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Summary

Meters used to measure currents less than a few:
milliamperes cannot be protected against overload with
conventional metallic fuses. Electronic circuits can be
used to provide overload protection for these sensitive
current meters. Theelectronic circuit monitors the
voltage across the meter. When this voltage exceeds a
predetermined value a thyratron-operated relay opens
the load circuit. Operating characteristics and limita-
tions of the electronic protection circuit are con-

sidered.
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tected increases,

Introduction

Fuses are frequently used to protect current meters from damage
when accidentally overloaded. As the sensitivity of the meter to be pro-
fuse resistance becomes larger, and the fuse becomes
more expensive. Fuses are not readily available for current mefers with
full scale readingsofless than one milliampere.
overload protection can be provided by electronic means.
tection circuits similar to those to be described
also be used to replace fuses in those applications where fuse resistance
is detrimental to circuit operation or where overload occurs so frequently

as to make resettable operation desirable.

For these current meters,
Electronic pro-

in this bulletin may

Description

Fig. 1 shows an electronic protection

( circuit® that has previously been used in some

C

test equipment. This circuit consists of a
triode amplifier whose input is connected
across the meter to be protected and whose
output is dc connected to a thyratron grid.
When the voltage across the meter exceeds a
predetermined value, the thyratron conducts
and actuates a relay which opens the load
circuit. Current meters used in test equipment
are often connected in the positive side of the
load circuit
supply is necessary to operate the protection
circuit.

lhe circuit of Fig. 1 does not provide
protection against overload currents in the
reverse direction through the meter. Also, the
protection provided is not fail-safe in opera-
tion. The circuit of Fig. 2 was developed to
overcome these deficiencies. The mechanical
siize and power consumption were also reduced.

in which case a separate power

Operation of the circuit of Fig. 2 is
basically the same ‘as operation of the circuit
of Fig. 1.
points of differences:

The following comments will explain

This circuit was adapted by C. W. Cain from one de-
veloped by G. D. Hanchett, Jr., "An Electronic Multi-
circuit Breaker", OST, pp. 34-36; August 1947.

a. Neon glow tubes are used as dc coupling
elements to reduce the overall voltage required.

b. Protection against overload in the
reverse direction is provided by the following
the triode grid
goes more positive. The plate voltage drops to
a point where the neon tube, V.,
duction. The thyratron grid voltage then drops
to ground potential, and neon tube, Vg,
ducts. The resulting thyratron grid voltage is
sufficient to cause the tube to conduct. Proper
operating voltages are required to obtain equal
protection in both directions.

means. For reverse current,

ceases con-

con-—

c. In order to reset the circuit of Fig. 1,
a reset switch is used to short-circuit the
thyratron causing it to cease conduction. When
the reset switch the thyratron may
again be triggered to conduction by an anode
voltage surge generated by the stored energy in
the relay coil. Reconduction is eliminated by
connecting (with the aid of an auxiliary pair
of relay contacts) a 20-uf condenser and series
resistor in shunt with the reset switch. Re-
setting of the circuit of Fig. 2 or 3 is ac-
complished by opening the thyratron circuit.
The load circuit is opened simultaneously to
prevent meter overloadwhile the protection
circuit is The two contacts on

is opened,

inoperative.



Electronic Overload Protection Circuit for Sensitive Current Meters

o I%ZOmfd
D.C. RELAY /}/v
30ma. IISv. o MM—
ma. s 1008
az
xS
” Y>3
+ 450w
a 2v. 60ma. J_ ::g
&s INDICATOR 3 %38
g mfd.
—_20
T~
mfd. 6SL7 g
7 - V<
40 R ~
mfd. c
P I
T mfd RESET|
120 s
Tomfd. g3
s:: 2?"9‘ AA,
< TRIODE BIAS
+ -
+o O —o +
CURRENT
POWER
METER
SOURCE LOAD
-0 o -
Fig. | — Basic electronic protection circuit.
the reset switch are mechanica]ly interlocked stability particularly against line-voltage

so that the load circuit is opened before the
thyratron circuit and closed in the reverse
order. Either of the above methods of resetting
appears satisfactory.

d. In order toprovide fail-safe operation,
the load circuit of Fig. 2 is open until
rent flowing through the relay coil
relay.

