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For the voltage-sourec inverters of comparatively small capacity, in order
to control the feed back power from the load, the discharge resistor which is
parallel-connected to dc link circuit is generally used. In such applications as
feeding power back repeatedly, or as the relatively higher power, however,
the discharge resistor method can not be employed. Instead of this mothod,
it is well known that the line commutated inveter method is often applied.
However, this method has also the demerits of providing the identical two
bridges of thyristors, and lowering the power factor as the regenerative power
varies.

For the next type of regenerative control, the PWM converter has often
been reported, which is slightly different in contrast of this paper’s views.

For the higher power capacity, however, the equipment would be costly.
Under such circumstances, the purpose of this paper is the proposal of im-
proved regenerative controls. For the first proposed method, the novel PWM
strategy is employed in which the polarity of the sawtooth carrier waveforms
are reversed every 60° interval of the fL_mdamental frequency in order to reduce
the harmonics in quantity. For the next proposed type, a modified Cuk
converter method is mentioned for regenteration, whose output! current
becomes perfectly zero ripple. The second purpose is to propose a new fre-
quency analysis method by using the new switching function. The appro-

priateness of its analysis is experimentally confirmed.
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Fig.1 Circuit configuration of double bridge con-
verter type.

Fig.2 Circuit configuration of PWM converter
type.
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Fig.3 Circuit configuration of Cuk convertr type.
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Fig.4 Current waveforms for Cuk converter.
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Fig.6 Regenerative positive current waveforms.
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Fig.7 Novel PWM strategy.
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Fig.8 PWDM control circuit.

FENEFIZE U TEARAICH Z & N KIS ¢ 546
5 W RDERIC L7eh > T 60 BIZENENDD L
ENEAHES AU E LTELNS, ROBEE TR
BRI NVEZHDOX ) TERLIGAETH 2.

4. RA v Fr VEERVEEEERIET OB

AREND PWM EAEBRBIAI A%, — e ¥ v
)7 EFHDO PWMAES LR, 60EICF v ) THE
THRBIE LG BT, WP A VML %D 2 &
HFEEIND, LrLLuhs, AiERES) DXL vFo 7
Bz v 72 iR R IR T 2 LTI 2 DT &
TH2EHFTED, FTRERDFEERASZ LITE
D, ¥r ) TR L TR THT 2D E)iEEH
WiRo PWM WA BB, 5 L URES ER-T 5

Rk TopiRe 2



LHEFE 2 BT HH LB M4k 55

DI EN R FACEAED PWM A BRIKESZ R
FNR 2 IIRATRER & L THEIEN S,
Fig.8 BARGRDEHD 2 24 v F o TEEER

@) in OJJJMTUUJLWH et
(b) Sw1 0 l T
© ins O-L[LFU“J pEin N
(d) Sez 0 T L]

@ i o ULV o o e

Fig.9 Application of switching unction.

WTERT AROSRER L7200 TH 5, (K
tws, (O 13 Z NEFNFEL TR 2 &0 ik, #HE R
NZEYVEEX v ) TICHW R HEREE2ET,

by BIEB LU i3 Fig. 776 0607 k91
60° 3 >RHAIZH 1 &1L Fig.9(e) TR i, DHHiEE &
Y, IEEMFRO PWM B ICARE LD 2 &350 %
b, ZOWREIT 0CHIRIEBICEL L X v ) TRRELIER
—fEENCAT AL T B HEETIIR SIS 7 — ) ZREER
FTHIEETELWI ETEING, LELArESE
T & ICBIcHRADIREL TV B X1 v F > 7B %
IO L2 AR & BTS2 B85 2 LA TE
%, 1EATERIDERE i ZRDOBHRED S L L 512

Tu= Ty X Sypn (£) F 22 X Sppp () weremvmenvrneneeninnes 4)

