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ARCHITECTURE AND METHOD FOR BATTERY CHARGER WITH DUAL
OUTPUT VOLTAGE AND CHARGE MANAGEMENT FOR A TRANSPORT
REFRIGERATION UNIT

TECHNICAL FIELD

[0001] The present disclosure relates to a method and system for charging a
battery in a transport refnigerafion systern,  More particularly, employing a baltery
charging system and methodology tor waproving etficiency and reiiabilily of a batfery

therein.
BACKGROUND

[0002] A typical refrigerated carge truck or refrigerated fruck trailer, such ag
those ulifized o fransport a cargo via sea, rad or road, 18 2 truck or frader having 2
carge compartment, moditied o mciude a refnigeration unit located at one end of the
truck or trailer, The refrigeration unit includes a COMPressor, Condenser, £Xpansion
valve and evaporator sertally connected by refrigerant Hines i a closad refrigerant
circutt 1 accord with known refrigerant vapor compression oveles. A power unt,
wchuding an engine, drives the compressor of the refnigeration unit, and 15 typically
diesel powered, of In other applications natural gas powered. n many truck/traler
transport refrigeraton systems, the compressor is driven by the engne shall either
through a belt drive or by a mechanical shati-to-shatt hink. In other sysiems, the
shgine drives a generator thal generies elecinical power, which in turn drves the

CLHBEHTCER0L.

[0003] Manutacturers and operators of fleets of refrigerated trucks and
reirigerated truck tradlers desire 0 maxanize operafional etficiency of not only the
refrigeration unit, but of the truck or tractor trailer system as a whole, I some
systems fransport refrigeration unus nchude batteries (0 support operation of the
redrigeration ot These batteries inchude charging crcuits 1o ensure that the batteries

are always charged. However, someiimes as resuit of constant charging, the batteries
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roay becorne excessively charged, Overcharging batteries reduces battery hitetime and

f'.r
)

WASICS POWEL.
BRIEF DESCRIPTION

[0004] According to one embodiment deseribed heremn 15 a2 method and system
for charge management tor g batiery in a fransport refnigeration unit. The method
inciudes contfiguning the transport refrigeration wmit with a plurality of 13 power
sources operable from g primary power souree, connecting a first DU power source as
a battery charger operably connected {0 the battery and contigured {0 provide
charging power o the battery, and connectng a second . power source as a power
source for at ieast one of a controller tor the transport refrigeration sysiem and a
controlier for the battery charger. 'the method also includes monitoring a current
drawn by the battery and voltage of the battery and interrupting the charging of the
battery based on the monitoring of a current drawn by the battery and voltage of the

hattery,

[0005] According t¢ one embodiment descrnibed herein 18 a  transport
refrigeration umit. The transport refrigeration umi inchiding a source of AL power,
the scurce of AL power contigured (0 supply power (o an AL load of the fransport
refrigerabion urut, a batiery charging module operably connected to the source of AL
power and configured to convert the AL power (o a first D power with g first £
power source and a second DU power with a second DU power source, and a battery
operably connecied to the first D0 power source, the fwst D0 power souree
contregured as a DU power source tor the battery, The transport refrigeration urit also

inciudine at least one of a coniroliar of the {ransport refrieeration unit and a controlier
kb Kl

of the batfery charginge module operably connected to the second DU power souree,
the second DO power source suppiving the second DU power for at ieast one of a
controlier of the transport refrieeration unit and a controlier and a voltage monitor
operably connected (o the batlery and to at least one of the controlier of the transport
refrigeration unit and the coniroiler of the battery charging module, the voliage
monitor configured to measure the voltage of the battery, The coniroller of the battery

charging module 1 contigured to interrupt the tst DO power supplied from the hrst
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DU power source independent of the second D power source based on at least the

voltage of the battery.

[0006] in addifion to one or more of the features described above, or as an
alternative, turther embodiments may inchade that the battery charging module
disconnects the first DC power supplied from the first DC power source based on at

least the voltage of the battery.

