PATENT SPECI FI CATI ON (11) 1,542 ,803 (21) Application No. 11239/77
(22) Filed 17 March 1977 (19) (31) Convention Application No. 670539
(32) Eiled 25 Narch 1076 ip(23y—t-tet—States—of Anerica (US)y (44)

Conpl ete Specification published 28 March 1979 (1) INT. [err] HO2M 7/ 155
(52) Index at acceptance H2F 9K9 9PX 9R9B 9SX 9T2 SES (54) DC TO AC

| NVERTER (71) We, SUNDSTRAND CORPORATI ON,” rectangul ar wave in phase vmt

han that Cor tne’ o) A RN P RCTRRGATIN s, 20 o A 2808 2

st epped wavef orm ‘and neans for States of Anerica 4751 . Harr son

summ ng \t;—](e %t enhapplmglostbbppléé?/@e(%} Ffledt. 17 M’é?ﬂj{e?#Rockf ot(’(?
. 61101, t Corivisgtion Applival
7L U ommn e e i

Aneri ea, do reby declare the 5883¥e

i nventi on, (98) UhitedeStatns af Attsrita &Shat ent ~si nusoidal wav ef
t hr ee steps A Cd&ﬂplge&nclﬁdummhe@t%mm 198t hod by :
t her eof . &)@ﬁMM&M'I/tSSl s ‘to.be peiformed.to be .\
provi des a ﬁdbgymgegﬁnwth a 10 Iarly descri'bed in an¥
fol | owi ng three phamFouxmgpxgmmsxymsﬁmeans for 55 Statene
generating first, second and.third alternat- = The i nvention rel ates to DC
to AC ing stepped vvaveforms phas(é“)d?(sp' a%‘emmers and provides such an

inverter in wt, res Lo each.athier ‘b laﬁﬂﬂc%‘bﬁﬁe@nﬂh&wﬁ step
appr oxi mati on 1,0, %o g5 2 -:‘dq”u ﬁ&d bncy GfdaRP tHal Qhd2-of ke alter-

si nusoi dal V\B.VQhé &@yeﬁeo 8 oPYDeBWaTE] Ugitednemti ﬁl oreacdndl”ﬂad:ahs (fgtcl e,
the mag- 60 in seframe JubiaF475lay Barrigm umﬂggéht a‘@YF ‘?K/&’Vﬁform
having a firs# &?& 01s 61101, lagmg‘: a‘(‘)‘:lte o

begi nni ng and eﬁi@f h'?chgxelf@'}'ﬁidfc ohil ok 1lwlaveaorwﬂe huaﬂ:mts)yepotn each
hal f cycle t her,g@tl tél BEGEnY vhal mhoﬂplm | @clt nm@r mbr@ermﬂ y |
avail - great erwltld:ham lst,q be' ‘parfogrnediig *’{';\Bf

needed. I nveridedy dswdbednitignd: rWethFrefG}I"dt"ég s ﬁgﬁé"gﬁﬁ da[tgn@ £
used in situati hGor \GIRANGS DENG IRYNRRT aeppeaeamefbﬁﬁs thasel plaved a i S

avai |l abl e, suchinasted haardovdes aichCamamierter &ct wit ubsa«vct\/cav@ch th aseu e and

hav- but is - ulmhe Lmretm@q;lstﬁwapmox e’@tatfﬁc 1‘@“ ‘%fgig gﬁ?fﬁg T

that of, eachl¥ s clf“’e 3 lge"é‘}g%? ﬁltud ﬁ avefoldh

second and th|r pO\A/erva‘meoan lseginmhg)mimdsemnﬂsmke

and neans for suﬂmeﬂ@statheweednangldbamnemots;gbrh@’éﬂ%th f@@,‘..' _ Vat‘ﬁe

regul ated with smpticationg whercconih ﬁ' PY"FISt Eﬁ:@& ‘% ' Em'f,ﬂlg aid 65 _
: -'a{n%l@ wh pdﬁ@i" NiBgnteftsy Qiddhs dheﬁle&mgsat eto

| @d) fan aircratty e Feotangilag avalve’ & pbase vithom b#‘ge
wave- |ishes a biutxed- funsgulsad: thherresmﬂt 19 nmgrg)

erﬁea ﬁﬁu .W. Vé
si nusoi dal vva S"‘ g - 'a£d sff’? Nirectan
and having thf %?Eg%%% e?,px% Siodt withl! #vd Reth NABIDOF 1R ﬁharsmmdmdl n
the AC . of efs@&:tetbt axﬂi&mﬂb iid ehénrecanaerted | dlzirdt waveponp e faring fhade, compositg
airplane a pI i @atAlcomWer Cdnemtel whith estap” p ‘T:‘NFF rg:fli‘ lflsg;d %‘f j"‘mi ant.
that the I tm;gz gﬁqo?lfy% gjs@?l ,ﬂe éﬁ@ 0t @lcRabAANRERESS C
conponents of "a N rioRtes ik IttﬁnAmhlmhdlﬂaaatama@ﬁudehén|¢avler¢uerterbe

anpl i t ude, anep Hefls
AC power by an jsnyidug), s

(13

m ni m zed. output s:gnal.lt tin \aarﬁlhneaaﬂphwlbtw
i nvention provi d'efaf&c‘?!l: it ti-bm°§4\ P°“a?hne:§sﬂ})7ferﬁ ﬁé ﬁgh lf::ﬂ:;
Jemg TREANES £ Or il esvthlagow kostedny waysy of