cur-—
closes the
This occurs at about the same time that
the protection circuit becomes operative.

e. With universal
the terminal

shunt multirange meters
voltage corresponding to full-
scale deflection changes with the different
ranges. In order to get the same protection,
independent of range setting, the voltage
across the meter coil is monitored by the
protection circuit. This point is considered in
greater detail under the heading, Meter Char-
acteristics. -

f. A voltage
introduced

requlator tube, V,, was
in order to improve reliability and

surges producing erroneous operation. .The
voltage regulator tube may not be required in
all cases. The following data are typical of
what may be expected without a voltage regulator
tube.

Table |
Line Voltage Operation Point*
Voltage For Vol tage For
Forward Current | Reverse Current
110 -0.02 +0.32
| 117 -0.1 +0.2 |
120 -0.11 +0.2
125 =0.15 +0.15
130 -0.18 +0.12

Meter used required -0.05 volts across
terminals for full-scale deflection.

-
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Operation

Grid current flowing in the dc amplifier
tube, V5, is a potential source of error in the
meter reading. Measurements were made to as-
certain the magnitude of the grid current.
Using a 1-microampere full-scale d'Arsonval
type instrument, no deflection was noticeable
for several 6AQ6 tubes operating under the
following conditions: V anode = 85, Vg = -0.75.
It was concluded that error from this source
could normally be neglected.

Circuit leakage may also produce mete,
errors. In particular, i1eakage trom relay coil
terminals to contact terminais can be signifi-
cant (depending on reversing switch position).
Adjustment of meter zero setting can be used to
compensate for constant circuit leakage that
cannot be eliminated.

The NE 51 neon tubes are sufficiently
nonuniform® that the circuit will usually have
to be readjusted when a tube is changed. The
neon tubes should be aged several hours initially
before adjusting the circuit. With these pre-
cautions, after a few minutes warm-up, the
operation of the circuit is reliable and stable
even with overload point set at 1.5 times full
lToad current. A more typical acujustment is to
have the relay operate for 2x forward current
®Seven tubes selected at random required the following

voltages for conduction: 39.2, 42,2, 43.9, 44.8, 46.1,
47.8, and 50.7.

and 5x reverse current. Reverse current pro-
tection need not be as good as forward current
protection since it 1s much less likely to
occur and since the meter movement is im-
mediately brought to rest in the reverse direc-
tion. By careful adjustment, the same protection
in both directions can be obtained if desired.
For some operating conditions the neon tube
will oscillate (RCoscillations). This situation
is not serious and has not caused improper
operation.
The circuit was tested with meters having
30 - 50 millivolts corresponding to full-scale
deflection. Trouble may be experienced in
applying the protection circuit to a meter
whose voltage corresponding to full-scale
deflection is less than 10 millivolts.
Short-circuit protection is of considerable
importance for meter safety. It is dependent
in part upon the speed with which the relay
coil is de-energized through the thyratron. The
mechanical and electrical constants of the
meter movement and the internal impedance of
the power source are also important in deter-
mining short-circuit protection. The circuit
of Fig. 2 provides reasonably good shori-
circuit protection. In order to improve short-
circuit operation the time reqﬂired to open
the relay must be decreased. The circuit ot
Fig. 3 was developed to imprové short-circuit
operation by decreasing the relay-operate time.
In this circuit the relay is normally non-
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Fig. 2 - Improved electronic protection circuit.
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energized until overload occurs. By overdriving
the relay, fast operation can be obtained.
The time required to open the relay may be
further reduced by chanaing the adjustment of
the relay for more sensitive operation (at the
expense of less open contact pressure) and by
increasing the relay overdrive.

lhe circuit ot Fig. 3 is no longer fail-
safe in operation. If desired, this feature can
be obtained by adding a relay activated through
the supply voltage with relay contacts placed
either in series with the line or in short
circuit across the meter.

Since the overload protection circuit is
practically instantaneous in operation. some
load current surges, as for instance, condenser
charging current, may operate the relay although
the meter would not be in danger of damage.
Relay operations caused by very rapid surges
are eliminated by the RC elements in the thyra-
tron grid circuit. The RC time constant must
not be made too large, however, since meter
protection against short-circuit overload
conditions becomes worse.

