*-1- STABI LI SED PONER SUPPLY FOR SUPPLYI NG ALTERNATI NG CURREN%'ILa/\'EQ (ﬂ') A;_
CRITI CAL LOAD There are. many applications in which it is becom ng ‘
i ncreasingly i.nportant te assure that 5 equi pnent will be supplied with
*an uni nterrupted AC supply voltage, and that this voltage will be a
substantially pure and substantially noi se-fr&ps si newave of predeterm ned
fixed frequency. The usual utility power lines are intended to provide 10
sucly a supply voltage, but are subject to conplete power outages, to
ALZFRNATING,

reduction in vGTABJE ISEDcPOWER SWPPI \Efﬂ&@(lfd’ﬂget rai se
above the normal |evel AURRENT RAWE ise picked up
by the power l|ines.- 15 For many purposes such i nadequacies of the

*power lines are relatively harm ess, or at nobst. inconvenient. However,
with other nore critical |oads, for exanple conputer apparatus, any of the
. foregoing departures of the power line froma 20 const ant,
flxed frequency substantially noise-free sinewave both "normal " and

"comon" node can cause | oss of stored information and/ or inproper handling
of information by the | oad apparatus, either of which can have very serious
del eterious results. 25There are mthlﬁpEIEEBESoﬂ% HoWweh ity isyst ens

have been proposed_in_the pt erate, in o egree or
another, to ntiga P§°8ﬂé"8rlﬂﬁfgaﬁgngﬁ¥ imporLanQ e Gssurethal

5 equipment will be supplied with an.uninterrupted
AC supply voltage, and that this voltage will be

L a substantially pure and substantially noise-free

| sinewave of predetermined fixed frequency. The
usual utility power lines are intended to provide

10 such a supply voltage, but are subject to complete
power outages, to reduction in voltage level, to
surges which cause the voltage to raise above the
normal level and to various types of interfering.
noise picked up by the power lines.

15 For many purposes such inadequacies of the
power lines are relatively harmless,; or at most
inconvenient. However, with other more critical
loads, for example comput;r apparatus, any of the
foregoing departures of the power line from a

20 constant, fixed-frequency, substantially noise-free
sinewave both "normal” and “common" mode can cause
loss of stored information and/or improper handiing
of information by the load apparatus, either of
which can have very serious deleterious results.

25 various types of power supply systems have been
proposed in the prior art which will operate, in one
degree or another, to mitigate one or more of the



foregoing defects in the line voltage supply.: One of these is the
'__called uninterrupti bl e power supply (UPS) equi pnent and enpl oys a

gt tery charger, a battery-and an inverted connected in 5 ~ ' tandemwth *
each other, the charger being supplied fromthe AC power |ine and the

I nverter supplying AC to the conputer or ot42er critical |oad. The power
i ne keeps the battery adequately charged despite small over-voltages, \_,
under-vol tages or interfering 10 noi se of the utility line, and the

i nverter utilizes the stor rg th batte t 0 prodyce sybstan-
tially pure S|n %F?Q%hﬁ%nggngﬁgméOegth?5BﬁsF8 °§ﬁpﬁqﬂﬁ*¥‘foﬁ"§hpply to
the critical |oasf theséeisvehe sb-baﬂgeﬁennnpuutmubtﬂwlha@cwm&; t he

vol 1agb at the 1EukPiYy CRE) HilisphBPE, EnB BREREFS W BakeaR i T Ch G Schar ge

of the battery oaMab@edetecﬁadtany ahd equupnenteﬂppnmmac&h@lyrshut ﬂomn
it t 0 . ve
hi fting 1o of et sty Ehoserh’ GhEE: EnPCeBrFasE veing S isH ooe

'there are tines fahem um@smalpbwad ﬂenandadatbepﬁawedtem sluppilyniangt HC

portion of 1he WES.um "eomblef uE’ bEhebar P thah! SoamRedaRee il Out Pt
vol tage wll sag 8ds SUCRCAS MOESY startlng or | oad
short that may hbjpperkéepsn thﬁebabterrread@uuahglyhsberlgsg}vyﬂelsmctedenands

the output vol ta%ﬁa%‘i l&véi{'-oﬁoig §3§CCGHE@PL€OWX§E§ o Qni(élr‘f%rtﬁ}.'gs probl em

UPS equi prent ass t di sconfect ad from
t he UPS %verternmquahuecbhhéetylﬂme. and the mverter utilizes w3

the stored energy of the battery to produce substan-

tially pure single-frequency sinewaves of constant
cmplitude for supply to the critical load. 1In the
event of long term power line failure, the battery
15 and inverter will maintain the desired AC current N
and voltage at the load for a substantial period of
time, after which discharge of the battery can be
detected and the equipmént appropriately shut down,
its use discontinued, or other protective measure
20 taken, such as shifting to other standby power.
While quite effective for its purpose, there
are times when unusual load demands are placed on
the inverter portion of the UPS. Since the inverter
has a finite impedance, the oﬁtput'voltage will sag
25 when heavy loads such as motor starting or load
short that may happen from time to time. During
these heavy load demands the output voltage will
drop to unacceptable levels. To solve this problem
UPS equipment will bypass the load, i.e., disconnect
30 the load from the UPS inverter 6utput and connect it
'to an alternate source (bypass source) that has



to an alternate source (bypass source) that has ~ -3- several~orders of- %
magni t ude | ower source i‘npedance to supply the heavy | oad demands requirged )
~ wtthout saggi ng'the .but put” voltage. The problemwi th bypass is that the @

" load is now operating fromthe very sourcq that pronpted 5 t he use of

the UPS in the first place. Experience has shown that nodern conputers and

ot hgr, sensi ti veev@tialTorderse ofUinaghi¢aapt 1bwert 8ohibeeC 2ApPRAaRBECEHOI SE
than to the nornal noq ngtse frgnhtae flgxuatlng U%I|It%; AccordLngly, a
primary object SSPPe &Fe ERVY 4039 fArpapds heArirsd, Fithaut f2eaindved
stabilised powthes omtipntsweleéageAnoTher pebpdetm wfithhbypassens thaenthén is
to provide an gffisci.en ower y i.ne di_tioner Lch_proyides
t he desired aIﬁgﬁﬁgésn%991§§er§gggbeﬁ?g@o#bggg%? rsPﬁgcngpg a rgﬂgﬁ?gyet
does not Pequi theausepafatbecHRSgén the favett plaged t Espefbenceshamre
efficient and 's%%nemﬁ_'t‘:sh%ﬁa&:ﬁa&ohiiﬁééﬁyéfua”ﬁgmbcQeﬁgg’éi&& égﬁ? ment
apparatus. The present invention Is a stabilized power ~ o supp 5 or
suppl yi ng al t eR¥& M9Fec susesptibler tootheceprmenl mpdgdnosaehthana conput er,
conprising trary ¢HEROFMANSmbRe! HiBe #PomUERE! sMiRdaRIngOREEiey, Wi th the
| oad, and first, second gﬁd hhlrd I nput mnnglngs, first sugglg neans
i ncl udi ng a batt er y BRSPS Y er BePT BRrEso je GpﬁﬁyFH@ BFe&eR%t i ng- current
power, s@oond dwRenti®Rals tor propRbei 88 dmpeblvedi BEabiliesl PEWEE.
t ransfer : '
supply system. _
W Another object of the present invention is to

provide an efficient power supply and

line conditioner which provides the desired alternating-
15 current voltage for the critical load, yet does not

require a separate charger and inverter and therefore
~ ' is more efficient and less expensive than those systems

which require such apparatus.
The present invention is a stabilized power

20 supply for supplying alternating current power to a-
critical load, such as a computer, comprising transformer
means including an output winding connected with the
load, and first, second and third input windings, first
supply means including a battery and an inverter for
supplying alternating-current power, second supply
means for supplying alternating-current power, transfer
switch means having first and second conditions for
alternately connecting and disconnecting said first
supply means and said first input winding for the supply
30 of power to the lcad and for disconnecting and connecting

said second supply means and said second input winding

for the supply of power to the load, respectively, means

connecting said third input winding with a third power

supply means, and means affecting the vector relationship
35 between the voltages of said third and first supply means

to cause the real component of the inverter current

at the break-even condition to be a mimimum.



di sconnecting said first supply neans and said first input w nding for

supply 30 of power to the load and for discofinecti-ng’ ahd coennecting *
sai d. second supply neans and said second input w nding for the supply of
power to the | oad, respectively, neans conneftlng said third input w nding
with a third power supply neans, and neans affecting the vector N
rel ati onship 35 bet ween t he voltages of said third and first supply
means to cause the real conponent of the inverter current at the break-even
condition to be a m m nmum -4- Uninterruptible power supply and line
condi - tioner systens have been devel oped recently in which the utility
line is coupled to the load and to the inverter output by way of series
i nductance, and in 5 whi ch the inverter conprises a bidirectional
pul se- width nodul ation (PW) sinewave inverter connected between the
battery and the load. In such systens the phase of the sinewave generated
can be varied as desired with respect to the phase of the utlity line 10
vol t age, thereby varyﬂm@ptémrmpghbladpoaad sbapd yolntihd inentondit< on of the
I nverter current {&, t ratihon,: th ase
angl e may be sett,'l dppr% era F@éggt Bﬁ’gﬁl cal"%ebkgdn?g%ﬁgglgatmad c912
sufficient to supp yuthbkitwweinelebsindedplsd tO the illoed ead, tpl theany