DEER TIHF S 415, Suns Sueld 60T DR AICIRIE 1 2°
HHY 3, ENLEIEEEED & RISEA, Z0BIIfEk
S0 2L v F BB EFEINTHEEETH L, %
ICBCEHLILT V3 R4 v F > ZBECE AV 72 C
(4R 2y 2l THHE T B L DI XS BALZ IEFRI
Thbo BN LI b, G PWMIEHD L) I0#
MAEHTH-> TOLLTD &5 ISR L e b, %
Ay F o JBERD 7 — ) BRI LIREITR
T2,

1 2 4
Swi(t)=——— {cos3 (wsf+a——)
2 T 6

1 b4 1
—5cos 9 (wt+a— f) + ?00515(%1‘

1 2
Swo(t) = —+ = {083 (@ fta——)
2 T 6

HREHIL S, (5), CENAUHIFRL TENT 4, 1,,DRE
WRKITAAT 2, BEFRR S ORERIBLTO L 5127k
50 TN BEFARST T tu, 107 — ) THEERAR &
Ay Fr TR DF R OEFROHEERIC L) 5
oMb, FTRA v F v VBIBDETREL tn, L
AL, FIGADFE an L DEATE L bNBHSFE LT

C @, 5\253\ ......

cnw,t 2k +lo, Ry eees

V31

nr

(=1 *

Jzk+1 (nna)

7272L, a=Ey/Ey, B IETGERESOIRE, £~ )7
EEOWRIE, o BROMFEE, Jaoy e Bk s
é o

WIZAA v F > 7B HARER S £(DRIEZFRDB
B EDEHTER 6T E LT

cnw,t 2k +3 w; |59 KRR
2v/31

i(—l)k—‘—z Jzk (nza)
nr

cnw,t 2k 3w 7% KERREE

2v/ 31
i(—l)k——‘/a2 Jop (nrza)
nx
£=0,1,2,8,4,

n :1,2’ 3, ............

WIZAA v F > 7B 3 IRFAER S & E5EEDREK
baE DIEATEHZ 6NERGE LT

cnew,t 2k+9 o, 7% XL

2/31

+ (=1 k+1
=V 3nx’

J2k (1’!71’&)



56 I

. ”(ﬂri 2k —9 @, |57 Ll IETTETITTIPTPPPRPIP (9)
2v/ 31
+(—1F*? /_2 Jow (nma)
3nn
£k=0,1,2,3,4, -
N1, 2,8, rreeennnnns

L2 b, MOME/ERTELNAIETIZNET 2, &
AP ICHT LIEB IS WEE %2 B,

VU EDFERRED a 0BT 5 EEE RS
#X Fig. 10 IR, @~ o I STEIRD a BB

1.0F

Harmonic Amplitudes/I

Fig.10 Harmonic amplitudes of output ourrent.

BERANTRBY, FiiED b AICE T 2@ &
LTEz 6N, nﬁ%’@ké WEE 772 w 4w JJETE,
(DRI F LEFRIAE P RER L Z L 5 DFNT @, —
wstth’\itﬁxﬂﬁd\é {, a=0.91FETO0 L& 2HELR
L 720 FARRBRAENHT iy, D ERERTESNAME
EE LV, () TRTEFAROKRBIIERTHGE
@,/ @ =18 TOFHLUT LREERLZLNTH S, %
TeB—DX % ) TOZEYEEFCGEICRET 5B
TEFRRIIBIRD Z E S REL TH W R @, —
1w, (7R) TRTEDE, EARERTOBWGEETH
DINIETIEH 2 PMERATR I E TN TWEI L &R
LTwb, ZOEFEIIEAREO—FIAF 6EIX> )T
DYNBLNISER L TRET LD EEDbNS,

(6

)

=i, KE AEBA, BX BE

5. EERH LUt ORE
Fig. 11 (a) 3% Cuk 2 > 3— 212 & 2 5o E

15A
ilt
(a) 0f .
_15A L L
. ,000
15A[() 000 16,000ms
i1
(b) ot
—15A *
0.000 16,000ms

Fig.11 Waveforms for modified Cuk converter.
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