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Current-Voltage Nonampere Transformer
with Automatic Switching
of the Measurement Range

M. N. Gousheva

The need to measure current variations within a large dynamic range in space
probe experiments should be matched by reliability {maximum simplicity of
the equipmenl} and by information resiriction {(minimum number of felemetric
chaunels used). The swilching of the sensitivily scales of the DC measuring
tract of the spaceborn service equipment when the rocket attains a definite al-
titude involves & certain hazard. Such switching at an inappropriate moment
results in loss of useful information due to insufficient dynamic range of the
electron block.

That is why it is necessary to switch the range in accordance with the
concrete sitwation {charge carriers densily in space plasma) [1]. The dvailabi-
lity of only one channelproviding information as well as two sensitivity scales
covering a dynamic range of 10? (in case of measurements with meteoro-
logical rockels) imposes certain restrictions on the fransformer design.

The block circuit of the DC measuring tract (current-voltage transformer,
Fig. 1) satisfies the above requirements. The circuit consists of a DC ampli-
fier (DCA), a comparator (C), a repeater (R), and & switehing device (8). When
collector current from a spherical jon trap is applied to the DCA input, it is
transformed into {J; veliage and enters the telemefric channel (TMS). The en-
fire DCA divider is switched ou at the initial moment, because the range has
to be selected regardless of the magnitude of the input curreni. Uy,=—=—10V
is applied to the non-inverting input ot C. The eleciron keys are in the follow-
ing positions: K, —open, K, — closed, and K, — openn. The three possible ca-
ses under these conditions are: {1) The V-A characieristics is entirely describ-
ed within the sensitive scale {Fig. 2 — sector @;). This sector corresponds to
a region of very low densities, The DCA range is not switched. (2} The V-A
characteristics is described both within ihe sensitive and the coarse scales due
to the sensitive scale saturation at a given moment {Fig. 2 — sector b,). This
is the case of high-densily measurements. At U= —10 V (saturation of the
sensitive scale), C is actuated and S sets the keys as follows: key 1 —- closed
{the DCA coefficient of amplification decreases ten times), key 2 — open,
key 3 — closed (U,;=-—0.5V). {3} The V-A characteristics is fully described
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within the coarse scale (Fig. 2 —- sector ¢)). This is the region of highest den-
sities. C is actuated at the very moment of describing the characteristics. The
positions of the keys are as in b, after reswitching of the range. ¢ is the time
of range selection, Figure 2 shows the V-A characteristics for one sweep pe-

riod T'—1's of the linearly changing voltage applied to the outer grid of the
spherical ion trap (sectors a,, by and ¢, in the same Figure) — (/,.

Figure 3 shows the block eleciric circuitry of the device, MA 740 is used as
an inputl step with static input resistance of 102 Qhms, because currents of
the order of X. 107 A are occasionally applied to the DCA input. A precise
coefficient of division in the DCA feedback is obtained by tuning the divider.
I5; transforms U, into U, which enters {hrough the telemetric channel (TMS),
ISy controls S (in this case the transistor T,), and S controls the electron keys
(IS} — DG 182AA, in accordance with the charge carriers densily, as well as
Uy and Uy, of the noninverting input of C. The onboard supply is stabilized
(transistors Ty, Ty, Ty). It should be noled in this case that there is no sepa-
rate channel {o indicate the operating sensity range. This information is obtain-
ed from the cocperating thresholds U, ard 1/,, of C over the V-A charac-
teristics.

The circuitry has been designed and tested at the Central Laboratory for
Space Research of the Bulgarian Academy of Sciences.
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Hanoamreprsili 1peoGpasoBaTesh TOK -— HANPSHERNE
C aBTOMATHYCCKUM MEPEKIIOHCHUEM UIMEDUTEABIIONO AHAIIA30HA

M. H. Mywesa -

(Peawue)

30HAOBLIH METON HIAPOKO NPHMERSETCH IPH HCCAEAOBANHH BapamMeTPoR NIas3MEl
¢ HOMOINBI) DaKeT ¥ CNyTHHKOB, B coOOieHWM YKA3BIRAETCH HEOBXOHUMOCTE
U3MeDeHHA H3MeHedHl TOKA B UIHPOKGM AMHAMHYECKOM [Hanasone, [loxasanm
OCOBEHHOCTH SKCUEPUMEHTA NDH MBMEHEHWSX Ha MeTEeOPONOTHYSCKOH paxeTe, B
CBASH C STHM cO3/18H NpeoCPasoBatess A/H NOAYYEHHS XADAKTEPHCTUKH 30HA0-
BOTO TOKZ. PacCMOTPERB CTPYKTYPHES ¥ NMPHRLWIHALBEAS CXeMBl C ABTOMATH-
YECKHM IIePeKMIOYEHHEM H3MEDHUTENLHOIO NHANA30HA.





