SHORT CIRCUIT CONTROL FOR HIGH CURRENT PULSE POWER SUPPLY BACKGROUND 5The
present application is directed to short circuit control for high current pulse power supplies. In
applications using batteries or other stored power devices as a primary power supply, short circuit
detection is typically included to detespimeif tpREUSTASHRIT BiETUIL vt in the power supply. Short circuit
detection circuits can also isolate 10 the power supply from a load when a short circuit is detected,
thereby preventing the load from-se€ag EREESS| RSN an interfere with load operations.
Additionally, a backup power supply is often mcluded to contlnue prowdlng power to the load when the
primary power supply is isolated from the loa ﬁ circuit fault. Systems using backup power
supplies also include detection circuits for 15detecting a short circuit in the connected backup power
supplies. The inclusionT@Eaﬂtﬁﬁ@ﬁhB@ét@éﬁ@ﬁ drclifeciadutonsdigit drepotist denHuatokytradtion of these
systems. Suslanidershppieicuit detection method uses a current sensor combined with a
controller to detect when the output current of the power supply exceeds a current threshold. When the
output current exceeddThBPRIRMANRrHSNGIPANE S BbiidHe PIRSRVATRAIRYVIFRR ASKORERADN is present
and isolates the powmear iy .shoet ttiresinaldiés set as wp@mmemraammmmmma@ is higher than
the current used_{fo tn tandqrp?w[t)er ions. SUMMArR qlsc oose 5. methed for ¢ ntroll|n%a high

CIf'C e power supply 10N CIrcults can also 1
current pulse pOWGI’ Su
10

the power supply from a load when a short cirauitletected, thereby preventing the

load from seeing excessive fault currents, which icéerfere with load operations.
Additionally, a backup power supply is often inchaldto continue providing power to
the load when the primary power supply is isoldtech the load due to a short circuit
fault. Systems using backup power supplies alsdudle detection circuits for
15 detecting a short circuit in the connected backowgy supplies. The inclusion of
additional detection circuits adds weight and ¢o$he construction of these systems.
One standard short circuit detection method usesrgnt sensor combined
with a controller to detect when the output currehthe power supply exceeds a
current threshold. When the output current excetbds current threshold, the
20 controller determines that a short circuit is preésend isolates the power supply. The
threshold is set at an expected short circuit caittteat is higher than the current used

for standard operations.

SUMMARY
25 Disclosed is a method for controlling a high cotrpulse power supply. The
method for detecting a load current uses a cusemsor; and isolates a power source
from a load when the load current exceeds a cumesgnitude threshold for a
duration that is greater than an excess curremtidarthreshold.
Also disclosed is a power supply circuit havingcentroller electrically
30 coupled to a switch driver. The power supply air@lso has a plurality of power
channels, with each of the power channels conrgctie of multiple power sources
to a load power input and each of the power chanisetlectrically coupled to the

switch driver. The power supply circuit also hasusrent sensor connected to the
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method for detecting a load current uses a current sensor; and isolates a power source from a load when
the load current exceeds a current magnitude threshold for a duration that is greater than an excess
current duration threshold. Also disclosed is a power supply circuit having a controller electrically 30

coupled to a swifshddpyREr TREUPANETSURB Y SHEFSIIE AISPHRAS RBIMEYIYS YRRANRY Shasketfgvith each of
the power channels connecting one of multipl%%ower sources to a load power input and each of the

power channels REGIIUHESH] SO P RYREUGAEGO ARG P2 HHIR ML IS s R RIFRLR also has a current
sensor connected to thehdsachpdweranfasttared tf the paseol eisdiasucde drissanderdoodpaine of

detecting a load i (% icati load input nt.to the controller, . . These and
other features ofﬂ'ﬁ]é)quﬁgggﬁr@d% §§%@nﬁ%§§%ﬁ§e§fsﬁj @gﬁgthzg fo c‘)?\?\ﬁnééspélecr?ﬁlgétion and
drawings, the fol@aeRgtisiwhich is a brief 5description. BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically illustrates a power supply circuit for an electrical system having a primary and a
backup power supply, and a short circuit detection 10scheme. Figure 2 is a flowchart demonstrating a

method for detecting a short cir&R ﬁ%&ﬁ%b?f@r@'ﬁ@ggﬁéﬁ/% pW%?stem.

Figure 1 schematically illustrates a power supgicuit for an electrical
system having a primary and a backup power sumpiyg, a short circuit detection
10 scheme.
Figure 2 is a flowchart demonstrating a methoddietecting a short circuit in
a high current pulse power supply system.