[0007] in agddition to one or more of the fegfures desenibed above, or as an
afternative, further ewbodiments may include that the controller of the battery
charging module 1s configured to interrupt the first DC power source from supplying
power to the battery based on at least the voltage of the battery independent of the

second DC power source.

[0008] in addition to one or more of the feaiures described above, or as an
alternative, further embodiments may mnchude that the battery charging module 18 an
AL converter 10 convert the AC power to DO power and af teast one of the firsd

DM power and the second DU power are regulated.

[0009] in addition to one or more of the features described above, or as an
alternative, turther embodunents may inciude that the second DU power source 18

isolated from the first P power source under selected conditions.,

[0010] in addition to one or more of the feaiures described above, or as an

alternative, further embodiments may inciude that the solation is g diode 1s0lation,

[0011] In addition to one or more of the feahures descnbed above, or as an

afternative, turther embodimnents may wciude that the isolation contigurad to ensure

that the second D voltage gencrated the second DU power source 15 isolated from
the first DO power source and the batiery, and furst D voltage from the {irst DO
pOWer source 15 fransnuited as the second DO voltage if the second DU power sourge

16 inoperative,

[0012] In addition to one or more of the features descnibed above, or as an

alternative, turther embodiments may inciude a current sensor operably connecied to



10

15

20

25

WO 2019/138261 PCT/IB2018/000099
A
the battery and to at least one of the controlier of the transport refrigeration unit and

the controller of the baitery charging module, the current sensor configured (O
measure the current supplied o or from the battery, wherein the controlier of the
battery charging module is further configured to interrupt of the first B power source
independent of the second DM power source based on at least the current supphed (o

or {rom the battery,

[0013] in addition to one or more ¢of the features described above, Or as an
alternative, further embodirnents may include at least one of an evaporator fan and a
CoOpressor, wherein the AU power source supplies AU power (o the at Jeast one of an

CYaporator {an and a CoOmpressor,

[0014] in addition to one or more of the features described above, or as an
alternative, further embodiments may include that the source of AL power includes an

cngihe and a generator.

[0015] in addition to one or more ¢of the features descnibed above, Or as an
alternative, turther emmbodiments may inciude the battery supplying power to at least
one of the confrolier of the transport refrigeration unst and the controlier of the battery

charzing moduie when the fivst D3 output 18 mnterrupted.

[0016] in addition to one or more of the feaiures described above, or as an

alternative, further embodirpents may include that intervuphing the charging of the

battery ncludes disconpecting the first DU power supphied from the first DO power

SOUTCC.

[0017] In addition to one or more of the features described above, or a3 an

alternative, turther embodiments mayv inciude that the conhigunng includes converting

the AL power to D power and at least one of the first DU power and the second DO

power are regulated.

[0018] In addition to one or more of the features described above, or as an
alternative, turther embodiments mav inciude iselating the seeond D power source

from the first DO power source under selected conditions,



10

15

20

25

WO 2019/138261

PCT/IB2018/000099

[0019] In addition to one or more of the features described above, or as an
alternative, further embodiments may include that the solating 15 configured (0 ensure
that the second DU vollage generated the second DU power source 18 wsolated {rom
the first D power source and the battery, and first 3 voltage from the first D
pOWer source 18 fransnuited as the second DU voliage i the second DU power souree

16 ihoperative.

[0020] 1 by addition {0 one or more of the features described above, or as an
aiternative, turther embodiunents may inclode measuring the current supplied {0 Or
from the battery with a corrent sensor operably connected (o the battery and to at least
one of the controlier of the transport refrigeration unit and the controlier of the battery
charging module, wherein the wterrupting of the hrst DU power source independent
ot the second B power source s further based on at ieast the current supphied (o or

irom the battery.

[0021] In asddition to one or more of the features described above, or a3 an
alternative, further embodiments may wciude configuring the transport refrigeration
urat (o include at least one of an evaporator fan and a compressor, wherein the AC
power source suppiies AU power (o the at least one of an evaporator fan and g

CLHBEHTCER0L.

