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Space applications of small-current supply often require improvement of the
routine electric circuitry in order to ensure higher reliability, This paper exa-
mines the improvement of the energy parameters of the classical converter cell.

The theory and practice of small-current sources broadly imply self-oscil-
lating converters -with satwrated converting .transformers {i]. They are used
as driving generators or power transformers of Iow energy The hIock diagram
is shown in Fig, 1.

The operating frequency is determmed with the following expressxon.

Fig. '1, Standard pus@-pui! S&lf—osci’iléting converter
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Fig. 2. Histéretic curve for soft magnetic ferrites:
‘Tow frequencies {solld line}; at high frequem:ms
(dashed Iine)

This converter is specified with poor efficiency, low load and great losses
in the feromagnetic core. Magnetically soft ferites with non-rectangular histe-
tetic curve are used as feromagnetic cores in contemporary converters, i. e.
they represent high- frequency magnelic' materials (Fig. 2).

©- As it can be seen in Fig.. 1, the base currents of transistors T, and T,
are defined with the ezpression:

Uy — Ug
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while the collector current /. is yielded as a total current of the secondary
wiring,
The magnetized current is given tiy the expression:
| H.le
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where /,, is the load current of the respectwe output,
In order to provide reliable reswitching of the transistors, the following
condition has to be fulfilled:
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where /., is the minimum magnetized curtent of intensity /7 at the point
of change in the histeretic curve slope. Since /,, . is high for such type of
converters and a strain of //==80 Afm has to be achieved for the most fre-
quently used types [2], then the maximum collector current at weak loading
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Fig. 3. Collector current shape for saturated
transformer converter

of the converter is determined exclusively by the second ferm of equation (2).
The shape of the collector current isishown in Fig. 3. % Dosi

The maximum value of the collector current is defined with the base
current  and the amplification index #A,;, for bipolar transistors, and by the
gate-source voltage and the preliminary characteristics for . the power FET
transistor. In addition, in order to obtain great power, the switching-off posi-
tion is selected rightwards from the histeretic curve (point B and point C),
in Fig. 2 which results in a greater increase of losses in the magnetic core,
tield keys, etc. :

The Josses in the ferrite .core are given with

{4 P, = Py + Peoe + Poypens

where Py, = f.ooH ﬁi{W{-kg} are the histeretic losses; v is the density of
the material; Py~ 0 are the losses of the ‘eddy currents, This component
for frequencies up to the critical one is negligibly small in ferrites. G
Pyom, 8re the supplementary losses effective only for weak fields /< 10 A/m.
Usually the “angle of losses” parameter is used for the quantitative de-
fermination of the losses | 3

R, A
(5) tgs = oL, F bhist' h+ §sec- f + 8suPPIs
which in agreement with {3} is: :
(6) ‘tg S = Ng-He Bmax/;z'

where % — histeretic coeificient of the material; nz— material histeresis con-
stant :
The total loss of power in the core may be expressed with

() Pe= 1wz -Rs = I* Lz 0L - tg 8,
We substitute tg8 into (7) with its value from (6) and obtain
() : - ;=2 o - e B &0y oy
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The core histeresis .constant is used to introduce /its parameters as re-
lated fo ifs geometric size

() My Rl AR
&

From expressions (6) + (9) we obtain for the core loss power

£ lmax o f Byax« Mo \’ llt{;ﬂe
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In summary we can make the following conclusions:

— The converter is specified with poor efficiency at low loading since
the usefully trausmitted power becomes commensurable with the circuitry
losses ;

~ The selection-of a operatlonal point rightwards the point A of the
histeretic curve allows to itransmit higher power, but simultaneously abruptly
increases the losses of the transformer core;

-— The field keys are used in a capacity less than complete by current
and are subject to overload at the point of switch-off,

The .efficiency/output .power characteristics may be improved and linea-
rized significantiy with proportional current control of the field keys in depen-
dence ‘on the output power of the converter. A method of increasing the real
efficiency of such converiers is suggested in [5]. The:r general block dlagram
is gwen in Fig. 4.

The: proportional control is made in agreement thh the ‘expression

T Y o ' ly=kd,+ K, e
§ and kl = im as Hcl'll'ls :
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Fig, 4. Géneralized block diagram of improved push-pull

self-oscillating converter
-

The proportional " feeding of the base is prov:de'd' with & coefficient,
while K, determines the minimum strain of field f4, in: order to safeguard the
regenerative operational cycle.
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When using advanced MOS {ransistors, the circuitry is transformed by
replacing current transformers with current-to-voltage converters. Expression
{11) takes the form of

(12) Ecs = Th/8m + Egs mwr
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Fig. 5. Ezperimenially obtained curve, reflecting the efficlency  of both
-contverter types in dependence on the normalized output power

where g, — transistor transadmitiance, Egg . — prevoltage applied to the gate
in order to ensure the required drain current, corresponding to field Hpmia.