DETAILED DESCRIPTION

15 Some electrical systems operate using high magmiturrent pulses. In such
systems, the expected short circuit current cafoler than the magnitude of the
high magnitude current pulses. Known short circigtection circuits can result in
false short circuit detections when a desired cirfgas a pulse magnitude that
exceeds an expected short circuit current.

20 Figure 1 schematically illustrates a high currpotse power supply circuit
100. The power supply circuit 100 includes a prinpower supply 110 and a
secondary (backup) power supply 120. Each of theep supplies 110, 120 has an
output power line 112, 122 which connects to aesponding switching circuit 130
and may be any known type of power source. In example, each of the power

25 supplies 110, 120 is one or more batteries. Tebawation of the output power line
112, 122 and the switching circuit 130 is refertedas a power channel 116, 126.
Each of the switching circuits 130 is capable afreecting the corresponding output
power line 112, 122 to a load power input 142 gravides power to a load 140. The
switching circuits 130 are controlled by a switchiver 150, which is, in turn,

30 controlled by a microcontroller 160 (alternatelyereed to as the controller 160). A
current sensor 170 monitors the current flowing itite load 140 on the load power
input 142, and provides a control signal 172 to mhierocontroller 160, thereby

providing the magnitude of the current flowing intihe load 140 to the
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DETAILED DESCRIPTION 15Some electrical systems operate using high magnitude current pulses. In
such systems, the expected short circuit current can be lower than the magnitude of the high magnitude
current pulses. Known short circuit detection circuits can result in false short circuit detections when a

desired current higigdd¥HE8IRAIPEUdE JBRIAXFREFS A SXRRAERS SO LAHEC HRERN: 20RigNre 1
schematically illustrates a high current pulse Ecgwer su? IIy circuit 100. The power suipl)cl}\q circuit 100
&2

includes a prima?§' BB S ddn b 'al% D SRAAFBR RS HBER SEape dssseLkh drthe power

supplies 110, 124llbastiae ceripoti@onsd limeldib2; paRevisappigistesiSica aonEspomegngosveitching circuit
130 and b f . 5 lies 110,
and may begfy g@%&eﬂse?’ﬁh%d’ cBRVE- o> QYR M%%ﬁé?%ﬁﬁ% 18}5?%%2}?@% 1pYPPles

120 is one or more b e combination of the output p ne switching circuit
130 is referred td#& a power channel 116, 126. Each of the switching circuits 130 is capable of

connecting the correspandiih A RIHcPAMAN dith k2RI 1070 PByYRIdaRH 4RI PiAYdes power to
a load 140. The switching circuits 130 are controlled bﬁsmtch driver 150, which is, in turn, 30

controlled by a nfierBRSIERTEE ! dterntiy Fof REtchiNg dRLaR WP AR N LA G nsor 170
monitors the curielt fidgiig cotdihedoad dH than ithis loashpweiiraptind 42 andootoyites sirgontrol signal
172 to the microcontroller 160, thereby providing the njtyde of rrent flowing into the load 140 to
the microcontrol'clgglg S'Eja'%%to ?h@%ﬁv%?%ﬁ%%ﬁé%sﬁ%?’l ﬁ%cﬁglgdégea}%%#rgg%ﬁﬂ ction 114,124
to the micrd8ontidikby 66 CPHe RN T OANEEhas a4l 1624 ety tAkovdngr e cosoitetdfstt power

supply statistics (Stcd)AS £A)EHNRY RMNE 1 THecpniiplier R faRaisegpntrol the power output from the
power supplies 110, 5120. In standard operation each power suppllt}lréLlO, 120 is connected to the load

140 via a power chann®{Pef 11©d0aghd 4 KEAHHE TR LS WItghh €4 EBRH v ARk, 126 is
configured suchdpatatishsppabléaad stierreptog Heecotitpuiapmsarilirfalddil iz 2nEach elithenpower
supplies 110, 120 is connected to the load power input 10, 14 its correspanding power channel 116,
126, thereby alOVIRG T e e 18 e e e ISR PRV £ e
fault ~ When thiglizesiaueregeiresral perndictigh ofipwinenedtbkisike tiateivrnalvdpriatisheltstandard

short circuit detegiqn BghRIAusSYHY dRISenifie, AReanfeRanmaniks, rd AL brssis idequate.
Instead, the controller 160, illustrated in Figure 1, _
The current sensor 170 detects the magnitudeeofuirent at the load power

input 142 and determines if the current exceedsreest magnitude threshold. The
current magnitude threshold is set at an expedied sircuit output current, and is

