery
1008. The down conversion from 300 V to 3.3 V results i parasitic losses. These parasitic
losses can be reduced by using the configuration as shown 1n FiG. 10B. FiG. 108 shows a
25 300 V¥ battery pack 1000 and a 30 V battery pack 1002. The 30 V battery pack can be
arranged such that cach battery 1008 delivers a 30 V power output. The 30 V power output
can be down converted to 3.3 V using the DC-DC converter 1006 such that the 3.3 V power
output can be used to deliver power to the microprocessors of the batteries 1008 of the 300 V
battery pack and the 30 V battery pack. By reducing the voltage down conversion by an

30 order of magaitude, the parasitic power losses are reduced.

[0044] While the foregoing describes implementations in relation to avtonomous underwater

vehicles, one of ordinary skill recognizes the foregoing disclosures can be applied to any

12



(]

10

WO 2018/232183 PCT/US2018/037640

battery operated svstems that operate in land, air, water, or space. For example, the aspecis
describes herein may apply to: land vehicles and/or robotic systems operating 1in
manufacturing or other facilities; lunar vehicles on the surface of the moon, acnial drones
used to delivery of matenials or products to consumers, and anv vehicles utilizing a battery

power source while having relatively disparate ligh and low voltage svstems and/or loads.

100451 It will be apparent to those skilled in the art that such aspects are provided by way of
example only. It should be understood that mumerous varnations, alternatives, changes, and
substitutions mav be employed by those skilled m the art in practicing the mvention.
Accordingly, it will be understood that the mvention is not to be bimited to the aspects
disclosed herein, but is to be understood from the following claims, which are to be

miterpreted as broadly as allowed under the law.

—
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What is claimed ts:
1. A power system for an autonomous vehicle comprising:

a first battery module, whercin the first battery module operates at a first

voltage and delivers first power to one or more primary systems; and

a second battery module, wherein the second battery module operates at a

second voltage and delivers second power to a first one or more parasitic systems.

o]

The power system of claim 1, wherein the second voltage is lower than the first

voltage.

3. The power system of any of the preceding claims, wherein the sccond voltage is fower

than the first voliage by a factorof onc of 2, 3, 4, 5, 10, 15, 20, and 100,

4. The power system of any of the preceding claims, wherein the first voltage 1s greater

than or equal to onc of 600 V, 500 'V, 400 'V, 300 V, 200 V, 100V, 73 V, and 50 V.

5. 'The power svstem of any of the preceding claims, wherein the second voltage is less

thanorequaltoone of 1V, 2V 3V 4V, 5V 10V, 20V, 30V, 50V, and 100 V.

6. The power system of any of the preceding claims, wherein the first battery module

comprises a first plurality of battery cells.

7. 'The power system of any of the preceding claims, wherein the sccond battery module

comprises a second plurality of battery cells.

8. ¢ power syvstem of any of the preceding claims, comprising a third battery module,
wherein the third battery module operates at the second voltage and delivers third

power to the first one or more parasitic systems.

9. The power system of any of the preceding claims, wherein the third battery module
provides third power to the first one or more parasitic systems in response to second

battery modulc no longer providing power to the first one or more parastiic systems.

10. The power system of any of the preceding clatms, comprising a third battery module,

wherein the third batierv module operates at a third voltage being lower than the first

14
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1.

14.

15.

17.

and second voltages, wherein the third battery module delivers third power to a

second one OfF MOore parasitic systems.

The power system of any of the preceding claims, comprising an interface to an
external power source, the external power source providing fourth power to the first

one o7 MoTe parasiiic systems.

. The power system of claim 11, comprising disconnecting the second power source

from the first one or more parasitic syvstems while the external power source 1s

providing the fourth power.

. The power sysiem of any of the preceding claims, further comprising management

cirauttry configured to manage the first power delivered from the first batterv modale

and the second power delivered from the second battery module.

The power system of claim 13, wherein the management circuitry comprises a first
sub management circuitry in order to manage the first power delivered from the first
battery module and a second sub management circutiry to manage the second power

delivered from the second battery module.

The power system of any of claims 13 and 14, further comprising a junction box
configured to connect the first battery module and the second battery module to the

manageraent cireniiry.
A battery module of a power system for an autonomous vehicle comprising:
a first plurality of battery cells operating at a first voltage; and

a second plurality of battery cells operating at a second voltage, wherein the

second voltage is lower than the first voltage.

The battery module of claim 16, wherein the first plurality of battery cells are
arranged 10 series to provide the first voltage and the second plurality of battery cells

are arranged i series to provide the second voltage.

. The battery modulc of claim 17, wherein the first phurality of battery cclis and the

second plurality of batterv cells are arranged in series to provide a third voltage,
wherein the third voltage is a sum of the first voltage and the second voltage.

15
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19. The battery module of any of claims 16-18, wherein at least onc of the first plorality
of battery cells and at least ong of the second plurality of battery cells are arranged n

series to provide a fourth voltage.

20, A method for providing power o an autonomous vehicle comprising:

5 operating a first battery module at a first voltage;
delivering first power to a first one or more primary systems from the first
battery module;
operating a second battery module at a second voltage, wherein the second
voltage is lower than the first voltage; and
10 delivering second power to a second one or more primary systems from the

second battery module.

16
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