[0022] in addition to one or more of the features described above, or as an
alternative, further embodiments may inchude that the prumary power source 1s an AU

power source and mcindes an engine and 8 generaior.

[0023] in addition to one or more of the teatures described above, or as an
alternative, further embodiments may include supplving power (0 at ieast one of the
controtier of the iransport refnigeration wnst and the controlier of the battery charging

maduie from the batfery when the first DX output 18 interrupted,

[0024] Additional teatures and advaniages are reaiized thiyough the eohnigues
of the present disclosure., {her embodiments and aspects of the disclosurg are
described in detarl heremn, For a betier understanding of the disclosure with the

advaniages and the features, reter {o the descenption and (o the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The foregoing and other features and advantages of embodiments are
apparent from the following detailed description tazken 1n compuncton with the

ACCOMPANYUE drawings iy whch:

[0026] Fi, | depicis a tractor tratler systern having g fransport refrigerafion

uiit and a cargs compariment in accordance with an embodiment:

[0027] FI(. 2 depicts a transport refrigeration unit 1oy a cargo compartment of

the tractor tratler system of PG, § 1n gecordance with an emabodirgent,

[0028] Fi{z. 3 depicts a transport reirigeration umt power sysiem {or

outputting regulated power 1 accordance with an erabodirpent; and

[0029] K. 4 depicts a simpiified schematic of a battery charging moduie o a

transport refrigeration unit power system in accordance with an embodiment; and

=

[0030] Eix. S5 is a flowchart ot a process for operating the trapspori

refrigeration wint power systern i acoordance with an embodiment,
DETAILED DESCRIPTION

[0031] in general. embodiments herein relate generally to g battery charging
cireurt and configuration for the power svstem of a fransport refngeration unit,  in
particuiar separate outputs of the power system provide for power for the system,
while a separate supply 1@ emploved for charging the battery, The system will provide
ann ntelligently management for charging battery and at same ime an ndependent
power supply of all electromes components of urat (o facihitate wndependent controd.
Such an architecture improves the tunction of the system i various gperating modes

by increasing etficiency and improving batiery life and reliability,

[0032] For the purposes of promoting an understanding of the princples of
the present disclosure, reference will now be made o the embodiments illustrated in
the drawmgs, and specific languagze will be used to describe the same.  H owil

nevertheless be understood that no hmiation of the scope of this disclosure 18 thereby
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intended,  The foliowing description 18 merely idiustrative i nature and s not
intended to it the present disclosure, s application or uses. it shouid be
understood that throughout the drawings, corresponding reference nurnerals mdicate
iike or corresponding parts and teatures. As used herein, the term controlbier refers o
processing cireniiry that may include an apphication speciiic integrated cuouit {ASK),
any electronic circutt, an electromce processor {(shared, dedicated, or group) and
mernory that execuies one or more soitware or frmware programs, a combinational
iosic circuit, and/or other swuitable pterfaces and components that provide the

described functionality.

[0033] Additicnaliy, the term "exemplary” is used herein (© mean "serving as

. '

an example, mmstance or dlusiration.” Any ermnbodiment or design desenbed herein as
‘exempiary 1s not negessaniy o be construed as preferred or advantageous over other
embodirnents or designs, The terms "at least one” and "one of more are understood
to ctude any integer number greater than or equal to one, Le. one, two, three, tour,
cte. The ferms g pluraiity are understood to mciude any mteger munber greater than

or equal (0 two, 1.e, two, three, four, five, efc. 'The term "connection” ¢an include an

indirect "connection’ and a divect "connaection’.