Adjustment

The Triode Bias, Overload Set, and Reverse

Set controls permit theinitial adjustment of
the protection circuit as follows: With V, an T)
Ve nonconducting and no load current, the
Triode Bias control is adjusted so that V, just
conducts (V, glows faintly). The load current
is then increased tocorrespond with the maximum
overload current, and the Overload Set control
adjusted to cause Vo to conduct. I|f desired,
the maximum overload current can be simulated
by connecting a suitable dc potential at the
leads.

coil terminal

In order to adjust the Reverse Set control
reverse current is passed through the current
meter of sufficient magnitude to cause V, to
cease conduction. The Reverse Set control is
then adjusted so that Vs conducts sufticiently
to cause V4 to conduct. Normally with this
procedure of adjustment the reverse current
required to produce relay operation will be
comparable to the forward current required to
produce relay operation. |f this is not the
case, the controls can be adjusted slightly to
achieve the desired operation.

The point ot relay operation can be checked
by passing forward or reverse current through
the current meter and measuring the voltag: )
across the meter with an auxiliary voltmeter.
If a multirange current meter is heing Dro-
tected, the overload current can be measured
by using the next higher meter scale.
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Fig. 3 — Fast operation electronic protection circuit. )
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( Meter Characteristics

C

(

The electronic protection circuit has been
employed satisfactorily with several current
meters having full-scale deflection with a few
hundred microamperes. When the pfotection
circuit was used with more sensitive current
meters (10 microamperes), it became impossible
to reset the circuit when there was current
flowing. Thus, with the circuit adjusted to
operate with a coil voitage corresponding to 2x
full-scale current, resetting could not be
sccomplished even though the current through
the meter was only a small fraction of its
full-scale value. |In addition, even afterthe
circuit was reset, a small change in meter
current would cause the operation of the pro-
tection circuit.

It became apparent that the trouble was
caused by the current meter coil voltage
momentarily exceeding its normal value. This
matter was studied further by using a triggered
sweep oscilloscope to examine the coil voltage
when a step rise in current was applied to it.
Fig. 4a indicates the coil voltage for a 100-
microampere meter. Fig. 4b indicates the coil
/oltage for a 10-microampere meter. For the

10

b 10xa METER
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t (sec.) —

Fig. 4 — Circuit and meter responses to step
current.

100-microampere meter the voltage overshoot is
only moderate whereas for the 10-microampere
meter considerable voltage overshoot is en-
countered. The equivalent passive circuit
(i.e., the equivalent meter circuit when move-
ment is clamped) for the 10-microampere meter
is indicated in Fig. 5. The response of such a

circuit to a step current should indicate only
a small overshoot in the voltage "across the
meter" and this is a short-time phenomenon.
This was checked by constructing the passive
network of Fig. 5 and closing a circuit through
a battery and a high impedance. The resulting
voltage is shown in Fig. 4c.
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Fig. 5 - Equivalent passive circuit
for I0-microampere meter.

It is apparant that the voltage overshoot
phenomenon is related to the dynamic response
of the meter. Resetting difficulty was not
observed when a very low-impedance battery was
used as the power source. Also more overshoot
is observed for highly damped meters.

Resetting difficulty can be eliminated by
placing a resistor of suitable value in series
with the current meter to be protected and
using the voltage drop across this resistor -to
operate the protection circuit.® This method of
protection increases the load circuit resis-
tance, but for small currents this is not a
serious problem.

Conclusions

The circuits of Figs. 2and 3 are reliable
and tfeasible for current meter protection. The
circuit of Fig. 3 gives faster relay operation
than the circuit of Fig. 2, but does not
clude fail-sate feature although this could be
added if desired. These circuits can be used
to protect current meters provided:

in-

(1) That the meter coil voltage corres-

®This mode of operation has been employed with the
circuit of Fig. | to protect a |5 pa meter.
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ponding to full-scale deflection is not less
than approximately 10 millivolts.

(2) That the meter response to a current
step exhibits small voltage overshoot.

If the meter exhibits large voltage over-—
shoot, protection can be obtained by using “T)
monitoring resistor to indicate overload as
explained above.

=AW

L., Giacoletto




