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D-C METER PROTECTION 
D irect-current meters employed in 

many exper imen tal setu ps and per­
manent instal lations are sensiti ve, deli­
cate, and expensive. The danger is 
g reat that such instruments wi ll be 
damaged by overload. And very often 
the overload comes too fast fo r the 
techn ician to save the meter. The p ru­
dent operator therefore will provide 
some mea ns of protecting sensit ive 
meters even if a circui t is assu med to 
be trustworthy. 

Severa l meter protection schemes 
are shown here. All except one are 
fu ll y automatic in operation. Many 
such circuits have been devised and 
every laboratory or shop p robably has 
its favor ite; bu t in making the selec­
tion for thi s article, we have tried to 
avoid the unnecessa rily comp licated 
ar ra ngements, as well as the notor i-

ous ly unreliab le ones. The Edito rs 
do not fee l that there is a best p ro­
tection circuit; rather , each scheme 
is su ited to a particular envi ronment. 

M ultip le Meters 

One of the simplest schemes is a 
manua l one. By mea ns o f separa te 
meters of increasing sensitivity 
switched into the circu it and removed 
therefrom successively, the operator 
satisfies h imself that the cu rrent is 
not too high for the most sensitive 
meter which then is switched into the 
ci rcu it last. Although not completely 
foolp roof, th is method has a lo ng his­
tory of reliable performance. 

Figure l shows the multiple meter 
method. This arrangement often is 
used in insu lation test ing where a deli­
cate millimicroammeter is connected 
in series with an insu latio n sample and 
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Fig. 1. Multiplo Motor Method. 
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a high-vo ltage source ( 500 v to severa l 
k v) to measu re tiny leakage rn rrents. 

If no pro tection were used and the 
sample were short-ci rcuited or very 
leaky, the hig h voltage would quickly 
destroy the meter. In the a r rangement 
sho wn in Figure l , all of the switches 
first a re closed. T hen the fo llowing 
procedure is carried ou t: ( 1) Open S,. 
This connects the safety la mp (usu a lly 
a 115-vol t incandescent type ) into the 
circuit, bu t the closed swi tches k eep 
the othe r meters safely out of the ci r­
cui t. Jf the lamp g lows, there is ex­
cessive current flow. ( 2) If the lamp 
does not g low, cl ose S1 and op en S1. 
This inserts th e high-range current 
mete r M, only in to the cirrnit. If the 
~ 

deflec tion of thi s meH:r is high , both 
M1 a nd M, would have been da maged 
had their switches been opened. (3) 
If the M , deflectio n is zero o r low 
close S, and open S •. This inserts onli• 
the medium-ra nge cur rent ml'ter M, 
in to the circu i t. If the deflection of 
this meter is h ig h. 1vf, would have 
been da maged had S, been opened. 
( 4) If the M, deflectio n is zero or low, 
close S, a nd open S,. Now, onl y the 
sensi ti ve current meter M, is in the 
circu it. At this p() int, take the desi red 
read ing with M:s ns qu ickly as poss ib le, 
a nd close S., immediately a fter. 

Some a ttemp ts lwve b een made to 

substitute over load relays for the 
swi tches so as to do the job automa t ic· 

Instrument-Type Fuse D-C Milliammeter or Microammeter 
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Fig . 2. Moler Fusing. 
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ally. However. 'ensitive m1croa m-
111 eters often a rc damaged by pu lses 
which occur too qui ckly fo r the ap­
propria te relays to close and short-cir­
cuit the meter. 

Meter Fusing 
T he simplest automatic protection 

device is a fu se, and its use is strong­
ly recommended where feasible. But 
fu ses arc no t ava ilable for all instru­
ment ranges and they are not desirable 
in all instances ( chiefl y because of 
their resistance) . A fu se is inexpen­
sive, easi ly rep laceable, and reason­
ably quick acting . 

Figure 2(A) shows the simple cir­
cuit for fusing a d -c mi ll iammeter 
o r microammeter. For this purpose. 
miniature g lass tubular fuses are avai l­
able in the fas t-acting type. The table 
in Figure 2(8) lists those Type SAG 
instrument fuses which arc usefu l wi th 
milliammeters of the sensitivity com­
monly emountered in electronic set­
ups. 

The res ista nce of the fuse increases 
as the ampere rating decreases. At the 
very low current ra tings, the resistance 
is high enough that it might cause 
serious er ror if not taken into account. 
The meter usua ll y must be reca librated 
with the fuse in the circuit. Further­
more, the fuse resistance is nonlinear 
a t low current levels. and this may 
cause square-Jaw crowding in some 
part of the meter scale. 

All of the fuses li sted in Figure 
2 ( 13) a rc rated al 250 vo lts. 