20 tripped whenever the expected short circuit outputent is exceeded. When the
current magnitude threshold is exceeded, the ctetrb60 determines how long the
current threshold has been exceeded, and compagesduration that the current
magnitude threshold has been exceeded to an esgessit duration threshold. The
controller 160 determines that a short circuit fasilpresent when both the current

25 magnitude threshold and the duration threshold eweeeded. In this way, the
controller 160 can distinguish between desirabtgh ldurrent load spikes that exceed
the expected short circuit current of the powempsup10, 120 and a continuous fault
current resulting from a short circuit within thevwger supply 110, 120 or the load
140.

30 By locating the current sensor 170 at the loadtinghe controller 160 detects
the ongoing load current regardless of which posgoply 110, 120 is currently
providing power to the load 140. This configuratalows for a single current sensor

170 to be used to control all of the power suppli&8, 120 in any system in which a
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15 utilizes current sensor 170 and a pair of current thresholds to determine when a short circuit exists. By
way of example, the current sensor 170 can be a Hall Effect sensor. The current sensor 170 detects
the magnitude of the current at the load power input 142 and determines if the current exceeds a current

magnitude thres§glgle ThsveursapbRagnisedershprsilahs raihtan gxReCiRFShAt&iRGHEpUWPUL current,

and is 20 tripped whenever the expected short circuit output current is exceeded. When the current
magnitude thresHUItFR SRBERGEA FRIISHIPSRIEY 8b TR Ah MEPRURPIL QY B birert 4Ard¥HbId has been
exceeded, and abmpanesitbeldiratioinghatdicatstecdnratgpitinge dacrsbolchiasebeenlaXceeded to an

t duration thresh trol 60 d ' t IFeyi ' t wh
poth the curront 25 maghiae YEARBA and I S At i S v SUchb Hep T ey e

; e duration threshold are exceeded:. In this way, the
controller 160 canigicEpRfiRERIEES deepabldeiigeaciatienmedampie stisiema dwirusiangpected short

circuit current ofgfie powe PiMel 1@ edil 2a0d R GOEdINHBKS fanltruregRtsestifing fremmyghort circuit
within the power supply 110, 120 or the load 140. 30By locating the current sensor 170 at the load input,

the controller 166/ B8RRI JRERTS WL utithelaY S 81488 O FRIIN R SWER LM L8O is currently
providing powertiodbhdidachh46d Tdnstitenfiyusatiee ddl@ishiorcadibgie Aaudenhsersparhithinede used to

control all of the pow lies 210,120 in any,s m in which a_single power, supply i ed to power
the load 140 at é(lp %ri]\t/regr[ll%rjnggpw _eilpr?a g]@],%acgﬂﬁéln%l(z%en@sg Hﬁ%@\sr%ﬁe _@gg ed At I('a%ascrj?ioﬁ’tsf%gapower supply
outputs 11201 22rqifeRiRsedritithic!tes0tRvieyyar dedisdinsd cordrdlRsiiepupast equiecurielesensor 170.

In the example cfifzigyise. 1 BpavegnIIOlQaHPRISIRTARIAINHARIRaICHSABLS IR IALARR@ computer

readable medium capable of storing instructions for performing the method described below with regards
to Figure 2. The PGP =INE: it MOIRMEHENIARR 5 JBOPRS iR *UNIEN KB BUration
thresholds base¢hagringdpomvessher]saotithe eonrectdd lvacilidliot snograniahigapnifaler allows the

same control scheme to be used if.the power supplies 110, 120 10 are replaced with alternate power
cuppics, o if 1 RdROH B8 s S TELERG) tnd el BEe G R AT e o

profile of hitfh cusrenpaRreneslytghoayg@sbighhewitentolive sy dsrdgcinmeangtthaueasidiigh current
magnitude threshpld,ang an extremely low duration threshold. Alternately, if the load requires a profile

having high current, medium length, pulses the controller 160
The switching mechanisms 130 illustrated in Figdrean be any known

switching device capable of electrically isolatithge connected power supplies 110,
120. An exemplary switching device 130, is anyawh MOSFETs (metal-oxide—
20 semiconductor field-effect transistor) and diodemfigured according to known
principles to form a MOSFET/dual diode array switcihe MOSFET/dual diode
arrays receive a control input from the switch gaieer 150 that is either high or
low. A high input places the array in an “on” modad provides a connection
between the power supply output 112, 122 and thetiload power 142. A low input
25 places the array in an “off” state that electrigadlolates the power supply output 112,
122 from the input load power 142. It is understtizat additional primary or backup
power supplies can be added to the high currerseppbwer supply circuit 100 by
adding additional switches 130, with each switcl® t8ntrolling the connection of
one additional primary or backup power supply. tRemmore, it is additionally
30 understood that other types of switching devices @aerate using a similar control
scheme, and fall within this disclosure.
Figure 2 schematically illustrates a method 200 dperation of the short

circuit detection and protection scheme of Figurdritially the method 200 provides