particularly |3§\$
exanple only W't Tﬁnlﬁﬁﬁtﬁﬁn@&

g -6 LB pedAGaveThy nvemivi rig heremafef emrelntd@ln 0

the draw ngs of ieitah comxagmgtmﬁes i mervmg | edgSqr lh?;dr aP 1
is a sinplified 2| Yewatizseram ﬁ""'f"l‘@l._ _; _-.‘-?‘ha“F ;I"fcfes r‘l&n Edf’ ) hlcsha%m{ﬂ rst
of an invertery, L ﬂiﬂ,“ o8 & @“;hm‘q&.. Ofikst \ﬁueg& the Givenlibm g %lsnd

end segnents aliio ot tHe tnguﬁim%Chﬂnaiir segmmtscw Flgdne nsamseitemet&chrcwaldﬁa

t hereof and a seoiomh Mt_dﬂ"' 5 Recefida gt .1-6‘% ’ggg‘a% }l

greater than sal‘G“f*lSt % ¥ : ntop Pave-
¥ae | annfoﬁgs meiopedran the! 18aifd dnverger che- 90

i nvention: a sgdkg eén t,”af;
illustration of two wave--"45 ‘end segnents means.. f.ar developlng a.- form
devel oped in the fmain- |nverter sche- .90 ... 1.542.803 S

2 matically |IIustrated i Flgures 1. and 2 nagnltude VMR of the |nterned|
Figure 3b is an |IIustrat|on of the- smntch* tlon 18 and al so. by selectlng
the duration:ing sequence of the inverter swtches of of the beginning
and end segnents. In Figure 2 for devel opnent of the wave- the
illustrative waveformof Fig. 3a, the 5 form of Flgure 3a;

duratlon of the beginning and end seg- 70



Figure 3c is a schematic illustration of nents 16 is 30 and the magnitude
of VML the waveform produced by the rectangular is approximately 452 VM2

which is a vvave sour ce of —Frgures—t—and—2; val ue that substantially
elimnates th err] Figure 3d is a schematic illustration of and 7th

har nmoni ¢ - out put voltage 10 the conposite waveform and.the sinu-
VO The ~m-- ar waveform VT like- 7.5 soidal waveform which it
approxﬁ es, “W se affects the harsapgysc content of the that is achieved by

sunm ng e Stepped—ottpui—voltage VO 1 f the rectangul ar wavef 8r m of
Fi gure 3am4mcelly ﬂlhwareemngtgw 1a;{nd zrvavef Qﬁgﬂtﬁ@ Vmaofs%aﬁ%m%%ﬁw th a peak

wavef orm 0 Figpze pq;axg ustration . of the switch-- tion I8AgHd il equ

. 150 of ° v e FPhtsl ef c raamen&/ erfats | Fdistrbd i n
Fig. 3¢5 g_jt ﬁ@?d"ﬁﬁ’g‘;‘“‘é ”tYFTas °6‘E‘§Eﬂ"§r EfEG‘F dafalﬁgt%; tthe har rronl c

and its F |3esis ar s:hammallﬁs&duom BEV ERdnksOfE; is 34V end seg- 70
Al of t %ﬁ'@?@sbm e treptangdar] 1is happioginiagly> d4§h§e A3 déE%t‘:'dei A
i 11 ustrat| Bigur®349% fc"ﬁﬁﬁau ﬂim%tge& mqglg tcs(ygﬂbreelmmmstthes ul
devel opedhea(mmmlt& hﬁvéf&&d O4hd el ﬁu-p@o : L) a@‘*;D 16T QiYL yqifagy
20 of th °1 VE’P‘Lf@FmOWhlEh Oitir apprbximatls,0 fwikk mt; -thd Bhiddo gﬁ‘t” at ¥
accordin "r" gﬁmg I%? StepRed  \Winipgh voBagebval ned iy r
mng t he:wave@cu SFigure :?CW‘ T'the rectangular - waveform E lgafqummamwﬁh)a makf the main

i nvert 88 Héfwe I4I1§Igl icﬁeﬁugtarautldm mﬁ@'ﬁf ]éi;rfélug ion .
circuit fﬁautéres»nmmertemecmgm the mwwcearndqtsrgm I S ®Rig 2. 1t
shoul d, H&i@?rs?n.gb RLe 5 | nv |Aé1n0ﬁ ﬂles:dé clﬂ(hb &h@.lﬁﬁl n inverter
ci ated t Hatpult h&élo 8%1 c 3{}‘3” e m ﬁ‘e guvhiar wavef or m
sour ce2q of ﬂndnvettbreofalﬁglaé madnﬂrtg ‘ng’é geuit 14.
Referrin rJe d"at"‘t)‘”hl@hw o’}’@dlewbylsanst ﬁltdrecb ta| n| ng t Y& g. 3a. the

mai n i nver 'm (?t GeS, vedééJ nltfwaslotthegnmmmvaprosr te

rnonic is

st epped viaefDBCH m‘)eﬁ;r Fnl4 ¥Ohowm  t he _
manner 253}9‘@99;1 tsmm taritbludaegﬂﬁn a@%th B Seen in