Suft roient 't > thy dnedl ead, to
supply (0 the SYEL 688 £ & U5 BB 2P Wby ObPRUE T ekt anedesiced o 0

<§§Ltch means having first and second conditions for alternately connecting
e

which the inverter comprises a bidirectional_pulsej -;)
width modulation (PWM) sinewave inverter connected
between the battery and the load. In such systems
the phase of the sinewave generated can be varied as
desired with respect to the phase of the utlity line :
10 voltage, thereby varying the magnitude and phase of
the contribution of the inverter current to the load
current. In a typical operation, this phase angle
may be set, and preferably automatically maintained,
at a value sufficient to supply the power demanded
15 by the load, plus any losses in the system, plus any
amount of power which it is desired to supply to the
battery to maintain it charged or to recharge it. ;;
Typically, the magnitude of the alternating-
current voltage supplied to the load from the
20 utility line, and hence also supplied to the output
terminals of the inverter, is substantially egual to
the utility line voltage itself. Thus where the
coupling between the inverter output, the load
terminals and the utility line terminais is by way
25 of three corresponding windings of a transformer,
the ratio of the turns of the winding connected to



=

battery to maintain it charged or to recharge it. Typically, the nagnitude - .
of the alternating- current voltage supplied to the load fromthe 20 X
utility line, and’hence also supplied to the output terninals of the :
~inverter, is substantially equal to the utility line voltage itself. Thu

- whege the coupling between the inverter,output751he | oad term nals and the
“utikity line termnals is by way 25 of three correspondi ng wi ndi ngs of
a transforner, the ratio of the turns of the w nding connected to t he
utility line is eqhli® B&iddEyndime i qquak touphehunbethof datrner i nal s;

that is, the ratioceuplled ter thei Iokdl é@ﬁﬁ%%?%%@%ﬁ,ﬁttﬁé‘f{aéﬂ? &Pf‘g

equi pnent is to be ngglled wﬁtq the sane alternat- g voltage as

present on the powtPe tHERS 1§niliid DAsehmntherongent dl@tattdhe loads
been found that, feguipaennsisetof ®el Ui Eiddivin %%ﬁé%ﬁt@?nf@li ng
er

normal "break gven’ operg%ion; hag its mnimuminverter current under zero
| oad condi- 10> t*88sYCanaofi £F 35 KFFSHUsAN the RowamHines.al IWhile

greater-than-nm ni mimisngerbagmentr witll Wodratd A0 Hhd RREnPFMRInG actor,
t he required inverggr current (and consequent inverter_ size) can becomne

very great, and th&"8Y<t ERFi EepRONSs SE K hereinafters uch a
Furthernore, its tbyetgh,potrehyi aoeme)l i“brddk Eaealopeal ibhe Had Num
obt ai nabl e. Enbodi pents.of the.present invention\g | I now he described, by
way of exanple, withsrBfBIBHTCI gefﬁgr current under zero load condi-

10 tions, and with a load present has a substantially
- greater-than-minimum inverter current; with a
lagging load power factor, the required inverter
current (and consequent inverter size) can become
very great, and the system is therefore unduly
P 15 expensive. Furthermore, its through-put efficiency

is, in general, not the maximum obtainable.
Embodiments of the present invention will now

be described, by way of example, with reference to the
accompanying drawings, in which:-.



acconpanyi ng draw ngs, in which:- -6- Fig. 1 is a block diagramof a
;@;mer supply systemof the prior art including an inverter for supplying a
\sVabi | i zed alternating-current voltage to a_critical laad; Fig. 2-is a )

bl ock di agram of a basic power supply systéﬁfincluding transf orner neans

having an isol ated bypass wi nding for coupling the power sources.wmith the,

load; Fig. 3 is a block diagramof a nodification of the power supply N

systemof Fig. 2, including induc- tance neans connected in series in the

utility line for power factor control; Fig. 4 is an equival ent electrical
circuit diagramof the system-of Fig. 3; Figs. 5 and 6 are vector diagrans

illustrating the operation of the apparatus of Figs. 3 and 4, Fig. 7 is a

graph illustrating inverter current plotted against utility supply voltage;

-7- Fig. 8 is an electrical equivalent circuit illustrating the voltage

step-up provided by the trans- forner coupling neans; Fig. 9 is a graph

Il lustrating through-put :

Pig. 1 is a block diagram of a power supply
system of the prior art including an inverter for
supplying a stabilized alternating-current voltage

to a critical load; : \ort
s Pig. 2 is a block diagram of a basic power

supply system including transformer means having an

isolated bypass winding for coupling the power \_;'

sources with the load;

Fig. 3 is a block diagram of a modification of
. the power supply system of Pig. 2, including induc-
tance means connected in series in the utility line

for power factor control;

Pig. 4 is an eguivalent electrical circuit s
diagram of the system of Pig. 3; '

e Pigs. S and 6 are vector diagrams illustrating
the operation of the apparatus of Figs. 3 and 4;

-Fig. 7 is a graph illustrating inverter current
plotted against utility supply voltage;



el ectri cal

circuit diagrans of power supply systens according to the

5 efficiency plotted against utility supply voltage; Figs. 10A and 10B ar__;}

present invention'il.lustrdting power factor control by the use of se
i nduct ance nmeans and transforner shunt 10 neans, respectively; Fig.

par at\&
11 is a

schematic el ectrical diagramof the preferred enbodi nent of the invention;
Figy 12 is a diagrammatic illustration Df-the coupling of the transforner
wi ndi ngs of the apparatus 15 of Fig. 11; Figs. 13A and 13B are vector

di agrans further illustrating the operation of the invention of Fig. 11;

Fig. 14 is a block di agr BABef 8aisysnemienssigel- equiing.ehé péawenisupply of

the present in!@ﬂh%@?ét@ﬂ% 2Re voltage ste?L@%-g%n 1Rd Eﬁgtﬁ%etpg% form

di agrans i
syst em of
‘prior art

utility or supply voltage.s
12 which converts 5 Ef‘ﬁe | t&r RafFAK!

| lus-  trating the bidirectronal Tine itioni obt ai ne
the PPEZERt CPHPAAPBOMEANS;Referring first to the system of
illustrated diagranmatically in Fig. 1, the alterna- ting-

ource 10 is cgnnﬁﬁted wth a rectifier/ch
corrEst rebinggehraugh-put

by the
t he
current
ar ger

di rect-curr®nt efflitdgecgopasttedchgagasa batiléty kGppIhevedkbgee across the
| atter battery is then utilized to oper- ate an inverter 18, which c
the DC voltage of the battery to an alternating-current voltage and 10
supplies it via transferFégist chOA9andd 166t pue kileetrical circuit

diagrams of power supply systems according to the present

«

invention illustrating power factor control by the
use of separate inductance means and traasformer shunt
10 means, respectively;

Fig. 11 is a schematic electrical diagram
of the preferred embodiment of the invertion;

_ Fig. 12 is a diagrammatic illustration of
the coupling of the transformer windings of the appara
15 of Fig. 11;

Figs. 13A and 13B are vector diagrams furthe
illustrating the operation of the invention of Fig. 11

onverts

tus

r

Fig. 14 is a block diagbam of a system incorpor-

ating the power supply of the présent invention; and

20 ' - Figs. 15A and 15B are waveforr diagrams illu
trating the bidirectional line conditioring obtained
by the system of the present invention.

S=-



t..Q the critical ACload 23. Wth this system the utility line can be
disconnected for substantial periods while thé inverter continues to supply
the 'desired alternating voltage, while at the sane tinme 15 - ° , .
substantial protection is provided against interfer- ing noise, turrent
surges, nonentary voltage drops and irregularities in the waveformof the |
utility line voltage. In the event a heavy I®¥1d occurs when the bypass ]
source 14 is available, the unit will 20 transfer load to bypass 14
via transfer switch 19. Fig: 2 is simlar to Fig. 1, but a transformer 20
provi des neans for alternately coupling the inverter or bypass sources wth
the critical |oad, reRffQrEiNg.fimet tanthersyston efrvke poiproarte 25

di fferent bypass jandistirdidd dPidAaRS vi gin hfLerent
critical |oad volta%ﬁt:The t ranst er sa?f%%P%% g@f?% S ijhegﬂga%gtéﬁ?arapidly
T

changing the souﬁi? Wt ?tlllﬁy-°¥4§ﬁPEﬁXsﬁ@ﬂkﬁ@gramuttéu$ﬂrh$ing a
modification of Fdhnebted With Sa CO&E {Hifedtéhdtde g Zéiﬁp%gg?%%se g

alternati@g-current %a:ta e to the four-quadrant™ pul se wd
si newave inverterth®s ajterhatdngrcurrent yplktage o ardi rert vouprenof t he

inverter is connagilathgd &d s LYANSKHFJEra A4l d AP I@?“Srf@ &81{&%‘3” tical
| oad 23. The battery 30 is connected to the inverter, and the 1nverter
det er mi nes how mi&F s (e FA4Ee% I PIURIX IS dHhen vkibizeddtereperhe

utility line ate an inverter 18, which converts the DC voltage of
the battery to an'alternating-current voltage and
10 supplies it via transfer switch 19 and output line
22 to the critical AC load 23. With this system,
the utility line can be disconnected for substantial
periods while the inverter continues to supply the
desired alternating voltage, while at the same time \r

-

15 substantial protection is provided against interfer-
ing noise, current surges, momentary voltage drops
and irregularities in the waveform of the utility
line voltage. 1In the event a heavy load occurs when
the bypass source 14 is available, the unit will

20 transfer load to bypass 14 via transfer switch 19.