[0034] As shown and described herein, varnous features of the disclosure wikd
be presented.  Various emboduments may have the saroe or simmlar features and thus
the same or simtlar features may be labeled with the same reference numeral, but
preceded by a difterent first number mdicating the hgure o winch the feature 1s
shown,  fhus, for example, element "a7 that 18 shown 1y Figure X may be labeled
'Xa" and a simnidar feature in Figure 4 may be lsbeled "Za” Although simlar
reference numbers may be usad i a genenc sense, various embodiments will be
described and various features may include changes, alferations, modifications, ¢, as
will be appreciated by those of skl i the art, whether exphoitly deseribed or

othierwise would be appreciated by those of skill in the ast.

[0035] Fiz | is an embodiment of a tractor fratler system 1) The tractoy
trazler system LU inciudes a tractor 107 mmcluding an operator’ s cornpartment or cab

104 and alseo imciuding an engine, which acts as the drive aystem of the iractor tratler
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systervi 100, A trailer 106 13 coupled to the tractor 102, The wailer 106 13 a
refrigerated trader 106 and includes a top wall 108, a directly opposed botiom wall
110, opposed side walls 112, and a tront wall 114, with the tront wall 114 beng
ciosest ta the fractor 102, The trader 106 turther mcludes a door or doors {(not showin )
at g rear wall 110, oppostie the front wail 114, The walls of the wailer 1U6 define a
caree compartiment.  The trasier U0 15 configured o maintain a cargs 118 locaied
insule the cargo compartment at a selected temperature through the use of a transport
refrigeration unit 124 located on the tradder 136, The transport refrigeration unit 124,

as shown in Fids, 1, 1s iocated at or aftached to the front wali 1 14,

[0036] RKeferring now to FIG. 2, the ransport refrigeration unit 124 1s shown
i more detail, The transport refvigeration urgt 120 includes a compressor 122, a
condenser 124, an expansion vaive 126, an evaporator 125, and an evaporator fan 134,
The compressor 122 1s operably comnected 10 an AU power souree 132 which dnves
the compressor 122, tThe AL power source 137 wmay wnciude an engine and a

oenerator, as described herein with reference 1o PG, 3.

[0037] Awxrtlow is circulagied mio and through the cargo compartiment of the
tratler 100 by rweans of the transport refrigeration unit 120, A return aitiow 134
fiows Into the transport refrigeration unit 124 from the cargo compariment of the
trarier 106 through a refrigeration unil inlet 136, and across the evaporator 128 via the
cvaporator fan 130, thus cocling the return airfiow 134, 'fhe cooled return airfiow
134, now referved (o as supphy antlow 138, 18 supphied into the cargo compartraent of
the tratler 10O through a refrigeration umit outlet 140, which in some embodiments is
iccated near the top wall 108 of the frailer 106, The supply airtiow 132 cools the

cargo P18 in the cargo compartment of the tratler 106,

[0038] FICG. 3 depicts a conventional ransport refrigeration unit power system
L for cutputting conditioned, regulated power and/or for charging a batiery. Shown
iy FIG, 3 18 AL power source 132, As deseribed above, the AL power source 132
may nchude an internal combustion engine 106U {e.2., a diesel engine) and a generator

that produces unreguiasfed AU power.  In an exemplary embodiment, the generator

N
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160 generates unregulated, three-phase AU power, with no reguiation ability other

than controiling the speed of engine 164,

[0039] The transport refrigeralion unit power systemn 200 includes a conirod
device 21U that connects the ouiput of AU power source 132 o selected loads duning
various modes of operation of the trapsport retrigeration umi 124, In oneg embodiumnent
the conired device 210 connects the output of AU power source 132 o ¢ither the
transport retrigeration unit 120 when the system catls tor refrigeration or 10 auxiiiary
power connections, such as one or more DY power connections JU4 and/or one or
more AL power connectons 206, When the control device operating i a {irst mode,
the output of the AL power source 137 is connected (o the compressor 122 and
svaporator fan 154 of the transport refrigeration umt 120, When the control device