Fig. 2, p preg ézandteﬂterantemnngrmérdm be i nverter 10
i ncl udesf:ig 80 tge‘m‘nhj@%? tal g‘;‘PFW |8§1hdbtamﬁlgsheepw: wave- f
i Nt er nediteppel tveapefdiza seﬁthf ﬁl%ﬂa &a the. compesitenent al | y -

dur i ng30e12§’élﬁ"te a?néemggvet aplp ecycles \tnth pdﬂsﬁibed/o Asa@en Sﬁ)qfié:ez ng e havr ng

a first. ,oldliHC Th Vhetlndin: gone lpusttlndrsed coiy
begi nni rgrma Va1 ¢ 5%%}, e ‘f’a" Ifte r. oifeetm @Stecondmct ed in
seri es 100 ¢yelef howl £ fstOvaluest %ﬁ@ﬁg’ﬁd%&t@% nction or
center 5tb&ﬁ"‘3¥lg reed spmwttﬁeoflemxt haabriee 26Mind1 28| &bgnedted SO daet ween,
connectelﬁm‘ﬁc ‘émzsrea!g ‘F“—‘be&chnﬂmtorcgeotee tapn 13 r el ate the '

pr ovi deSSaoiDGadh lﬁ%clé' lmfmélame Pﬂlﬁ%ltag -Ilgﬁ W

Referri m d32d pegniehts \16. . \Refelringe Ipe 3D I g 3C a
rect arfﬁq emtaﬁs% efornbamtr@r Q@y p%ﬁovwem aega a .uvt fogge -V 105
12 prod%ﬁ ﬁgtmﬁﬁz P8 & %twné* %nﬂgag@ wilhne 32 .
negat i véaving b jHeaws i? ed;, Me éP}P“tt o gr ound:

The co i thas Qﬁtﬂ! terdamg rvmuem)im& ﬁ&etﬁ greeetfe Foundaveform VO i s

devel dpeg Pt md hlam altemt oThet ﬂermhagwmformwMﬁyeiEﬁt.nmb’M and
i Nt er megs ,,ﬁ?iefe

| g&’ ?’ﬂ mmnashoabnpeme The

al ter natpomgn \bmmgfaoaﬁm Tods thR B of 1 f-@lmjgé g, ?f?s&‘f%f t| ve portions

with eeé@zmenebglthswlwmitinng 20 boleseStp @rid: &hit@?a@% ound

r ef eré %’ gggv doithe JWsitive tvblagepdmet.nv o legati ve

por ti oncikai¢l 12 toafogHEpr@ m%;ﬁ%nﬁ% s igfieand 34. The

end of U@l,lschelmtmauy dlt SI{tfﬁ g ORE Nyolf) iﬂmwﬂ% :mv | osest to

i nt er dfey 1Sempop fgr%vWQcmrI@@ 86. emedmmavﬁf of Bail 2N dw@t ded to the

to th Rﬁ:ﬁﬁpﬁ"ﬁl BE i‘%sﬂe 5 tage tin¢ Bhgravgl ednorizp VM by

© sunat i @fih  MeR! e g&;ﬁ s@:"’g ﬁg’gﬁiw fie 14 to forma
conposi gerteansior The th SER}epBSaﬁnﬂlasmﬁ %gﬁhﬁ schenat ically

il uséq %%eeﬂ‘a@r‘f“ﬁgn t%m“?mft%gﬁlﬁt né&adspedurv ﬁlO])aramEl athCR The

conpo %ﬂdﬂfc%nm of 1 r&fnh?sl 3 re ne F&f ﬁ;f‘ﬁ?ml @40@9@"@5 PObs for 25 | 5

SWi t chedutfafs sigial MUPER e KBt kaﬁl"gﬂg dHU‘?Ft i ve vol tage
li ne 328#°Fﬂ®ugih th?omagnitﬁdb VMImoS thdftomb bétehple}eerto cohtRict & u tm?‘d trol of an

SCR 3 %‘ﬁﬁ“’ﬁ% t e ofvitht) pylies aeropsnthe SARK assoddt@ipshefeOr each
negatlgsve VO age FI ne$§er HoIH o0l of quarter cycle. Thelithree steps

have rela- an' SCR 40. Four diodes, 42, 44, 46 -and tive magnitudes in the
rati o of 262:716: 48, respectively connected in parallel with - 60 978.
SCR s 35, 36, 38 and 40, provide paths for 125 The harnoni c content of the
conposite regenerative current back to the DC power output signal VO can
be controlled through supplles or batterles 26 and 28 and may selectron

Y b1 Y . o o o T T




A conventional switching control circuit to, and functions in the sane

mannér as, 50 is connected to the gates of each of the the stngle pul se
inverter 10 illustrated in SCRs 35, 36, 38 and 40 to apply trigger Fi @
and comrut ati ng pul ses thereto to turn Accordingly, the circuit el egent

of each 5 the SCR s on and off in the segss0® ill u- phase have been”gi Ben
the sane reference 70 strated inFg—3b—As—ear—be—seenm—during—Tunmerat

as the correspon E&v&h@ﬁ?@ht&ingt&ﬁtraoatcmtveo hemldf futgriohsein BERa@S magnercasduct -
the invérter g@lcg?m%? thaesoffefacmoﬁdlp |tthSlasiel PR imerters 1 JlreEieué i ng

o apply 2 amERg sy 'f% gasa © qROSIchil YEmBA bCdath

vol tage +V to 43 FIRFOR g&’% ﬁéﬂ‘ﬁn tghade  Hhve bich give 266 Biincrtbrele 90 de