Fig. 2 is similar to Fig. 1, but a transformer
20 provides means for alternately cbupling the
inverter or bypass sources with the critical load,
respectively. The transformer 20 serves to provide

25 different bypass and utility voltéges as well as
providing a different critical load voltage. The
transfer switch 19 defines the means for rapidly
changing the source of'power.



10 and how nmuch fromthe battery, and how nmuch of the inverter curre \
I's supplied to charge the battery. This figure is shown i'n nornal '
operation; when operating in the bypass node the transfer switch 19 is

cl osed to connect bypass source 14 with_tle_trans- 15 f ormer coupling
means 28, and to Sinultaneously dis- connect the utility source 24. Fig. 3
represents an inprovenent in the general type of systemillustrated in Fig.

g. ""I’lhle cons; ructi f)n_m@d Qparsghj Gﬂ_a%frg&l i)l?.h%lflria!%iﬁx% a m_é@&(fﬁéaeciatnwit L h Fig.
Wi now be e i ned an ri bed, er i e i qprovenen ereon
according to tl‘?éo rlcgse%t' i &\%%ﬁ'ﬁgén SR%® %%'8 ?@‘%&%h"?‘ﬁ gﬁeél“é’g‘ia&sai |
_F} g. 4is adsi mmﬂdﬁmw'cula-lmmttl &Idiﬁ:lalglb ftar thiee f%rr:qugdmhm pag@angement
of Fig. 3, depigtd t i 14t ' 4 E t.he_series I nductance
[ ERR] RETS p#ﬁ#&?ﬁﬁ*%%%ﬂ%ﬁ‘%&%& qf‘%%%%e | 6Ws L& d BREII i cal | oad
- [ ERR] to Wi ch indadtead 20ur mad thEeRRutputs ofupblel davetiteri deerter and
critical |oad lpéel ral ] d,suppli ed
W th vl tage 5 SoRpEcted iR el h¥BecTnedl CAVEIIACmEShs 2] cBIRRe Bnp)
The gener al i ze#Tiitds@ldilemdard3.or Thechagtery- 3Quils iconsrehdi foFthe 5 -f or
the case in whiseieddt@ranglsdoaneesn Eth 'd'e't%‘égﬂ%'n{é% Yokt fgenl 6BERknand the

10 inverter output voltage [ERR] is | ], e I nverter )
critical load current is supplied from the utility line

10 and how much from the battery, and how much of the
inverter current is supplied to charge the béttery.

- This figure is shown in normal operation; when
operating in the bypass mode the transfer switch 19 is
closed to connect bypass source 14 with the trans-

15 former coupling means 28, and to simultaneously dis-
{ connect the utility source 24.
Fig. 3 represents an improvement in the general
type of system illustrated in Fig. 2.
The construction and operation of a system in
20 accordance with Fig. 3 will now be explained and
described, after which the improvement thereon
according to the present invention will be set forth
in greater detail.

W Fig. 4 is a simplified equivalent circuit for the

25 general arrangement of Fig. 3, depicting the utility
line voltage EU' the seriesiinductance LS



vol tage | agging. The voltage [ERR] across theinduc- tance is the vector
dij” nce between the vectors [ERR] and [ERR], and hence is a vector

j ol t he heads of the vectors of the latter two quantit.ies, "as .15
shown.” The inductance current [ERR], for a substan- tially |ossless

I nductance, is at right angles to EL and thelbdoad current [ERR] is assuhedy
to lag the inver- ter voltage by a | oad power factor angle [ERR]. The /

inverter current [ERR] is equal to the vector differ- 20 ence between the
| oad current [ERBhrought Whiionutanaarekt ent FRR, #vg ShVes

drawi ng. Al so shgwn i? the a&% L&RR] by whk ch |L 1ags [ ERR] fﬁ%é‘?%

il lustrates the &PP8ctte FPoM %hlé?%q fPETRN anty, e § BF¥RP bigdween t he
utility line 25 TheolinzerteERAndirer fthicd NVRSdErartitefted0] sane £ the
magni t udes of [ERR [ ERR]. are..e | . and for sinplji- city the case is
shown wherein thga%ggggd‘m?\'ért]hf Fash af‘ﬂ?"fﬁﬂ t“)PJ &”%ﬂ%\é Whdh Y498 s snal |
(e.g. [ERR)S thérdm thei mmutlidry idichect2r wurwantof B¥died Simdsx sFal | ; the
inverter current ,[ERR] is nearly in phase with the i nverter voltage

[ERR] and therefo8é the inverter is delivering real power to meet the power
requi renents of the | The¢ genexadidlzest phasehaiidgdant Vfdr micK hiscid-n this

case the invert eﬁﬂ gter ghi"%ndii%‘g%rqg';%"f°5r the ﬁ?ﬁ%\yé?“n 4'}E15Rcl?-l eti'ﬂse somewhat

| arger [ERR], [E i § consi derably er and, - part
(i.e. its projecahgheabstyeeme ther jutditidly adine) vicltage E, and the
10 inverter output voltage Ei is B, with the inverter -
voltage lagging. The voltage EL across the induc- - et

tance is the vector difference between the vectors
Eu'and Bi' and hence is a vector joining the heads
of the vectors of the latter two quantities, as
15 shown. The inductance current 1,r for a substan- k_;
tially lossless inductance, is at right angles to EL
and the load current Io is assumed to lag the inver-
ter voltage by a load power factor angle €. The
inverter current Ii is equél to the vector differ-
20 ence hetween the load current I0 and the inductance
current IL' as shown in the drawing. Also shown is
the angle @ by which I, lags By .
Fig. 6 illustrates the effects produced by e
changing the angle B between the utility liné’
25 voltage EU and the inverter output voltage E;; the
magnitudes of EU and Bi are equal, and for simpli-
city the case is shown wherein the load power factor
is unity.
As shown, when 8 is small (e.g. g = Bl)' the
30 - input or inductor current I, is also small; the

inverter current Ii1 is nearly in phase with the



is at [ERR] to the inverter 10 voltage [ERR] no real power flows intq
er out of the i‘'nvertier and therefore the battery current is zero (ignoring
| osses). However, there is a substantial reacijhve current in the inverter,
as depicted by the vector [ERR]. This condition in which substantially 15
noglgal power flows in or out of the inverter we designate as the "break
even" case. For a still Iargeg ingu% vol tage di spl acerent angle ( [ERR] )
L3 is substantial}RVFeretrVO4t20E EpcapdvEheerferer Ehe ipRRrterodsver, t
direction of 20 déEiwering FERR powdicebemebbathé epbwbPWbqlsrbh8tt 89
into the inverter, éygﬁe hedlnvgrter gat%egﬁ]lﬁ belng_charged duri ng such
operation at the ahyl ?Ei@ﬂ. AQ%i SUBRLACH, BKy ERG. UB11iEYyAges nEhrBput
di s- placenment angire %] casgnthecinveytehabgetetieisngnbchabgingyude of
‘the inverter gurrent [ Table 1 _hereof sunmarizes,the varration of
[ERR] and | Tor differe nfgligl ggﬂeﬁﬁﬁgri?ﬁgﬁ)rgéﬁdsy rudg20t€i nput

i nduc- tance [ ERRjconslidexrahby elangeroand; eiin agsetj npt &nr83% ghft ci ent

i nverter for both t.he " : " (bat-, 30 tery chargjng current and
real inverter powe§1§§t»{8£k9€§fgﬁﬁ °nbﬁ}?ﬁgyt%ﬁaﬁﬁfhﬁogfiﬁa?ﬁés ubfent or
real inverter pownmqqallﬂbf! )apdsthe whility suppliesli £R1 e6f peheunit,
Vol ag'e' paramet enpdd' Yl £9 | SPHEL ACE 1EVE PEER L8 IR’ £Vt et e | 020

equal to [ERR] and the utility supplies all of the |oad power. Since [ERRm

he

10 voltage E;+ noO real power flows into or out of the
W inverter and therefore the battery current is zero .
(ignoring losses). However, there is a substantial
reactive current in the ihverter, as depicted by the
vector Ii2’ This condition in which substantially
15 no real power flows in or out of the inverter we
designate as the "break even" case. _

For a still larger input voltage displacement
angle (B = B3), I,, is substantially larger, as is
the inverter current Ii3’ however, the direction of

20 the vector Ii3 indicates that real power is flowing
into the inverter, while the inverter battery is
being charged during such operation at the angle 83.