24} s in a second mode, the cutput of the AL power source 132 1s connected (o

power conditioning modules 214 and 216, wiuch are connected 1o the one or mwore P

power connections 204 or one or more AL power connections 200, respectively, A

firsi power condationing moduie 214 raay be an AU o DU converter. The first power
condiiioning moduie 214 recetves the unregulated, three-phase AL power from AL
power source {32 and generates clean, stable, regulated and conditioned DX power

.
1

(e, 24 VI, 200 Amp), The regulated DU power 18 connected o the one or more
D power connections 204, The one or more DO power connections 204 may
inchude, but not be Urmted to a DU battery charger.  In another embodiment, the one
or more D power connections JU4 mayv inciude a D outlet, {0 which an operator
can connect a DX load {e.z., soft drnk pompsy or a P load associated with the

travier, such as a it gate.

[0040] A second power condiftoning module 210 may optionally be emploved

as a £ to AL converter. 'The second power conditioning module 216 receives the
ciean, stable, regulated and conditioned DU power from the hivst power conditioning
moduie 214 and produces clean, stable, regulated and conditioned AL power {e.g,,
1207240 VAL, Z0Amp, 60U Hz). The regulated AU power 15 conpecied to the one or
more AL power connections 200, The one or more AL power connections 246 may

nciude an AC outlet, o which an operator can connect an AL ioad {(e.9.. cash
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registers, coraputers) or an AU load associated with the trader (e.g., AU powered hand

fruck chargersy,

[0041] A contratier 230 controls varicus aspects of the transport refrigeraiion

unit 120 and the trapsport refnigeration unit power system 200, Controller 220 can

vary the speed of engine 164 depending on wiich mode of operation 15 selecied,

Conroller 230 also controls the control deviee 2140,

[0042] Fi(a. 4 depicts a parial view of the transport refrigeration umt power
system 200 for controlling charging of the baltery 260 in an exempiary embodiment,
Shown i Fiz 4 15 AU power source 132, as described above, the AL power source
132 mav mclode an mternal corobustion engine 16U {(e.g., a diesel engine) and a
oenerator 142 that produces unreguiated AL power. I an embodiment, the generator
162 generates unregulated, three-phase AL power, the AL power 18 somewhat
reguiated by controlling the speed of engine 164, In some embodiments, the coniyrol
is more sopigsticated and inciudes more opitiraal reguiation of the generated AL
power,  in an embodiment, the trapsport refrigeration unit power system 200 1S
contigured so that the ouiput of AL power source 137 15 operably connected {0 power
control unit 210, The power control umt 210 15 confizgured o control and divect
application and routing of power to various subsysterm components, In particular, the
routing of power t0 and from the batlery 260, as well as the rovting and mamtenance
of power (o the controd unit 230 for the transport refrigeralion unit power system 204,
in a conventional fransport refnigeration power syatem 200, a single DU power supply
was commoniy emploved o provide power the system control umt e.8., 230 (o ensure
correct function of the refrigeration system 100, while at the same me charging the
battery 200, Untortunately this approach leads to inetficiencias with overcharging the
battery 260 while also negatively impacting batfery rehiability,  In the described
smbodiments, the tunction of charging the battery 264 10 1solated tromn other tuncions
ot the transport refrigeration umit power system 200 and powering the controlier 234U,
thereby tacihitating separate ouiput and controls tor charging the battery, As a resuli,
a more mteliigent utilizaiion, application, and integration of the hattery 2060 and the