of coil 20, andsﬂgallﬂmlgﬁggams\@n smsasﬁhd c Qmareée wef ed
by 75 cycl meshaliamh)mtﬁ mgcoadmt S@F iny 'é%

connect ed |’§1 3611123114;6 (RStip Hg‘l‘cf’@ﬁﬁ‘ghﬁ rfffgfg ﬁ%“‘t}’@hr énd he

positive volt PR pEETE VU 1ASE Ghaeaf ampdee&'{l bmdls
t he negat ive f\? :ﬁagﬁig: |1ﬂse1tsélEl Jtbncohlex L! a:ﬁ"'l' rlhgtnetnes |2delndf28(;:qu| arp®
ﬁlt‘éﬁf"t é‘%i he

sel ectively galéess @bndunmgsmasplmf gtg
posi tive and ne ta ig'géght‘s < ‘g\gg %{e‘f% AT e aufgft pﬁﬁataf@&onBO
tery voltage {4 foﬁ@ 7 -0 nected watcon\(emmmncmng cm;tol 80

shown) which oiafyavmtagehm hiring reacit hawcsplsrttov o q nog S

of each phase t?ﬁlﬂ% éﬁeltﬂﬁe"‘ggeﬁg mﬂ?jﬁ%&eﬁf {? gumen%itd

turn-off in the 65 89 B 149 , illiiskted HDI O-

as -8CR s 35, iiﬁ d ?.s 40314038 ﬁﬂnddranCFl rabat e one of SCR‘ s 38 and8510

i's turned on Fp onfidot the right side of the coil to the nllg; %ﬁ}

si de of the coi¥o ltﬂsf thh‘e °f P?Pf‘gss%ﬁ:%k‘t’@ ;@ :L W sams,) age

i ne.of polari t I age of Bﬁuurdeeel@s&ﬁmp Haté ect -

which is Conn%: ed Qc ethb&:f)il 1§Ie

t hr ee- phase coi thesgmtttfaﬂlettm IV c%s‘gﬁ ethl!l‘g‘ ﬁss

devel ops an appl? ﬁqq%%"%e %n t h,é’né: 1600f Y, output

rect angul af wav 1 rebthemmoltmst epplied

vol tages. Theso tﬂaeminé eees ISjeSGRs seﬂst el. v%9l'2t th" %

appl i ed across artdeﬂbetel S&le'ef-UPly SE'Q‘F‘! P°Phr’61§sg1?!s ﬁ:—l o -° i ng

the end segnent 8. % sg swgsw eslapﬂfedthe

out pui 41 showntﬂapa =Ys) géﬁ@appheElagmssBaoﬂ mfdsngoﬂs\mvleﬂmxg’s 20-I3enea:@¢tlve1§r 80

vol t apes appl B£d0.30THehgoltage entmadl 22 gelgting ntmtl&d‘ﬁs volizey pylses §" %ﬁ_
&

g ftee ug )
i ati vo phase fg%ﬁgﬁ%% o] menﬂlﬁesfnﬁﬁi@l Bl Sl 0 rniocﬁgn

to the same pulses 4 Ssinglel pldsé dhweeter, nthé hrectt tlt tweemvthcrebetwn t¢rn’ep§§s
a

the left si de4@1’anguhe mcfbrnseourdeolr ay fakE| a'})
zero voltage is % P é’éV B‘Eﬁlsdgﬁgﬁhﬁ gcﬁl Eréd:% o Lgag&g{%, 1%5 senes

ectan,

respectively 3532 e etnadelivie chnres Itlthdlstal&g&/cﬁuls

pul ses of pr OpOrqhérﬁﬁafeldﬁm@hlp 0 tgéenunhb Chigett nguccdtel wmireamé?dl ﬁtf@lgbé 110
nitude in the%mzl@IS@V&fomﬁﬁthﬂ ms.l_ s‘t;“}s‘e‘;om a@ﬂ’ér -
."l“.t ude V duc‘,"taf’? eh%gx s1 - (hQ tﬁesla& W V%ﬁmbaiftmﬁ | S 46
8. mals foBoth the) haAGEuL 2w3zeasb&ceommt ei al ttuee |tws|¥m fraquenqyg| e
phase i nverter, ahéeher sdtching\ednkrobeizuin361 $um- bek Weetﬂ @‘% H f;fll; 1|15

2-

angul ar wavef (59 R?ih ngeéor%@w@ gﬁingoﬁi& (fji l&g %

60 com 105 for PRELt #GYN SE9of Boise] @lsa rbsunhﬁxeemp e

which is connect, Ethe gloatded N@ityul rter- wanwlar mbama)mmesi@t

reference potentmxaél This series Mal nten nce"‘te‘)*F“nt1 t {?Hﬁg 20.
connection calﬁesRﬁh’EmEOI‘ ’é r‘)ﬁrl @gf s“"or?é1 S e?vveen 1;]
rect- duced in v@, 5% ﬁt,u 251§ baHAﬁ‘ wlgtmaﬂrIM\HSeform VT and
the al ternating veynmesd t g . taﬂe fp:rodnctdne rlee‘t OalAClJ!@V step;gg\/l

may be easi |l y aamnewédt wav %dmavég% b varies 125

enpl oying a cdt® “35 écé‘ n,ﬂc{.b Jhey!