4



15 is programmed to have a high current threshold and a medium length duration threshold. The
switching mechanisms 130 illustrated in Figure 1 can be any known switching device capable of
electrically isolating the connected power supplies 110, 120. An exemplary switching device 130, is an

array of MOSFEJsanetattexidad 20 0emiaandysiaidio dueitacs ianpistomanstsliriep aeafigired
according to known principles to_form a MOSFET/dual diode array switch, The MOSFET/dual diode

arrays receive a 28 traERARIGroh ] thEWIFREFYARE R MERs R ML ARRY RIYFESF R, 'RRRYR input places
the array in an "¢’ medsuaat] qroeitte® aheoonectiber Hevieeaette owéral ppiyveoutgted 220122 and the

oy ’ ' IRt ically | h
cumply output 11015 58 B e O o ek

ood that a primary or backup
power suppfes €& @Rt Aar@tusiendegihold irept gaRse ippwictusmRRe ditorashod bsteridis@ atiditional
switches 130, witheasferwiteibhRoueominalieethe rarnesiorof @i addiiana! arimans exkrckup power
supply. Furthermore, it is additionally 30 understood that other types of switching devices can operate
using a similar cBRAYS! IRAReSERAI within this disclosure.  Figure 2 schematically illustrates a
method 200 for operatidrited thesmorirzigeiit detértehan dsp ettt sehemodeof Foguegattsirtially the
method 200 proyjdes. power 1o the 1Q 0 from the prim ower s y 110 in.the "provide power to
load" step 210. uéa?:'t?ﬁé:r?tu gf—:‘gnrs'gr %%rriéggﬁﬁgg the ﬁ?é%ru%%ﬁd ?ﬁr?ed;ﬁgﬁﬁnrgggptté rtk?gl% mBeea%ured current
to the contidller 3GONAra ‘Ceteier iHRitdetripinesnovtépnp2heTiHRabattaRet 180 theeeradrinthes if the

input load curreny gxGREAS GhREBESTNEShBILUrRR! RRaRIiEAe dataRRIGELar dae il RIS UEEN exceed

threshold" step 230. If the current magnitude threshold is not exceeded, the method restarts at the

"provide power ERRFESER £r6ess et iraiemibgripld MrssHuiatiereete derhebhtroller 160

starts a durationstep!260.infattistasicdeEationeso wiielticsiehredtbibie diveadion dortaitediebess 10

software counter that d.eterrgir{ﬁs how Iopq the inpgut loa curr&; daag ex‘cse%%?r% r'%l{lemcurrlemt magnitude
C

threshold. The cg%tt%rlrllér}e% gcﬁ%r{gnseg ﬁ?ﬁ%’ u'rSatlsolhI heé(s exceetﬁ‘ed an excess (?Lgrr?en?%uration

threshold id 2 "dibeestatetion @K@e(fmﬁﬂ’d'smép@%. If mmwﬁﬁmﬁf@f@ﬂtﬂbﬁ_tﬁre@hold is not
exceeded, the copirallen B0 Asiaipinssibies RS Rt 3it exesriesiRaniBayTent

magnitude 15 threshold no longer exceeded" step 260. If the current maqnitude threshold is no longer

exceeded, the c8PoldP160 Y¢RBHE R METRol St BHE eptoTiae RSO IR A gmPR2 AN ondition

where the curreriargrity drithnesbaid wasitempaiasii exoesdatiinitdheceyeas snaitsesy ehation
threshold was ngt exceeded |nd|%qteﬁit at ther? was a de |r§glechlcqullt?grignt pulse, and not a short

circuit fault 20If t grguvr\’ﬁaesn?r%%sgj'ﬁqu & theshsig i 5o kel e%, te'tohtrolier 160
20 If the current magnitude threshold is still exceddthe controller 160

continues to determine the duration of the excessent and returns to the “does
duration exceed excess current duration threshstlef) 250. If the “does duration
exceed excess current duration threshold” stepd2&rmines that the duration of the
excess current has exceeded the excess curretibdutaeshold, the controller 160

25 determines that a short circuit fault is preserthegnpower supply 110 in a “determine
presence of a short circuit fault” step 270.