battery charging funciion is provuded,
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[0043] Continuing with FlGe, 3 and 4, lor detaids on the operation and
tunction of the batterv charger 310 of an embodiment. 'The battery charger 31U
receives the unregulated AU power from the generator 132 and formulates two
independent, controliable D voltage cutputs, The first DL ouipul denoted Voutd
312 is divecied to the batiery 260 for mamtaimang the charge on the battery 260 and
the second D output denoted Vout? 314 for providing excifaiion 1o the controiler
234 ftor the fransport refrigeration power systemn P20 as well g5 infernally for the
battery charger 310 and its controller 330, In an embodiment, both the first 13 ouiput
Youtl 317 and the second DX output denoted Youil! 314 are configured fo be
separately reguiated and controllable.  Purther, in an embodiment, the second 0
sutput voltage Youtl 314 is configured (0 be greater than or equal o the first P
output voltage denoted Voutl 312, Conligured this way, Yout? 314 remains isolated
from Youtl 312 based on the configuration of the system 120 and specifically the
battery charger 31U, The fst DO cutput 314 15 configured 10 provide charging
current for the battery 200, Controller 334 in the battery charger 31{ 1s emploved (0
control the first and second DO outputs 310, 314 respectively, Inn an embodiment, a
current sensor SR 18 employed to monutor the current suppled 1o/from the battery 264,
in addition the voliage of the battery 200 is montiored by both the battery charger
controtier 55U as well as the controlier 2230 vig hine 322 for the transport refrigeration
power systemn 20, The contralier 334 execules a process for monitoring the siatus of
the battery 260 and confrolling the first D0 voltage ouiput 317 accordingly, in an

eribodiment, when the generator 1S operabie, and the system power is availabie, the

controlier 330 enables the first and second D cutpuis 312, 314 respectively o

provide power.,  When operating under such conditions, when the batiery 264 has

achieved a full charge, the controller 330 disables the first D outputs 312 thereby
disconnecting and iseolating the batlery from, charging, This approach ensures that the
battery 204 18 properly charged, vet avoids excessively overcharging.,  Should the
battery charge be depleted, such that additional charge 1§ desired, then the frst DO
sutput 312 is enabled once again to provide charging cwrrent (o the battery 2060, in an
emmbodirnent, the sctivaiion of the first DU cutput 312 18 based on at least the whether
the battery voltase falls below a seiected threshold,  In other embodiments, the

controlier 330 emplovs more sophusticated processes based on the voltage of the
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battery 260, current drawn/supplied by the batiery 260, temperature, time, and the
itke, Por exampie, i an embodiment a current sensor 320 18 emploved and connecied
o the controtler 330 to morgtor the current supplied to/from the battery 260, Insuch a
case, the application of charging {(or removal therent) may alse be g function of the
current supphicd todrom the battery 264 as well, In some ergbodirgents, a model of
the battery 264 may be employed (o taciliiate predicting the siate of charge of the
battery 260, where the model also provides g basis for applyving/removing the

charging of the battery 260,

[0044] Contimung with FIGs 2 and 4, o an embodiment, the controlier 320
SXSCUIes 2 process tor monitoring and controiling the second DO voliage output 314,
Onee agan, when the genervator 132 15 operable, and the systerm power 1s available,

the controdler 330 enables the first and second D ouipuis 312, 314 respectively o

provide power.,  When operaiing under such conditions, the second DO oulput
Jldoperates substantially independently ot the fist U oculput 312, particularty as the
first YO opiput 317 provides charging cwrrent (o the battery 260, or when the
controtier disabies the fwst DO ouiput 3172 thereby disconneciing and isoiating the
battery trom., charging. in an embodiment, the second DO output Youtl 314 divecied
to the controller 230 1s 1solated from the fust DO output Youtl 312 via diode 316,
This solation ensures that if system power 18 mnterrupied, {e.g., from the generator
132, mndernal fault of the battery charger 31U generafing Voull 384, and the fike)
power wiil be continuously supplied (o the controller 230 for the transport
refrigeration power system 120 via emther of Youtl 312 and/or the battery 266G, It
should be appreciated that because Voutl 314 s contigured to be greater than or egual
to Youtl 312, the diode 316 18 normally reverse bigsed and not conducting, However,
what Yout 2 314 18 not avarlable the diode 316 condocts (o ensure power 1S routed 1o
the processor L300, in addition, the power continues ¢ be supplied to the battery
charger 310 and controller 33U, In other words, when the first DX output 317 1
interrupted, of primary power 15 nterrupted, the battery 260 then supplies power o
the controiler 230 to ensure proper operafion of the ransport refrigeration sysiern 100,
in addition, excitation is provided through the wsolation diode 316 to provide power to