5 1is a nals foranﬁéfb s&mmehassqmmtevamm the B.ebmeg

times the frequesgpit auigialtshVEOmecdtre sptt;c:txvtaluroIamzl;|ell‘1zﬁiﬂtg@ﬂf“3¥)Of !Btﬁllnl""‘\ﬁ %en@eﬂe&tr ee
te

i ndi vi dual pul sedsvélopsinbuhiheen BBt FtP&?Fr ) P’al
i s made. Thg <& 90ds58: o APt gffeosltagﬁsbtsl 1§eﬂﬁ§§ t%ﬁsy"é %p%‘g% rnating dhee 1o

wavef:orm VM is 20-1 through 20-3 and coils 52-1 through achl eved by
appiyl ng it between the battery 52-3, of course, also results in.this
rect- {junction 30 and the grounded output ter- angul ar wave bei ng sumred
at the neutral mnal. term nal 60 of all
three phases to formthe 55 Referring to Fig. 4, a three-phase thHFe& . .~
conposite out put waveforns VOL, 120 enbodi ment of the inverter is shown
V02 and V03 \/\herel n three corrp05| te out put 5| gnal S V\HAT V\E CLAI M IS:

N 2N N

e



65 and 58. Each of these stages is identical first value during a segnent
i nternediate 130 A conventional swtching control circuit to, and
nneeted-to the gates of each of
the the single pulse inverter 10 illustrated in SCR s 35, 36, 3 a

to apply trigger Fig 2. and conmmutating pul sejl"g (I (ﬂmﬂmr
Accordi ngly, .the circuit elenents of each 5t f t ,
sequencey i1lu- phase have been gl VERIRhE sane reference 7?) - st atmd in |
Fig. 3b.—-As e S eterrent of !
t he posi ti, VQ\ I&@dv@ntﬁﬂeﬁ's@rﬂcﬁ@%oﬁﬁoll &rcﬁ@nﬂiu(‘dnd fuﬁchéhsl:ﬂVtﬁé’ fsahlie ﬁ:@mfeﬂla& owed by |
a_suf fi x50 is. cgéne%‘amjths@ﬂes %eaclsofndmc@hedmglq mglset envapﬂpl ¢ illugratedcin- 3, i
respectlve § t| he | eft
stage ass g thglﬁ % “?ﬁa"é%’ J’“t“a"%%e‘“l\{eé o dur nb
negat i we- |1r1 nam&atp@smree ridsporidingC ylehas ,of SCR 35 i s
nonconduct thegpositice WyclhaQ%Bi sscomciandhezavmd Halfiélot!@nbbeéﬂpéuﬂi# mB6 is

conduchN.ngegnd TatNol t age
line bat m‘@‘ m 35?"1@ @% Qelrlg@::gtmve

vol tage Iaﬁle RTbsalsZ&nc SG;. eamles:m lamzas iand sed emnecteélly gat es of
the SCR s & Bch n wipgee cbetvsen t‘i’é? ’r"?]"&? 3° negati ve
bat - nect e%‘?%‘é’é%ﬁnsyﬁ( iﬁg tg,‘g? é Qod-l N during
each hal f5 Eﬁw Bted@! 5 SB al oghwrsot he

different ey pd;ltage/ cycbausescmthe(c@mﬁen ohoteab haé@hto turn on
t he di f f er ebtain She diffene: Qlﬁmte’s?ﬂages s1of eprh Pseltﬂ WAdexact same

sequence b%&jﬂg ‘%@gﬁggﬁ %g 2?36%% B R Sratedtn 38 and 40

i1l ustrabg 18 4hdA0Q 40 1s turned on Figs 3
85 t 0 connes tonhéve thei @ht side dfthe feoit tnethcor IUlthketﬂwesmgle (phise kinverthre showngl e phase

i nverter sH Vige tof op bt s Fhigh ¢ Urefat SFRE "2 whi ch
e SRR SRR L RS eh W WRRE
angul ar YR \iEplied Wkrfoss coﬂ i ely niing) wigtthat 90- Of _
vol tage i meesumeof thé tio Battedy ukétaslsorﬂ@eanh an éed%'ts | re ther oss t he
coil is equelfase 6‘8'1#12‘9'?1’ B {ﬂé‘v @ #g 2%t he sum of
the two baﬁige'{y;\ggsf h,guﬁﬁél twaiorh [ th@sof 0 CHIR s the

vol t age 30 @A lintppdidte Ckeg’iﬁbhﬁsmmrﬂrcms sacndssreoﬂ@ao-llsm-w ahdtzor.b te@53 duri ng

t he begi n- anmgomesebcmrels itehe snltecolt-l urel trvat betrrm thessd  end
segnment s 1@“@‘ e ik <0 imoﬁhe g‘gﬁﬁ %ﬁ;&l ng
' Qmmtt&bi@ mﬁt &,sp‘eetﬁ}jﬁ@nt s 18,

wavef or ns O bppked
SCR s 3835 aor om @dtdgs ;’L 222@e1£1vanrd ABiug woitdge plﬂses ob pmpeitiangl meg 100
“Yteen t hese

LR e e

top three Viaws- a VilgledgRhsd 1ik\Rrt@S theQect- efvtnhsmfeanathef h&wﬁdﬂl the S@entef @ps of Fi g.
5. Thesd0phijule Svasgfpim ewhrcefi2tmay - ke dmevo“’ptmg@ n@trd deramnbé% CQmJl 105 acr oss