Diode Circu its 
T he nonlinea r res istance of semi­

conductor diodes i, a useful mechan­
ism fo r meter pro tection. Figure 3 
sho ws severa I circu its. 
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The fo rward characteri stic of a high­
u 1rrcnt germanium diode ( such as a 

gold-bonded type) may be uti li zed to 
bypa ss excess current around a d-c 
millia mmeter or microammeter . Jn 
this application, t11e diode functions 
as an auto matica lly variable shunt re­
sistor, connected as shown in Figu re 
3 {A) with i ts anode positive. The 
forward resistance of the diode de­
creases with increasing current or 
vo ltage, as shown in Figure 3(B), 
thus increasing the meter range auto­
matica lly as the current increases. 

This simple scheme has two draw­
backs. Fi rst, the meter is always 
shunted by some value of resistance 
supplied by the d iode. However, a t 
the low voltag e drop of the meter (ap­
proximately 100 mv for n 0-l d-c mi ll ­
iammeter) the diode resistance is rela­
ti vely high (2500 to l 0,000 ohms, de­
pend ing upon diode type and manu­
facture) and the shunting effect a t a 
given current level wou ld alter the 
meter ca libration only slight ly. Sec­
ond , and more ser ious, however , the 
diode resistance va ri es nonlinearly. 
(See figure 38.) This means tha t the 
meter must be recalibrated with ilie 
diode in place. 

When some additional ci rcuit com­
p lexity can be tolerated, the need for 
a specia l dial calibratio n to offset the 
diode nonlinearity may be overcome 
with the si licon d iode circuit shown 
in Figure 3(C) . Here, the diode is 
biased to a d-c voltage cor responding 
to the no rmal fu ll-scale vo ltage drop 
of the meter ( say, 100 mv) by ;1 po­
tentia l developed across a very low 
resistance (e.g., I ohm) R: by current 
from a l l/2-volt cell, 8 . This voltage 
is set exactly by means of rheostat R,. 
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+ D-C Milliammeter t or Microammeter I 
I I w I I OU 

I 
I 0:: ::z I 

High- Y- ~~ I ( B) \ 
Current~ a::~ \ 

Germanium 
OV> \ LL.LU 

Co th. 0:: ' Diode 
.... ...... ------

(A) 
0 

D-C VOLTAGE 
OR CURRENT 

+ D-C Milliammeter 
Silicon Diode or Microammeter 

11 
' ' R1 ' '"' 

+ 

~ B 
Rz 0 

CJ 

!: 
, , 0 Low / ( c ) 

Resistance 
METER DEFLECTION---r 

R 

~ + High-Resistance 

Coth. 
D-C Voltmeter 

Zener Diode 0 
( E) 

Fig. 3. Diode Protector Circuits. 

The very high back resistance of the 
silicon d iode prevents the voltage drop 
across R: from initially deflecting the 
meter. 

As a result of the bias, no current 
can llow through lhe d iode unti l the 
voltage at the anode and the positive 
terminal of the meter exceeds the bias. 
Thus, the diode is effectively switched­
off unti l the applied voltage reaches 
this level. T he meter deflection there-
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fore increases linearly to full scale 
(point X in Figure 3D) and no specia l 
calibration is required. Thereafter, 
current /lows through the diode, and 
the meter is shunted, preventing its 
deflection from increas ing to an un­
safe point above fu ll sca le. 

The sharp reverse breakdown of a 
zcner diode may be utilized to protect 
a d-c voltmeter in the circuit shown 

THE C-D CAPACITOR 



in Figure 3(E). The current limiting 
resistance, R, is chosen very low with 
respect to the in ternal resistance (mul· 
tip lier p lus movement) of the volt­
meter, and to limit the diode current 
to the maximum continuous zener 
level. The zener breakdown vo ltage 
must correspond to the full -sca le de­
flection of the vo ltmeter. 

In this circu it, the diode is re­
verse-biased by the applied voltage. 
Unti l the zener voltage is reached, the 
reverse resistance is very high and the 
voltage divi sion resulting f rom R and 
D in series is neglig ible. At fu ll-scale 
deflection vo ltage, however, the diode 
reaches its zener point and suddenly 
conducts heavily. T he diode resistance 
consequently d rops to a low va lue and 
the voltage divi sion through R and D 
increases to a practica lly constant 
va lue. The resulting voltage regu la­
tion limits the vo ltmeter deflection 
substantiall y to full-sca le, whi le the 
input voltage incre:ises beyond this 
point. 

In designing this type of protection 
ci rcuit, the fi rst task is to se lect a 
zener diode whose breakdown voltage 
is equal to the full-sca le deflection of 
the meter. Zener d iodes presentl y are 
available in a wide variety of stock 
va lues of voltage breakdown. 

Relay Circuits 

Meter protector circuits whicl: de­
pend upon sensitive d-c relays fo r 
their operation arc recommended prin­
cipally fo r perm:.ncnt installations, 
such as switchboards and test panels. 
Such relays usually cost from two to 
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scvera I ti mes the pr ice of inexpens i vc 
panel-type meters. But their cost is 
justifi ed in most installations, since 
the possibility of severa l meter bu rn­
outs and attend:mt down-time is ser­
ious. 