the battery charger 310 and condroliers 234 and 334,
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[0045] In thus way, the transport relnigeration system 13 is configured (o
provide battery charging and battery backup under all operating conditions tor the
frapsport refrigeration system OO whide ensuring that the battery 200 18 not charged
excessively and thereby impacting overall efficiency of the systemn 100 and o

particular the reliability and operating iife of the battery 204,

[0046] FI(5. 5 depicts g flowchart of a method 400 of charge management for
a battery 264 i a transport refrigeration syestem XL The method 400 mihates al
process step 410 with configuring the transport reinigerstion systern 100 and more
specitically the power systern 120 with two power sources (0 geperate the fust and
second DX outputs 310, 314 respectively, The first power sourge and D output 3172
10 configured (0 provide charging current for the battery 2640 as depicted at process
step 4240, Likewise the second power source and D ocutput 314 is configured (©
provide exciation 1o the controller 230 as depicted at process step 430, In addition, as
described above, the second power acuice and DB output 314 15 aiso configured to
provide excitation for the condroller 330 for the battery charger 310, At process siep
444} the method 400 contimies with monitoring at least the voltage on the battery 264

and current drawn by the battery 260.

[00477] In addition, the current supplied to/from the battery 260 as measured
by the current sensor 320 may optionally also be monitored to facilitate control of the
charging of the battery 260. The method 400 continues at process step 450 with
interrupting the charging of the battery 260 based on at least the monitored battery
voltage, the current supplied to the battery 260, state of charge, temperature, time and
the like. In addition, as depicted at line 452, select process steps may be recursively
repeated to continuously monitor the charging state of the battery 260, and
interrupting the charge as needed. Moreover, under selected conditions, once the first
DC power source 312 has been interrupted and the controllers 230 or 330 are
operating from the battery supplied power, if the battery state 1s such that additional
charging 1s needed, the charging of the battery 260 1s reinstated.

[0048] While the disclosure has been provided in detail in connection with

only a limited number of embodiments, it should be readily understood that the
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present disclosure 1s not limited to such disclosed embodiments.  Rather,
embodiments can be modified to incorporate any number of variations, alterations,
substitutions, combination, sub-combination, or equivalent arrangements not
heretofore described, but which are commensurate with the spirit and scope of the
disclosure. Additionally, while various embodiments have been described, it 1s to be
understood that aspects of the disclosure may include only some of the described
embodiments. Accordingly, embodiments are not to be seen as limited by the

foregoing description, but only limited by the scope of the appended claims.
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Claims
l. A transport refrigeration unit comprising:

a source of AC power, the source of AC power configured to supply power to

an AC load of the transport refrigeration unit;

a battery charging module operably connected to the source of AC power, the
battery charging module having a fist DC power source and a second DC power
source and configured to convert the AC power to a first DC power associated with
the first DC power source and a second DC power associated with the second DC

POWCET SOUrce;

a battery operably connected to the first DC power source, the first DC power

source configured as a DC power source for the battery;

a controller of the transport refrigeration unit, characterized in that it further
comprises a controller of the battery charging module, wherein the controller of the
transport refrigeration unit and the controller of the batter charging module are
operably connected to the second DC power source, the second DC power source
supplying the second DC power for the controller of the transport refrigeration unit

and the controller of the battery charging module;

a voltage monitor operably connected to the battery and to at least one of the
controller of the transport refrigeration unit and the controller of the battery charging

module, the voltage monitor configured to measure a voltage of the battery; and

the controller of the battery charging module is configured to interrupt the first
DC power source from supplying power to the battery based on at least the voltage of

the battery.

2. The transport refrigeration unit of claim 1, wherein the battery
charging module disconnects the first DC power supplied from the first DC power

source based on at least the voltage of the battery.
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3. The transport refrigeration unit of claim 1 or 2, wherein the controller
of the battery charging module is configured to interrupt the first DC power source
from supplying power to the battery based on at least the voltage of the battery

independent of the second DC power source.