)-T'V_‘

coi | s 20- 1 ferny of gey npmbesr rofs PR | oo
rel ative. GEiopa ) JEAangis ve@%“ﬁ? ound reerenc BT ég ngy.nd duri ng
the inter tndd €1 Shéiwdenl O ehel frect- heiucaauhwﬁm:gi sz-h 36 ben- 18 S

K
t her ef or &5 eggndr “wayefohme VFﬁa

| ft e eved y wavef ? lﬁh é\
gg'ﬂnZC?ed Lot Vgg?iéﬁc?ﬂg ”““’:mz 5 sgiilﬁfg thger atg-iﬂ?& %iﬁrg{éﬁ Tthe 1@ gne anot her
bet ween t hang @it itchifgdcofrol muls(arsmv ahmlsaumdmdﬂaz pulags fratke;vhldile 30 and

%Retérilsf%ﬁww% @%Ed o A m@»ﬁ%"ﬁ%”“‘”ﬁﬁ@ew”

generators ERIBE Du tiang ular Wdve beieg saemdibit the palgle Of

proper pha&mmﬂnd fre-- connect ion causestemtml & of ally uths%stq form hPel%

rel ati ong#i pBef Fighc, raeétm' o‘Y "F\g@‘ -avefREmsu | 93 to be
45 angul ar Gl %rﬁpma mng‘n@gAjM)ggt her to formthe
rectangul ary L- #ReY phduRa;si ly. AcDCevemmymvmveémpmmM whi ch

inthis i naﬂaﬂae toaﬂte
ln|

tmmﬂf%@@m“%g@bﬂgfx g%@@?ﬂ in the

] g.a 4 By E‘)’”‘F‘é‘r m m;'&ﬂ%‘mﬁ?&% e Har ce

| ast vvaveﬁ%fpm
squar e Wave€,, _ atf el & ih@gaesﬂﬁlﬁg ol
circuit 5Q,u leevoitraeee el u:mld epdl lsega@nt ob sachibalf kycieOtheret i on  of

the rect anglemed\mehﬂeﬁ‘wﬂﬁn stages, 54, Foadef amihe ?@P‘lé@m%m@b%ﬁé&ﬁ? oil's
115 the sPepdcl- aﬁcér‘?ﬁaﬂ‘?shgta%\)%f‘tﬂ‘ﬁ‘ﬁ“\/%"r ?I]'?O WigH SO E: Bf)bl l's
52-1 through achieved by applying it between the battery 52-3, of course,
also results in this rect- junction 30 and the grounded output ter- :
angul ar wave being sumred at the neutral mnal.

termnal 60 of all three phases to formthe 55 Referring to Fig. 4, a
three phase three corrposrte out put vvaveforms VOl 120 enbodl rrent of the

e N 2N N o o M.




are phase displaced with respect to one increnentally during each half
cycle and anot her by [err]. The three corrposrte whi ch has a first val ue

[)
of each half cycl e there- devel oped by three Tnverter Stages, 54, 56 of

and a secon al greater than said 65 and 5 stages is
I dentical fi ue during a segnent |nterhe ! m , l
1 542 803 4. . and end

Qr

segnents; oeans waveform the rect andul ar_wave and t he _devel opi. ng

rect angul ar Viﬁé’ﬁegidﬂmgf&ﬁéﬁndé stgegns\@grve@%fg}nya{hx aI;;md bel ow wi t h and'

having a f recﬂml@;ynggaeﬂbtafgura Ahve an T g Véférﬁ variH A 8ok an nati |
that of the EAY ftb:mm a h&fei’encaj(ﬂoﬁﬂtlal duriigdaltmﬁﬂﬁg for-
sunmi ng t he g *ﬁem’% atmg tepﬁ‘l Y’f?\? ’erhagc GIFFdI n eced 70
stepped wavag gfr{,eﬂ H’f_;_—___t he
begi nni ng wavvmvemo tomnm ®mj}0mamv tﬁ'mV%iﬁ Oinm eacE @ethhes O« .

each hal f cyc%’ *‘E“'hea adlgﬁolﬂﬁﬁ wayefosmaansi rﬂ!@maml stqmubfwavemrmm a ahrae‘r.,n@;tr ng

st epped wav TalleRs it rsqch pparter; gyclee %"gejfgorve each ter cyclg. tion
of 30. 10 t er g, mverter according to claim 1, ing claim, where the%%ha F%%Eé . Co
according to wahc;cmpﬂlemehs faﬁgéleraﬂhg thmul&r-t EdomPEsite I shitpuf) vaQef lativd0 e
claim wher elq"}“‘% W@’Ffé whem@’mudehel the aztio ¢f(ﬂ62g7é6|x9f7&1t| ng the
alter- conagapt :S%%ﬁ% Sé@ Pf\?rravef orm -
conprises aa ﬁagﬂal Tréid&f‘celp&tehiﬁhﬁf 5&*‘0 eﬁg ‘ﬁ? W tage _
provi di ng botdn pt;smedlate mﬁ oifm fromy és tcmtreacnmﬁ}mxg siitStantially . idélﬂtcallﬁ) theve and

negati ve vol taégg i geﬁvo CIE’&I)EEWQ 4 _m%%qezhcﬂléaﬁ Hisggé ﬁg:"
gener at - 8020 nﬂﬂﬂ ﬁ%‘g | "d%- o llitbdle - And Un > SHOTy Sk