Once a short circuit fault has been detected,ctheroller 160 isolates the
primary power supply 110 and connects the backwpepsupply 120 to the input
load power 142 using the procedure described alitveregards to Figure 1 in an

30 ‘“isolate connected power supply” step 280. Thetrodier 160 then connects the
backup power supply 120 to the load 140 in a “ceht@ckup power supply” step
290. Alternately, if the backup power supply 180currently connected when the



continues to determine the duration of the excess current and returns to the "does duration exceed
excess current duration threshold" step 250. If the "does duration exceed excess current duration
threshold" step 250 determines that the duration of the excess current has exceeded the excess current

duration threshoigiothegemtredgr 15QrcrefetRinasthicr 38Rt SR BUlhiS prasayt padle power
supply 110 in a "determine presence of a short circuit fault” steF 270, Once a short circuit fault has

been detected, RO HNRISIENISHBEARSPOYE Piy-49 H AR 198 the backup power
supply 120 to the inputi{osdnuarsto dd 2hasimgetbé qiid e theeadasmdndidabatie ahibveedgesdsttedFigure 1 in
an 30 "isolate ¢ p " step.280. T le t ckup power
supply 120 to th%gggﬂ% %@g%r@cr)%r?r?é%? b%\ggﬁg%c;\?\?é%r 35?1%{)% é}&e@%g}(?&%mgtge%$@ﬁ§ é(ackup power
supply 120 i8 cuPféneyydshHRIcseaRbhanRctRcd Ao BIPY(EE fapls detected, the controller 160 can switch to

the primary power supwb(h%aghoo{rp%%ﬁ@mmmae@@f, sHRRlRsdih A/l diMAThibedoad 140. It
is understood that one of skill in the art can reconflfgure the above described method to accommodate a

single load havifPHIBIGBROPYGRa8hH SREQ e PAtISa AR H SBERWE BL ' 8rf 3528k B Bower supply.
Although an exatigiphas béen taclessdna werkdvairerdibahsaklbe thisiad woodderetognize that certain
modifications waqul me within t cqpe of this disclosure. For that reason, the following claims should
be studied to de g%%%r?@@%g %8Osn2§r§eoigﬁscglrsltce%%ug% this disclosure. CLAIMS 1. A method for

controlling a high current pulse power supply comprising the steps of:



5detecting a load current using a current sensor; and isolating a power source from a load when said
load current exceeds a current magnitude threshold for a duration greater than an excess current duration
threshold. 2. The method of claim 1, wherein said step of isolating said power source from 10said load
further comprises the step of setting a first switchghgag@mponent to off, thereby isolating a primary power
supply from a load power input. 3. The method of claim 2, wherein said step of isolating said power
source from said load further comprises the step of setting a second switching component to on, 15

thereby connecting a backghpadwer suppblitaysaiditFadyyome puipaied sieyretmpdohgl#ie 3, wherein
said step of congﬁe;sibngfsaid backup power supply to said load power input is performed after said step of
isolating said primary power supply from said load power input, thereby preventing multiple power
supplies 20ffom being ¢eifsdoted ieptheusaat sipnstareBiey sensphie@method of claim 1, wherein said step

of detecting said load Gusf& ¢ APBIIRS SEERENELHIR IRAE GHERN L8 MR RANEE IBRYHIR using a Hall
Effect current sensor. 25 6. The method of claim 1, wherein said step of isolating said power source from

said load when SARIMLESIEMNAYeEadUEAH WUHERIGH IATERES A SIS JURIOR e aRkh greater than

said excess current duration threshold further comprises a controller starting a duration counter when said
current magnltu%(la excq%%srﬁg{ﬂo%pgy E'i&ﬂ% Ta\ﬁﬁg}’e‘?ﬁ %erg Sért]ggl)ddhiﬂug said power source from
10 said load further comprises the step of settingrst $witching component to off,

thereby isolating a primary power supply from adl@@wer input.

3. The method of claim 2, wherein said step ofang said power source from
said load further comprises the step of setting@id switching component to on,

15 thereby connecting a backup power supply to sad fmower input.

4. The method of claim 3, wherein said step of eating said backup power
supply to said load power input is performed a$i@id step of isolating said primary
power supply from said load power input, therelgvpnting multiple power supplies

20 from being connected to the load simultaneously.