We have to apply a thermal compensation of the gate voltage Egg too,
since it has a negative temperature coefficient (usually 20-25 mV/C®).

Additionally, for both modifications we have to ensure signal integration
proportional to the collector (drain) current at the end of its switched-on po-
sition, so as to avoid introduction of a supplementary coefficient in equa-
tions (11) and (12) and an avalanche-like current amplification via the tran-
sistor. '

The advantage of the method described was experimentally verified with
the use of a small 15 W inverter. For power transistors, the bipolar 2N5038
and MOS FET VN64GA ‘types were used. In order to provide a correct
set-up and to take four reliable imeasurements, one and the same converting
transformer was used : the ferrite core type 30X 19,T 26, Al 6200, V, 6100 mm®

The results from these measurements are shown din Fig. 5 for 'a bipolar
power transistor. '

On the basis of theoretical and experimental evidence, we can make the
following more important conclusions:

1. The method suggested for the loss decrease in converter with satu-
rated transformer allows to imptove by simple means the efficiency coeffi-
cient at an average 2009/, when operating with normalized power Pt/ Paorm < 0,5.

2. At low output power, a converter implemented on powerful MOS tran-

sistors has an efficiency 2 — 49/, higher than the similar converter on bipo-
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lar transistors. This is due to ihe drop of the base power, necessary for the
control of the bipolar, transistors. .

3. Vice versa, at high power the efficiency of the powerful' MQOS tran-'
sistors modification is lower, due to the effect of the higher voltage of satu-
rationt in these instruments at high drain ¢urrents.

4, The suggested method can be used successfully in other circuit confi-
gurations for. different output power. _

An improved converting device of this ty pe was applied in a secondary
current supply source of the RM-1 radiometric instrument [6]. Its satisfactory
operational indices were proved by its reliable performance of more than 36
month aboard the METEOR-PRIRODA satellite launched into orbit in 1981
within the BULGARIA-1300 1I programme.

References

—

.Kyssumeuxo, M. H, A, P. Cusakon. MonynposoAnsKoBsle npeopasysaTens (oCTONH-
HOrG panpstaenss. [ocsxeprouspar, M. 1980,
. Ferrites Data Book, Siemens, 1980. -
. fpeofpasencruy, A, A, Teopun MarHeTHaMa, MaruHTHbIE MATEPHAIB U SAEMENTHL.
Bucgas uikona, M. 1972,
OQug de Maw, M. I',, Ferromagnetic Core Design and Applicalion Handbook, Prentice
Hall Inc,, 1981,
- Muigen, [l H, A. T. Reunuen, [Ipeobpasyparen Ha Mowsoct, Aur, CBHIET. Ne 31934/1981 1.
cHasnpexu, T, A. I.'Tesuesn u gp. [IpoGiems pH CO3MAHHH pafHoMeTpuueckux CBY
CHCTEM XaW 9NCMEHTA KOMILICKC)IB HAYUHON aumapartypsl Ams IMCTANIMOHHOrO MCCHemo-
Bauks 3emau ua Kocwoca. — MaTepuanst 3-ro  MeMCIyHapofiuoro cemuuapa “Hayunoe
xoeMuseckoe niprbopocrpoenses. -Mockna, 1983, '

(= T T N S

Toebilenye xoo(hdUIHEHTA [OME3HOTO AeHCTBHS
CaMOOCUHANHPYIONIETO JIBY XTAKTHOIO IPeabpasoBareils MOIHOCTH

AL Fenyes
(P:e.a-_m'm.e)

B pafore paccMarpuBaioTcs MeTOA u ycrpoRcTBO Aas NoBbHHeHAs  KovhbhH-.
UHEeHTd NONCSHATO. ACHCTBUS CT2HAADTHOTO CAMOBOIOYKIAIOMMErQCs - ABYXTAKT-
HOTO. NPeo6pa3oBaTEeNs  MOMHEOCTH C HACHILACMEM TPAHCHOPMATODOM. Otcyx-
AAKOTCSH, TPHYMED], BhISHBaION(He . yXYAIIeHe 3(beK THBHOCTH npecOpasoBaTend
UpH . Bu3KOH marpyske. [lpmMeHeno TeXRHGeCKOe peilienue, NO3BOAMIIEE ITOBbI-
CUTh, €10 3GMERTHBHOCTD NIPH HUBKOH LATPYBKE, ¥ TPEACTABJCHB SKCIepuMer-
TANBHBIE PE3YNbTATEL