third alternatdpped - ﬁi»epﬁe t 3t inithRddiROtag) e?ﬁ dal &éﬁ&ﬁ%‘ﬁfﬁ%”eﬁﬂi &g,
wavef or ms bt wompasite [wayeformj teimgt idevglopddo ming saddemagma- Wwoke witl bath ithee! v

swi tching t hr’%’e ";feﬁﬁes‘;wggﬁﬂ‘m 12y ¢ @dn 44 r%‘ﬁ gﬁ/ H}SM wevplormind
negat 1 ve Vol RS A g o, o AL bR B ST B 5 1] 20
si des of the vwiddhl the way@ﬂenﬁaﬁs inblﬁdea atﬁmn tifenti spﬁeafdrﬁelbm and
i n which the $gick 1o oney C‘Iﬂheolltrvt@hmahmvetht B51208 mdi249f means

conpri ses rreag {%ﬁ% ”“L£9° ? i85l PREing 2 ByestRYpE dOti ng |
said rect arwuhalégmwea el {%6 ﬁmwu&e;m L& chaftl 102830 the

sati
second and t hteréthi ‘adthix tmiualatqo \te amr MB WiGdHe eRHCE HBOta hatAls - stepped
to form secorf@Piy S‘ﬂhrofdhecﬁﬂﬁlp@s apply payefordn gemratmgrmanercoamdr ng to
claim2, in Egﬁ

swi t chi ng rnsa‘&s'apﬂmﬁgu z?ié rv%ftage fttﬂ?lcjﬂ %%ﬁﬁﬁmm@co ?éﬁlhg gtgfy % i['&é bUt. | -_::i}.

switch conne@!lédwttdl mn@rogmdeneamf fotr hagusiogi |ofcﬂlé aﬁémqjiﬂgswavé rrl

and [err] fo v@‘\‘fj g%qe% |t9eas§}’(9?°t TSy odeVaIOPlFle
provi ding a eﬁpr t ; éﬁ 1! sty ?gﬁﬁf(;}n j@ gﬁg' de of.
put . . 30 theoai fir ma mrup cﬂ@ to a@dﬁ&emdgataltm peQinhig) End end’ oi eEBheIoBEV
accor di ng t o dudting iateq QuritgSthie Hutengiediate seg- tofithel ﬁ;stsmdhandoﬁtr&cﬁlteﬂaﬁng in

- whi ch eachXeg$¢ ¢f PPSitivE 4 igth £yde. o Wgﬁm of addipg @B of for
appl yi ng t heﬂﬂ@fa h% sw1tches t% agy ﬁ Cél $o8 §o§gth§ tgggtlm[ ?heée% ﬁge
thereto, a4fend 'rségmsms tof.hachCﬁHgitxve dal Haans mmsmérehlas@nmlgswa% of, i10

f— )
.mh

connected t @nd fhe gprondiand &Witchehemcm IWhRE eadli-toadie &gl dss af e i |
during the b%ﬁﬁ}i?‘ Zﬁfﬁ ?@ %ﬂ% e@ﬁgd\{ére m@l"’&rﬁ' as-ng and
end segnent gyl each hal cI e” and “sy ﬁggﬂts b GRANG .or -

causi ng ofsotrﬂeAaI neareen hico

! veahprpmced:— helaﬁmflz, anerhich ahd its6 t second dn@uins h
switchesto? » in fydich A

h e festapgylar dn n%PW@cW EmSalareedmdM| ve
states durin &%ﬁﬂ%@aﬁ ' eg“\%{é%/rglfgo Eg W eor”OUpl ed
end segnent spatntieR £&h il Wayin} duréii)éﬁ' SeneMhih e‘ntnﬁnﬁor

devel opi ng5plekssthan 4t toh ehef mresitedifedsepinent d Conamarc sallt dleawmtmm £diatingti2a he

begi nni ng anﬂf ltg@ riteppesk wasgtorm. 105 d véhesﬁ‘ﬂ‘fqr’s° DEi vofege bas a

i nter medi at ey ¥y %g%d%l ?attg... 3, et s of

each posit.i vnas %qﬁ@&ﬁy Ghred lﬁﬁxes ‘il 6df Ofhérs at @i R&am‘ge poditi thN@gspadt|to Of :

second andgo altemadnswmn;ﬂrwwfgmassurre conthet fpferqmod sveksage etirbwided t andf @112y t he

rectangul ar dcfpviE r wave 1$e ?gﬁ"i’r‘fe g 1.%@ antag,“'_ﬂega' -

- 45 end segpey -.--w'ﬁ,few aceh T V&"nal * Wl g
teei N Whi ch

accordi ng to ¢ anMnveitdr i&&dﬁgdotahﬁp&emondmeﬁﬁdconﬁpﬂd{ % t
each of tbeingaldim, intwhichathe elgsnating mdrewméwaummwdsmasp@s vdﬁnromgart- 230

i nter- which the one alternating waveform asso- nedi ate segnents of each
negative half ciated therewith is produced. cycle.