U As is seen from Fig. 6, varying the input dis-

placement angle B significantly changes the magni-
25 tude of the inverter current Ii' Table 1 hereof
summarizes the variation of B and I, for different
full load power factors and values of input induc-
tance (Ls). This table was computed assuming on 83%
efficient inverter for both the "break even" (bat- -
30 tery charging current and real inverter power = 0)



_and current. The input voltage displacenent angle [ERR] for any given
xd, ‘i nput vol tage, and charge current condition increases wth increasing
&lue of the inductance Ls. However, at -15%utility 1Q ~voltage ([ERR] = -
0.85), inverter current is mninmal when [ERR] equals 0.4 P.U At this
opti mal inductance value, the inverter still nust be sized to handle 130%.
fill load current (at "break even'-) nghen the | oad power factor is 0.8 \J
| aggi ng. Moreover, 15 to charge the battery under these conditions
requires an |nverter rated at 150% Fig. 7 illustrates the variation of
i nverter cuendnf'basteryusbereing i(ghatraeolcragentnormeeaied), at the
break-even Qpgedtiepnporadi tigno 20y, Utch%eﬁpt%%ePQ t pOfy unity power
 factor, inverter current is mnimumwhen theé i nput or ut|I|ty vol t age [ ERR]
is equal toipdicptes peg. uBishovsea §ldt PRrames@EisyAnNcALdddmg ent form with
a step-up OﬁnauEQaﬁcé hﬁvéobbéﬁen%5mﬁﬂhﬁ%ﬁntthHé N@avohicagagleer m nal s and
t he |npug he i nductance [ERR], (I -13- this equivalent circuit,
shown as faPF ¢8rEePtovi ded by an auto transforner connection). At this
rati o of 1 1, inverterrheuihgnt &b1n95b0@qspga@@h@@klhn@u@her t han a ful
load, as | n(y ?‘agr'egngyg?.vent ¢ %rrq.vﬁlp%tl r\]rolilt%'ge? and charge

current condition increases with increasing value

of the inductance Lg. However, at -15% utility
10  voltage (EU = 0.85), inverter current is minimal
when LS equals 0.4 P.U. At this optimal inductance
value, the inverter still must be sized to handle
130% fill load current (at "break even") when
the load power factor is 0.8 lagging. Moreover, ,
15 to charge the batfery under these conditions '\J
requires an inverter rated at 150%.
Fig. 7 1llustrates the variation of
inverter current as a functlon of input voltage
(normalized), at the break-even operation condition.
20 It is noted that for unity powér factor,'inverter_
durrent is minimum when the input or utility
voltage EU is equal to 1.1 P.U.
Fig. 8 shows a system in equivalent current o’
form, with a step-up of 1 to 1.1 in voltage
25 between the line voltage terminals and
the input to the inductance Lg, (in



@

Tabl e 2 shows the reduction:in the required inverter current when the in

vol tage has been transformnmed by the 1.1 ratio. Included in this Table iﬁfft:>;'
the i nput power factor, angle a between [ERR] 10 and | As i ndi cat ed,

t he i nput power factor actu- ally inproves at -I3%Iine voltage, viz, when
- [ERR] = 0.935 (1.1 x 0.85). The effect of transforning the input voltage in
thi g _manner is further illustrated in Fig. 9, where- in the '
t hrough-put efficiepgy is platted as, ordinate and th nornallzed utility
voltage [ERR] is ngt‘geGqu"ébf&qsﬁr‘?% tnPhown &% e‘c‘ bt YeRferter.
Throughput effici egeyvidegalyman anw@mzrmtﬂdnmeredﬁmdtm&nter murrent is
mnimum at a trans&orned I nput E%K} vol t age of about he values

i ndi cated were cal 05t 886 OoF votven-§5 I%’\Fcﬂet“ta r'\? S From

this it will be seaetubaly fhﬁrgraemruﬁam rOVEUY1 flreddar dsoadxdxtdm:eh ber atio
gi ves subst ant | aII§ maxi_mum t hr.ough- put, ef fici ency, and gives reasonable 25
efficiencies for Pﬁ 6r§°Ia§ ﬂﬂher actor and 0.9 | ead power factor. For

ot her | oads having diff @adlie Powhovsacih Scedmm:‘mﬂmrtmegfremmm m ni mum
"br eak-even" |nverter c rrent ma be obt%ned oth r Sli_[?t able ratio

val ues. -14 - er‘:H Mheq tFl"" :?gt?u A% Mfttating a
first enbodi nent otrbhefplrmedntby rbentl dn.rdtid.hi Inedseeidhd nuttiiig v

Table is the ‘input power factor angle o between EU
' 10 and IL' As indicated, the input power factor actu-
| \ ally improves at -15% line voltage, viz, when E; =
0.935 (1.1 x 0.85). '
The effect of transforming the input voltage ir
this manner is further illustrated in Fig. 9, where-
'\~; 15 in the through-put efficiency is plotted as ordinate
and the normalized utility voltage Ey is plotted as
abscissa, for an 83% efficient inverter. Throughput
efficiency is maximum approximately when the
inverter current is minimum, at a transformed input
20 voltage of about l.l. The values indicated were
calculated for a 120-volt, 3 kilovolt-ampere system.
From this it will be seen that, for a unity power-
v factor load, the 1.1 ratio gives substantially
maximum through-puf efficiency, and gives reasonable
25 efficiencies for both 0.8 lag power factor and 0.9
lead power factor. For other loads having different
power factors, maximum through-put and minimum
*"break-even"” inverter-current_may be obtained by
using other suitable ratio valués.



line 24 supplies alternating voltage to the fdour--5 quadrant PWM si newave
hfﬁgrter 26 via a series inductance 25, and the output of the inverter is
%giected t hrough the transformer coupling neans 28 to the critical |oad
2~ The battery 30 is connected with the inverter 26, and the 10 inverter
determ nes how nuch of the critical l|oad current is supplied fromthe :
utility line and how nuch fromthe battery, and how much of the invertend
current is supplied to charge the battery. 15 The system of
this figure is shown in its normal operating condition. Wien operating in

t he bypass node, the fFrgnsiar igval dlakPans SReTpdred, Wgreby bypass source
14 is connegted wi,th the transforyrer coupli neans, 28, utility 20 source
24 is disco 5&%&%‘&2}%%&%& 'fg%asrjf’d et“’??é’dinl%lfé‘rtt &f itg‘econnect ed to the
coupl i ng neare seltodglveNEiSni.nddet whid’ dafsd the sitdad tlyo reflect the turns
rati o of the.cqup),n S - t Q .appear, .to the inverter exactly as
before 25 &‘,ﬁ‘zl% %ersgltoﬁag r%%t%%@aﬁ‘tlir%ptvf]ff% {Lr? i"NfudCH 25, This
enabl es Bhe quadeandér Pid! rsdolemaye dmd erdient #én wie daterdreys at t he desired
| evel even |0 i 0 c A RARStSQuUrce. In the
nodi ficati o\r;%??hcl%'iggl.celgé’ %8%%2‘&?3}({8}{%%:6&?&62? an i‘:'%g‘uct or Ls, magnetic
shunts M hadishgonmecsgde toroagh e fdaasfirraedr €qupddimged in the

means 28 to the critical load 22. The battery

30 is connected with the inverter 26, and the

»

LY

10 inverter determines how much of the critical o ;)

load current is supplied from the utility line
and how much from the battery, and how much of
the inverter current is supplied to charge the
battery. _ _ _
15 The system of .this figure is shown
in its normal operating condition. When operating
in the bypass mode,'thé transfer switch 19 is
operated, whereby bypass source 14 is connected
with the transformer coupling means 28, utility
20 source 24 is disconnected from windihg 7%
and the inverter is connected to the coupling
means through NTLS_inductor 27 that is sized
to reflect the turns ratio of the coupling means
so as to appear to the inverter exactly as before
25 when operating from the utility 24 with inductor
25. This enables the inverter to recharge and
maintain the battery at the desired level even
when the load is connected with the bypass source.
In the modification of Fig. 1038,
30 instead of providing an inductor Lg»
magnetic shunts M having the same
effective inductance are inserted in the



transfornmer coupling 28. The critical |oad wi nding 80, inverter w nding 48
.and bypass winding 112 are tightly coupled together, the utility source
wi nding 76, being-l oosely coupled to the other wi ndings. The 5 degree a
coupling is selected to be equivalent to the discrete inductor [ERR] of
Fig. | 0A. The system has been di scussed above predom n- ately wth equal

vol\rgges in and out. The transfor- ner enables one to convert one AC
a

volYage to 10 another, as is well known in the art. However, when the
vol tage ratio is chERBEGOrBL T KOURIARNG Abrdi THeorrind cadciond wimgding ue of