4. The transport refrigeration unit of any one of claims 1 to 3, wherein the
battery charging module is an AC/DC converter configured to convert the AC power
to DC power and at least one of the first DC power and the second DC power are

regulated.

5. The transport refrigeration unit of any one of claims 1 to 4, further
comprising that the second DC power source is isolated from the first DC power

source under selected conditions.

6. The transport refrigeration unit of claim 5, wherein the isolation is a

diode isolation.

7. The transport refrigeration unit of claim 5 or 6, wherein the isolation
configured to ensure that the second DC voltage generated the second DC power
source is isolated from the first DC power source and the battery, and first DC voltage
from the first DC power source is transmitted as the second DC voltage if the second

DC power source is inoperative.

8. The transport refrigeration unit of any one of claims 1 to 7, further
comprising a current sensor operably connected to the battery and to at least one of
the controller of the transport refrigeration unit and the controller of the battery
charging module, the current sensor configured to measure a current supplied to or
from the battery, wherein the controller of the battery charging module is further
configured to interrupt of the first DC power source independent of the second DC

power source based on at least the current supplied to or from the battery.

9. The transport refrigeration unit of any one of claims 1 to 8, further
comprising at least one of an evaporator fan and a compressor, wherein the AC power

source supplies AC power to the at least one of an evaporator fan and a compressor.
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10. The transport refrigeration unit of any one of claims 1 to 9, further
including, the battery supplying power to at least one of the controller of the transport
refrigeration unit and the controller of the battery charging module when the first DC

power source is interrupted.

11. A method of charge management for a battery in a transport

refrigeration unit, the method comprising:

configuring the transport refrigeration unit with a plurality of DC power

sources operable from a primary power source;

connecting a first DC power source of a battery charger operably connected to
the battery and configured to provide charging power to the battery; the method being

characterized in that it further comprises:

connecting a second DC power source of the battery charger as a power source
for a controller for the transport refrigeration system and a controller of the battery

charger;
monitoring a voltage of the battery;

interrupting the charging of the battery based on the monitoring of a voltage of

the battery.

12. The method of charge management for a battery of claim 11, wherein
interrupting the charging of the battery includes disconnecting the first DC power

supplied from the first DC power source.

13. The method of charge management for a battery of claim 11 or 12,
wherein interrupting the charging of the battery is independent of the second DC

power source.

14. The method of charge management for a battery of any one of claims
11 to 13, wherein the configuring includes converting the AC power to DC power and

at least one of the first DC power and the second DC power are regulated.
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15. The method of charge management for a battery of any one of claims
11 to 14, further comprising isolating the second DC power source from the first DC

power source under selected conditions.

16. The method of charge management for a battery of claim 15, wherein

the isolation is a diode isolation.

17. The method of charge management for a battery of claim 15 or 16,
wherein the isolating is configured to ensure that the second DC voltage generated the
second DC power source is isolated from the first DC power source and the battery,
and first DC voltage from the first DC power source is transmitted as the second DC

voltage if the second DC power source is inoperative.

18. The method of charge management for a battery of any one of claims
11 to 17, further comprising measuring the current supplied to or from the battery
with a current sensor operably connected to the battery and to at least one of the
controller of the transport refrigeration unit and the controller of the battery charging
module, wherein the interrupting of the first DC power source independent of the
second DC power source is further based on at least the current supplied to or from

the battery.

19. The method of charge management for a battery of any one of claims
11 to 18, further comprising configuring the transport refrigeration unit to include at
least one of an evaporator fan and a compressor, wherein the AC power source

supplies AC power to the at least one of an evaporator fan and a compressor.

20. The method of charge management for a battery of any one of claims
11 to 19, further including supplying power to at least one of the controller of the
transport refrigeration unit and the controller of the battery charging module from the

battery when the first DC power source is interrupted.