Figure 4 (A) shows the simple series­
relay circuit. T he rek y closes just 
slightly above the full -scale current of 
the meter and short-circuits the in­
strument. As soon as the current fa lls 
to a safe value, U1c relay opens, in­
serting the metr.: r ag:iin into the cir­
cuit. Here, the resistance of U1e relay 
coil must be low, to prevent excess ive 
voltuge drop ; milli ampere- and micro­
ampere-type relays are available with 
coil resistances between 5 and LOO 
ohms. 

In some instances, it is not desirable 
to sho rt-ci rcuit the meter, since the 
instrument then reads zero as long as 

the current ovcerload continues, and 
there is confusion as to whether ab­
sence of deflection means zero cu rrent 

or excessive current. Instead of short­
ing the meter, the relay contacts in 
Figure 4 ( B) connect a shunt resistor 
R across the meter to boost its r:inge 
when the current exceeds the fu ll -sca le 

deflect ion of the basic movement. 
Thus, a l -ma meter may be switched 
to 10 ma. An extra pa ir of contacts 

on the relay can be used to switch-on 
a p ilot light to wa rn the operator to 
read the high range of the meter. 

Often, a sensitive relay avai lable for 

a g iven fu ll-sca le meter deflection un­

avo idably will have a high-resistance 
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<oil. Such :i c:oi l would intro duce a.n 

objectionable voltage drop ahead of 

the meter in the series-type circuit. 
Figure 4(C} shows how a high-resis­

tance unit might be used . Here, the 

current me ter is connected in parallel 

wi th the relay coi l, but the coi l re­

sistance is so high with respect to the 

internal res ista nce of th e meter that 

the shunting effect is too slight to 

a lter the ca libration mate rially. (For 

example, a 5000-ohm, 1-ma r e lay coil 

in para lle l w ith a 0- l d-c milliammete r 

having an inte rnal r esista nce of ap­
promim:itely 100 ohms wou ld inc rease 

+ 

0-C Milliammeter 

(A) 

+ 
High-Resistance 

Coil .... ' - -_--_-_- .... __..,/ ~ R....-Y ___ R_.j 

the full-scale deflecti on only to 1-02 

ma, an error of p lus 2%.) 

As in the earlier circu its, the re lay 

sensitivity (pu ll- in current} is chosen 

equal to the full-scale deflecti on of the 

the meter (or slightly higher). Cur­

rents higher than the fu ll-scale va lue 

then will close the re lay, connecting 

the shunt resis to r R :tcross th e meter 

co boost its range. A second pair of 

contacts on the rtlay may be uti lized 

to turn-on a pilot light signa lling that 

the mete r is switched to its higher 

range. 

+ 

0-C 
Mi I l 1ammeter 

( B) 

S~unt Resistor 

Shunt 
Resistor 

~ 

R 

0-C Mil hommeter 
or M1croammeter 

( c) 

Fig. 4. Rotay Protector Circuits for Current Motors. 
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Relay Voltage Voltage Multipliers 
I I 

Multiplier
1 

, 
1 

+ -------L'.---+------o>--,,_'___ / 
, I 

/ Rz ;/ ;! 
JI. R3 + 

a 

---'~ RY b 

Bo sic 
Current 
Meter 

~-' High-Resistance Coil 

Fig. S. Re lay Protector Circuit for Voltmotor. 

Fig ure 5 shows a relay-type pro­

tector circuit fo r a d-c voltmeter. 

(The voltmeter is composed of a basic 

mill iammeter M and a multiplier re­

sistor R, o r R..) The relay is chosen 
fo r low current operatio n, say 50 to 

100 microamperes. This application 

ca ll s fo r a high-resistance relay coil, 

to minimize loading of the vol tage 

sou rce. The re lay must also have two 
contacts, wi th closu re nor mally to the 

upper contact a . 

When the relay is unenergized for 
closure, multiplier resistor R, is in 
ser ies with the current meter, and the 
resul ting voltmeter has its lowest 
range (fu ll-scale voltage = E). The 
relay multiplier resistor R, is ad justed 
so that the relay closes at a voltage 
just slightly higher than E. Wht=n the 
applied voltage exceeds E, the relay 
closes, disconnecting R, and switching­
in a highe r-resistance mul tipli er R, in 
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-. series with the meter to boost the 

latter's range. If available, a second 

armature and contact on the relay may 
be employed to close a local voltage 

through a pilot l:i.mp to signal that the 
meter has been switched to i ts hig her 

range. When the voltage subsequently 

fa lls to a safe value, th(' re lay drops 

out, switching the meter back to its 

lower range. 

Conclusion 

T he circuits shown in this article 
are typica l b ut do not exhaust the 
possibi li ties by any means. Tubes or 
transistors may be employed in place 
of relays and provide nonmechan ica l, 
but somewhat more complex, ci rcu itry. 
In some applicati ons, ther mistors or 
Thyrite resistors may be used instead 
of diodes. Other combinations su it­
able fo r particular applications wil l 
suggest themselves to the ingenious 
technician. 
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