[ERR] is automati cabl Y1§03|r:‘€drt eutrhﬁrrgor'feecatndeas@eq;qlnrdqql‘gbmtﬂﬂ‘ieenput
.voltage. It is equa ossi ble to alter any one qf 15 the wi ndi ngs of

the transforner tot 59556 e COMP IS itaaether, the vsdd iky ﬁ&g‘é’cfer drhngdyg nput

vol tage and in event Bbiagheavselgatdipmy tl%yrt&%sott(he%nwﬁﬂn‘afirn@%te IR Cce
of athird volstage I f desired. u.rra n,ggenowto F| 11, there _is shown a

pre- 20 ferred BRBE8FNER SOV rﬁqlﬁﬁtﬁgr pnbet paudyalende tor
utility voltage of t&god\igbtratéc,m@daaﬂ- \ml roagg¢-1 f, 1@@ volts AC, a | oad
power requirenent of th e KVA  at % %2 r fact%r Qf unity.
A battery 40, in this e ﬁ'pFX SkE8 snéjefé’o §°“5598 °I5€ Pr&CoBtRect ed
via an appropri at eateseg 42th0eQU$hunxolcra@;&Gsl tier afd, ouypi cahly thavistora

val ue of about 15,000 m.c Al so_caonnect ed ros the battery is the

fa
f our - quadr ant PWM ?Fﬁeﬁﬁ?éqeﬁvgﬁeert%é:or?a&é uf "t OpHROFi *Cer 48 and t he
four tran- 330 sasbthediods dscwedis khows, iG ahe lr&r.raﬂg»aévielt,awhen

W the voltage ratio is changed for the input winding -

of the machine, the value of L. is automatically

S
scalecd to the correct value required by the input

voltage. It is equally possible to alter any one of

g

L 15 the windings of the transformer to produce any
desired critical load voltage from any input voltage
and in event of a heavy load demand bypass to an
alternate source of a third voltage, if desired.

-~ Turning now to Fig. 11, there is shown a pre-
20 ferred embodiment of the invention for the typical
case of utility voltage of 120 volts AC, a load
voltage of 120 volts AC, a load power requirement of

o/ three KVA at 60 hz, and a load power factor of

unity. A battery 40, in this example providing 120

25 volts Dq} is connécted via an appropriate fuse 42 to

a shunt'Eapacitor 44, typically having a value of
about 15,000 microfarad. Also connected across the
battery is the fcur-quadrant PWM sinewave inverter
46 made up of the PWM filter 48 and the four tran-
30 ~sistor-diode sections A, B, C and D afranged in a



a yott om junctions 50, 52 of the bridge and the opposed side junctions 54
and-’86 of the bridge are connected with the respective input -5° |ines 58
and 60 of the PMM filter. Each of the bridgeileections A, B, Cand Dis
made up of a high current NPN switching transistor having a high-cur- rent
sem conductor diode in parallel therewith. In each of the upper sections@
and C of the 10 bridge, the collectors of the two transistors are
connected with therpggpt coafdiguraiiame vhanerthe dat tery s tedime e
connected with brj t |gi %;R i tJ Y.eo he t di odes
I n the upper sect?gggeguaﬁgbctgr%%pﬁe socgfﬁé{necﬁ:ﬁgﬁ’rg \@' 5czat are
connected with thBrpEget RE &he FPRIREDRkde juratd arse %4 arel S6ref and

di odes in the | OWehebbidageS At Uishifd A B PR el 9 Jom t hose
in sections Agand C. Sughgci rcuits and thei rﬁg}e)et?’gt iq%n are V\‘}eﬁ ITNEY in
the art for ule adl § 200,84 1of the |BWM; fiHtegor afiagh afetheases of the

four switching trpesbgbobectiodnsurAed Ot aHh FFRe ?ha%l r\@ IdE & ni
pr edet er mi ned sequence at Br edeterm ned tinmes ané or predeterm ngé1
intervals (in thi SYERGRPI PN Witahdng transdgtpr dpvieg asdighetcurire
output |eads 25 réfitasdmiCondudtomiditiie Ginf Pairh13ed RhedaEnv th
pul se-wi dt. h nodul ated_pul se, si gnal. havi ng energi es representing a
si newave, which signal Igf ?éth éd'\g upper sections A and C of the

_ 10

bridge, the collectors of the two transistors are

-1§-—-\-“bri dge configuration, where the battery is.connected between the top

connected with the positive side of the battery, and s
the emitters are connected with bridge output lines
58 and 60, respectively. The two diodes irn the
upper sections A and C are poled so that their

15 cathodes are connected with the positive end of the W,
battery, and the transistors and diodes in the lower
bridge sections B and D are poled oppositely from
those in sections A and C. Such circuits and their
operation are well known in the art for use as PWM

20 ' inverters. JTn such operation, the bases of the four.
switching transistors are turned ON and OFF in pairs
in a predetermined sequence at predetermined times
and for predetermined intervals (in this example, 26 QJ
times per sinewave cycle), so that the output leads

25 58 and 60 of the bridge circuit are provided with
puise-width modulated pulse signal having energies
representing a sinewave, which signal after passage
through the low-pass PWM filter 48 therefore pro-
duces a sinewave in response to energy from the

30 battery. 1In a typical case, each of the capacitors



s : _ .
t hrough the | owpass PWM fi.lter 48 therefore pro- duces a sinewave in

response to energy fromthe 30 battery. In a typical case, each of t
Ggapacitors -17-

200 m crof ar ad,

[ERR] and [ERR] of the filter may have a value of ab

400. m crohenries and the inductance of the coil LT nmay be about 13 mcr
produci ng a Iomfpass filter havi ng an upper band |imt at abou

hemz/es

KHz "and a rejectio
output termnals 7

er f f the PWM pul ses. Th
S PR n | Fer {EFeaF CHRB RbKE ot HotbesoF nadPRber

)

t he i nductance of each of the=l#® coils [ERR] may be about

0- 5
t 3
e
er

wi nding 78 of a trenmzfowmoma@, theaihdaosancesvft 68cR9%f theatypi cal
case, the transfornger. n may, have nunber of turns equal to ab
1/2 of the nunber(ﬁoﬁ%J (ﬁg¥8% %gﬂugnﬁg nﬂlgﬁoﬂﬁPEhe§uﬁﬁﬁ géepomer

the load (that is,

‘nunber of turng of
bypass operati on,

I nverter

U

10

15

20

25

30

mﬁdudﬁannﬁﬁmf tmetuomt bf. mapdbagaBOut s13Pmibro~t hen

out
to
t he

[ ls, 1/2, N2). Du
HOMEdST (SHoRiE10a"E Bu BaB9 Bl BedtindPhne i bhBRe
static switch neambamn)lﬂmntkittqb¢ual3cﬁﬁa &ndns-ré jeakioni bdapgatd12 has
th nb f b
Verter 1s connect T wRiFLEE £rdblehey BE: tné) B Dl o6 VIREE SRFRys
AC switch means 60h§ﬂmnnﬁi§nlﬁn512.9érhhetlngerhgr!mvergemneote@erate from
winding 78 of tranyf sy Ee anblrtlcWifalhg ¥ 4L1Y Lfstormer 84

via transfer switch 19. 1In a typical case, the
transformer winding 78 may have a number of turns
egual to about 1/2 of the number of turns of the
load winding 80 which supplies power to the load
(that is, if the number of turns of winding 80 is N
then the number of turns of inverter output winding

2

78 equals 1/2 Nz). During bypass operation, the
utility line is connected to winding 112 through a
static switch means 120. 1In the typical case trans-
former windihg 112 has the same number of turns as
winding 80. Also in the bypass modé, the inverter
is connected with transformer winding terminals 71
and 72 through AC switch means 60 and inductor 61,
permitting the inverter to operate from winding 78
of transformer 84 as if it were the utility line.
Transformer windings 112, 78 and 80 are tightly
coupled to each other, e.g., may be wound one on top
of the other on a common iron core 84 so that the
inverter output voltage is the load voltage. Trans-
former winding 80 is connected directly to the load

"input terminals 88 and 90. All static switches 120,

t he
ugh



2 ' Transfornmer w ndings 112, 78 and 80 -are-tightly coupled to each

\\

c@@?} e.g., may be wound one on top of the other on & commopn iron core 84

S at the inverter output voltage is the |oad voltage. Trans: forner
wi nding 80 is connected directly to the |oad 30 i nput terminals 88 and
90. All static switches 120, 60 and 122 ar-d8used to permt nore rapid

switching fromthe UPS unit to the alternate sources.

whi ch can be 5 tg gnapg ﬁgggagﬁ gP kﬁdeQeiLE

ronfc sw

the pair thus serV|ng as a bidirection

They are made up o
pair of parallel, oppositely pol ed silicon-controlled-rectifiers each of

P8R, Eufhhink "

response to eIectrfrona@h%|@M§JinhdteatheeaéteanyteeSearedsnalTheytlon

such as a large chgngendde | #3dy¥° ét§9%5d5%h59r§9§9 17 %oppi8i t895-BUTehO 2

_ neeAtifperst eppbepf evhight canf be
operating a Cgt"¥¥1é¥%réﬁﬂbﬁr991§1§ﬂ5§§r38gﬂge5°£och

descri be

| oad di st ur bance. e portion o
represents, in |tssgbh%¢@1¢¢@ﬁﬁ?1&e

froman 15 AC source, and hence ne

e

et bgobat tery

even

urther

detail. The AC ut|$F?§e+|¢R? PRYE Hpust SER¥ipgghs| ankidbremtiienalneutral

line 98 is connectémgcy}éhi@|g*1ych|ng

éBBBietfﬁ”rgébén§98ténglé&9r Lo

transforner 20 w nding 76, which Focate on the sane core as the
wi ndi ngs 112, 80 aﬁ%ﬂ7%11Rﬂ1§519€b§éF9V8085IéﬂYtﬁ%i%?%e@ymﬂiﬁvﬂétb?nthe

interveni ng magnetégckhagitd large change in load voltage due to load

16 voltage due to a load disturbance.