13. An inverter according.to claim1ll or 50 4. An inverter according to
any preced- claim 12, in which the first, second and 115 ing claim in
whr ch the rect angul ar wave t hi rd corrposr te vvaveforms are devel oped has

o a ) .



of the alternating stepped waveform nmeans; the source of DC voltage

has a 5.. An inverter according to any preced- reference term nal at

whi ch —e=pefetrerce—mg—cHarm—T T whichtieTectangutar wave potential is _
provi ded, a positive termnal has a frequency three tines that of )
which a voltage positive with respect to 60 alternating stepped way g
the ref.erence voltage is provided and a 125 6. An inverter accor

any preced- gegative ternminal at which aseptmBage nega- ing cl ai in 5

whi ch the rect ' '
is a squar & - WaVether between the refetcnce termmal and ykcie vof deacki of ﬂn:dthreb hesulting com-
i nductive| y: couﬂlbedonﬂnonA nﬁ%wav tive mpgy

FoED of e begi -
LS o oot el ﬁg"ﬁ%‘;ﬁwﬁiﬁm@ ?ng e

reference term nal14amdmvem @c@ﬂmgacmaﬁﬁ Bheoﬁ Bﬂ"ee resul ting com the
common’ terninalin which e PE th Ale inverfep (ithca three- %
g uces ol BT B S, S S et B i e
262: 716: 978: afydia %ﬂl’b{ﬂﬂ i N stkppod Wiw Phike Nakplaced J
ning and end segtieant,s aod mhhwafefcmhegedetaang Sutlmreapsctrte eh:tothe:el .120° and

nating stepped V\H?@Foﬁ“ﬁ%efh Edeélm Jegt tf&lﬂc %‘fh f&‘cﬁ’rggm
15, of 301 n wh ﬂ%@‘ﬁ A bt i L GO A

inverter with 5 ;1 amheglﬁbgﬁiixﬂg Iaﬁkg end
out put, conpri soncgendncéauhe; cori end 5@ maws t1=rs ebnwéchvéfdcmetﬁeraﬁ and; ersn@m ate

generating first %0 Em end e}]‘ﬁ“ﬂ V*‘PE? ro?hamd ?" gﬁo
wavef or m gener at Qehisd foub@ ingqapaeve

each wavefornyo gﬁta@rcadueﬂgi betwée tneeathmehdtoo eaakangﬂdievvavb;n plaser yitlgaod imans
further includesthg ¢0|l1r and dhec peaniiveg iﬁc Hﬂl‘h mg ﬁh fﬁ%t efasachs

incre- switch coFfH ‘é{g mﬁ CIV TialeE
A\ {5
cycle, the nag- 3‘5 RAS I£5ur meelsoerwa Walith %a&E 60

131, Lskkided @hd €ach
wavef orm havi ggytrenié swikhesitb aﬁumetcomlnetm ssta/tes C khirdowavefotnexd td) édrmethree t joaposital ue

at the begi nni ngd%ma thagb fwgw@r@mqacha £l stih compagie more- ter-

of each half cyclEephate aform %ﬂéeﬁcﬁm s Lok

connected val uesges aduibg Jtér@ éﬁ@. uﬁe rmm@;twe @hﬂ&ﬁrcydad of

the coil and t Bethetebfic asd gifestinte dumneremoheaatgesamtobe i_nni r;% gﬁfPOSI ti ve
SCI1l

terminal and a f83f e¥lecolcech hg 20
t
o oD comect odh wﬁi@i@%ﬁg‘" A Lo el SR
and hav- the cmf»e gldba aﬂgﬁ&mm hefebt, riad | aus Amgoa mieﬁpuemﬂyag
than that of, 8hdie asseribted secomsinandolottineleqtnorias outbfite ¢ t Jubstang r}g
F“céé‘é ‘%‘Eﬁ“l to

first, second an&”‘fc'ﬂ“rs 'qﬁrm lat&;‘ggmule%%?%ﬂ%lg? er%‘ mg

and neans for su he assocl ated first and
fourth el ec- vvavlelmsn tmtceac,hwmm hie fectasdujar second andSEBJEAI@TSC switches to
assune conduct #@ae it & squap f BPG¥ENCY 0 f or m °Pfé during

t he begi nni ng andj’;ﬁ éestW%‘ ﬁzeach of sdi 05|te wave-

t hereof and the associ at ed fIrst an fornms apprOX| mating a

si nusoi dal vvave- el ectronic switches to assune conductive form and havi ls
thr ee | nor erreniigs e Mid G- oinip s S e W R Gl o
different magnitude in each quarter cychs @bttu reof, and effective during
each negative thereof. half cycle of each coil to cause the asso- 17. A
DC to ACinverter substantially ciated second and it wi t ches
as particularly described herein wth to assurremummﬁﬂeﬁmmﬂ

during the reference to Figures 1 to 3 of the draw mgs¢ /6 begisnnkng and
end segnents thereof, and 18. ADCto ACinverter with a 3-phase 35 the

associ at ed second and fourt h electronic output, substantially as
particularly switches to assune conductive states-dur- described herein

with reference to Figures ing the internedi ate segnent thereof. 4 and 5
of the drawi ngs. 15. An inverter according to any of clainms 10 to 14,
wherein the rectangul ar - : SERJEANTS, 40 wave is a square wave
with a frequency _ Chartered Patent Agents, three tines that of the
alternating stepped 25 The Crescent, waveforns; the.three steps in
each quarter Leicester. Printed for Her Majesty's Stationery

O fice by The Tweeddal e Press Ltd., Berw ck-upon-Tweed, 1979. Published at
the Patent O fice, 25 Southanpton Buil dings, London, WC2A 1AY, from which
copies may be obtained. 111111111111111211 11111 111111 * C L M S
*