5. The method of claim 1, wherein said step of cietg said load current

comprises sensing the load current on the load pawpait line using a Hall Effect

current sensor.

25

6. The method of claim 1, wherein said step ofang said power source from
said load when said load current exceeds said mtumagnitude threshold for said
duration greater than said excess current duratiweshold further comprises a
controller starting a duration counter when saidrant magnitude exceeds said

30 current magnitude threshold.



7. The method of claim 6, wherein said step of isolating said power source from said load when said load
current exceeds said current magnitude threshold for said duration greater than said excess current
duration threshold further comprises comparing a duration of said duration counter to said excess current

duration Sthreshpld, thetebydgieanainingiisensaidiipas £ 4tepnsaieg adfithewersitirBeagpiiide threshold
for said duration greater than the excess current duration. 8, The method of Clairfg?fﬁ wherein said

duration counter’@SnBASeYERFRIDIRRL SHNER MSEERS £8'UHTBINLIAS'YESA 1o\W#ifein said
current magnitudietitieshgle aseapiiraxirsaitt yercpss tounregite altaatinas roice Xpetbtad shapridesuit fault

current. 10. The,fleiiof of £difaholtsy Lol exesss Gt daliondbreshald sl Asjpast a desired

current pulse durati power supply circuit comprising: a controller electrically coupled to a switch

driver; % pltivgsiyold goareby figipsmnagchsMsapidpdond Cereasaers dbAratRY B0 plurality of

power sources tehaKRieNesiNauA0H BRI FapleRde caifswileh-dker; and  a current sensor
connected to said load power input and to said controller, such that said current sensor is capable of

detecting a load input current and communicating said load input current to said controller. 25
8. The method of claim 6, wherein said durationnteucomprises a controller

software module.
10
9. The method of claim 1, wherein said current mitage threshold is

approximately equal to or greater than an expested circuit fault current.

10. The method of claim 1, wherein said excesseatirduration threshold is at

15 least a desired current pulse duration.

11. A power supply circuit comprising:
a controller electrically coupled to a switch @iy
a plurality of power channels, each of said pogl&mnels connecting one of a
20 plurality of power sources to a load power input d®ing coupled to said switch
driver; and
a current sensor connected to said load powet spdito said controller, such
that said current sensor is capable of detectindoad input current and
communicating said load input current to said culldr.
25
12. The power supply circuit of claim 11, wheregck of said power channels
comprises a power supply output power line and aeposwitch capable of

interrupting said power supply output power line.

30 13. The power supply circuit of claim 12, whereack of said power switches
comprises a metal-oxide—semiconductor field-effeansistor (MOSFET) / dual

diode array.



12. The power supply circuit of claim 11, wherein each of said power channels comprises a power supply
output power line and a power switch capable of interrupting said power supply output power line.
3013.The power supply circuit of claim 12, wherein each of said power switches comprises a

metal-oxide-semigondugiar figlteféaphliiappisierdMPniER) vdhabaiasiontialer ddmphsegoyver supply
circuit of claim 11, wherein said controller comprises a programmable microcontroller. 15. The power
supply circuit of RISHPTINAHE /B S5 BPdGFammable 5 microcontroller further comprises a computer
readable medium storing instructions for causing the controller to performing the steps of detecting a load

current using a rentﬁqzﬁgmﬁj i%lﬁé)ilgg '&.regwetéisoagﬁ% frgm a\/!/ﬂ%gemﬁ ﬁﬁé%ﬁ%‘ﬁé“%ﬁ t exceeds a

current magnitude threshold for a dura greater than an excess current duratior shold. 10 16. The
power supply cirdust @FUIHPHEL AUheT SIPNRIS ¢ oty RATPisTe e fBdsshu | Istofirth 8BSt fises a software

duration counteriol Za JdMegPRWRoReRRY & patefflaimreLsiuparait Giagh W sdicdpewensngrlies is
15electrically coupled to said controller via a control connection, thereby allowing said controller to control
each of said povggfrggbﬁﬁggpr and isolating a power source fréoaé when a load curfent exceeds a
current magnitude threshold for a duration gre#tean an excess current duration
threshold.
10
16. The power supply circuit of claim 14, whereimids programmable

microcontroller further comprises a software dunattounter.

17.  The power supply circuit of claim 11, whereaclk of said power supplies is
15 electrically coupled to said controller via a coahttonnection, thereby allowing said

controller to control each of said power supplies.