The portion of Fig. 11 thus far described in -

detail represents, in its general form, a known type

of inverter system for operating a ecritical AC load

from a battery and for charging the battery from an

15 aC source, and hence need not be described in even

further detall.

The AC utility line, made up of the high line
96 and the neutral line 98 is connected, via utility

line input terminals 108 and 110, to transformer

20 winding 76, which is located on the same core as the

25

30

windings 112, 80 and 78 but is 1oo$e1y coupled
thereto by virtue of the intervening magnetic shunts
114 and 116, which typically comprise bodies of
ferro-magnetic material positioned to shunt or
bypass a portion of the magnetic flux which other-
‘wise would extend betwéen coil 7& and the ccils 112,
80 and 78; each magnetic shunt is designed to pro-
vide at least a small air gép on cach side of the
shunt so that complete shunting does not occur.

Such constructions and procedures are well known in

3



114 and 116, which typically conprise bodies of ferro-magnetic materi al

positioned to shunt or 25 bypass a portion of the magnetic flux which A

other- wise woul d extend between coil 76 and the coils 112, 80 and 78; &&bh/

~magnetic shunt is designed to pro- vide at |eas g2 small air gap on each

side of the shunt so that conplete shunting doe¥ not occur. 30 Such

com%;ructlons and procedures are well known in -19- the art and need not
e

be scribed herein in detail, and a physical arrangement of such a
transformer is illJhe A%k andneed caPtybendesgribed hpseinninndetail,

transformer w ndi ntarif @& ctﬂsygméledaiayaﬁaemsamoé suBHBT 8k sndBoPREVI PYSI Y
.and the nmagnetic shqﬂgf arqvﬂg nat ed, as i 142, Thi s decoupling by
the inductance per it U§HRALRE BrRePRpicEL Ylh@ Fh% v%?taﬁ%§r6¥“ Bl ng 112

and at winding 78 ttﬁrahfsﬂd‘ldﬁlﬁndmdiygadrésﬁédlgﬂﬁted by thé&Usdmé ypes of
‘syst ens, theu*#gmk rouan and t he theogy t ﬁlr Seratlon are descri bed,
for exanple in MEFRA 1S RErPERYIYSIY fadqkhe A %?EécEﬁ%?ﬁysTﬂ¥%ugh an

A.C. Line Synchromdhshdhdtkﬁ\Nsﬂh40bdﬂbaled Slnﬁxyﬁaecb@yﬁiﬁ§r thé el ec
15 81, pp. 126-131 Rando, " kgf NEM/Unlnter£$$¥|%le AC

Power Suppl y", Irneﬂqg:cﬁ? p?ﬁﬂ%%i Eyeﬁ§8f§nfeﬁf%f%?ﬁ
Controlled Triport \thEEagds]tceﬁ ekiBdingpll218ndlat winld¥ng I\M\Dt@lwl and K

Goszyk, "H gh EffiQﬁﬁgaééégggf¥-adjusted.
10 ~ Such types of systems, their backgrounds and
L/ the theory of their operation are described, for
example in G. J. Smollinger and W. J. Raddi,
"Reverse Energy Through an A.C. Line Synchronize3
- Pulse Width Modulated Sine-Wave Inverter", Intelec
k/‘ 15 81, pp. 126-131; R. Rando, "AC Triport - A New
Uninterruptible AC Power Supply", Intelec 78, pp.
50-581; G.E. Neajsm "A Stored-Program Controlled
Triport UPS”, Intelec 81, pp. 210-215; and Z.
Noworolski and K. Goszyk, "High Efficiency Uninter-

20 ruptible Power Supply"”, 4th International PCI

Conference on Power Conversion, March, 1982, pp.
521-529, |
U In the embodiment of Fig. 11, the connection

between the high utility line 96 and winding 76

25 includes a series fuse 150 and an AC disconnect
switch 122, similar in form to the static bypass
switch means 120 and AC switch means 60, that are
similarly operable, when desired, by electrical
signals applied by switch conﬁrol means 150 to the



rupti bl e Power Supply", 4th International  PCl- Conference on Power

nversion, March, 1982, pp. 521-529. In the enbodi ment of Fig. 11, the
connection between the high utility line 96 and winding.76 25 inecludes a
series fuse 150 and an AC disconnect switch 122, simlar in formto the
static bypass switch neans 120 and AC switch4Y€ans 60, that are sinmlarly .
.operabl e, when desired, by electrical signals applied by swtch control N
means 150 to the -20- gate electrodes of the SCR s. For exanple, when
the utility line datéseloetf68ed28fi 6hausOR®EL Cakby eramgleandhéherhead is -
supplied with AC pomﬁr en lrelg tion1the bgtkﬁéy,and.inVerter. 5 In
this enbodi nent o¥tthity ntiRei bRt leneSYAtF fiPhBUROMBELCRE Y urns N2 of
transformer w ndidgge®ddtond hehaubbed 06 suppie&RRLtRf ACr poséer ner wi ndi ng
76 is other than un{t¥ i.g. [EER] :té'l' Thg signi icance of this wll
now be described SFthT4tY TFRU Ehe PALEPRX aBd 1BVERKeXs cspecially. The
sinplified eduivalent Threhis embodtmenedofntheginBenhtionp! thabtgtie the
systemof Fig. 1 tpe éatio 2/ N1 og t he hurn? gf thg wﬁndin?s 80 and 76
bei ng represent ed byt t HaS t APREE| OF ohUBRAS al 220 oCI8PSEOFMRE %I R PGhi ch, in
effect, increases8@heol the mahbegeofipplired No bhietrapsfoemer ofi hailkgt ance L
from [ERRI to a 1096 Dl ofpte Yol hge L FRRy, T0E.SSRI9R, = 1.1, The

significance of this will now be described with

.

10 respect to Figs. 8, 13 and 14, especially.

The simplified equivalent circuit illustrated’

in Fig. 8 is applicable to the system of Fig. 11,
the ratio NZ/NI of the turns of the'windings 80 and
76 being represented by the tap position on an auto -
15 transformer which, in effect, increases the line \.!
| voltage applied to the input end of inductance Lg

from E; to a 10% higher value E;'. The series

inductance L. is effectively provided, in the exam-

ple of Fig.'il, by the transformer 84 and the magne-
20 - tic shunts 114, 116 built into it. As described
previously with respect to Figs. 7 and 9, this
step-up ratio of 1.1 minimizes the break-even
inverter current required by the system during
normal operation and maximizes the through-put
25 efficiency. '

The transformer €4 in this axampie is of EI
conétruction, with the magnetic shunts described
previously serving to attenuate the mégnetic path
between winding 76 and windings 112, 78 and 80, in

30 this example giving an effective value for L. of

S
about 5 millihenries.



“inductance [ERR] is effectively provided, in the exam ple of Fig. 11, by i
the transfornmer 84 and-the magne- 20 tic shunts 114, 116 built into it.
As described previqusly with respect to Figs. 7 and 9, this step-up ratio

of 1.1 minimizes the break-even inverter jquryent required by the system
during normal operation and maxi m zes the through-put 25 efficiency. The

t;}g;/sf O(rjmer _Sg in tmi_s;se.xiamﬂ @rnd 198 H11amtTiateC tirm avw'dtﬂff@i%n@ﬁngt ic
shit s descri bed previqu servi to atjenyate the pgagnetic pat et ween
wi ndi ng 76 and ‘aﬂﬁm‘%ﬁ& %}é oggre#g,ng’aq#] e%aecq"t m@s t&aﬁ’&l"@ d{) it?g€an
ef fective val ustep-ug exipldymd. 5 MigJ i¥8Mrildustratesl the ghask3A and 13B
illustrate fro 1ff t. il e el e ratiqn _and effect, of the |line
“vol t age st ep- uprp egna%l&ngé’éﬁr}ﬁ gj‘.n \g%%j‘lé@gt rp%ﬁ.gwg -tal{ce% ﬁl?gsaé‘ arté’lsatlinoﬁg’fﬁ%% in a
typical praor-&j =farndisEj lagd & N for [eaRmplend HyERRP imags [ERR] (for
examle, by 23 dybsbdl it Uddi o | He dlielidrlal ackopect of EL
agai n represent $*the voltage ‘acr oss the seéries | nductance and the
current througty R@aimdaenrersnts thepwsddagsd agrosise thects@riiels at t he

right angles 1Qnpgudddicd ., %W%u%ﬂ@%ﬂdﬁ&tﬁ@a%xqmu%da%&ssumd

to be in phase wth the i nfrter output voltage (i€ t load 1S unity power

factor) so thatl® ReRueIgnted Ry thevestar hatsdhe Flodd dagles the E

vector agehowthebtto. The output current in this example is assumed
to be in phase with the inverter output voltage (ie the
load is unity power factor) so that the Io vector lies .
along the same direction as the Ei vector as shown. The
difference vector I, then represents the substantial
15 circulating current in the inverter, which always exists
_ under these conditions even though no real povwer is then
\/ being delivered to or from the inverter.
Fig. 13B shows conditions existing in a comparable
system modified in accordance to the present invention
20 so that the line voltage Eu.is, in effect, transformed
upwardly by a factor 1.1 to a new value EU:, this
increased value of Ey' being sufficient so that the
E, vector is vertical and the"IL
angles to EL' lies directly along the direction of the

vector, being at right

) 25 inverter current Io and is equal thereto. It therefore
supplies all of the load current, leaving no current,
rpeactive or real, in or out of the inverter, as is

desired to



Ltférence vector [ERR] then represents the substantial 15 circulating
(ézrrent

-ef f ect,

_ in the inverter,

ough no real
13B shows conditions existing in a conparable systemnodified i accordance
ito the present
transformed upwardly by a factor 1.1 to a new value [ERR] , thisg/

power is then being delivered to or from,the 1inverter.

I nvention 20 so that the-22-ne voltage [ERR] is, in

i ncreased value of [ERR] being sufficient so that the [ ERR] vector

vertical and thgrb&REe tMereéw1%!5!19—@@5@1»@Btedarwﬂp%v%%e[n@%'?]wﬂt'hes
the di.rection. of. the inverter current 10 and i s equal

directly al ong

is

whi ch al ways exi sts under thése conditions even

Fi g.

thereto. It thEf8REFeteuBpNiRld zdng dPVFﬁéeFOSHYEBPFeﬁPd HERFIONE 9no
current, reactiyrRrétgheplt emfet1euhy0f the inverter, as is desired to
-22- produce the preyjously descr r.ove ﬁ%s mnta re grd to

M ni m zi ng inverter XErF@H ﬁnéeeﬁp 6§@H ﬂﬂ?ogg p@Pefdffcitddty. 1t can be

seen from P gs. vaghiagdthéBlehgthSof
an action as if_the

L.and | vectors

ot her but rotatsbl8"50§etHEFtﬁﬁéu?efﬁEQéﬁﬁdoPttHégPE %Pgégétép &3 hat |
alppropl‘l ate Sﬁ|26béﬁnbof] tbeaken?bh tObe[tEElR] ngEZR] tnanehe ofr madwlgnto
al i gnment wi t ess of the. dire ilc
i r ec- YRSF9 dEbeRbhg MoRPPRERE GRbCT BBIBELIPD Ol o

tion may

10

20

25

30

U » I, can be turned into alignment with

Io regardless of the di;ection of.Io, which direc-

length of E

tion may vary depending upon the load factor, for
example. | | | _

”19. 14 111ustrates by way of example one type
of system in wh1ch the UPS of the present invention
may be included. In this case a microprocessor 300,
such as a 280 microprocessor chip, controls the
frequency and phase B of the inverter output
sinewave is supplied with_appropriate program memory
information from memory 302; with system personality
information indicative of the particular application
parameters from system personality 304; with digital
information with respect to line voltage, load
voltage, line current, load current, battery current
and battery voltage from A/D device 308; with a
variety of monitoring information with respect to
conditions of the line switch, the bypass switch,
over-temperature, over-voltage or any other
parameters which it is desired to monitor, by way of
1/0 port 310; and with a mutual interchange of
information with an appropriate display device 312.

h

Pyeagrtbeaheag&hgafakERﬁ]thaexerts
ht angles to each

by'

*



Fig. 14 illustrates by way:-of -exanple one type of systemin which the UP?::jn

of the present invention 15 may be included. In this case a

m croprocessor 300, .'such as a Z80 m croprocessor chip, controls the
frequency and phase [ERR] of the inverter out gyt sinewave is supplied with
appropriate programnenory information fromnehory 302; with system
personal ity 20 I nformation indicative of the particular application

par anet ers fron1s§ﬁ{eanersonalit¥ 304; with digital information with
respect to line voMeSdHCIRRPSRTINGL1$9 Rrefprathy TeRRi&F rent, battery
current and batt erphfsrniaagieod roreny 4&h divt etr 38 . cortiror 0 wimayi ety of
.ronitoring informati on with re§§$ct_to conditioqf,of the line swtch, the.
bypass switch, oveé®iR&ffertR (FEEH RATERDIS LY Drl HIRy ¥R HA9Syar LR Er&F whi ch
it is desired to nwlitaye, yiveyarmd 4dyO ¢hidr Pdramsyb vd tfoundrut ual

‘i nterchange of 30 I.nf qrymt i i1.th an appyopriate display device 312.
-23- The ni cr%pro&%ssltfra %o Sfrém'?’ail'if‘? vd§ rﬁlocr'?'fﬁf‘? $YYm an
interrupt control Xk milsh & aspetiert ot Feh qHEITANEITY S asrdide vol t age,
inverter voltage, tine gnd ot her_p rs found 5 sirable. In
this exanple, the K-’r"ﬁ"'(:“rroa|ta)kr°orc?;Bs/(%)r"" ‘gn‘? rcgf(zr@%oﬁﬁ"eerm[ e T & ER)
carrier generator ofreated too @PliKod{dé qenkirat ot0 4 @2, carr icdr drerqtemdyo

S

produce on |ine 4OeA£1u6}alc"’EroritEHe fgee&%elr%:yoneqruaekle tg the "& estei}vjiodlhr ate of the -

pul se-wi dth
' 10 modulated pulses (typically at 26 times the 60 Hertz

. line frequency) and to produce from sine generator
' 410 a substantially pure sinewave function at
utility-line fregquency and of thc desired 120-volt
magnitude. The PWM control 420 controls the
15 inverter 422, which in this case is assumed to be
the entire circuit of Fig. 11, so as to determine
the phase and the widths of the pulses which turn on
the transistors in the PWM bridge circuit. An
inverter feedback connection extends from the load
20 450 to a comparison or error amplifier ~ircuit 452
which detects and amplifies any differences between
the voltage fed back from the inverter and the
/ idealized sinewave from sine generator 410, this
difference then being fed to PWM control 420 in a
25 polarity and amount to correct any deficiencies in
the sinewave appearing at the load. Woimally the
sinewave is locked to the utility line sinewave.
However, to provide a suitable sinewave to the
comparison circuit upon a utility line outage, the

L



3.~ nodul ated pul ses (typically at 26 times the 60 Hertz line frequency)
*5{g\to produce from sine generator - 410 a substantially pure sinewave
function at utility-line frequency and of the desired 120-volt nmgnitude.
The PWM control 420 controls the 15 i nverter 422, which in this case is
assunmed to be the entire circuit of Fig. 1%¥ so as to determ ne the phase
-and the wi.dths of the pulses which turn on“4’he transistors in the PWM
bridge circuit. An inverter feedback connection extends fromthe |oad 20
450 to a conparison or error anplifier circuit 452 which detects and
anplifies any dP}FEPRREESSERrWABR1UARSY S| FhgblrPesTVSER 1 comtriod liedvert er
and the ideal i zpdestarwavestiaMaebls PEREralOby4Lhe ‘o@tieg?f,f geRce then
being fed to PWM control 420.in _a. 25 polarlgy and anounf to correct any

deficienci es i n"RhehsFRewdssi5pPedtrad SEneNaVEOAY. thRoAREAK}d: Rd nsi nevave
is locked to thereghehty lisngetiivewave. However, to provide a suitable

si newave tq the conpﬁéison circuit upon a,utility line outage, t he - 24-
i croprocessor incl uti®® B1EFQBFRces§eraM2iBhelani £geasrargndeckscil | at or,
powered by the batwveey, theoginbivehet hefdesheedandedhesiienavg ak the
desired line freg ggc% | S derhved. 5 . The nicroErocessor mai nt ai ns
frequency | ock B2lhe®d PABIBPARRA0Q FBfeALfRE25RARePNRSRI PYPI48 wel | as
mani pul ati ng t hbetiwvephachemot- pbasésangk&mines all system para-

meters and compares them against preset software

10 limits. The user can access these system parameters L}
through a front graphics display.panel.

Figs. 15A and 158 illustrate the bidirectional

line conditioning obtained with the isolatzd system

of the present invention. - As shown in Fig. 15A, if

15 the line voltage E, consists of a sinewave with the

noise spikes shownuthergon, the inverter voltage Ei
supplied to the load has the substantially pure
sinewave'appearance shown in the latter figure; Fig.
15B shows that_eyen_if the load current 1O were

20 distorted as shown, this would not reflect back
into, or substantially distort, the utility supply
line current lu, which remains a substantially pure Q)
sinewave.

The preferred embodiment of the invention has

25 been shown as utilizing a transformer in which
magneilc shunts provide the effective series induc-
tance LS' and'the voltage step-up R is provided by
the ratio N,/N, in the number of turns of entirely
separate and isolated transformer windings. How-

30 ever, many of the advantages of the invention with



bétween them It also examnes-all systempara- neters and conpares them e
agai nst preset software”10 limts. The user can access these system

par aneters .through a front graphics display panel. Figs. 15A and 15B
‘illustrate the bidirectional line conditioning obtained with the isolated
system of the present invention. As shown ipgFig. 15A, if 15 the line
vol{age [ERR] consists of a sinewave with the noise spikes shown thereon,
the inverter voltage [ERR] supplied to the |oad has the substantially pure
si newave appearance shown in the latter figure; Fi I?IFﬁ 15B shows that even if

the | oad current HPIRHTE B MIGMYZING G ESHRAMWCUETRRE i davet ™ &4 PEct

back into, or subsitugHdputdicdrotie dbtaiéd iwhe saIpphey ddnp£uingot-[ ERR],
whi ch remains a substantially purge sinewave, The $$eferre,d enbodi nent of

the invention has Z¢€ egrl act A 799} nhPePE I E kit erSS NI SAI ch

‘magneti ¢ shunts prinduttdthemidfeatidd oepieas thelucigh aicde Lot el 1 bhae
vol tage step-4p R is, provided the ratio N2/ N _in the nunber of turns of
entirely separate HHU §oI H&F (&%t & et W%i%@s’?e%ﬁewé BYRF™? rany
of the advantages tifcally iinvertd cnimp L ied -éfuivaebentd dioran i o Zi Rgg .
i nverter current aé'nd maxi.Jg zi n tt%ocrt{:gh-éaﬁuéi!%:ﬁen pe ubﬂaf ned. where the

. . 1 1 ; zZe An aut
series induc- tance E§‘|S|l1ﬁzuﬂ eéf- unped-c rc seri es lﬁauctor

connect ed bet ween tdendfiagginesi des sluggestiedeéy the equivalent circuit
' of Fig. 8 rather than the-completely isolated trans-
\ 10 former winding arrangement of the preferred embodi-_
ment.
"Also, although the ratio of EU'/EU of 1.1 has
been fcund preferable for many practical purposes,
. the minimum inverter current may in some instances
% 15 occur at a different value than 1.1, in which case R
may be differently chosén to minimize inverter
current during break-even operation. That is, in
'some cases the load power factor may not be centered
about unity, but may have a known average fixed
20 value departing substantially from unity, in which
case the value of R may be cﬁosen to be substan-
tially different from 1.1, so as to minimize the

required inverter current during normal operation.



lified equivalent circuit of Fig. 8, and it

is infact possible to

5...and the inverter out put, nuch as represented schema- tically in the
&

ize an auto transforner as suggested by the equival ent- cirréuit .of Fig.

8 rather than the- conpletely isolated trans- 10
arrangenment of the preferred enbodi -
[ERR] of 1.1 has been found preferable for

value than 1.1,

ment -26L-so,

f or ner
al t hough

many practical

m nimuminverter current may in sonme instances 15 occur
in which case R may be differently chosen
inverter current during break-even operation. That is, in

wi ndi ng

the ratio of
pur poses,
at a different
to mnimze
some cases the

t he

| oad power factor .nay not be centered about unity, but may have a known

average fixed 20 val ue depafting s
the value of R may be |chosen fo be s
as to mnimze the required iTverter
-26- [ERR -27-g[ ] .
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- 28 - CLAIMS: 1. A stabili-zed power supply for supplying alternating ,
current power to a critieal l|oad, such as a conputer, conprising s
tsr ansf or mer. meanhs: i ncl udi ng an out put w nding connected with the Ioad o
first, second'and third i nput wi ndings, first supply neans-including &

battery and an inverter for supplying alterna2lng-current power, second

supply neans for supplying alternating-current power, transfer sw tch neans
having first and second conditions for alternating 10 connecti ng and

di sconnecting said first supply neans and said first input winding for the
supply of power to the load and for disconnecting and connecting said

second supply neans and sai d second |mput w nding for the supply of power
to the | oad, respectlvely, ans conngcting said third input winding with a
third power supply nean means aflfecting the jector relationship
bet ween the vol t ages of third and first supplly neans to cause the real
conponent of the |nverter rrent at §he break-eveh condition to be a 20
m nimum 2. A power suppLy sncﬁahﬂed in glavnki Wherein sai d neans
affecting the vector relat mshlp TCompri ses nagnet ¢ shunt neans for
affecting the coupling he en the w fpdings of said transforner neans, said
‘magneti c shunt neans bemngm rranged aff |east partigplly to isolate said
third wi ndi ngfromsald'glm<>tmagd§e0(>nd wryglggs 3. A power supply as
claimed inclaimlor § 8 a :
o
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claim 2, -;E;?ETE~§576~ﬁ§§ﬁS‘affect|ng t he vector relationship conprises an
duct anc gm ply as clainmed in any precedl ng claim further _
cl udi ng Hy'ﬂng up the vol tage of said third supply neans ¥

relative to that" of" s irst supply_ thereby to mnimze 35 the
break-even inverter current required by he system during normal operat,ion,
and to nmaxi m se the through-put efficiency. - 29 - 5. A power supp

as clainmed in claigpggmgerein said voltage step-up nmeans includes an auto-
transforner. 6. ~ApoweT uppl s claimed in claim4, 5 wherein the
nunber of turns oflsai® kit %i&%#ﬁ@weﬁoq HMPRYBNGf said third

i npult Wi ngi ngaif)eﬁwdm,e %\h?réiﬁlﬁ@ﬁ’eﬁ}@%) &Pl £ e - 1o7adb,| s%dwwer supply
as claimed in claim1, an urt her clu ans o erabl e sai

transfer 10 &% FOPRUTRE % oS ‘l’?ﬁﬁ?&{] 'EJ%’? arq'ﬁ/eir"("eﬁ/“% sai d

fl (rjst wi ndi n%an dwnpt;t_ mﬂﬁitrfq\o@omﬁeaemm{jme&h?smam,cqﬂem W tg theh
i nduct-ance t S1pL.o e _ - S mean s connected wit
said third m%‘%ﬂ?%‘,’ {%ﬁﬁb’%%%nﬂ'fﬁ%{ﬁvgﬁ)‘e% t°BR é%é‘? S5 the
battery even wheluding ladbtiteryparettan invértdre ﬁmcsuppsllmp-lg/ means. 8.

A pover suppl ) g, el &I ARl € JBfer MNEEEbR SAlgh1y RIS £rPri ses 2

f our - quadr ant pu
supplying alternating-current power, transfer BWitch

means having first and second conditions for alternating
'O connecting and disconnecting said first supply means W
and said first input winding for the supply of power to
the load and for disconnecting and connecting said
second supply means and said second input winding
for the supply of power to the load, réspectively. 7
Y means connecting said third input winding with a third \“J
power supply means, and means affecting the vector
relationship between the voltages of said third and
first supply means to cause the real component of the
inverter current at the break-even condition to be a
20 minimum.

2. A power supply as claimed in claim 1, wherein
said means affecting the‘zﬁgz?r'felatlonshlp comprises
magnetic shunt means for uasyifé’ihe coupling between
the windings of said transformer means, said magnetic

2s shunt means being arranged at least partially to
isolate said third winding from said first and second
windings. _ |

3. A power supply as claimed in claim 1 or
claim 2, wherein said means affecting the vector

1o relationship comprises an.inductance.

4., A power supply as claimed in any preceding
claim, further including means for stepping up the
voltage of said third supply means relative to that
of said first supply means, thereby to minimize

1< the break-even inverter current required by the
system during normal operation, and to maximise the
through-put efficiency.



é .
wi dt h- nodul at ed si newave irnverter. 20 9. A power _supply as
clainmed in claim8, wherein said transfer switch neans includes for eac
¢nput winding a pair of oppositely poled controlled- diode rectifiers
connected in parallel, and switch control neans for operating said diodes
in.response 25 to system nalfunctior. 29 - = ot 10. A
power, supply as clained in claim1 and substantially as hereinbefore
described with refer- ence to, and as shown in, the acconpanying draw ngs.
5. A power supply as claimed in claim 4,

wherein said voltége step-up means includes an auto-
transformer.
6. - A power supply as claimed in claim 4,
5 wherein the number of turns of said output winding
is greater than that of said third input winding to
produce the desired step-up voltage.
7. A power supply as claimed in claim 1,
and further including means operable by said transfer
10 switch means for connecting between said inverter and
W said first winding a dummy inductance so dimensioned
as to correspond with the inductance that is produced
when the (4ird supply means is connected with said third
winding, theredby to permit the inverter to recharge
o 15 the battery even when the load is connected with

~/ _eri;ﬁﬁqfﬁmmns.

8. A power supply as claimed in claim 7,
wherein said inverter comprises a four-quadrant pulse-
width-modulated sinewave inverter.

20 9. A power supply as claimed in claim 8,
wherein said transfer switch means includes for each
_ input winding a pair of oppositely poled controlled-
diode rectifiers connected in parallel, and switch
control means for operating said diodes in response
25 to system malfunction. _ ' Cot

10. A power supply as claimed in claim 1

and substantially as hereinbefore described with refer-

ence to, and as shown in, the accompanying drawings.
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